Fig. I.-View of Butler Falls, one mile south of Hanover, Indiana. This exposure
shows the Saluda beds. The conspicuous layer x, about half way up the over
hanging ledge is the hard limestone that caps the "shale bed." (See page 673.)
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HON. J. FRANK HANLY, Governor of Ir¢iana:
My DEAR SIR-In accordance with law I submit to you herewith
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ment of Geology. It comprises, in the main, papers relating to the
soils, mineral resources and paleontology of Southern Indiana. In
addition it als~ contains the reports of the State Mine Inspector and
the State Supervisor of Natural Gas for the calendar year 1907.
Yours very truly,
W. S. BLATCHLEY,
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INTRODUCTORY.
A fourth of a century' ago Indiana was noted mainly for her
agricultural products-her crops of corn and wheat, her droves of
fine cattle and hogs, her blue grass pastures and her large areas
of native timber land. Then came the discovery of natural gas
and petroleum, the development of her enormous coal deposits,
the opening up of many new quarries' of unexcelled building lime
stone, the realizati9n of the value of her great clay deposits-until
from. a truly agricultural State she merged gradually into one o~
high rank as a manufacturing and mineral producing center. The
increase in value of her mineral resources grew year by year from
$17,125,000 in 1895 to $41,781,678 in 1905. A baekward tendency
then began. Her gas for manufacturing purposes was gone, the
value of the output having decreased from $7,254,539 in 1900 to
$1,750,715 in 1906. Her petroleum output began to dwindle and
in the last three years has fallen off more than one-half, or from
11,338,538 barrels, valued at $12,177,098 in 1904 to 5,103,297 bar
rels, valued at $4,489,213 in 1907. The combined loss in value of
these two great natural fuels alone in Indiana in 1906 was $3,888,
262. The output of coal, of building stone, of clay products has
grown in value year by year, but it will probably be a long time
before the total value of the State's mineral resources will again
reach the high tide of 1905.
But whatever the fate of such mineral resources as those above
mentioned, there still remains to Indiana the most valuable of all
-her soils. More people are dependent upon them than upon all
the rest of her resources and manufacturing establishments com
bined. The study of the origin, distribution and constituents of
soils falls naturally to the Department of Geology, though many
essays and valuable papers relating to their culture and fertiliza
tion appear in the reports of the State Board of Agriculture.
'rhe soils of Indiana may be roughly classified into three great
gl'OUpS, viz.: Drift soils, residual soils and alluvial soils. The
drift soils are found in the northern three-fourths of the State, are
extremely varied in depth and character, and are formed of It
mass of heterogeneous material which was brought to its present
(9)
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N:l8tIDg place by a great glacier or slowly moving sheet of ice which,

thousands of years ago, covered the area mentioned.
The residual soils are found in the counties sonth of the south
ern limit of the glacier. They were formed for the most part in
the place where they are now found by the decay of the underlying
limestone, sandstone or shale rocks. The variety of materials en
tering into their composition is, therefore, limited, and they are
for that reason among the poorer soils of the State.
The alluvial soils are those of the river and creek bottoms
throughout the State. Gentle rains and earth-born torrents, little
trickling rills and strong streams are ever at work tearing down
the soils and underlying clays from every slope and bearing them
away to lower levels. The small water-formed trench of today
next year becomes a chasm and ages hence a hollow, and the trans
ported material is gradually deposited as alluvial soil over the so
called bottom lands, which are annually overflowed.
In the production of any cereal nothing new is created, but
forms of matter, already existing in the earth, air and water are
utilized by the growing plant. Taking wheat for example, besides
the carbon, hydrogen and oxygen, which make up the greater
bulk of the straw and grain, and which are abundant enough in the
air and water, potash, nitrogen, phosphoric acid, magnesia, lime,
sulphur, chlorine and silicon are absolutely essential constituents.
If anyone of these is lacking in the soil, or is present in a form
not available by the wheat roots, the plants will not flourish and
the soil will be worthless for wheat production. Such a soil may,
in most cases, be made to produce a crop of grain by adding to it
the constituent which is lacking, but if this cannot be done -except
at a prohibitory cost, or one at which more fertile ground can be
procured, the soil may be regarded as "worn out" or "barren."
On account of the small appropriation allotted the Department
of Geology for field work and expenses, no attempt has heretofore
been made to classify and map the soils of any section of the State.
The great increase in value of improved. farm lands in the north
ern and central portions of the State during recent years has
caused many inquiries to come into the office regarding the charac
ter and possibilities of the poorer residual soils of southern In
diana. The older reports, treating of the geology in that portion
of the State, being wholly out of print, no literature was available
b}- which these inquiries could be answered in detail. A soil sur
vey of a portion of the southern third of the State was, therefore.
planned for the field season of 1907, and Mr. Chas. W. Shannon,
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of Bloomington, was placed in charge of the work. Assisting him
were two of the· former field men 6f the Department, Messrs. L.
C. Ward and R. W. Ellis. For a f-ew months Mr. L.. C. Snider
was also employed as an aid to Mr. Shannon. The reports of these
assistants, each of whom was assigned certain territory, comprises
the first portion of the present volume.
In these reports the soils of 17 counties of the State are classi
fied, and the area covered by each of the soil types mapped. Com
plete analyses of 20 examples of the typical soils were made by
Dr. R. E. Lyons. 'From these analyses the assistants have been
able to show the food constituents lacking for each or the leading
cereals and other crops in the area covered. By aid or the all
alyses and other data gathered in the field they have also shown
the use to which each type of soil is best adapted, the kind of rer
tilizer most needed and much other information which will un
doubtedly prove or great value to the land owners, both present
and prospective, of the area covered. The soil survey thus begun
will be continued from time to time, as the means of the Depart
ment will allow, until the southern l>ortion of the State is wholly
covered.
No detailed report upon the Oolitic Stone Industry or the cen
tral southern portion of the State has been made since 1896. Dur
ing the eleven years which have elapsed this industry has grown
until it has become the leading one among the mineral resources
of southern ,Indiana. The supply of the old report or Messrs. Hop
kins and SiebenthaJ, in which the area producing the stone was
first accurately mapped, has been exhausted. A new one was
therefore planned which, while retaining the more important in
formation regarding the location and physical and chemical prop
erties of the stone shown in the old report, would also show the
improved methods used in quarrying and the present status of
the industry. The .data for this report was gathered and compiled
by Raymond S. Blatchley, and under the title "The Indiana Oolitic
Limestone Industry in 1907"; it forms an important feature of
the present volume.
Following the paper' on Oolitic limestone is one entitled "The
Petroleum Industry in Indiana in 1907," in which will be found
the principal racts and statistics relating to that industry for the
year.
The report of the State Mine Inspector, James Epperson, of
Linton, Indiana, for the ye!tr 1907 is the next paper in the volume.
Mr. Epperson and his four deputies have givenc~ref'Ql att;ention
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to the duties which they are empowered to perform a.nd have tried
to enforce impartially allia-ws relating to the mining industry. In
his 'report the statistics of the coal industry for the year are
given, the tables being very full and complete in detail.
Since the year 1898, no survey of the coal area of Indiana has
been made, as the report for that year-a volume of 1740 pages
with seven large maps-was devoted wholly to the coal interests of
the State. Since then, hundreds of bores have been sunk to test
the thickness and character of the coal in different parts of the
area, and scores of new mines have been opened in the develop
ment of the industry, the output having almost trebled in quantity
during the past ten years. Much new data has therefore become
available and a new coal survey, to be made in co-operation with
the U. S. Department of Geology, has been planned for the year
1908. Dr. Geo. H. Ashley, the efficient chief in charge of the coal
survey from 1896 to 1898,' will again be in charge, thus insuring
the accuracy and value of the results. It is hoped that the data
thus gathered can be put in shape to form a part of the annual
report for 1908.
From the report of Mr. Epperson the following table, show
ing the relative rank of the 14 coal producing counties of the State
for the year, with the output of each in tons, has been prepared.

.

Tons 01 Coal Produced and Wages Paid to Miners in 1907, by Counties.
,

I
COUNTIES.

Greene ........ ,

I

.................. .

Sullivan.

. .... , ................ .

~~illi~~·.·. '. :: : : : : : : : : : : : : : : : : :: : : : : : : : : : :

~\:~:.'.:::::::::::::::::::::::::::::::::::

Warrick ........... '.......................
Pike....................................
Knox ...................................
Vanderburgh ..............................
Gibson ...................................
Daviess ..................................
Fountain.................................
Perry........................... .
.

.

.
.
.
.
.
.
.

Totah! ............................... .

TONS
PRODUCED.

2,704,408
2,660,333
2,581,379
1,485,091
1,230,872
654,808
454,831
427,932
375,082
311,240
227,688
87,385
40,099
9,567
13,250,715

WAGES PAID.

$2, 189, 153
2,263,994
2,246,366
1,267,531
1,338,727
729,493
326,033
398,443
314,819
300,288
209,599
83,109
39,733
10,527

98
54
78
80
88
89
45
05
71
45
17
70
97
17

,717,822 54

Of the coal produced, 875,233to08 'were block coal, and the
remainder bituminous. The total production for the year shows
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an increase of 1,828;888 tons, the increase in block coal being 128,
563 tons and that of bituminous 1,700,125 tons.
The report of the State Supervisor of Natural Gas, Mr. B. A.
Kinney, of Marion, Indiana, follows that of Mr. Epperson. Mr.
Kinney has been active in suppressing the waste of gas wherever
he could find violations of the law or have them reported to him.
With regard to the future supply of natural gas in the State, we
believe his report more optimistic than the facts will justify. The
total amount produced in Indiaua in 1906, according to careful
figures gathered by the U. S. Geological Survey·, was valued at
only $1,750,715, as against a value of $3,094,134 in 1905, a loss 'of
43 per cent. Although a number of light producing wells were
drilled in various portions of the gas bearing area in 1907, we be
lieve that when the value for that year is computed the loss will
be at least one-half as great.
With the exception of a few fair wells in Sullivan Oounty,
southwestern Indiana has yielded no gas of consequence during the
past year. The eight producing oil "Wells in the Riley field near
Terre Haute are operated with coal, and no gas wells of any' size
were completed in the Princeton field during the year. The larger
towns in northeastern Indiana are gradually abandoning the use
of gas for domestic purposes, the amount available not being suf
ficient to justify its continuance, and we believe that in a year or
two the supply, except in a few localities in that field,
be
wholly exhausted. Jay aud Delaware Oounties may yield enough
to supply by metre measurement a portion of the residences in
Portland, :ftfuncie and some of the other towns in those two coun
ties for five years, but aside from that we have little h(}pe for the
future.
Following the custom adopted in recent years of ending the
reports with one or more papers on the Natural History or Paleon
tology of the State, we present tbis year two which we believe will
be of especial interest to high school students and others interested
in those subjects. The first is entitled "The Stratigraphy and
Paleontology of the Ordovician Rocks of Indiana," and is based
up(}n a number of seasons' field work by Mr. E. R. Oumings, Asso
ciate Professor of Geology in Indiana University. The Ordovician
Rocks comprise the oldest existing land formation of the State,· be
ing part of an island which was raised above the surface of the
ocean when all the remainder of the area now forming Indiana was
yet covered by the ~a. -:ill known species from Indiana of the

will

"Mineral Resources of the United States. 1906, p. 45; 1906, p. 50.
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remains of the animals inhabiting the waters of that age are de
scribed, many of them being new to science. The paper is fnlly
illUstrated by a series of' excellent plates."
.
.
.
The final .paper in the volume is one entitled "A Preliminary
List of the Mushrooms of Indiana," by Donald Reddick, graduate
student of botany in Wabash Uuiversity. This paper i.s accom
panied by excellent plates showing all the more common edible
and poisonous forms occurring in the State, and it will be wel
comed by all persons who desire to make u.<le of a valuable and
much neglected food supply.
·Other papers on the paleontology of the principal rock formations of In·
diana which have appeared In .the Reports of this Department during the last
few years are: "The Devonian Fossils and Stratigraphy of Indiana," by E. M.
Kindle In the Twenty-fifth (1~O) Report.·
.
"The Stratigraphy and Paleontology of the Niagara Rocks of Northern In
dlaila," by E. M. Kindle. In the Twenty-eighth (1903) Repart, and "The Fauna of
the· Salem Limestone of Indiana," by Messrs. J. W. Beede and E. R. Cumln!l\'l, in
the Thirtieth (1905) Report.

A SOIL SURVEY OF SEVENTEEN COUNTIES
OF SOUTHERN INDIANA.
BY

CHAS. W. SHANNON.

R. E. LYONS,
L. C. WARD,

R. W. ELLL'l.
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The Indiana SoiL Survey.
By.

CHAR.

W.

SHANNON.

Indiana in area of square miles ranks but thirty-fifth among
the States of the Union, but in its great natural resources it stands
among the first; yet not including any of the precious metals its
resources are varied in character and are very valuable, and the
state is rapidly' growing as a mineral producing and manufac
turing center. The finding of natural gas and oil, the abundance
of coal, the inexhaustible supply of limestone, good cement shales,
excellent fire-clays, togethcr with the splendid transportation facili
ties, have all added to the building up of great enterprises which
have brought into the State millions of dollars to be invested in
economic interests which are paying handsome dividends on the
money spent. Yet among the most valuable of the natural re
sources of Indiana are the productive soils. All the great business
enterprises are dependent to a large extent on the productiveness
of the soil,
"]j'or, ne\'ertheless, whate'er befall,
The farmer he must feed them all."

Indiana ranks high as an agricultural State, with her great
crops of corn and wheat, her thousands of fine cattle, hogs and
sheep, her blue grass pastures and meadow land and an increasing
acreage of fruit. '1'here are about 17,448,000 acres of tillable land
in the State. The six chief agricultural products of the State are
in the order of importance, corn., oats. wheat, timothy meadow,
clover meadow and potatoes.
Many of the wealthy citizens of the State can today point back
to the pioneer history of Indiana when their capital consisted of a
few acres, a little log cabin, and an ax and some provisions and a
large supply of persistent energy. Every one, as soon as possible,
prepared a fi!lld for corn, started a garden, procured a few hogs,
one or two horses, or a yoke of oxen and a few cows. It was rather
easy in those days to keep live stock. The wild grass, nutritious
roots, and several kinds of nuts and acorns were so abundant that
neither horses, cattle nor hogs required much grain, and often large
(2)
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numbers of farm animals were maintained. A surplus of corn,
beef, pork, etc., was produced and low prices created a market, and
profitable business began to grow. Demand led to a greater di
versity of crops and an .increase in commerce. The soil, though
rich, requires and is well adapted to a great variety of crops. Thus
step by step, year by year Indiana has grown to be a great agri
cultural State, with farms of the highest value, and her crop pro
duction and value of her live stock worth about $250,000,000 in
the year 1907.
In view of the greatly increased price of land, the important
question confronting the farmer is how to secure from his farm
returns in proportion to the increased money value of the land. It
is becoming more and more difficult to seclire adequate farm lal:Jor.
and thus the successful cultivation of large farms is becoming a
problem. Future farming is to be intensive rather than extensive.
'rhe man who produces the same amount of grain on one-half the
acreage does it at a great saving and at the end of the year will be
much in advance of his neighbor who has expended the same en
ergy in twice the acreage.
During past years farming in Indiana has been carried on with
profit, but agriculture has not yet reached its highest possibilities
with the great variety of soils of the State and the intelligence and
industry of the farming population. Indiana soils have been made
to produce 150 bushels of corn per acre, but now with the average
production of corn per acre less than 40 bushels, something must
be wrong under the present ordinary conditions of cultivation.
]I,:[any farmers are using some kind of commercial. fertilizer as
a means of restoring to the soil the elements needed, but too fre
quently the fertilizer has Dot been selected with any reference to
soil conditions or composition, and the result would seem to show a
further depletion of the soil rather than an improved condition.
Many others sow clover to restore the native fertility to the soil,
but fall short of their object by cutting off the first crop of clover
for hay and the second crop for seed, and thus robbing the soil of
the elements they wished to restore to it. . The farmer who studies
carefully the existing soil conditions and who uses care in selecting
. his fertilizers to restore deficient elemenbs has done ~uch to make
agriculture an interesting and profitable occupation.
Soil Survey.-The future of our agriculture depends to a great
degree upon a proper knowledge of the nature of our soils and
how they can be best preserved arid cultivated. While it is not
necessary for the farmer to trouble himself with technical geology,
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chemistry, botany, etc., it is one of the absolute requirements of
successful, "ec.onomic agriculture that he have an intelligent com
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to IndIana soils· either by the geologist, scientific agriculturist or
the farmer.
T:Qe State Departmeut of Geology has made some investigation
previous to the present survey, the Indiana Experiment. Station
has done a great deal in reference to a cropping system and the
manurial requirements of certain types of soil. The Bureau of
Soils of the United States Department of Agriculture has carried
on some work on the soil survey in the past few years and has to
the present time made a survey and published reports on ten
counties, as follows: Marshall, Tippecanoe, Newton, Madison,
M'arion, Green, Scott, Posey and a part of Warrick and Spencer
Counties. The State Department of Geology in 1907 made a sur
vey of the following counties in Southern Indiana: Monroe,
Brown, Lawrence, Jackson, Washington, Orange, Martin, Decatur,
Jennings, Ripley, Dearborn, Ohio, Switzerland, JefIerson, Clark,
Floyd and Harrison.
Maps were constructed showing the boundaries of the various
soil types and numerous samples were collected and mechanical
analysis made of these by the field men and a complete chemical
analysis of typical samples were made by Dr. R. E. Lyons, Bloom
ington, Ind. His method of work and the results of the analysis
are given under an included article written by himself. The
analyses are repeated under the discussion of the various types from
which analyses were made. These are compared also with other
analyses that have been made and those of the residual soils are
given in connection with analysis showing the average composition
of the parent rock.
Throughout the survey the field men had the hearty co-opera
tion of the farmers and by this many things of spet;ial interest
and importance were developed that otherwise would have been
unobserved: The following list of questions was sent out to farm
ers who might be interested in soil investigation and improvement;
while many of the lists were never returned, many were returned,
giving a full report of valuable information:
SOIL SURVEY OF .................. OOUNTY, INDIANA.

The State Department of Geology is beginning a Soil Survey of this
Oounty. The following is a list of questions relating to the soils. 'l'he
conditIons coverIng crop production are so complex that even with the
fullest Information, and the most careful work, cases are found In which
as yet the best t)..'(perts wlII be at fault. Your assistance In the ,work
through the informatron to be gained from answers to the followIng ques
tions will be greatly appreciated, and we trust the report may prove
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beneficial to you. Your set of .anl!lwerl!l il!l important in compiling Infor
mation in your neighborhood. It you can not answer all the questions,
please answer tbose you can. The favor of a prompt reply, even thougb
Incomplete, will be highly appreciated.
QUEBTIONS.

1.

2.
3.
4.
5.
6.

7.
8.
9.
to.
11.
12..
13.
14.

Name .................. , ................ , ....................... .
Location of land ...... ~ ...... Sec........ Twp ........ Rapge ....... .
Color of soil ............................................ , ........ .
Character of soil .... ; ....................................... , ... .
What crops al'e grown most successfully?, ......................... .
What is the average crop per acre of wheat? ...... , of corn? .. '... .
of oats? ...... , of rye?· ...... , other grains
of vegeta
bleEi? ..... .
What fertilizer, if any, do you use?
What is the average sizei\ farm in your part of the county? ......... .
Note any peculiarities of the soil and subsoil ..... ; ................ .
Their. behavior under tillage and cultivation of various crops ....... .
Their behavior in wet and dry seasons ............................ .
Difference in the behavior of dIfferent portions of. the same field or
soil area ....... : ........................ , .......•..•.........
Give any and every circumstance that can throw any light on the agri
cultural qualities or peculiarities of the soil •....................
Suggest any questions or suggestion for our consideration .......... .

Soil Maps.-It is impossible in some cases to obtain a base map
of proper accuracy. In such cases it is necessary to use a plane
table outfit and construct a traverse base map in the field. This·
traverse work can, however, be reduced to a minimum by making
careful nse of all data at hand and by continually checking up all
minor errors which are encountered.
Most counties are provided with fairly accurate base maps
showing township and section lines, towns, churches and schools.
But often the roads and streams, especially the minor drainage,
are much in error if shown at all.
In places where a topographical survey has been made, the map
ping of the line between the upland and lowland is much facili-.
tated. In pacts where no topographic and but little geological
work has been done, some plane table work is usually required
where there is much valley or bottom land, with somewhat abrupt
valley sides.
In a soil survey it is not necessary to attempt to construct a
general topographic map, but areas rising to considerable distance
above surrounding country, and distinct bluffs, or the occurrence
of a hill in a generally level tract such' as cut off hills and lost
ridges, or terraces should be indicated by some special markings.
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All mapping should be on a scale of not less than one inch to a
mile and atwo.-inch scale-is preferable, asthefield mapping can
be. done more. accurately. and then the original may be reduced to
any size for' publication, but in no case should be smaller than
one-half inch to the mile and if soil types are numerous and of
small area, the printed map should be one inch to the mile. _On a
scale of one inch to the mile a square one-eighth of an inch on
each side represents ten acres, and smaller areas can not be well
represented, but if smaller areas are found of a distinct type they
should be discussed in the notes. In many cases terraces can be
mapped with the valley; but where of considerable area or of a dis
tinct type should be so indicated.
.
If maps are to be published in colors the soil boundaries may
be indicated by dotted lines and the area marked in with the color
chosen for that special ytpe. If to be' printed in black and white
. as zinc etching, some system must be established for indicating the
various types, which will make it distinct and so that when reduced
will not appear too black, such a system may be made somewhat
general but in some counties Ghange will necessarily be made be
cause of the diversified character .of the soils. The boundaries may
be indicated either by a solid or a. broken line, and the boundary
mark should be as light as possible to show distinctly, since a mark
one-hundredth of an inch wide on the paper will represent a width
of nearly fifty-three feet on the ground .
. The GeOlogical maps of the State which have been prepared
and are being constructed at the present time, showing the outcrop
of underlying rocks, the glacial and alluvial deposits of recent time,
become the basis of a soil map or in a general way may serve as
such a map. After such maps have been prepared it greatly facili
tates all kinds of soil investigation.
In the case of hillsides or along slopes the formation outcrop
ping high up in the hill influences to some extent the soils belong
ing properly to the lower formation. Otherwise a knowledge of
the character and value of the soil derived from any given forma
tion will apply to the residual soils of that formation whenever
found. The geological and soil maps will show at once where such
soils occur. It is then important that soil maps be made to corre
late as far as possible with geological maps. Particular modifica
tion of the general type will occur and require mapping, and such
mapping should be on a basis that will make the moSt profitable
and intelligent application to the farmer of that area. While the
line between the soils of different formations and soil types can
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not be defined to a space of a few feet and the same general farm
ing principles may seem to apply, the soils upon investigation may
be entirely different and require a different treatment and are
adapted to special crops in order to secure the best results.
AGRICULTURE.

History of Agriculture.-Agriculture as a science is based upon
a group of sciences which in their growth have revolutionized it.
The most important of these are chemistry, botany, zoology and
geology. There are many divisions of agriculture referred to un
der various terms, as tillage, husbandry, grazing, dairying, feed
ing, breeding, horticulture 'and arboriculture, and care of all vege
tables and animal life supported by the earth for the benefit of
mankind.
Agriculture is one of the oldest of human employments, dating
from long before the dawn of history. The inhabitants of the
lake dwellings of Switzerland were perhaps the earliest tillers of
the soil and stock keepers about whom we know. Among their
dwellings we find the bones of cows, pigs, sheep and goats as well
as of wild animals. Grain crushers were in every dwelling.
Wheat, barley, millet and flax seem to have 'been cultivated. The
Aryan peoples are believed to derive their name from a word which
indicated that they were users of the plow, and were thus distin
guished from other people. Most of onr knowledge of the earliest
agriculture clusters about the river valleys-that of the Nlle in
Egypt, and that of the Tigris and Euphrates. In Oriental agricul
ture the great need is water. In Egypt once a year the Nile comes
to the relief of man, gives him the water for a crop and prepares
the bed for the seed. Sir Isaac Newton claimed that agriculture
began in the Nile Valley, and that the river taught men the art.
Its teeming popUlation that anciently existed in that narrow valley.
the large army maintained, and the great engineering and architec
tural works constructed indicate a successful cultivation of the soil.
Seeds were sometimes sown upon the mud and trodden in and when
the soil needed stirring a pick was used constructed of two sticks
tied together. Then eame the rude plow formed by fastening to
gether a pointed share, two. handles and a pole. Sowing was al
ways broadcast and the heads of grain were cut from the stalks and
carried to the threshing floor.
Of Babylonian agriculture there are few records, but as in .
Egypt, It dense population was supported. The Euphrates over
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flowed but did not do the work of the Nile. In all the region irri
gation turns desert lands into fruitful fields.
The Scriptures are full of allusions to' the operations of hus
bandmen in Palestine as well as in Egypt. The laws were those of
an agricultural people. Extensive plains of fertile soil yielded the
finest wheat. The hillsides were covered with vines' and olives
often planted in terraces formed with much labor to afford a large
mass of soil in which the plants might flourish in the dry season.
The valleys were well watered and afforded pasture for numerous
flocks. Little is known of early Grecian agriculture. It has been
said they knew the value of the scarecrows and when these failed
had a sure charm produced by carrying a toad about the field by
night, and then burying him in the middle of it. They used a
plow similar to the Egyptians, and plowed their ground several
times. Manures were used and soils were combined for fertilizing.
purposes.
Roman agriculture has received special attentioll since so much
was written about it by the Romans themselves, and since they car
ried it into other countries where it modified or dominated agri
cultural customs when Rome was only a colony on the Tiber, land
was divided among the citizens in small ailotments. The commOJ]
conditions were that the occupants paid one-tenth of the produce of
the corn lands, one-fifth of the product of the vines and fruit trees
and a moderate rate per head for cattle pastured. T~ater the place
of the small farmer was taken by the planter, who cultivated a
large territory with slave labor. The chief grain cultivated by
the Romans was wheat, with barley second, and meadows were also
highly valued. They believed in and understood crop rotation.
After the overthrow of the Roman Empire the conquering people
began to study the works of Roman agriculture and all western
Europe agriculture was benefited. In England at the same period
the agriculture showed alterations of indolence and bustle. In
August, 1317, wheat wa.<; twelve times as high as in the following
September. Rye was the breadstuff of the peasantry. Little
manure was used and the soils became less productive.
The discovery of the New World showed two grades of agricul
. ture carried on by those who had even used a plow similar to the
Egyptians, and plowed their ground several times. ]\fanures were
used and soils were combined. The great cOlltribution of America
to the world's agriculture was the three plants, the potato, tobacco
and Indian corn or maize. In the region north of Mexico the labor
·of planting and caring for the scanty crops was performed by the
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women, who broke the ground with the rndest possible implements.
The leading agricultural writer of the sixteenth century was Sir
Anthony Fitzherbert, who published hi" "Book of Husbandry" in
1523. In this century agriculture became more profitable. Gar·
dening greatly neglected in the first part of the 17th century, reo
ceived much attcnti(}n in the latter part. Deep drainage was much
. talked about and crop rotation was carried on successfully. And
thus the beginning of the 18th century saw a great revolution in
English farming,
English agriculture of the first part of the nineteenth century
was marked by the influence of Arthur Young, who traveled much,
carefully observed, experimented somewhat, and wrote industrious
ly. He was one of the first to make experiments in regard to nitro
gen and in regard to ammonia, previously supposed to be injurious
to vegetation. Of his works one has recently been republished.
As secretary of the Board of Agriculture, established in 1793, he
was concerned in the discussion of all the agricultural questions of
the period. Jethro 1'ull, whose book on Horse-hoeing Husbandry
appeared in 1731, was almost in touch with the methods of the
nineteenth century. His theory was that seeds should be sown in
drills and the spaces between the drills kept thoroughly cultivated.
He asserted that the plant lives upon minute particles of soil and
obtains food from the air when the soil is brought to dust. He in
vented a drill and a horse-hoe. He did not succeed in obtaining a
large crop; but modifications of the method have since been
made. Considering that 'I.'ull did not have the aid of agricultural
chemistry, he could not more nearly have touched hands with the
scientific observers of today. In one respect there is an approach
to his position. The supposed proof that plants cannot take nitro:
gen from the air has been questioned since 1880. At present it is
generally accepted that certain (if not all) plants do require the
plant food nitrogen from the air. The theories of Tull may acquire
fresh interest through the present discussion of the relations of
the physical properties of the soil to the cultivation of plants.
The whitll. colonists of North America had much to discourage
them as agriculturists, and in New England the additional'draw
backs of long winters and a rocky soil. The colonists in Virginia
found both Indian corn and tobacco,· the latter fitted to become an
article of export. The New England settlers brought with them
English modes of farming. From the Indians they learned how
to raise corn, breaking the soil with a hoe and manuring with fish.
Corn was the great product to be depended upon, although other
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grains were cultivated and cattle and sheep increased slowly, fed
first upon the native grass, then upon the herd grass specially fitted
for New England soil.
, Potatoes began to be raised in the first part of the eighteenth
century. The SOlithern colonists, more favored by nature, made
less actual progress than those of the North. An important part
of the little written upon agriculture was the volume of essays
published by Jared Eliot, 1735. Even as late as 1790, as we learn"
from McMaster's History of the American People, little progress
was made. Throughout the South it was the common practice to
grow crops without rotation, and in general ma.nure was thrown
away.
Marked changes have taken place in the agriculture of the past
fifty years, in a great part due to the development of agricultural
chemistry. Among the results of the study of agricultural chem
istry have been an extensive use of chemical fertilizers, selected
with reference to soils and crops and a comparative independence
of the fixed rotations. Researches, however, are not confined to ag
ricultural chemistry. The work as carried on in more than three
hundred experiment stations of the world is planned to attack one
after another the pests and the problems that confront the farmer,.
Other features of the great progress' are, the extensive introduc~
tion of machinery, careful cultivation, thorough drainage and deep
plowing. Market gardening or "truck farming" has been made a
branch of agriculture.
Agricultural Education.--,It is only within recent years that
adequate attention has been paid to agricultural education. The
first agricultural school was founded by Fellenberg, at Hofwyl, in
SWitzerland, in 1806. His pupils were taken from the poorest
class of peasantry, of whom he truly observed, that "having nO
other property than their physical and mental faculties they should
be taught how to use this capital to the best advantage," by a com
bination of "discipline, study and manual labor." No fewer than
3,000 pupils were trained in this school, which flourished for about
thirty years. Since then VRlious schoo~~ of like character have
sprung up in Europe. Tlie~~ll G;~~mment ma'ftes large ap
propriations to support agrjeultmal edv.~ation and one school at
Grigron has an old royal plit~~ with 'it~ domain of 1,185 acres. In
Prussia there is scarcely a province that does not boast of its agri
cultural school and model farm; and throqghout Germ~my, as well
as in Russia, we find educational institutions supported by the
state, in all of which agriculture is practically as well as theoreti
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cally taught. Finland possesses in all ten agricultural schools and
seventeen small dairy schools. Denmark spends about $55,000 an
nually. Japan has. an agricultural col1ege on the island of Yeso,
and an experimental farm in the province of Shimosa, near Tokio.
In Great Britain a large number of colleges and secondary schools
teach agriculture, and in some of the best schools a full course of
agricultural education is given, as at the Royal Agricultural Col
lege and the College of Agriculture, near Salisbury. At the Uni
versity of Edinburgh, practical agriculture is acquired by resi
dence on a farm near Edinburgh, and by Saturday excursions to
selected farms near at hand. The most important experimental
station in England is a private one at Rothamsted. Woburn Sta
tion is next in importance and was started in 1876 by the Royal
Agricultural Society.
In .1847 ,the United .States.made. the .first step to:wacl.agricul
tural education, when John P. Norton, agricultural chemist, just
returned from Europe, agitated the question of agricultural schools
and one school was begun. In 1860 it was liberally endowed by
Joseph E. Sheffield and is now attached to Yale College as the
"Sheffield Scientific SchooL" In 1852 a similar school was started
at Dartmouth College.
Congress was repeatedly asked to set apart lands for the sup
port of agricultural colleges, and a biU was passed in 1858 for that
purpose, but the president failed to sign it. In 1862 the effort was
successful, and a bill became a law appropriating about ten million
of acres to all the states, to be divided according to the number of
representatives from each state in Congress. Meantime, New York
and other states kept the question alive and 11'ichigan opened her
Agricultural College in 1857; and now, under one or another name,
nearly all the states have colleges or parts of colleges in which ag
riculture is taught.
.
'fhe Department of Agriculture was established in 1862, though
the first distribution of seeds, etc., was made hy the commissioner
of patents in 1836. The first garden was established in 1858. The
object of the department is to acquire and disseminate among the
people of the United States the latest and best information on the
subject, and to introduce into. the country new and desirable seeds,
plants, etc. The divisions of the department are seeds, propa
gating garden, pomology, ornithology, forestry, and library, chem
istry and the Weather Bureau.. Monthly reports on the state·. of
crops and kindred .8~bjects are issued and farmers' bulletins are
printed nnd distributed throughout the country. Year books are
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also published, giving the progress of the work of the department,
for the past year, and includes many valuable papers upon sub
j,ects relating to the various divisions of agriculture.
Agricultural Experiment Stations are now in operation in every
state and territory and are carrying on a large amount of scientific
and practical work, giving results of great value to American ag
riculture. These stations are departments of the agricultural col
leges and were first established under act of Congress of 1887, and
intended "to promote scientific investigations and experiments
respecting the principles and applications of agricultural science."
They conduct researches with regard to the physiology of plants
and animals, the advantages of rotative cropping, the analysis of
soils and waters, and the chemistry of manures, foods, etc. The
act of 1887 appropriates $15,000 annuallY for each state for the
purposes of such stations. The officers of the stations report to,the
Department of Agriculture, and publish bulletins giving results of
experiments. They enjoy now more than ever the sUpport of
farmers, horticulturists, etc. A number of the states have liberally
supplemented the funds appropriated by Congress for the main
tenance of the stations. So great has' been the success of the sta
tions, and so urgent have been the demands for the information
which they are able to give, the calls for the preparation of
popular bulletins and the delivery of addresses at farmers' meet
ings, that it has in some cases been almost impossible to meet the
demand without endangering the success of the original investiga
tions which it was their first business to conduct. While the
farmers of the country may well congratulate themselves on having
such numerous aqd important agencies for the discovery of new
truths and the dissemination of useful information, they should not
relax their efforts to aid the stations in advancing their work and
securing the greate~t benefits to agriculture which can be obtained
with the resources at their command, Fitness and ability to carry
on successful investigations should be the fundamental qualifica
tionsfor station officers; and when competent men are once ob
tained they should be held in their positions and supported in their
efforts to plan and carry out thorough experiments.
Agricultural societies for the purpose of promoting the interests
of agriculture have sprung np in great number, farmers' congresses.
farmers' institutes, boards of agriculture, state and county fairs,
horticultural Societies, experiment clubs, are all means of education
far the farmer. In·Oklahoma farmers are forming "acre clubs,"
each member taking one acre for an experimental crop, doing his
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best with it, .and when the season is over, reporting his experience,
including mistakes, and describing his methods. This is a practical
form of agricultural educatioI\ and the plan might well be tried in
other places.
In the secondary schools of our rural communities agricultural
instruction is growing in importance. The effort to introduce na
ture study largely on subjects relating to agriculture is being ac
tively undertaken in severp.l states. The result of pushing this
educational motive into the rural communities has caused a most
decided waking up of those communities. For many years schemes
for the teaching of agriculture in the common schools have from
time to time been put forward and have attracted more or le~ public
att.ention, but none of these have been found practicable. This is
largely because they have ignored the conditions existing in our
common schools, as well as the nature of the subjects with which
the theory and practice of agriculture deal. The art of agriculture
is best learned on the farm. That is the place where the boy learns
how to plow, plant and reap, and how tQ feed and care for stock.
It is true that at an agricultural college or other school wl\ere the
farmer boy may reside for a considerable time, he may learn new
and better ways of doing these things than on his father's farm, but
the chances are against him in the rural school, since most of the
time must be taken up with the rudiments of a general education.
In his school he must be taught the principles underlying agricul
ture; that is, he must be taught why he plants and plows and reaps
in one way rather than another, and what laws of nature he violates
in his bad management that his crops do not yield and his stock do
not grow and fatten. This education mnst also be carried into the
high school, where large nqmbers of farmer boys and girls com
plete their education. These schools are located near their homes
and they are unable to attend the longer and more expensive col
lege courses. Any school so far distant from the farmer's home
as·to require the boys and girls to be away from home two years or
more is too expensive for most of the farmers' children after they
have reached' the age when they will be of service on the farm.
What then is needed is courses in agriculture in the common
'schools and in numerous high schools to which farmers' children
resort, near their homes. to "finish" their education after they
have completed the common schools. The more practice the boy
has had on the farm the better able he will be to appreciate a sys~
tematic course in agriculture. Such instruction in the secondary
schools will open the mind of the pupils to the wonderful progress
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which is being made in agrieultll.ral science and practice. It will
enable him to take a more thoroug}1 advantage of the information
furnished through books, bulletins of experiment stations, farmel'S'
institutes, home reading clubs, ete. The farmer must be taught to
think in the Jines where science has shed light upon his art if his
practice is to be most thoroughly successful. Fortunately, science
has already much to tell the farmer which is most useful to him,
and every year sees an increase from ~hich the agricultural student
can safely draw.
SOILS IN GENERAL .
.
Soil.-Soil is the loose mantle of material covering the surface
of the earth. It consists of the disintegrated materials of the
earth's crust mixed with varying amouuts of decayed vegetable
. matter. The earth's crust is composed of more than seventy ele
.ments, most of which are present in very small proportions. Of
the numerous elements known, only eighteen are of importance
either. in soil formation or plant growth, and of this list, three or
four have no active part in normal plant growth. They are as fol
lows: Metallic elements--potassium, sodium, calcium, magne
sium, iron, manganese, aluminum, and titanium; non-metal
lic' elements--carbon, hydrogen, oxygen, nitrogen, phosphorus,
sulphur, chi orin, fluorin, iodin and silicon. Iodin and titanium
perform no important function in soil9 and plant growth.
The value of fiuorin is little known, but it is found
as an ingredient of animal bones and its presence is often found in
plant ashes. Aluminum in the form of its compounds with oxygen
and silicon is a very prominent soil tngredient and has an impor
tant place in the physical properties of the soil, but does not per
form any direct function in plant nutrition, and is absent in th~
ash except in a few low forms. The remaining fourteen are. al
ways present in plants, carbon, hydrogen, oxygen and nitrogen
forming the volatile part, while the rest occur in the ashes. Thus
these various elements supply singly, or in combination, all the con
stituents necessary to plant growth, each of them having its own
portion of the plant to sustain-the silica producing strength and
rigidity to the stem; aluminum giving tenacity to the soil, and thus
rendel'ing it a stable support; magnesia perfecting the seeds; iron
absorbing oxygen and ammonia from the' a:tmosphere,~and giving
it up as required,and soon. Of these ingredients, silica, alu~i
num, lime, along with the organ.ic matter, constitute the bulk of the
soil. the others existing only in small qnantity, and hence is derived
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the common division of soils.........8iliceous or sandy, argillaceous or
clayey, calcareous and humus.
The relative abundance of the elements found in the crust of the
earth shows that one-half of the total consists of oxygen, and thus
we find that most of the other elements exist in combination with
it' as "oxids." The ond of silicon flredominates over all other
substances, while quartz occurs alone in large lllasses, the greater
proportion is found in combination with other oxids-those of
aluminum, calcium, iron magnesium and the alkali metals, potas~
sinm and sodium.
Subsoil.-Immediately beneath the soil or stratum of earth which
affords nourishment to plants, is a mass of earth or rock, unmixed
with decayed ma.tter, to which the term subsoil is applied. ?-,he
subsoil mayor may not be similar in its geological constitution to
the soil. The term "surface soil" is generally applied to that part
of the soil turned over in cultivation, and the subsoil is all that
part of the soil. mass extending down from the surface soil. This
is a distinction of practical importance, but the real distinction is
due to the action of organic matter and certain physicai and chemi
cal causes. In the latter case the surface soil may be only a few
inches in depth, or may extend doWnward several feet. . The sub
soil is usually of lighter color, due to the absence of organic matter,
except where there is deep coloration caused by the presence of
iron. Another striking difference between soil and subsoil is the
degree of compactness of the material in two layers' and also the
extent to which the earth is mixed with fragments of the parent
rock. The agencies acting upon the surface tending to give it a
loose, open structure, do not act in the subsoil, and it therefore re
mains in a more solid form.
.
Soil'Jlormation-Rock Weathering.-Rocks are simple mineral
aggregates; and a few 'only, limestone, quartzite, etc., expand or
contract alike throughout; with each change of temperature there
is a tendency to form fissures, which will gradually lead to the dis
ruption of the rock surface. Temperature changes, therefore, is
an important agency in the breaking down of rocks. Disintegra
tion is effected partly by the chemical action of oxygen, carbonic
acid and the other acid or alkaline substances brought by the at
mosphere to bear upon rocks and partly by the wearing action of
water in a fluid state or -in the form of glaciers, or by its expend·
irigforce when broken. Almost any locaiity will afford opportUni~
ties for observing the nature of the process by which soils are made.
We may examine the exposed rock of some old quarry where the
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soil covering has been removed and the rock is again left to recover
its coat of loose material. ~ven where quarries do not exist, an old
pavement will often show the soil-making process. Water and the
atmosphere and the heat of the sun coming upon the earth's surface
are the important agencies b3' which the rocks are pulverized. The
drops of rain wa~r as they fall upon the rock surfaces tend to
loosen small particles from the partly decayed rock. The water
soaks into the minute fissures of the rock and dissolves the cement
ing material so that the grains of sand, mud, etc., are more easily
broken loose by the blows of other rain drops. .In freezing, the
water that has been absorbed by the rock surface expands, and
m,asses of rocks are broken into fragments by the agency. Cracks
and crevices are made larger and a large amount of new surface is
exposed, and the smaller particles are torn loose and added to the
mass of accumulating soil.
After the rock surface begins to decay, low fOrmB of plants be
come attached and absorb ,certain portions of mineral matter by the
broad adhesions which bind them to the surface. As soon as the
surface has secured a coating of these lichens the process of soil
making goes on with increased 'rapidity. These plants are active
only when they can obtain sufficient water from the moisture of the
air and the surface on which they rest. The decay of the lichens
supplies the water with a certain amount of carbonic acid gas, by
which the solvent power of the water is increased in its effect of
disintegrating the rock.
"Among siliceous rocks, chemical action proceeds but slowly,
and the amount of material actually removed in solution is rarely
over 60%, and may be so small that the resiliue in extre~e cases
occupies some 80% more space than the rock from whence it was
derived. Carbonate of lime, the essential' constituent of ordinary
limestone, is, however, as has been observed, soluble, in the carbon
ated water of rainfalls, and in time, may undergo complete removal,
leaving but the insoluble impurities behind. This is, indeed, the
universal history of limestone soils. They are, however, infre
quently so siliceous or ferruginous as to be quite barren and of a
nature to be benefited by the application of lime as a manure.
"Throughout the areas occupied by the Trenton limestones, in
Maryland, nearly every farm has, in past years, had its quarry and
limekiln where the stone was fitted for supplying lime once more to
soils from which it had been so thoroughly leached as to render
them lean and poor. It is to this solvent action that is due the for
mation of the multitudinous caverns, large and small, of the lime

Illustrating manner in which the roots of trees break up rock masses in the
Harrodsburg limestone, one and a half miles north of Bloomington,
Monroe County, Ind.

.

Illustrating same as above; also shows low forms of plant life attacking the
surface. Notice the large root after passing through:the crevice again j
widen out, Near Oliver Quarry, Bouthwest of Bloomington.
[8]

'
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stone ~giollS.' Even where cave~jtsare not present, the ,corrosive
acti~~:Us~viderit to the practised'~Ye. In the quarry regions of
Tennessee surface blocks of limestone are' often grooved to a depth
of an inch or more with the acids absorbed from' the atmosphere
and surface soils, while in the quarry bed the stone is found no
longer in continuous layers, but in disconnected boulder-like
masses. In such cases casual examinations give very little clew to
the rapidity of the destruction going steadily on,- since all'is re
moved in solution excepting the comparatively small amouut of in
soluble matter (usually clay or silica) existing as an impurity."·
Glassific-ation of Soils.-The determination of the true relation
ship of' the soils of different areas is a difficult problem, since,
being derived from rocks of. all kinds and under varying condi
tions, no fixed lines for soil classification can be laid down. But
for the purposes of discussion and definition we have the pl;"imary
divisions of sedentary and transported soils, and each of theSe is
again subdivided according to the agencies involved in its trans·
portation. or original formation.

LOWLAND

REL.ATION

L Sedentary or Residwl SoUs-(a) Residuary, (b) 01tmuwse.
-These are known as soils in place and have not been removed
from the parent rock. The rock underlies the soil or subsoil at a
greater or less depth, and the soil bears some characteristics of
the original rock. The upper part of the r()ck surface is generally
somewhat broken and decayed, with fragments s(lattered through
the subsoil. The prevailing charactert~tic of an' old residual de
posit, from whateveI; rock it may be d,erived, is a ferruginous clay.
With the exception of quartz, the various mineral constituents are '
often in advanced stage of decay, and the more sohible constituents
are wholly or partially lacking, having been leached out.' In' the
case. of limestone the soils consist mainly of aluminum and' fer
"'Geo. P. Memll, "Rocks, Rock Weathering Bn(Soils,":x.p. 245-46,
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ruginous matter, grains of sand, and nodular masses of chert which
existed as admixed impurities. At first one would believe the resi
dual soils derived from limestone to differ greatly from soils orig
inated from sandstones or shales, yet the. difference is not so great ..
There usually overlies the sandstone strata a loamy earth, not
very different in character from that overlying the limestone. It
is,somewhat more sandy, and thus less cohesive, and becomes less so
farther ,from the surface, while in the limestone region the tough
est clay lies next to the surface rock. The limestone clay shows a
tendency to cleave, breaking up into little pieces which are roughly
cubical. The residual soils occur principally on plateaus and gentle
slopes, where the velocity of the surface water from rainfall is not .
sufficient to dislodge the rock debris.
Another group of soils to be classed as sedentary are in cumu
lose deposits, as peat, muck: and swamp, since they result from the
gradual accumulation of material "in situ" through differing in
both composition and origin from those just described.
. 2... Transported.-Because of the transporting power of water,
wind and ice; few residual materials are left undisturbed for any
length of time but become more or less intermixed with materials
from near or distant sources. It is through the. influence of run
ning streams,bOth in the past anJ present, and moving ice in
times past that has been brought about the great mass of material
knQwn as drift. According to the agencies involved, we have a
variety of transported materials.
(a) Oolluvial 8oils.-These colluvial soils form a large part of
rolling and hilly uplands, and are of varying degrees of produc
tiveness. They owe their origin to soils removed from the original
site to such a degree as to become intermingled with the soils of
other rocks, or by the rolling or sliding down the slopes the par
ticles become more finely divided, and the soil masses are subject
to landslides from penetrating waters underneath and from com
plete saturation and from hard freezing and rapid thawing, but
ordinarily the movement down the slopes is slow, yet perceptible in
a short' time. Sedentary soils are dependent almost entirely on.
the parent rock for their specific character, and nearly the same is
true in the case of colluvial soils.
(b) Alluvial Soils.-The alluvial. soils are those of the vaJ.leys,
.flood plains, sea and lake borders. The m~terials of w~ich these
soils are composed have- been gathered from aJ.l along the course
of the stream and may consist of a great variety of components.
and aJ.though they may vary greatly in their character, they l\t·p
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usually fertile. 'l'hey are usually of fine texture, but the relative
proportion of sand and clay are dependent upon the velocity of
the water current. In the upper part of the· valleys and where
the slope is relatively steep and the velocity great, there is a large
proportion of coarse stones and gravel, and as the slope and velocity
decrease,. coarse and then fine sand will be the prominent com
ponent of the soil, while farther down the stream the finest sand,
silt and clay are the principal constituents. The aJluV'ial soils dif
fer from those thus far described in that they are always more or
less stratified.
(e) Aeolian Soils.-These deposits owe their origin and pres
ent structur~l features mainly to wind action, but sharp lines can
not always be drawn between them and those of alluvial types.
The principal occurrence of such soils are in the Loess deposits
and in the sand hills or dunes, and to a small degree the volcanic
dusts.
.
(d) Glacial or Drift Soils.~Ice in the form of glaciers has
great eroding and transporting powers. The moving of the ice,
with its embedded stones, cut~, scores and grinds even the hardest
rocks, and the product is largely very fine and easily transported
by the glacial streams. The fi~eness of this materi~l renders it very
suitable for the making of soil, and such soils are usually very
productive arid lasting. J'he rotten and mechanically mixed
detritus of many rocks from many sources forms a soil which is
abundant in all the necessary plant foods, and hence does not re
quire a large outlay for commercial fertilizer as do other soils..
'l'he material of the glacial drift is spread out over the land in
a manner far from uniform and under varying conditions, and m,)y
be separated into two classes: (a) stratified or assorted drift, ll'id
down under the influence of water, (b) unstratified or unassort~d,
deposited directly from the ice and consisting of a heterogeneous
mass of coarse and fine material. ,A large part of the drift is com
posed of this un assorted material, consisting· of clay, sand, gravel
and bowlders, to which the name till or bowlder clay is applied, or,
from its mode of deposition, the ground moraine; The accumula
tion of rocks and debris of all sizes in the moraines form glacial
made lands which cover extensive and important agricultural
areas; such areas are undulating and the soil ~ually has imbedded
in it stOIl€S of great variety and size.
Varietal Names.-In a general way, "rock powder," "clay"
anrt "humus" are the ~hiet constituents of soil. According to th"
predominance of one of these over the others, soils are classed as
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"heavy" or "light." . Clay soils are usually heavy, while sandy
and humus soils are spoken of as 'light. As regards the degree of
fineness of the rock particles, together with the physical and chem
ical properties, soils are known as gravelly, sandy, silty, loamy,
ealcareous, siliceous, magnesian, ferruginous and others of local
importance.
Soils of sedentary origin are usualll spoken of in regard to
the rock from which they were derived, as granite soil, limestone
soil, etc. Transported soils are designated by the names given in
above description with such local variations as indicate their pro
duction and adaptability. A loam is usually defined as an admix-·
ture of sand and clay with more or less organic matter, a clayey
loam being one in which clay predominates and a sandy loam one
which has sand .prevailing. Peat and muck are known as humus
SQil. Silt, loess and adobe are terms applied to fine soils of varying
orIgm. Swamp, marsh and meadow designate low-lying, wet
tracts. In addition to these, many local names are used which in
general have no special significance.
Soil samples are separated by mechanical means into various
sizes, and the various percentage relationships determine the soil
type, as coarse, medium or line sand, sandy loam, silt loam, clay
and clay loam.
"
It has been found through soil investigation in the United
States that a given set of soils are so evidently related through
source of material, method of formation, topographic position and
coloration that the different types constitute merely a gradation in
the texture of an otherwise uniform material. Soils of different
classes thus related constitute a series. A complete series of soils
consists of material similar in many other characteristics, but grad
ing in texture from stone and gravel on the one hand through the
sands and loams. to a heavy clay on the other. Soils may, however,
be very similax: in origin and texture but may occupy so entirely
different topographic position that their relation to crops is en
tirely changed and the use of another serial nruhe should be ap
plied.
.
Soil Coloration.-Another division of soils is that on the basis
of natural colorations. Farmers uSe soil colors as a basis in de
termining the quality of land.
A black soil is considered a rich soil. The Plack or brown-b~ack
color is with few exceptions due to the presence of much humus.
The shade of the black deserves close copsideration. If tending
toward brown, acid humus or "sour" land is' indicated. The jet'

.
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black tint is an indication of calcareous land, and these are almost
always highly productive.
Red soils take second place except in such cases where the red
soil has been derived from ferruginous sandstones, that furnish
little else but quartz and ferric hydrate. It is not the iron content
that renders the land productive, but its presence isa sign of other
favorable conditions: that a red soil is a well-drained soil, that
ferric hydrate absorbs moisture I!Jld gasses, and, like humus, it ren
ders heavy clay soils ¥lore easily tillable.
Yellow lands owe their color to smaller amounts of ferric hy
drate, and share somewhlit in the advantages of the red.
White soils or those of very light color are not usually consid
ered of much value. The light color means· the· absence of both
humus and ferric hydrate, and usually implies (hat the soil has
been subject to redm.\tive maceration through the influence of stag
nant water; the ferric hydrate having been reduced to ferrous
salts, the humus oxidized away, and most or all of the lime, iron
and phosphoric acid of the soil mass accumulated in the fo~ of
inert concretions. The term "craw-fishy" is commonly applied
to such soils, since they are usually inhabited by cray-fish, whose
holes reach water a few feet below groUnd, and. are surrounded on
the outside by piles of white subsoil mixed with black gravel or
concretions of bog iron ore. Such lands require careful drainage,
and even then produce poorly, and are in immediate need of fer1;i
lization by green manuring and the use of phosphates.
Ohemical Elements Important to Agriculture.-As stated above,
eighteen elements require mention in connection with either soil
formation or plant growth. The most important of these will here
be discussed more fully in reference to plant growth and the use of
natural and artificial plant foods.
. Potash, phosphoric acid and nitrogen are three substances
needed by all plants and crops for their food. These are t~ken up
from the soil by the roots Of plants and are contained in the crop
which is harvested and removed from the fQ,rm. Hence, by con
tinued cropping a soif becomes depleted of its plant foods, or
"worn out" and unproductive. These three plant foods can be
given ·back to the soil either in the form of natural or artificial
manures, all of which contain one or more of these plant foods.
Potash, phosphoric .acid and nitrogen are equally important as
plant food and one cannot take the place of another. Potash is
necessary for the for:tn~tion of starch; sugar and woody fiber in .
plants. Phosphoric acid is needed for the formation' of seed, and
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nitrogen is necessary for.the produ.ction of leaves and stalks. But
when nitrogen is in excess it will cause a rapid and excessive but
watery and unnatural growth of wood at the expense of fruitful
ness.
Until within the last century, stable manure, composts, etc.,
were practically the only fertilizers Known and used, and the use
of these might have continued indefinitely but for the attention of
chemists,such as Liebig, who discovered the uSe of mineral fer
tilizers.
"The chemical composition of stable manure does not, alone,
suffice to explain its efficacy and the difficulty of replacing it by
any other material. The composition of manure, of course, dif
fers not only with' difl'erent animals but also with the difl'erent
feeds consumed by them; but the average composition of farm.
yatd manure is approximately given thus by W 01£1' and others:
ANALYSES OF VAlUOUS FARMYARD MANURES

a.
Water ................................................ ..

~~~~~~:::::::::::::::::::::::::.:. :::::::::::::::
.............. .

Lim.... .............................

W=~ic ·a.;id::: ::::::: :: ::: .: .. ::::: ::::::::. :::: :::::

Ammonia................. , ........................ .

Total nitrogen.
1.
2.

71.00
29.00
4.40
0.52

0.1>7

0.14
0.21

. .............. ..

i

4.5.

79.915

20.%

72.88

27.67

5.87

0.00

O.8.~

0.l4,

0.30
.0.02

0.46

Average composition of fresh farm manure (Wolff).
Average eomposition of moderately rotted mm manure (Wolff).
Average composition of
thoroughly rotted farm ma!lure (Wolff)..
.
4. Mixed cow and horse manure from " bed two feet thick, accumulated during the winter In a large .covered
yard, and packed solid by the tromping of cattle (the analysis oy F. E. Furry).
5. "Box lIlJJnurB," conslatiog of mixed manure of'bullocks, horses and pige(Way, Ru~"1 Agric. Soc. Journ.

a.

1860. n., 700).
*And Soda.

very

. .

"It is thus seen that th/l percentage of the important plant
foods in stable manure are minute when compared with those 'com
monly found in "commerCial" fertilizers. Nor are they so much
more available for plant absorption than the latter; a very large
proportion is not utilized at all the first year, and unless the amount
applied' is very large it hardly carries the supply needed for the
usual crops.
"It is now well understood that its efficacy is largely due to
the important physical effects it produces in the soil.' It helps di
rectly to render heavy clay soils more loose and readily tillable.
If well "rotted" or cured it also serves to render sandy, leachy
soils more retentive of moisture, and the humus fonried in its pro
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gressive decay imparts to all SQils the highly important qualities
discussed later. More than this, the later researches have shown
that stable manure acts perhaps most immediately upon bacterial
activity in the soil, greatly increasing it not only directly by the
vast numbeI'!< of these organisms it bringS with it but also in sup
plying appropriate food for those normally existing in the soi) ,
In so doing it serves to render the soil ingredients more available
find to impart to the soil the loose condition required in- a good
Reea bed-a "tilth" which cannot be brought about by the opera
. tions of tillage alone.
"TM only pOlilsible substitute for the use of stable manure' is
found in green-manuring with leguminous crops conjointly with
the use of commercial or mineral fertilizers. Unless this is done,
the use of the latter alone ultimately leads to a depletion of humus
substances, which render the acquisition of proper tilth by seed-bed
impossible, and causes a compacting of the surface soil which .no
tillage can .remedy.' '.
All stable manures contain potash, phosphoric acid and nitro
gen, but nearly always too much nitrogen in proportion to the
mineral fertilizers, that is, potash and phosphoric acid. Therefore,
when using stable manure; it is best always to add potash and phos
phoric acid to it, so that themailuremay have its full effect. It
is not necessary to 3.pply plant food in the form of stable manure.
Potash, phosphoric acid and nitrogen can be bought and used in
the form of commercial fertilizers usually at a less expense than
in the form of a manure.
The principal sources of potash are the potash salts from Ger
many, and the most important of the potash salts are sulphate of
potash and muriate of potash and kainit; the former two contain
about 50 per cent pure potash, and kainit contains about 121/2" per
cent. Sulphate of potash is best for tobacco' and some other spe-·
cialties, while muriate of potash is somewhat cheaper and is useful
for most crops. Kainit, in addition to its effect as a potash ferti
lizer, is useful for killing grub worms and other insects living in
the soil, and is a remedy against cotton blight. Wood ashes are
also a source of potash, containing from 2 to 7 per cent pure
potash. Their composition is varied and uncertain.
The main sources of. phosphoric aeid are the large deposits of
phosphate rock in South Carolina, Florida and Tennessee. The
phosphoric acid in these rocks is insoluble and must be made
soluble by chemical treatment before it can be used to advantage .
•SoUs, E. W. Hi\prd, pp. 73-74.
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The phospQoric acid in the rock becomes then "available." Other·
sources of phosphoric acid are bone-meal, bone-black and thomaB
slag. ,.
.
The most important nitrogen fertilizers are nitrate of soda,
'Sulphate of ammonia; cottonseed meal anq animal refuse, such aB
dried blood, dried fish, etc.
For the permanent improvement of soils it should not be over
looked that lime and organic matter (humus) are also frequerttly
needed. Lime is especially useful on sour soils and makes them
sweet. Humus is the product of decaying plants and is useful to
make soils more loose and retentive of water. It may be furnished
either by using stable manures or by green-manuring, especially
with leguminous. crops, such as peas or clovers. In the' case of
green-manuring, humus is produced directly through the decay of
plants plowed into the soil, and in the case of stable manure in
directly after the plants have passed through the digestive organs
of the anmials.
Fertilizers or fertilizing materials, that is, chemicals containing
potash, phosphoric acid and nitrogen, are applied either broadcast
or in the hilI or with the drill.· Each method has its preference in
certain· cases. Broadcasting of fertiliiers is beSt where intensive
culture is practised· and large quantities of fertiliz~rs are used.
Applying in the hill or with the drill has been found more effective
in case only moderate quantities of fertilizerS are given. Top
dressing is practised usually only in ease of fertilizers containing
nitrogen, such as nitrate of soda, because these nitrogen materials
quickly wash into the soils through the rains; .
When unmixed fertilizing materials are used it is best to apply
the mineral fertilizers, that is, those con:taining potash· and phos
phoric acid, some. time previous to planting, in which case there
will be sufficient time for t}1em to disseminate in the soil and get
well mixed. The materials containing nitrogen are then used at
the time of' planting or immediately afterwards as top dressing.
When mixed fertilizers are used, it is usually beSt to apply im
mediately before planting.
The quantities of, fertilizers to be used per acre are dependent
on the soil and the crop to be grown. Usually to a soil which is in
good condition larger quantitiei'l of fertilizers CJl,n be given to ad
vantage t~an to a soil wpich is in poor, physical condition, that is,
either too hard, void of organic matter or poorly' drained. The
amounts of complete fertilizer applied usually vary from about 400
pou!lds to 3 tons per aqre.
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Plants differ in their requirements of the three essential plant
foods. For example, all plants producing sugar and much starchy
matter, such as potatoes and fruit crops, need much potash, while
. leguminous crops, which have the power of absorbing nitrogen from
the air, can get along with a small supply of nitrogen in: the soil.
Fertilizers, therefore, must differ in. the proportionate amounts of
potash, phosphoric acid and nitrogen, so as to suit the particular
crop to be grown.
Soils likewise differ in the amount of available plant food al
ready present in them; therefore, a proper fertilizer must suit
the soil as well as the crop.
. A very large amount of commercial fertilizer is used within the
State of Indiana, but largely without any understanding as to the
needs of the soil or the requirements of the plants. Numerous •
experiments have been made With fertilizers· on the various soil·
types, and very good results obtained. The. following desQription,
together with the accompanying photographs, will show the results
of some of the experiments. These are in reference to the corn
experiments on the farm of W.A. Hart, near Portland, Jay
County.
The land is a moderately heavy clay loam which had become
very badly worn through bad cropping by tenant. For the past
six years which Mr. Hart has owned it the land has received heavy
applications of highly steamed bone meal, which provided an
abundant supply of phosphoric acid and at first gave good wheat
yields and good stands of clover. The land, however, would riot
produce good corn, the stalks being very short and the ears small
and light. Mr. Hart believed, in common with a great many other
farmers, that potash waS not "necessary" on this land because the
soil already contained in the neighborhood of one and orie-half
per cent of potash. But he did not realize that this was practically
all in the form of feldspar or related compounds, and about as
soluble as window glass.
According to some of the theories now current· in agricultural
literature, his repeated turning under of clover cropS and maImres
should have rendered enough of this insoluble potash available to
produce a good corn crop. But, in fact, nothing of the k;ind hap
pened, and he. has never been able to produee good sound corn
Without the addition' of soluble potash "compounds. The yield on
. Mr. Hart's farm was increaSed from 40 bushels to about 70 bush
e18 per acre.

Com grown with clover and manure as fertilizer upon the farm of W.
A:- Hart, near Portland, Jay County.

Corn grown with clove!:, manure and 35 lbs. sulphate potash per acre.
Inorease from 40 to 70 bushels per acre.

•

1. Com grown with clover alone as fertilizer.
3. With clover and manure.
5. With clover, manlire and 35 lbs. sulphate potash per acre.

Com grown with clover alone as fertilizer.

Corn grown with clover and manure. The three stalks were badly broken
and not used in photo as sho",'ll in lot numbered 1, 3, 5.

Corn grown with clover, manure ~and !85 lbs. sulphate, potash per acre.
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Such experimental work has been tried upon hundreds of ~amls
. with great success. Upon the reclaimed swamp lands, of which
there are millions of acres in Indiana, the results are even more,
striking than the example given. In the case of muck lands, how
ever, there is not even a lot of insoluble potash present. On the
swamp lands it is not unusual to send .the yields from nothing up
to 65 or 75 bushels per acre by the application of 100 pounds of
muriate of potash per acre.
The cheapening of potash as a fertilizer has rendered possible
the profitable cultivation of large areas of land which were natu
rally too poor in that substance for ordinary productions, and has
likewise rendered possible the restoration of lands that had become
worn out by long-continued cropping. It also served to intensify
agricultural production wherever desired, and between this supply ", .
and that of phosphoric acid and the discovery of the nitrogen
absorbing power of leguminous plants, which can be used for green
manuring, farmers have been enabled to dispen~ largely with the
production and use of stable manure, which until theu had been
. considered indispensable to agriculture everywhere.

The Chemical Composition of Indiana ~Soils
and Methods for Soil Analysis.
RoBERT

E.

LYONS.

The data presented herein concerning the composition of Indi
ana soils was desired by the department for the study of soil ori
gin. It includes the results of the. chemical RJ;lalysis of twenty
different samples of surface and subsoils collected by the depart
mental !lssistants, Messrs. Shannon, Ward and Ellis.
D~scrl.ption

of Soil Samples.

r,aboratory
Number.
Collector.
1. No. 94, first fodt, Oolitic. light soil ..•.•..... 0. W. Shannon
2. No. 94,' second foot, Oolitic, light soil ........ 0. W. Shannon
3. No. 94, third f~t, Oolltic, light soll ......... 0. W. Shannon
4. No. 95, first foot, Harrodsburg, light soil ...• 0. W. Shannon
5. No. 95-, second foot, Ha:trrodsburg, light soil .• 0. W. Shannon
6. No. 95, third foot, Harrodsburg, light soiL ... O. W. Shannon
7. No. 208, surface, Huron, light soil ........... 0. W. Shannon
8. ,No. 208, subsoil, Huron, light soiL ...•....... 0. W. Shannon
9. ,No. I, volusia slIt loam ..........••........... L. O. Ward
10. No.2, Miami silt loam..•...........•......... L. O. Ward
11. No.3, Waverly silt loam..............-........ L. O. Ward
12. No.4, Waverly silt loam....................• ,L. O. Ward
13. Nos. 2-5, Upland Jimestone soiL ...... , ............ 1:.. O. Ward
14. No.• 6, Upland!lImestone soiL,., •..... :,,':~:·::.,'... L. O. Ward
15. No.7, limestorie and shalesoiI ................ L. O. Ward
16. No. 26, -seoond (oot, silt loam ..............•... R. W.' Ellis
17. No. 26, first foot, silt loam ....•...•..........•. R. W. Ellis
18. No. 10, first foot, limestone ................... R. W. Ellis
19. No. 16, Ohio valley ........................... R. W. Ellis
20. No. 10, second and third foot, limestone .••..... R. W. Ellis'

The chemical examihation to which the samples were subjected
includestlte'determination of the total soil nitrogen, soil acidity.
moisture, ,*olatile and organic matter, matter insoluble in hydro
chloricacid of 1.115 specific grayity, and the silica, iron, alumina,
lime, magnesia, soda, potash, sulphate and phosphate in the por
tion of the soil soluble in hydrochloric acid.

(m
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METHODS OF AN.AJ..YSIS.

The determination of the soil constituents was made by the
Official Method for Soil Analysis· modified as follows:
Preparation of the Sample.-Reduce the material to a fairly
fine state of division by gently crushing on a clean hard wood
board with a wooden roller and allow to dry for several days in
the air at room temperature. The air dry soil is further reduced
by gently rubbing in a Hlortar with a. wooden pestle and the fine
earth, removed through a 20 mesh sieve.
.
(1) Reaction of the Soil.-Mix 10-20 grm. of soil with water
to make a thin paste, allow to settle and introduce a piece of sen
sitive litmus paper into the supernatant fluid. (This test may be
satisfactorily made by dividing a lump of moist soil with a clean
knife! placing the test paper between the freshly exposed sur
-faces and pressing firmly together. Avoid touching the paper
with moist fingers. Perspiration shows acid reaction with litmus.
(2) Moisture.-Weigh out accurately 5 grm. of air-dried soil,
which has passed through a 20 inesh sieve, in a weighed porcelain
crucible and dry to constant weight in an air bath at 105° Cent.
From the percentage of moisture calculate the .moisture factor.
[See (6) p. 53.]
(3) Volatile and Organic Matter.-Hea;t the crucible and soil
from determination (2) to full redness until all organic matter is
burned off. If appreciable quantities of carbonates are present in
the soil, moisten the contents of the crucible, after cooling, with a
few drops of ammonium carbonate solution. Then dry, heat care
fully only to dull redness and expel ammonium ~alts, cool and
weigh. The loss represents water of combination, sa]t" of am
'monium, organic matter, etc.
(4) Hydrochloric Acid Digestion'.-Plaee 20 grill. of air-dried
soiLand 200 cc. of hydrochloric acid of sp. gr. 1.115 in a flask fitted
with a ground-glass stopper, carrying'a condenser. Place in a water
bath so that the level of the water comes above the level of the soil,
and boil for ten hours continuously, shaking the flask once an hour.
Pour contents of flask into a .400 ce. beaker and thoroughly rinse
out the flask. Then filter the solution, using two 12.5 cm. filters if
necessary, and employing suction with a platinum cone in the tip
of the funnel if advisable. Wash thoroughly with hot water until
free from chlorides. Dry the .residue, ignite thoroughly and
weigh. (Insoluble matter.)-Evaporate the Clear filtrate in an
*Bull. 46, U. S. Department of Agriculture, Division of Chemistry.
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evaporating dish, not more than 100 .cc. at a time, until the total
bulk is about 500 cc. then add 10 cc. (l)f concentrated nitric acid,
cover until spattering ceases and evaporate to dryness. Take up
with aqua regia (1 part conc. nitric acid and 3 parts conc.hydro
chloric acid), cover until spattering ceaseS and evaporate again to
dryness. Repeat until organic matter is oxidized. Then take up
with conc. hydrochloric acid and evaporate to dryness.
Repeat
once. When dry place in air bath and heat at 120 0 until there is
no odor of hydrochloric acid. Take up with conc. hydrochloric
acid, mix thoroughly and add water; warm until everything but
the silica is dissolved. ;Filter and wash with hot water. Dry the
residue, ignite and weigh (Solu.ble Silica).
Make the filtrate to 1000 cc. and label it Solution (A).
(a) Fe 2 0 S ' Al2 0 8 and PzOs ,collectively.~To 100cc. of solu
tion A add 4-5 cc. of conc. hydrochloric acid and bring almost to
a boil. Then carefully pour ina slight excess of ammonium
hydroxide and boil for about one minute. ' Allow the precipitate
to settle fora few minutes, filter and wash with hot water a few
times. Dissolve the precipitate in dilute nitric acid. Heat until
the solution becomes perfectly clear and reprecipihtte with a
slight excess of ammonium hydroxide. Filter, wash thoroughly
with hot water, dry the precipitate and ignite in a weighed plat
inum crucible, cool, moisten with a tew drops of nitric acid, ig
nite again and finally heat with the blast. Cool in a desiccator
and weigh. The increaSe in weight represents Fe2 0 a, Al 2 0 a and
P20S'
(b) Calcium Oxide.-Have the combined filtrates from (a)
slightly alkaline with ammon.' hydroxide. Bring to a boil and
add 20-25 cc. saturated solution of ammon. OXIdate. Boil for a
few minutes, then let stand until the precipitate settles. Filter
and waSh a few times with water: Dissolve the' calcium oxalate
through the paper with warm dilute nitric acid (1-5), add a few
drops of ammon, oxalate to the solution, render alkaline with am
mon. hydroxide and boil. Let stand as before and filter through
the same paper. Wash the precipitate thoroughly with 1%
ammon. oxalate solution. Dry and ignite the precipitate gently
at first, then finish with the blast to constant weight so that the
calcium oxalate m"ay be entirely converted into calcium oxide.
, (c) . Magnesium Oxide.-Have the combined filtrates from (b)
concentrated to about 200 ce., cool and'slightly alkaline, and add
slowly with constant stirring about 30 cc. of 10% sodium phos
phate solution. Let stand one hour and 'add 30 ee. cone. ammon.
[4]
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hydroxide; then let stand 12 hours. Filter and wash with water
containing 14 its volume of ammon. hydroxide. Dry the precipi
tate and ignite·. Moisten with a few drops of nitric acid and ig
nite again. Finish V{ith the blast and weigh as magnesium pyro
phosphate. Calculate to magnesium oxide. The factor' for MgO
in Mg2P 207 is 0,36036.
(d) Ferric Oxide.-(l) Evaporate 100 cc. of solution A in
an evaporation dish with 10 cc. of dilute sulphurie acid to fumes of
. SOa' Dilute carefully with water and transfer to a 600 cc. Erlen
meyer flask. Have an excess of sulphuric acid present. Add zinc
and keep on water b"th till iron is all r~duced.Test this by re
moving a drop and .adding hydrochloric acid and ammon. sul
phocyanide. When:no red color is produced by this treatment,
showing that no fer:t1c iron is preseht,cool rapidly with ice, de
cant from any undissolved zinc that may be present and titrate
with NI10 K Mn0 4 • . If more convenient the iron may be reduced
in a sulphuric acid $olution
by passing it through a column of
I
shot zinc, known as a ~'reductor. " Calculate to F 203'
(2) The iron may be determined in 100 cc. of solution A by
the Zimmerman-Rich$rds ~ethod, as follows: Drive off the excess
of hydrochloric acid; reduce the hot solution' with a solution of
. stannous chloride, using one drop in excess after the color disap
pears, and add ice to cool rapidly. Then add 20 cc. of saturated
mercuric chloride solution (the separation should have a silky ap
pearance), 10 cc. of titrating solution (manganese sulphate and
phosphoric acid) and titrate quickly with standard potassium per
manganate.
(e) Phosphoric Acid Anhydride.-Evaporate 100 cc. of solu
tion Ato about 25-3Q cc. Neutralize with ammon. hydroxide and
add enough nitric ae\id to dissolve:the precipitate'. Add 10 grm.
solid ammon ..nitrate imd wa~ to about 60°. Then pour in 50 cc.
'of molybdic solution; shake well and let stand in a warm place
.

,

·Cautlon Is necessary tf the operation Is conducted In a platinum crucible. Car
bon reduces magnesium pjrophosphate at 950·. The phosphorous, resulting from
this reduction. attacks and serIously damages ,platinum through the formation of
crystalline platinum phos~hlde. This filter paper' with the preCipitate should be
completely ashed over II ]Junsen burner. Do not Ignite strongly nor heat to the
fusing point of the residlle until the material in the cruCible Is white (carbon
free). If the ashlng of ~he paper has been Imperfect (mass not white), allow
the crucible to 'cool, moisten the residue with a few drops of nitric acid, care
fully evaporate the acid .add heat again In the Bunsen flame. This treatment must
be repeated until the residue becomes white, then ignite strongly with the blast
until the residue ceases to' decreaSe in weight.
"
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over night. Filter off the yellow precipitate- and wash thoroughly
with a solution containing 1 % nitric acid and 10% ammon. nitrate.
Dissolve in dilute ammon. hydroxide, wash the filter thoroughly
with hot water, neutralize the solution with hydrochloric acid, then
make very slightly alkaline with ammon: hydroxide. ('The volume
of the solution should, jf necessary, be reduced to about 200 cc.)
Add 15-20 cc. ofmagn~sia mixture slowly' with constant stirring.
Let stand an hour and ~dd 30 cc, conc. ammOn. hydroxide. Allow
to stand 12 hours, filter; wash with water containing one-fourth its
volume of ammon. hyqroxide, dry, ignite" and weigh as mag
nesium pyrophosphate 'as under (c). Calculate to P 20~. The
.
. factor for P 2 0 5 in Mg2 P'2 0 7 is 0.63758.
(f) Aluminum O~de.-Add together the weights of Fe2 0 S
and P 205' Subtract. tlie sum from the combined weight of the
oxides determined in Ca~. The result is the weight of AI 2 0 s •
(g)' Sulphuric Aciti Anhydride.-Evaporate 100 cc. of Solu
tion A to dryness. T~e up with 2 cc. of concentrated hydro
chloric acid and 150 'cel of water. Heat to boiling and add' drop
, by drop 5 cc. of a 10-per cent solution of'barium chloride. Con
tinue boiling for 6 min~tes and let settle. If the precipitate does
not settle quickly, boil ~gain, or keep at a temperature just below
boiling until it does settle. Filter and wash with hot water until
the washings show no ttace of chlorides. Ignite, let cool, moisten
with a few drops of concentrated sulphuric acid and ignite again,
gently at first. Weigh BaS0 4 and calculate SOs' The factor for
SOs in BaSO", is 0.34296,
(h) Potassium and Sodium Oxides.-Treat 100' cc. of solution
A., or the filtrate from (g), except that the precipitate of iron
should be dissolved in hydrochloric instead of nitric acid, as in
(a). Evaporate filtrate! and washings to dryness, heat below red
ness until ammonium salts I;I.re expelled, dissolve in about 25 cc. of
hot water, add 5 cc. 01 barium hydroxide solution, and heat to
boiling. Let settle a f~w. minutes and test a little of the clear
liquid' with more barium hydroxide s9lution to be sure than enough
has been added. When no further precipitation is produced, fil
*Thls residue may be washed with 1 peI' ,cent nitric acid. then with 1.5 per
cent potassium nitrate solution. the filter and contents placed'in the precipitation
flask, or beaker, a known amount of standard sodium hydroxide solution added
to dissolve the precipitate and' the excess of sodium hydroxide determined by titrat
Ing with standard nitric acid. Using phenolphtaleln as indicator, 46 parts of sodium
corre~pond to 1 part phosph6rus pentoxtde.
"See foot note, page 50. '
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ter and· wash with hot water. Add ammonium hydroxide and
carbonate to complete precipitation of barium, let stand a short
time on the water bath, filter and wash the precipitate thorough.
ly with water. Evaporate filtrate and washings to dryness 'in a
:t below redness, :take
porcelain dish, expel ammonium salts
~·of ammonium hy
. up with a little hot water, add a' few
droxide and a drop or two of ammonium carbonate, let stand a
few minutes on the water bath and filter when cool into a weighed
platinum dish. Evaporate to dryness on the water bath and heat
to dull redness, until all ammonium salts are expelled and the
residue is nearly or quite white. The heat must not be sufficient
to fuse the residue. Cool in a dessicator and weigh KOI and
NaC!. Dissolve thE, mixed chlorides in a Zittle water. If there is
an insoluble residue, filter,' evaporate filtrate to dryness in a
weighed platinum dish, heat to dull redness, cool and weigh the
chlorides again. If all the residue dissolves pla.ce in a small por
celain evaporating dish, add a drop of HOI and 3-5 cc: of platinic
chloride solution, and evaporate on a water bath almost to dryness.
Remove the dish before the mass i.~ entirely dry. Let cool and
add 80% alcohol. Allow to soak for about 15 minutes, then filter"
through a weighed Gooch tilter, wash with alcohol, dry in air bath
and finally heat up to 120~ to constant weight. From weight of
K 2 PC16 calculate KCl and subtract from weight of combined chlor'
ides. The difference is NaC!. Calculate to N~O .. From K 2 PtCI u
calculate K 2 0.
(5) Nitrogen.-Place 10 grm. of soil in a long-necked Kjel
dahl flask, together with 10 grm. of potassium bi-sulphate and 30
cc. pure conc. sulphuric acid. Support the flask at an angle of
45° on a wire gauze and heat cautiously with a small flame. After
the tirst violent action ceases add about 1 grm. of C. P. copper sul
phate and continue boiling until oxidation is complete.
When cool transfer the digested mixture to a 700 cc. Erlen·
meyer flask, equipped with a three-hole rubber stopper bearing a
separatory funnel, a glass tube of sufficient length to almost touch
the bottom of the flask and a potash safety bulb, connected
with a long Liebig's condenser. Tie down the rubber stopper
and place 25 cc. of normal hydrochloric acid in a receiving flask
4

"This double salt may be decomposed by· gently heating In It weighed platinum
dish with a few crystal" ot oxalic acid, the platinum residue. washed with water,
dried, Ignited and welghed. The weight of meta1llc platinum multiplied by
0.48125 gives the weight of potassium oxide; the weight of platinum multlplled
by 0.76142 gives the weight of potassium chloride. The weight of sodium chloride
multiplied by 0.53078 gives the weight of sodium oxide.
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(cap. 500 cc.) at the end of the cooler. Run in a strong solution
of caustic soda through the separating funnel to alkaline reaction
and distill with steam until the distillate attains a volume of
almost 400 cc.. Titrate the distillate in the presence of methyl
orange with normal sodium hydroxide. One cc. of normal hydro
chloric acid cot-responds to .014 grams of nitrogen.
(6) Calculate the results of the analysis of the air-dried soil
to a moisture free basis by multiplying the percentage of each con
stituent by the moisture factor. 'I'he factor is found as follows:
If moisture in the air dry sample is 3.19%, then 100-3.19=96.81;
100-+-96.81=1.032 m{)isture factor.

~
TABLE SHOWING THE RESULTS OF THE ANALYSES.
.
COLLECTOR, SOIL SAMPLE, DESCRIPTION.

i Shl>Dllon,

Shannon,
No. 94.

WoRA'fORY N1TMBER...... . . ....• ..•..••.••.••....••.•.••

Reaction to litmus ....................... '"

.................

1t{;)lBturef1'om&ir dry at 105'0............... ................

Shannon,
No. 96.

:,,~,

Shannon! Shannon,
No. 208.' No. 208.

Third Ft.

Surf~.

SubaoU.

M" :
Silt't:::m.

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

Acid.

Acid.

Acid.

Acid.

Acid.

Acid.

Acid.

Acid.

Acid.

Acid.

3.19
.222

Total soU nllrcgen......................... .... ..... ........

I Shannon,

No. 94.
No.ll.'l.
Third Ft. .First Ft.

First Ft.

6.77
.121

5.24
.074

5.81
.103

2.87
.201

9.20
.120

5.56
.140

3.1l.'l
.138

3.87
.115

3.66
.058

~
~
C
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ANALYSIS OF FINE EARTH DRIED AT 105'0.

COLLECTOR, SOIL SAMPLE. DESCRIPTION.

'
I[ Shl>Dllon, -\ ShI>Dllon,'I
ShI>Dllon, I. ShI>Dllon,
. No. 94. . No. 94.. \ No. 94.
I First Ft. ISecond~. Third Ft.

I

I.

--I

1

I

.

. . . . .......... 1

.
..........
Ca.IcIumoxide(O"O).......... .
. . . .... ....... .
Magnes~ Oxide (MgO)......... ...... · ................ 1

~~%~~".:ti~.~:~.).:

Sodrum oxide (N",O)

....

.

:.". ...........
:'::':.::::::.':.:::::::"
.. ..... '1

Total ...............................................

4.668
.15\l
.509
.543

:~

.200

I
!

8.191
.182
.541
.520

!

I

::
I
.197

10.3W
.137 I
1.278 I
.568 I

:~

I

.222 I

I

10.376
.213
.732
.769

:: I
.214

::
.200

Ua2
.131
.002
.619

I

I

15.775 [
.248 1
2.696
1.139 [

:= ii

.385

lOO:212~llOO.OO7llOO:2i9ll.ilO:OO8--wo:m-1

:artf'

!

I

95'1'

~----------I--I-·--·-------I
I
•
I
VolatlleandOl'ganlc ................................... I 4.860)'
3.9761
5.252
4.1881
5.620 I 9.380 '[
In.oIuble In 1.115 Hc!. ... . . .
. . . . . . . . . . . . . . I 85.230
80.939\ 74.847
86.078
61.083
Soluble Silica..............
....................
.044
.066
.014
.0451 75.110
.190
.085
Ferrleoxlde(F...o.). ... ..........
.. ................. I
3.560
5.201
6.646 I 3.617
6.216
8.716
Aiutnlna (AM>.).... ..........
l'hosplrorie.&eid anhydride (P,o.)..

II

Shannon, Shannon, I Shl>Dlloo, Shannon"1
:~,
No. 96.
No.
No.ll.'l. I No.208. I No.208.· .V~;wa
~
First Ft. Seoond Ft. Third Ft. I Surface. I Subaon. ·1 Snt Loam. Snt Loam.

I

II
.3.7371

84.268 I
.065 .
4.061
6.0&
.184
.a!!3

:roo

:~~

.234

100.2631

.1--

2.1471
3.910
711.200
83.272 I
.050
.034
6.230 I 3.993
9..&'.0. !
7.860..
.1501
.137
1.277 '
.169
. 889 1. .378

:~

1

'1

.373

I

I

:ll:
'.098

99·907I~1

3.369
84.567
.086
4.346
6.167
.153
.428

.639

:~

.164.
100.372

~

C

t.?;I

C
t"
C

C

1-1

~

TABLE SHOWING THE RESULTS OF THE ANALYSES-Continued.
Ward,
W..d,
Ward,
No.5.
No.4.
No.3.
Upland
Waverly Waverly
LimeSUt Loam. SUt Loam. stoDe
B.

OOLLECTOR, SOIL SAMPLE, DESCRIPTION.

Ward,
No.6.
Upland
Lime-

stone B.

Ward.
No.1.
LImestooe and
BhaleSoil.

EIIJs,

I~~.

No. 26.
Fim Ft.

EIIJs,

Ellls,
No.lO.
FIrst Ft.

16.

11.

18.

19.

Neulnl.

Neutral.
2.81
.108

Neutral.

I

Ellis,

No. 16. • No. 10.
Ohto
Seoond and
Valley. Third Ft,

- - ------ - -- - -- - 11.

WOlU.'1'OItY NUllIIBa. • • .. • .. .. .. .. .. .. • .. .. .. • • .. .. .. ... .. ...

12.

18.

14.

15.

20.

- - -- - - - - -- - -- - - - - Reaettoo to litmus.......................... , ..................
Moisture from air dry at 1000"C..................................
TotalllOU nitrog!m..............................................

Neutral.
2.63
.165

Neutral.
2.20
.2.!lO

Acid.

1.23

.101

V. F. Aeid. V. F. Acid.
4.78
3.14
.116
.ISS

Aeid.
1.96
.133

1.50

.099

2.20
.002

Acid.
4.08
.085
-_.

~
=
t<

I-;)

lZ>

ANALYSts OF FINE EARTH DRIED AT 1000"C.

b;I

I

00

I

Ward,
EllIs.
No.1.
Ellis,
LIm.,.
No. 26.
No
atone and Second Ft. Flra
Sq,.Ie SoU.

Ward,
Ward,
Ward,
No.3.
No. 4.
~
Waverly Waverly. Lime
snt Loam. Silt Loam. I atone S.

OOLLECTOR, SOIL SA:IlPLE, DESCRIPTION.

o

Fint Ft.

EIIi1!,
No.lO.
Ohio
Va.\Iey.

No. O.
Saeon and
Thin Ft.

18.

19.

21

N~b.

.

EJ] ,is,

------------------.-------~------------------,-------,-------,-------,-------.-------,-------

i1.

WORA'1'OItY NUllIIIIIII .............................. .

12.

18.

14.

l!i.

16.

•• 4

•

~

•••••••

"

••••

~

••••••••••••••••••••••••••••

ToInI...............................................

....

3.268
93.033
.124

1.094

.171

.032
.056
.14.8
.132

1.613
.111
.306
.201
.042
.347
.233

99.\191

100.260

100.432

• • • • , • • • • • • • • • • • • • • • • • • • • • • 0; • • • • • • • • • • • • •

9?: :~~~~ ~ ~ ~ ~ ~ :~ ~ ~ ~ ~ ~ ::~ ~ :: ~ ~ ~ :~ ::~ .::~ :::

,6.428
80.029
.044
6.290
6.li36
.220

1.444

6.342
4. 353 1 14.985
18.695
.076
.075
0.310
6.~
7.196
8.688
.210
.571
.764
1.300
.859
.380
.036
.009
.126
.855
.252
.644
99.1l2Il

99.914

2.110
90.835

.1M3

92

2.313

8.205
.117
.697
.621

6

7
8

'()24

.226
.138
\00.349

8
II
4
5
7
9

100

t<

~

>4

00
I;;j

_________________- - - ' ' -_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ •_ _ _ _ 1_ _ _ _ _ _ 1_ _ _ _ _1_ _ _ _•_ _ _ _ _1_ _ _ _ •_ _ __

VolatUa and <>rglm.ie.. • .. .. • .. .. .. .. .. .. .. .. .. . .. • ............. 1 5.940
85.210
Insoluble In 1.115 HCL... .. . . .. . . .. .. .. .. .. . .. . .. . ...........
.071
.................................... ".......
3.0!I-1
3.2li3
.275
1.162
.431
.050
;321

oI-!

?J
4.002

85.~

.985
3,488
5.359
.176
.2211
.572
.032

i8 I 100.233
:m

5.207
88.691

.014

4.053
4.351
.278
.852
'U)()8
.051
.491
.206

.501

8 .446
.096
.359
.214
.244
.190
.627
.033
.346
.14.8

100:269 . 10 .208

01
01

Indiana Soil Types.
CIJAS.

W.

SHANNON.

The excellent showing which Indiana makes among the States
. of the Union, in the production of wheat, com, hay, oats, etc., and
in the value of her live stOck, is due chiefly to three things: First,
the great variety of soil types adapted to the growing of I1umeI'
.ous crops; .second, the high average fertility of the soils; third,
th~ degree of intelligence Juanifested by the farming population in
the care and cultivation of th!i soils.
As a basis of classifica~ion the soils of Indiaua may be divided
into three great groups, viz., drift soils, residual soils, and alluvial
soils.
The fundamental unit. in mapping and classifying soils is the
type. The most' important things to be considered in the deter
mination of a' type are tlle 'texture, which deals with the size of
the particles; the structure, which deals with . the arrangement;
the organic matter content, origin, color, depth, drainage, topog
raphy, native vegetation, and natural productiveness-all factors
that influence the relation of soil to crops must be taken into con
sideration.
The grouping knoWn as the soil class is based on texture. All
soils are made up of, part~les. of different sizes and by means of
mechanical analysis the ~articles are separated intQ different
grades and the various percentage relationships determine the
class of soil, as sand, sandjr lo~m, clay, etc.; and if in addition to
the fine earth the @il contains ;particles of larger size it is called
gravel, and if larger are daUed stones, so that it is possible to
have gravelly or stonymemPers of the various classes-as a. gravel~
ly loam or a stony clay. ~ set of soil classes may be so related
through source of material, method of formation, topo~raphical
position, and coloration th~t the different types constitute merely
a gradation in .the texture of an otherwise uniform material. Soils,
of different classes thus r+lated constitute a series. S6jls may,
however, be very similar in, origin a~d texture but mayo~cupy so
entirely different topographic positions that their relation; to crop
(67)
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production is entirely changed, and this fact would be recognized
by another serial name. !fany of the soil types in any area have

..

been formed by the same general processes, arid necessarily grade
into one another in respect· to. all characteristics.
The names given'to the various soil types in the description
and on the maps which accompany this report will be correlated
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so far as possible with established names in Indiana Geology, in
relation to the different geological formations and agencies to
which they are due, and to their topographic position; and with
the common terms of agriculture, in relation to crop production,
nativ.e vegetation and general characteristics of texture, structure,
color, drainage, etc. There win be found in nearly ail areas sqils
of loCal origin and ·of exceptional characteristics which will'neces
sarily be given local names,' but ~ such soils encountered will be
placed as much as possible under the/general types, but-described
as to their importance, peculiar qualities, and their behavior under
cultivation.
(a)

DRIFT SOILS.

The drift soils of Indiana cover approximately three·fQurths of
the State. Extending from the north boundary. to the ~()uthern
liDiit of the Wisconsin drift" the glacial material is on an average
more than 100 feet in thickness, with a· maximum ,thickness of
about 500 feet. South of this limit about one-haIfof the area has
a comparatively thin covering of drift due to earlier ice invasions.
In Indiana, the glacial deposits and seorings have been recog
nized from the earliest days of settlement; indeed, it is in this
State that we find about ilie first recognitions in America of the
boulders as erratics and of striae as products of ice action. So
long ago as 1828, granite and other rocks of distant det:ivation
were observed by geologists near New Harmony, in the southwest
ern part of the State. At nearly as early a date (1842), striae
were noted near Richmond, in the eastern Pll.rt of the State.
"Notwithstanding the early date at which observations· of
glacial action began, very little attention was .given to'the drift,
h\'lre or· elsewhere, untilwithin the past twenty years. It was COIn
monly passed over in geological reports, much as· the soil is even
today, with some . casual remark concerning its presence in great or
small amount. Within the past twenty years interest in these de
posits, because of the varied history which they reveal, has been so
aroused;' that many geologists, both in America ILIld ·Europe, are
making a systematic study, of them.
"In Indiana these deposits are engaging the attention of both
the State and'theUnited States Stirvey. The study of general fea
t~res and a comparative study of the.(Jrift of Indiana and !leigh
boring states has been undertaken by the United States, Survey,
while the detailed examination 9f deposits has, been· entered upon
by the State Survey.
(j
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'~First Ice Invasion.~This State was invaded by ice which had
as its center of dispersion the elevated districts to the east and
south of Hudson Bay. There was a movement from the region
north of Lake Huron in' a course west of south over the Lake
Michigan basin, Illinois and Western Indiana. 'i'here was also a
southward movement from the same region across Lakes Huron
and Erie, WBSternOhio and Eastern Indiana. Iti~ Iiot'krtown
whether these movements were independent and of different dates,
or whether there was simply a radiation in movement of a single
ice accublUlation. It should not be taken for granted that even
within t.pe State of Indiana the ice-sheet was occupying the glacial
boundry~ cqmpletely at anyone time.
"Th6 ice deposited but little drift near its extreme limits, either
in Indiana or the states to the west. There is not, as a rule, a
well-defihed ridge or thick belt of drift along the glacial boundary,
such as~harllcterizes the southern limit of some of the later drift·
sheets, though occasional ridging of drift is to be seen, as in the
Chestnut Ridge in Jackson County, and a similar ridge in South
ern Morgan County. The boundary of the drift in Indiana is
usually so vague and ill-defined that it is only approximately
known. '.
.
"If we may judge of the deposit over the State from the out
lying portions, south of deposits made by later invasions, the de
pO!ilits of the first are of much less volume than those of the later in
vasions. They appear to include not more than 30 to the ~30feet
which tlie writer estimaies the State to carry. In the portion of
the State which was glaciated but once the thickness is usually
less thall the 25 feet. but filled valleys will probably give it an
average ~f somewhat above that amount. What is true of the drift
of the e~rliest invasion in Southern Indiana is also true of the
same drift of Southern Illinois and Southern Ohio. This invasion
seems, therefore, to be quite widely characterized bya lighter de
position ihan that Qf the later invasion.
'
"Fir§t Int6'l'glacial lnterval.-After reaching 'the line marked
by the glacial boundary, the ice melted away and left the drift ex
posed to~atmospheric agencies. How far to the north the land be
came ~covered is .not known. At this time a black soil was
formed, :which is now concealed beneath deposits of silt, termed
loess,)n Sout~ern Indiana, and beneath later deposits of till in the
northern portion of the State. This soiUs found at the base of
the loess at various points over the southern portions of the State,
but is b~t d~veloped on flat tracts. It may be "een beneath the
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loess in the flat districts east and,south of Terre Haute at a depth
of from six to eight feet. . The vegetable matter appears to have
accumulated there just as it does on the. present surface of poorly
drain~d tracts in northern latitudes, where decay is' slower than
accUmulation. In Western Indiana, from Parke to VermiIlion.
counties nortliw~M, the soil is found below a later sheet of till at
depths varing from twenty feet up to one hundred feet or more.
Numerous (references to the soil below· till in this portion of the
State are to be found in the 'Indiana Geological Reports.' It
has not been observed in Eastern Indiana, so far as the writer is
aware, but it may be present, for few valleys. there reach low
enough to expose it. It seems not to be so conspicuous, however,
as in Western Indiana, otherwise it would have been brought to
notice in well-borings.
,. N6 conclusions have been reached concerning the length of
time involved in the formatio:q of this soil. The land at that time
seems to have been so low or so flat in Indiana, that drainage lines
were not so well developed in the drift surface, and we are thus
deprived of one important means of estimating the work accom
plished."
"Main Loess Depositing Stage.-For explanation and descrip
tion of this period see 'Loess Covered Areas.'
"Interglaoial Stage Follou-ing the Loess Deposition.-Between
the main deposition of loess and- the invasion of Northern Indiana
by a later' ice-sheet, considerable time elapsed; ·for we find that
the drainage lines have reached a much more advanced stage on
. the loess~covered districts south of the deposit of the later ice
sheets thall they have upon those deposits. It is foulld that large
valleys had been opened in the loess and the underlying drift ·be
fore the streams from the later ice-sheet brought their deposits into
the valleys. This interval of valley-erosion is thought by several
. who have had opportunity to study it, including the present writer,
to be longer than the time which has elapsed since the ice-sheet
last 'occupied Northern Indiana.
"The question has been raised, whether the greater amount of
erosion outside the later drift may not have been due to streams
of large volume which accompanied the later ice invasion. That
this is only a minor influence, is shown by the fact that valleys in
Southern IlIlnois which lie entirely outside the reach of such waters
are much larger than valleys of similar drainage areas within the
limits of· the later drift-sheet.
"It can not be urged that the region with the smaller valleys is
•
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less favored by slopes or streaIlfgradients than the region with
well-developed valleys, for the reverse is the case: There are large
areas within the loess-covered districts which do not possess the
reliefs and other conditions favorable for the rapid development of
drainage lines which appear in much of the n~wer drift. In short,
there' appears no escape from the view that the interval between
the loess deposition and the later ice .invasion was a long one.
"The Wisconsin Stage of Glaciation.-After the interglacial
interval just mentioned, there occurred one of the most important
stages of glaciation in the, entire glacial period. It is" marked by
heavier, deposits 9f drift than those made at any other invasion.
Throughout much of its southern boundary in the United States,
a prominent ridge of drift is to be seen rising in places to a height
of 100 feet or more above the outlying districts on the south, and
merging into plains of drift on the north, which are nearly as ele
vated as its crest.
"The southern border of this dtift sheet is less conspicuous in
Indiana than' in the states on the east and west. The :tjdge on its
southern border in Western Indiana rises scarcely twenty feet
above the outer border tract, and it is no more conspicuous in Cen
tral Indiana. Indeed, from near Greencastle to the vicinity of
Columbus there is not a well-defined ridging of drift along the
border; the limits there being determined by the concealment of
the loess beneath a thin sheet of. bouldering drift. From the east
border of East White River a few mil~ below Columbus, north
eastward to Whitewater Valley at Alpine in Southern Fayette
County, there is a sharply defined ridge of drift standing twenty
feet to forty feet above outer border tracts. Upon crossing White
water, where the border leads southeastward, it is not so well de
fined as, west of the river, though there is usually a ridge about
.
twenty feet in height.
"Although not conspicuous in Indiana by its relief, this border
is about as clearly defin~d 88 anywhere in' the United States.
Within the space of a half dozen steps one will pass from loess
covered tracts of'earlier drift to the bouldary drift of this later in
vasion. Accompanying the change from loess to bouldary drift,
there is a change in the color of the soil, from a pale yellowish or
ashy color to a rich black. This line is on,a of great agricultural
importance. . The distinct lying to the north is finely adapted to
corn and timothy, while that to the south seems poorly adl}pted to
these crops. The southern district wheri uncultivated, soon be
c.omes thickly covered with briers, a feature which is not com
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mon to the blaek soil of the bouldarydrift.· In this conneetion we
would remark, that while the loess has great fertility, the compact
loess of Southeastern Indiana is adapted only to certain products.·
It seems as well adapted to wheat, orchards and small fruits as
the black soil, and there appears to be an appreeiation on the part
of the residents of this restricted adaptability. "-Frank Leverett.
United States Geological Survey. See Stuilies in Ind. Geography,
Dryer, pp. 29-40.
The glacial drift is for the most part a very productive and
permanent soil. The drift deposits of the State are varied in the
arrangement of clay, gravel· and sand, 80 that what is frue in one
area may be entirely different in another. But in general it con
sists of a confused mass of material from various primary and
igneous rock, and is usually rich in all the necessary constituents
of plant food.
.
The various types of the drift soils of the State are described
under the following divisions:
L

THE OALUM~T REGION.

The Oalumet River rises in Laporte Oounty, near the Porter
Oounty line. It is a meandering stream, with sluggish· waters,
and without definite banks, except in placeS where they. rise a
little above the water level, ~ut seldom more than 16 feet. Near
its source it· Rows in an almost straight course and has the appear
ance of an artifici8.l· ditch rather than a natural stream. After
Bowing across the connties of Porter and IJake, it crosses the State
line but three miles south of the line of its entry into Porter
County, and almost due west of its source. From the State line it
Bows in a northwesterly 'dir~ction for about seven miles, and then·
at Blue Island·, Illinois, it makes a sharp curve, then Bows· north-·
. east, then southeast and again crosses into Lake County about
.three miles north of its first line i then contInuing eastward for 14
miles it empties into Lake Michigan, but two and one-half miles
northwest of where it first eutered IJake Oounty. The area in
cluded in this great meander consists of slightly elevated morainic
belt, sandy beaches and marshes.
The principal part of the Oalumet area occupies that part of
Indiana included in the glacial lake known in geological literature
as "Lake Ohicago." The area extends from the present shore
line of Lake Michigan as far as Dyer, 15 miles south of Ohicago,
and reaching to the east to a point of crossing Deep River 2Jh
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miles south of Hobart, thence to the northeast in a rather regular
line, with arms including the present stream of Salt Creek and the
head waters of the Calumet, and then at a point opposite the mouth
of Salt Creek. continues to the northeast in a' strip two to three
miles wide. to the Indiana-Michigan line.
The general physiography of the area nnder consideration,
will show the presence of a variety of soil types and on our basis of
cl8!isifieatitm it will be seen that we have there an area of beaches,
saltd dunea, ttui.nlhes and morainic ridges. A large part of this re
gion is physically unfavorable from an agricultural standpoint,
but we firtd a dense population, due to the influence of Chicago.
1.. Atea of Beackes.-This area includes three distinct lines
of beaehEis. The first known· as the Glenwood Beach, enters Indi
aria at Dyer. It extends east for four miles as a ridge and then
for a distance of two miles and one-half is broken and nnali;' lost.
Then. rising again, stretches out to the. northeast and into the sec
ond beaeh. The crest of the ridge rises' 20.45 feet above the
marshes to the north and from 80 to 95 feet above the present
le'Vel of Lake Michigan. The crest is practically level and from
40 to 70 feet wide, the base is -from 40 to 60 rods wide, and with
the south slope much more gradual than the north. This beach
.
represents the first stage of Lake Chicago.
The second or Oalumet Beach lies between Glenwood' Beach
and the Cahimet River. It extends ~astward about a mile and a
half south of -the river and along the' north edge of Cady Marsh,
until it joins the Glenwood Beach northeast of Ross. In general
it is about the same in width and elevation as the first beaclt.
The third or Tol1eston Beach, lies between the' Little Calumet
and the Grand Calumet River. Through Lake County the beach
is composed of a broken ridge of sand dnnes, varying in height
from 20 to 30 feet. In Porter Connty it is largely covered with
the sands 'from the present lake, and the original beach can not
be easily distinguished.
In, many places these beaches are spread out over considerable
distance and are composed of several small ridges with intervening
depressions. The beaches consist of a :fine sand with a mixture of
rather coarse gravel some di'ltance below the surface. The vegeta
tion consist.s of small, scrubby, black oak, thickets of crab-apple
and other trees, and shrubs and grasses peculiar to a sandy soil.
The wooded crests stand out in sharp contrast to the treeless
swamp intervening. When vegetation is plentiful the ridges are
less broken, since the vegetation plooteets from the wind. On the

•
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crest and slopes of many of the higher ridges wild grapes grow
abundantly, and the fruit is large and well developed. Wild
berries also grow luxuriantly. The huckleberry appears to be es
pecially adapted to the sandy ridges, and is one o£ the most prolific
and highly esteemed of the wild summer fruits. Wherever wild
berries and wild grapes thrive tame ones can be successfully cul
tivated. Within recent years the growing of strawberries has been
carried on quite successfully, especially in the vicinity of Furness
ville. This fruit is adapted to sandy soil and hundreds of. acres
in the Calumet region which now produce nothing but weeds and
shrubs, would be suited to strawberry culture. The sand contains
sufficient calcareous and organie matter to furnish a plentiful food
supply. To produce a good yield of berries there should not be an
excess of vegetable matter in the soil. The r.aising of raspberries
has also been successful in the vicinity of Furnessville, as well .as
on the sandy land farther south. Tame grapes are grown success
fully, peach and cherry trees thrive and give a fair yield. Plum
trees would doubtless grow well, since many wild plums grow on
the sand ridges~ The more level tracts of the sand areas, when
first cultivated, produce excellent sweet potatoes, watermelons and
pumpkins. But in order to obtain a good yield, year after year;
a careful system of fertilization is required. Even as a result of
such a system abundant yields of vegetables have been obtainetl
. from land thought to be barren. The raising of small fruit and
vegetables should be encouraged, since all produce will find a ready
market in Chicago.
2. The Sand Dune Area.-All the area lying between Tol
lesten Beach and the present shore line of Lake Michigan, is cov
ered with sand. It is a series of low beaches, sand ridges and high
isolated sand dunes. due partly to a former extension of the lake
imd partly to present wind action. The highest of these hills reach
a height of 150-200 feet/above the level of the lake. In some places
the ridges are for long distances without vegetation. In many
places the drifting sands have wholly or partly covered tall trees,
and whf'n the dead tops are projecting a f~w feet above the crest of
the ridge they have the appearance of dwarfed trees and shrub
bery, and one may rest in the top limbs of a tree whose trunk and
main branches are tiuried in the sands. Back some distance from
the lake the dunes are often covered with black oak, nortbern
scrub pine, stunted white pine and many shrubs, grasses and
other plants pecuUar to a sandy soiL The sand is held in place by
the network of roots from the vegetation,. but if this network is
[5]
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destJroyed the wind storms begin to carry t~e sand about and entire
dunes are swept away and the sands are built up into new ridges or
bills farther inland. ,But very few forms of animal life are found
among these dunes; even insect life is rare and the sound of a
bird is seldom heard. The entire area is of very little agricultural
value, but in places where th~ sand ridges may be protected and
in the lower areas, fruit growing may be carried on. to some ex
tent. The chief value of the dunes is in the sale of the sand for
elevating the beds of railways, filling lots, brick ma'nufactories, etc.
Thousands of trainlo,ads of sand are annually shipped from the
dunes, but the su,~:pJy is continually increased by the waves and
wind.
3. }J{arsh,es.-Throughout the greater part of its course in In
diana, the, Calumet River in the summer season has a very slight
current. In places the waters spread out a mile or more and the
channel is so obstructed with the water-lily and other aquatic
plants, that it is almost impossible to even pass down the stream in
a boat. "But in the late winter or early spring time, when the
melting snow and heavy rainfalls fill to the brim the low banks, the
overflow covers a large amount of the surface, justifying the expres
sion of the early geographers that 'the country around the extreme
south bay of Lake Michigan has the appearance of the sea marshes
of Louisiana.' It is then that the marshes of the Calu~et be
come the temporary home of thousands of water fowl and the
paradise of sportsmen.' ,*
A very large part of the land adjacent to the Calumet River is
marsh, but the largest and most important of these areas are
known as Cady Marsh, lying between Glenwood and Calumet
Beach; the Grand Calumet Marsh, between Tolleston Beach and
the low'beaches and sand dune!!; the Furnessville, Marsh, and Mc
Donald's Marsh, southeast of Furnessville.
The marshes are covered with a growth of grass~s, bulrushes,
reeds, wild rice and- other moisture-loving plants. Much of the
area is too wet to even allow. pa.~ing over it. Other parts have
been sufficiently drained to allow the cutting of marsh hay. In
the marshes wild cranberries grow and excellent crops are pro
duced. With a little care and cultivation, the largest, best flavored
and highest-priced berries can be grown on 'much of the marsh
land now uncultivated. Large areas now uncultivated will also
produce paying crops of peppermint and celery(both of which re
quire rich, moist soil to be successfully grown .
• 22d A;nnual Report Department of Geology. p. 42.
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The soil of the marshes is a dark sandy loam, rich in organic
matter. It is porous and retains large quantiti~s of water ; below
the surface is a darker colored sand and below this is gravel and
blue clay of the older glacial till. A noticeable feature of this
,area is the treeless marsh, bordered by the wooded crests of the
beaches.
, !
These marshes contain some peat, valuable as fuel. Several
beds are found in the Cady Marsh and several years ago some of
these were worked with profit. That of the Grand Calumet area
is shallow and loose, ~nd of a poor quality, but may be burned in
its crude condition. In the marsh north of Furnessville, peat of a
fine quality is found in abundance. Beneath the peat in these
marshes is usually found quantities of limonite or bog ore.
Public roads are built; through these marshes with difficulty,
and the railways which cross over them have trouble in keeping
the roadbed in suitable condition.
4. - Morainic Area.~Thisincludes the slightly elevated area
now mostly covered with the lake sand. West
is a strip
of moraine rising out of the southern limit
and
'also between Furnessville and the eastern
"):.little Calu
met a practically level area rises above the arm of the ancient lake
and the low beaches of the present lake. 'These higher areas are
covered with glacial till, which is also found in a strip one-fourth
of a mile to three miles wide, bordering a very large part of the
outer margin of the old glacial lake. These tracts will be in
cluded in the description of the great morainic belt lying between
the Calumet River region and the Kankakee River area.
The Calumet River region is traversed by a dozen lines of the
great railway systems, and five great belt railways connecting these
roads for transferring freight from one great trunk line to an
other, cross and intersect the Calumet region, giving to that area
tlie most excellent shipping facilities. 'In the past few years pro
moters and capitalists have availed themselves of the opportunity
offered by their facilities and about Hapllllond, East Chicago,
Whiting, Hobart, Porter, Chesterton and Gary, have been located
some of the largest and most flourishing factories ill Indiana.
Hammond at present ranks next to Indianapolis as a manufactur
ing center. The union of cheap coal and iron has attracted to the
shores of Lake Michigan, at the new industrial city of Gary, Ind.,
what will, eventually be the largest and most complete iron and
steel manufacturing plant in th~ world. In fact, the Calumet
region, with its many railways, its waterways, afford shipping
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facilities unrivalled in the world; its close proximity to Chicago,
the cheap price at which factory sites can be secured within' its
bounds, now mark this once little valued region as one of the fu
ture great manufacturing districts of the world.
2.

THE KANKAKEE REGION.

The Kankakee River rises in a large marsh about three miles
southwest of South Bend in. St. Joseph County. It flows in a
southwesterly direction to the Laporte County line, from which
point it forms the boundarY between the counties of Laporte,
Porter and Lake on the north, and Starke, .Jasper and Newton on
the south. It crosses the State line abnost thirty miles south of
the point where the Little Calumet crosses. From the State line
it flows southwest until it joins with the Iroquois River and then
turns to the northwest, where it unites with the Des Plaines, the
two forming the Illinois River. The Kankakee is noted for its
low banks,
nlQtion of its waters and the peculiar di
F,'rom its· source to the State line is about
rection of
75 miles.
distance the stream is said to make 2,000
bends and to flow over a total length of 240 miles, and according
to the survey of Dr. J. L. Campbell, in 1882, the difference in level
of the two points is but 97.3.feet, showing a fall of but 1.3 feet to
the mile. The bed of the river is composed mainly of sand and
fine gravel, but in a few places contains rather coarse gravel and
large bOulders.
The Kankakee marshes comprise the most extensive body of
swamp land in Indiana. In the seven counties drained by the
Kankakee, the original area of the marsh was almost a half million
acres. In many places wild rice, rushes, water-lilies and grasses
.grow so abundantly in the channel as to cause the flooding of the
marshes even during a summer freshet. In former years the river
could scarcely be approached, but now. more than a doze!! railways
cross the stream and numerous public highways bridge its waters.
In 1872 Rev. T. H. Bell. of Crowu Point wrote of that portion of
the Kankakee bordering on Lake County: « A riVer is knowu to
be there. The blue line of trees marking its course can be dis
cerned from the prairie heights; but only occasionally in mid
winter or in a time of great drqught can one come near its water
channel. So far as any ordinary access to it from this county is
concerned; it is like a fabulous river, or one the existence of which
we 'take on trust.' Now within Lake County five north and south

SOILS OF TRE KANKAK:fi5E REGION.

roads reach its borders through the marshes, while three wagon
and two railway bridges span its waters. In Porter County six
roads lead to it, and one railway and three wagon bridges cross it,
"The surface of this marsh land is for the most part a great
treeless plain, with an average slope of abORt 1.2 feet to the mile
in a westerly direction. On the immediate border of the. river
there is a strip ranging in width from a fourth to one and one-half
miles, which' is heavily timbered. In the' southeastern corner of
Lake and on adjacent territory in Porter County this timbered
area widens and comprises about ten square miles. The only other
timber is found on the so-called 'islands' or 'groves,' whose sur
faces rise 10 to 20 feet above the general level of the marsh.
All were once covered with a heavy growth of oak, hickory, black
gum and other timber, the best of which was long ago removed by
the early settlers along the northern border of .the marsh. The
surface of these islands, when cleared, becomes fair grazing lands,
but the soil is in general too sandy for. cultivation. On the ma
jority of the 'islands' are houses, in which dwell the owners or
renters of the s~rrounding marsh iands.
"Vegetation of the ,llarsheR.-The open marsh is covered :y;'ith
a rank growth of wild gra.'!ses, bull.rusltes, sedges, reeds, wild rice
and semi-aquatic vegetation. Over a large area which has been
sufficiently drained much of this growth is annually cut, either
for bedding or marsh hay. In other places the surface is either too
rough, being cut up with sloughs and bogs, or never dries suf
ficiently to allow teams to pass over it. Oftentimes, after a long
drouth, thousands of acres are burned over by a fire Which sweeps
along with great rapidity., consuming ever;yihing in its path.
"Between the woodland bordering the river bank and the
marsh, as well as around the margin of most of the islands, there
are dense thickets of elbow brush, willows, swamp dogwoods, soft
and red maples and oUler swamp-loving shrubs. These grow so
densely that a person 'has no little difficulty in forcing his way
among them. In som~ placflS to to to large areas of land,
whose soil is a rich, sandy loam, rise above' the surrounding
swamps. These areas were less heavily timbered than the islands
above mentioned, and comprise valuable farming lands.
"Soil of the Marshes.-In general the soil of the marsh is a
dark, sandy loam, very rich in organic matter. For century upon
century a thick mass Of vegetation has fallen and decayed, and
mingled with its remai.p.s have been the particles of sand and clay
brought down as sediment by the overflowing waters. No richer
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soil occurs in the State, and its depth in many places is from three
to five, and even six feet. Like all soils composed of similar ma
terials, it is very porous and has the power of taking up and re
taining large quantities of water. Beneath the soil is a sand,
darker colored and containing a greater mixture of calcareous and
earthy matter than that found' near the shores of Lake Michigan.
When tbrown up by the dredge it packs and becomes hard, forming
excellent roadbeds wherever it has been put to that use. Below
the sand are layers of fine gravel and below that the omnipresent
blue clay of the older glacial tills next above the surface rock.
"Origin of Kankakee Valley.-All of the materials lying be
tween the blue clay and the soil are the sedimentary deposits of a
post-glacial river, for the valley itself doubtless owes its origin to
the flow of waters which followed the melting of one of the later re
treating ice sheets. This flow was at first suffieient in volume and
velocity to erode the present valley to quite a depth through the
underlying clay. Later, on account of a diminution in the supply
of water, as well as the gentleness of the slope, the current be
came too sluggish to erode much deeper or to carry coarse ma
terial, and only the finer sediment was brought down. From a
still farther diminution in the water 8upp-Iy, as wellaa by the
building up of a sedimentary dam near the western end of the
valley, the water for a long period ceased to flow, and a lake of
shallow depth resultea. Where the waves or currents of this lake
washed against the higher portions of its bed, or its shores, accu
mulations of sand and mud were thrown up from its bottom.
These increased in size, and, rising above the water, became cov
ered with trees. The surface of the 'sand islands' has 'ever since
remained above the flow of waters and, as a consequence, 'their soil
lacks those rich organic constituents formed by the decay of
aquatic plants, which are possessed by the soils of the surrounding
marsh.
"Again, by a new accession of water from the northwest, the
barrier at the foot of the valley was washed away and the river of
the present had itS beginning. At firSt the waters flowed the full
width of the 'valley, but in time their volume decreased ~d a por
tion of the river's bed became bare in summer. Over this a vege
tation sprang' up and decayed. A soil was started above the sands
and was added to each year by the decay of the summer's vegeta
tion and the sediment brought down by the overflow in the spring.
The maincurnnt of the stream was thus gradually narrowed until
it reached its present size. The annual overflow is yet sufficient to

SOILS OF THE KANKAKEE REGION.

71

eover the porous soil .and fill ita every interstice with water, which,
on account of the gentle slope, can not flow rapidly away after the
subsidence of the flood. Thus the valley remains a marsh, and will
so remain until a complete system of drainage furnishes a more
rapid outlet for the waters which are absorbed during the annual
overflow." ..
The entire region of the Kankakee is commonly known over the
State as. the "Swamp" or '" Marshes. " But within this region
there are several distinct soil types, grading from the richest to
that which is at present absolutely worthless. Yet it is the gen
.eral opinion that the area is such awort:qJ.ess tract that at its best:
nothing more can be gained than the cutting of some marsh hay,
or the Use to some extent for pasture. It js necessary to make a
distinction between the swamps and the marshes, which have a
much wider area. We then have the following types in the region:
swamp, maI'!'lh, island, peat and muck.
1. Swamp.-The classification of swamp is based. upon topo
graphic position and drainage conditions rather than upon, the
physical character of the materials of which it is composed. The
tenn designates areas too, wet for any crop and covered with stand
ing water for the greater part. or all the time. Variation in tex
ture and inorganic matter may occur even in small areas. Much
swamp land is capable of drainage, and when this is accomplished
they constitute lands of high agricultural value.
The swamp area of the Kankakee comprises a strip along the
river from one-eighth to two miles in width. It is lOW-lying and
generally level, though more or less broken by old stream channels
and lagoons and is under water most of the year. During dry
weather some areas become dry enough to .allow the cutting of hay
and for pasturage. The soil varies from a light sandy soil to a
heavy clay loam. The color is 'Very dark on account of the large
amount of organic matter that has been added through the growth
of a heavy vegetation. The area is practically covered with a
heavy growth of water-lilies, wild grasses, sedges, rushes, reeds,
wild rice and other water loving plants. On the immediate border
of the river is a dense growth of brush, oak, poplar and willow,
elbow brush, swamp dogwood, and soft and red maples. .A very
few acres of the swamp area has been drained sufficiently to admit
of: cultivation, but under present conditions it can not be drained
economically.
2. Marsh.-This term designates low, wet, treeless areas, cov
·W. S. Blatl'bley: in 22d Annual Report State Geologist, 1897. 56-59.
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ered with water much or all of the time, and supporting a growth
of wild grasses, rushes, etc. The marsh area of the Kankakee oc
cupies 'a broad valley between the borders of the moraines-the
Valparaiso moraine on the north and the Iroquois. on the south
and the swamp· area adjacent to the channel of the river. For at
least four months of the year hundreds of thousands of acres are
covered with water· and during half the remainder of the year
much of this area is an immense bog or quagmire. I~ general,
the soil of the marsh is a dark sandy loam, rich in organic matter.
For hUl!dreds of years a hea\"Y growth of vegetation has fallen and
decayed and become mixed with the sand and clay. The soils may
be divided inh? two distinct classes which gradually merge into
each other. The first, a dark gray to black, medium to fine sand is
the prevailing type; at varying depths from 6 to 24 inches, the soil
grades into a s,ubsoil having about the same texture aB the surface
soil, but containing much less organic matter. The color ranges
from a gray alid yellow mottled to a ~ddish yellow or brown in
areaB where considerable iron is found. In other areaB the sub
soil consists of a coarse, fibro11s peat, which is underlain by a dark
colored sand containing a high percentage of organic matter. On
the average the surface soil· of the fine sand areaB contains about
60 per cent fine sand, 12 per cent silt and about 6 per cent clay.
The subsoil contains about 70 per cent fine sand, 6 per cent silt and
about 6 per cent clay.
The second type is a heavy clay loam, of a black color, due to Ii
large amount of organic matter. The subsoil contains more sand
but constitutes a sort of "semi-muck," due to the high clay content,
which is rather impervious. It checks into cubical blocks upon ex
posure. In some areas this subsoil is underlaid by a tayer of peat,
which is underlaid by an impure marl of varying thickness. Usu
ally the· soil of this second type grades gradually into the sandy
soil and in other areaB the line is well defined.
Both of these soils are low lying, wet, practically level, with
only a slight fall toward the stream, and hence the first and im
portant question concerning these lands is that of drainage. Can
they be drained economically'
A large acreage of the marshes has been partially reclaimed by
large ditches, either dredged by private enterpri~e or by aBsess
ment against the adjacent land. The main ditches are cut 20 feet
or more across the top and usually with considerable slope toward
t.he bottom, the depth being on the average from 5 to 8 feet. The
. work is done chiefly by the use of a steam dredge. Leading into
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these main channels, laterals are cut, and branching off from these
are minor, secondary channels or ditches. Where the banks are
left too straight, freezing causes the sides to slough off and par
tially fill the ditch; the sand and material washed in by subordinate
ditches also accumulates in the ditches, so that it is necessary to
have them redredged.
Dr. J. L. Campbell in 1881-1882, by authority of an act of the
Legislature, prepared a report on the drainage of the Kankakee
Marsh. In part he says: ' 'The drainage and recovery, of the
Kankakee marshes will include: ,First, the construction of a
better main channel than now exists, for the flow of the river;
second, the straightening and deepening of the beds of the streams
which empty into the main stream; and third, the digging of a
large number of lateral ditches through the swamps to the im
p.roved channels.
"The Kankakee River below the mouth of Mill Creek (in La
porte County) has' a belt of timber along its banks which would
make the cost of straightening the river very great.
,. The great deflection of the river fro,m the general direction of
the valley makes it important to shorten the distance by a new
channel.
"The line proposed for the improvement lies in a remarkable
part of the valley. The line will be clear from timber obstruction,
except about one and one-half miles at the lower end, where it
passes through the belt of river bank timber into the old channel.
The line lies for the most part in a series of deep marshes, now im
passable, and well known in the neighborhood as a deep slough,
sand channel, etc."
(For line of proposed channel see map in State Geologist's Re
port 1897.)
"At Grand Junction, the new channel or the Upper Kankakee,
the old channel or the Yellow River section, and Crooked Creek,
unite their waters and form the enlarged iower river.
"From Grand Junction to the State line, and to Momence, Illi
nois, there is plenty of water for the purpose of navigation and it
is desirable that the improvement below Grand Junction should be
made with reference both to drainage and navigation.
. "In addition to the cost of construction, the question of main
tenance of the new channel requires consideration. The same
causes which produced the present· crooked river will in a less de
gree afflict the straightened stream, and continued care will be
required to preserve an unobstructed flow.
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"If we assume that the river has an approximately stable bed,
the result mainly of the free action of mutual forces on the slitndy
.soil, it is evident that any increase of velocity will affect this sta
bility and introduce a disturbing element which will require special
attention. .
.
;
"The banks of the new channel will likewise deliver quantities
of sand into the current until they assume their proper angle of
rest and are ~protected by grass or other vegetable growth.
, 'The lateral ditches will also bring down masses of sand, which
will, if left uncared for, form bars where these ditches empty into
the river.
"To meet these difficulties it will be necessary to keep at work
one or two dredging machines until the new ,channel has assumed
a partially stable condition.
"Grasses grow most luxuriantly in all parts of the Kankakee
Van~y, and from this cause we may expect that the banks will be
covered very rapidly. Mter the drainage has been once accom
plished and the lands brought under cultivation, there will be a
great diminution of the v()lume of water to be carried off.
"The absorbent power of the reclaimed lands and the evaporat
ing surface will be increased, and the quantity of surplus water
will be proportionately diminished.
"The diminished volume will give a relative increased capacity,
with less depth, and thus by dt':grees the new channel will become
stable, while at the same time it fulfils all requirements for com
plete drainage."
The cost of constructing a comprehensive drainage system will
be necessarily large; but the land if properly managed, should
yield a profitable return' on the investment. According to DII.
. Campbell, the cost of the improvements for the drainage system
west of Mill Creek would be not less than $294,015, and the maxi
mum $390,450. But when we take into consideration the large
area ~o be benefited the cost would be small when estimated by the
acre.
The agricultural and crop value of the fine sand areas varies
in different areas, depending largely upon the amount of organic
matter contained. Areas in which the organic conteut is small are
used chiefly for pasture when. sufficiently drained. This type in
some places forms dunes. the higher parts of which are either
without vegetation or only a sparse growth' of bunch grass. In
the areas containing a greater percentage .of organic matter the
staple crops grow and produce 'fairly well, but as the organic mat
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ter is consumed the average yield dooreases from year to year.
The average yield of corn which a few years ago was as high as 50
bushels, is now estimated much lower. Oats average about 25
bushels. Timothy makes a fair growth but is usually coarse. The
Soil is not suited for clover and very little is sown. Some rye is
grown, and on well drained areas blue grass grows well. The soil
is very suitable for truck farming and for the growing of small
fruit. . The successful growing of potatoesl however, in this' region,
depends much upon the season and the drainage conditions, as the
crop is often water-killed or rots before coming up: Some stable
manure is used as fertilizer, but very rarely has any commercial
fertilizer been used. This is a very fairly good gi-ass land and on
account of its decrease in organic content when cultivation begins,
its value as a grain soil depends very much upon the organic mat
ter added through the application of stable manure or changes to
grass.
The U. S. Department of Agriculture, Bureau of Soils, have
made examination of a sample of soil from this type, in order to
obtain an idea of the manurial requirements, the result of which
"by the wire-basket method indicate that stable manure hag a mod
erate effect in increaging the growth of crops; that nitrate of soda
and sulphate of potash give a small increage, and that nitrate of
soda, SUlphate of potash, acid phosphate, or lime used alone or in
combination (except as above), have little or no effect. These re
sults were obtained under favorable climatic conditions for the
crop and by having the soil in the best possible physical condition,
and, while held to be strictly applicable only to the field from
which the sample was taken, they substantiate the general farm
practice on this type of soil in Newton County, where consider
able barnyard manure is applied to the fields with beneficial results
and practically no mineral fertilizers are used."
In the heavy clay loam areas a large percentage has alr.eady
been partially reclaimed and most of such areag can be successfully
and economically drained. This soil is very productive and is
well adapted to corn, the yield averaging from 40-50 bushels; oats,
with a yiel<~ of about 35-40 bushels; rye, timothy, clover and blue
grass.
In the sandy area sugar beets were formerly raised in a limited
way, and produced fairly well, but at present very little attention
is given to their production. The soil seems well adapted to their
growth. and, since they must be rotated with other crops, the beet
sugar industry would certainly prove a paying industry for this
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'area. The beet tops, and refuse beets, are also of value for feeding
farm animals, and the improved conditio'll in which land is put by
beet cultivation, for better and larger yields to the crops which
follow beets, is an advantage to be considered as additional money
value.
"Taking into consideration their proximity to Chicago and the
excellence of their soil, there is little doubt but that these lands,
if permanently drained, would command from $40 to $60 per
acre. It would seem, therefore, that private enterprise would have
long since provided for their drainage. But in this instance pri
vate enterprise has been waiting for State aid, which has been
granted only to the extent of partially removing the barrier of .
rock at Momence. If the State would appropriate $300,000 for
straightening the river and reclaiming the lands, it would be only
a loan of money soon to be repaid, for the increase in the taxable
value of those lands would sO{)n bring back to her coffers far more
than the amount expended. The·principal reason why such an ap
propriation is not made doubtless lies in the fact that the lands
are, for the most part, owned in tracts of from one to ten thousand
acres, instead of by many individuals. The people of the State do
not believe in increasing the wealth of these speculative owners by
temporarily taxing themselves. Still, as a business enterprise, the
State would in time be largely the gainer, and a portion of her
area now practically valueless would soon be known as the garden
spot of northern Indiana."- W. S. Blatchley in State Geologist's
Report for 1897, 64.
3. [sland.-The "islands" or "groves" rise on an average 10
to 20 feet above the general level of the marsh. They vary in area
from a few acres to about four square miles in extent. The sur
face is very irregular, consisting of slight elevations, rounded hills,
and ridges, in a few cases rising to considerable height. The soil
consists of a loose, medium to fine sand, varying in color from light
brown to yellow, according to the amount of organic material
On the more elevated areas the organic content is very low, the
sand loose and drifting, and vegetation often suffers from lack of
moisture. The native growth of timber is chiefly a heavy growth
of scrub, white and black oaks,hickory, black gum,· hazel, sumac
and a few quaking aspens. The best of this timber has been re
moved by the early settlers along the borders of the marshes. The
surface of these islands when cleared becomes fair grazing land.
but on account of the loose, open character of the soil, and the
drifting nature of the sand, it has little agricultural value. Blue
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grass grows well on the lower areas. Sorghum is grown to some
extent for home use, and melons and early potatoes do fairly well.
The growing of fruit has been tried to a limited extent and from
results it seems that these areas would be well adapted to fruit.
In some places this. soil grades into a rich sandy loam, which is
less heavily timbered and a more valuable farming land. '
4. Peat.-The peat areas of Indiana may be divided into two
, groups: The .deposits found within the marsh regions along the
Calumet and Kankakee rivers, and the m.arsh areas in the region
of morainic lakes. But wherever found the general character
istics are the same, and their soils may be described as one type.
Peat consists of vegetable matter in various stages of decomposi
tion occurring as turf or bog, in low situations, always more or
less saturated with water, and representing an advanced stage of
swamp, with drainage partially established. Within the region of
the Kankakee sonie extensive peat deposits are found. The soil
varies from a coarse, fibrous peat through all stages of decomposi
tion to that of muck The subsoil varies from a medium to fine
sand, in which there is but a small percentage of organic matter, to
a light blue clay and in some areas to an impure marl.
As has been the experience in most peaty soils, the farmers have
found that the soils of this area produce fairly well for a few years
.:tfter having been reclaimed, when the productiveness has begun
to decline, which shows that the productions of the peat is corre
lated in some way with the state of the organic matter present, and
that as soon as the marsh sod, leaves, trash, etc., plowed under,
become thoroughly decayed or consumed the yield of the crops
cease to be profitable. The results obtained on an experimental
plot of peat soil in McClellan Township, Newton County, under
the direction of the Indiana experiment station, show that "two
plots upon which muriate of potash and sulphate of potash were
applied, respectively, produced at the rate of 48.9 bushels and
40.5 bushels of corn per acre. Where no fertilizer was added the
yield was 36.4 bushels. Another plot, where one ton of coarse
straw was applied, produced at the rate of 58.5 bushels per acre, or
about ten bushels more than the plot fertilized with murate of
potash.
,
"It would seem from these results, together with the generally
observed fact that these soils produce well until the marsh sod, etc.,
is destroyed, that the peat of the area is not lacking in plant food,
and that the low yields are due to some unfavorable condition,
which was alleviated by the addition of the coarse straw. While

.'>
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potash improves these soils it seems quite probable that the bene
ficial results are not due to the plant ,food thus added, but to some
other effect it has upon the soil.""
Corn is grown more extensively upon these soils than any other
crop, but the corn is usually of poor quality. Timothy and blue
grass may be grown where drainage conditions are good. The
soil is adapted to special crops and considerable experimental work
is being carrIed on in these areas; For further description and
importance of peat soilES, see under "Peat" in' Morainic Areas.
5. Muck.-This type of soil is less extensive in the area under
consideration than any other type discussed. The muck. occurs
around the outer margin of the peat deposits. It may be consid
ered an advanced stage of peat, in which the vegetable decomposi
tion is more complete, and in addition varying amounts of mineral
matter have been added. The muck' soil does not extend to as
great depth as the peat, and is of a finer texture and closer. struc
ture.
In accordance with experiments as to manurial requirements of
muck soils in this area, it has been found that stable manure and
green manure are both very beneficial. Sulphate of potash gave
a .large increase in growth, but lime, nitrate of soda and acid
phosphate had little or no effect. For further discussion of muck
soils see under "Muck" in Morainic Areas.
3.

MORAINIC AREAS.

A study of the form and arrangement of the moraines of Indi
ana will show a somewhat regular series of crescentric ridges,
parallel, in the main, with each other,· but in places curved, twisted
and crowded together so that there seems to be IIO general 'arrange
ment, and in some cases so inconspicuous that they cannot be
traced accurately.
{{ When the glacier covered most of Indiana the ice was at least
500 or 600· feet deep over the present site of Terre Haute, and
nearly as deep over that of Indianapolis, and it thickened,gradual
ly northward. If an observer could have stood on' one of the hills
in Brown County at that time he would have seen to the east of
him the great wall of the ice front emending south towards Ken
tucky, while to the west it would have been seen in the distance
stretching away towards. the southwest. For hundreds of miles to
the east and west,' and for. 2,000 mileS or more to the north, the
glaring white desert of snow-covered ice like that seen in the in
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terior of Greenland by Nansen and Peary, would have appeared,
stretching away out of sight with not a thing under the sun to re·
lieve the cold monotony. It is hard to think of Indiana and her
neighboring sister· states -as being clothed in such a shroud-like
mantle as this. But it was in large part this same ice sheet, com
ing four or five times in succession, that covered 'the State with the
inexhaustible soil of the drift, and made Indiana the fertile agri
cultural Sta.te that she is today.
"Three glacier lobes, corresponding to as many basins toward
the. north, entered Indiana;. the Erie (with which was combined
the lobe from Lake Huron) covered the eastern part of the State,
and the Saginaw alid Michigan lobes combined to cover the, north
ern and western parts. The combined effect of the extent, relative
strength, oscillations, confiicts and the relative positions of these
lobes was the prime factor in shaping the topography of the
northern half of the State. ' With the probable exception of the
Wabash below Attica, every stream in this area had its course de
termined or largely modified by the features of the drift, and es
pecially by the moraines. If the lake basins had been absent or
differently located, or if the ice had advanced from a different'di
rection, the drainage systems and the general arrangement of the
physical features of this part of Indiana would have been entirely
different. " ...
"Whenever a glacier has reached the limit of its advance and
there halted a sufficient length of time to deposit a large amoUnt of
debris, such an accumulation is called· a terminal moraine. This
moraine does not consist, as is often supposed, of numerous large
bowlders, which have been dropped on the surface in more or less
regular concentric lines. Such bowlders are only an accompani
ment, and' constitute but avery small fraction of the moraine
proper. The main portion usually consists of a thick bed of com
pacted'tough clay, ill which are many pebbles and bowlders of
small size, and often pockets of gravel and sand. Such a moraine
may ,be a number of miles in width and consist of many small
parallel ridges, or it may have been a number of subordinate ridges
branching off in every direction from the main one. These' unite,
interlock, separate, appear and disappear in an intricate manner.
Several of these subordinate ridges are often plainly discernible.
It is usually between them and occupying depressions caused by
their divergence', that, most of the larger lakes embraced' in the
morairle are found. ..., ... ,... The, compon,ent .ridges are them
*B. F. Taylor, Studies In Indiana Geography, 1897, 97, 102.'
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selves exceedingly irregular in height and breadth, being often
much broken and interrupted.' When very complex, the term
'morainic system' is often given to a terminal moraine."-II
The great rugged and massive morainic belts are "hills of accumulation" formed by the excessive dumping and heaping up' of
drift along the margins and between the lobes of the melting icesheet. The more rugged part consist of dome shaped hills as steep
as the material will lie, and in many cases reaching to a consider
able height. The bE',st examples of this type are found in Steuben,
Lagrange, Noble and Koscipsko counties. There are many
morainic ridges of slight elevation and gentle slopes, which are
scarcely noticeable except for their influence upon streams. In
addition to these are the long, narrow, curving strips thickly cov
ered with large bowlders--known as "bowlder belts."
The principal morainic belts are, (a) Valparaiso Moraine, sep
arating the basins of the Kankakee and Calumet rivers. It is about
fifteen miles in width and is due to the last apvance of the great
Michigan lobe. The surface of this moraine to the north and
northeast is more broken and irregular than farther to the south.
The soil overlies a thick bed of clay, in which are imbedded many
pebbles and small bowlders, and becomes quite gravely to. the east.
The crest is a wooded ridge intersected toward the north by
numerous other ridges composed mainly of stiff, yellowish white
clay containing many pebbles and fragments of limestone.
Extending across from Illinois on either side of the main crest
a high rolling prairie sets in and extends to Cedar Lake, where a
wooded table land begins stretching eastward for six or seven miles,
when the rich prairie again comes in on the south of the crest and
extends to the vicinity of Hebron, where it is again interrupted
with the timbered areas; then, again, north of Hebron, a prairie
again rises until it reaches the region of high ridges and morainic
lakes.
The soil of the prairie is a rich black loam, from one to three
feet in thickness, overlying the clay till of the moraine. This clay
varies in thickness from 40 to 65 feet, beneath which is a layer of
sand of varying thickness, which furnishes a good supply of water.
The soil of the wooded tract and the broken ridges to the northeast
is of a yellowish white clay, .far less rich and productive than that
of the prairie. In the more broken parts, bowlders of large size arA
very plentiful. With the exception of the Calumet and Kankakee
rivers, all the principal streams which drain this area have their
.W. S. Blatchley. State Geologist'!i Report, 1897. 31.
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sO'urces on O'r neat the crest O'~ the mO'raine, except a few tributaries
which flO'W thrO'ugh breaks in Ithe (jrest.
(b) Moraind of Erie-Wabash Region.-This regiO'n extends
frO'm the west end O'f Lake Etie sO'uthwestward across OhiO' to Cen
tral Indiana. Th,:ere are in ~O'rtheaster,n Indiana massive mO'raines
twenty-five miles in width, extending frO'm Steuben CO'unty to' Cass,
with arms making brO'ad, sWr,eping curves to the sO'utheast, to the
south O'f the Wab~
River.• :.This massive mO'rainic belt CO'nsists O'f
I
Il part of fO'ur O'r 'five great tfO'raines.
The' part cO'vering Steuben,.
Lagrange, NO'ble,! KO'sciuSCO', Whitley, and O'n to' the sO'uthwest
through Cass, is a typical tetminal mO'raine in, all its phases. The
surface is a CO'nfUsed series qf irregular valleys and narrO'w, wind·
ing ridges, consisting O'f claJj', sand and gravel and bowlders piled
together, and in Jrtany place~!rising 200 feet or mO're with the slO'Pes
as steep as the maiterial willl~e. Rut in general the greater part O'f
the area the slO'pes arEi more, gentle and the tO'PS O'f the ridges are
broad, yet there: is very l~ttle level grO'und. ThrO'ughO'ut this
mO'rainic regie, the depress~~.)lls are occupied by marshes O'r lakes
ranging in area frO'm the fra~tiO'n O'f an acre to' several square mile;;;
and munbering mO're than , thO'usand within the State. Within
this regiO'n is a great varietj of SO'ils. Underlying all is the stiff,
gravelly clay, similar to' the, great ~ass of drift, and forming the
surface soil O'ver'the greater part of the area, but cO'ntaining in
places great heaps of sand,: gravel and bO'wlders. Many Hhallow
lakes have been entirely or ~artly filled with heavy "grO'wth of vege-.
tatiO'n and cO'nverted intO' marshes O'r muck lands, much fine ma
terial has been wljShed intO' the old valleys, prO'ducing a fertile SO'il
O'f fine texture.
"'l'he whO'le regiO'n was qriginally covered with a heavy gr~wth
O'f hardwO'O'd forest, except the
marshes,
O'r sO'-called 'wet prairies,'
,
.
and a few small tracts of geI/-uine dry prairie in the nO'rthwest. NO'
equal area has furnished mQre valuable timber, oak, walnut, beech,
maple, ash, elm, sycamore; poplar, hickO'ry, locust, cherry and
others. For unknown "centuries befO're the advent O'f the white
man, the Indian hunted in ~he fO'rests and fished in the lakes. The
Maumee-Wabash was an in1PO'rtant rO'ute O'f canO'e travel between
the Great Lakes and the Oh~O'. The carry O'r PO'rtage frO'm the head
O'f the Maumee O'ver to the little stream which nO'w O'ccupies the
'Erie-Wabash channel was ishort and easy, and in 1680 LaSalle
fO'und there an Indian village and fur-trading PO'st. Here was a
favorite cO'ngregating P1acl' fO'r men, savage and civilized, at the
fO'rks of fO'ur water-ways, a, d the spot was naturally predestined to
,
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- be the site of an important toWn. It has 'passed through a1). the
regular stages characteristic of so many American towns, Indian
village and portage, trading post, military fort, modern city. It
was as easy a route for th.e canal boat as for the canoe, !lnd as early
as 1834 the Wabash and Erie canal was constructed through it,
haVing its summit level in the abandoned glacialdrainage channel,
and fed with water from th.e St. J'oseph. Towns sprang up all
along its course and Defiance, Fort Wayne, Huntington, Wabash
and Peru owe their early start and substantialgrowth to their situ
ation ~pon this line· of communication.
, 'Twenty years after the canal, the Wabash Railroad followed
the same route and now three east and west trunk lines avail them
selves of the Fort Wayne g-ap to pass' through the highlands. At
the same time the Maumee Lake bottom, known as 'the black
swamp,' with its tenacious soil, poor drainage, and absence of road
making materials, offered a serious obstacle to immigration by
wagon from the east, delaying the settlement of the country until
long after that of Southern Indiana. The tide of immigration did
not come in until the deqade 1840-50. The heavy forest was but an
indication of the fertility of the soiL The pioneers had the strength
and courage to attack, and with incredible labor to clear it away.
Their reward was the rich farms which now form the greater part
of the wealth of the region. Many of the marshes have been
drained, among the rest the Erie-Wabash channel itself, thus ad
ding to the health and productiveness of the country. The hills
and lakes remain, and render the region of the higher moraines
among the most picturesque and beautiful under the sun. The
Maumee Lake bottom has been last to come under the hand of man,
and within the last year many square miles Of virgin soil have been
cleared, drained and brought· under profitable cultivation. Every
feature of the Erie-Wabash region, natural or artificial, marsh, lake
and hill, forest and farm, lonely cabin and prosperous city-is, in
a real sense, the gift to man from the Erie lobe of the North Ameri
can ice.:sbeet."·
Other Moraines.-Numerous arms of the chief moraines branch
iIi every direction, and the remnants of other mor.aines are found
scattered over the entire area as far south as the boundary of the
these are ~veral miles in width -and rise
Wisconsin drift. . Some
toa considerable elevation above the surrounding country, and are
decidedly undulatory and. rolling; others are almost' inconspicuous
except their presence is shown by their influence u~n drainage.

of

·Charles R. Dryer, in Studies in Indiana Geography, 1897, pp_ 51, 52.
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In general the texture of the soils is a yellow clay, mixed with sand
and gravel, and frequently grading into a fine sandy loam.
In the morainic region the various kinds of soil may be included
under the following types: fine sand,' sandy loam, black clay loam,
silt loam, peat, muck and meadow. Of these general types many
divisions might be made by one type grading into another, giving
a difference in fineness, color, etc.
',1.. Fine Sand.-This soil is found chiefly in the low hills and
ridges and probably represent deposits of glacial outwash made
during the recession of the ice-sheets, and has since been modified to
some extent by the wind action. The soil consists of a medium fine
sand, grading from light to dark brown, due to the amount of or
ganic matter Qontained. The subsoil is about the same texture as
the surface, except in places it becomes more gravelly. Drainage
conditions are well developed and crops often suffer from the ef
fects of drought, hence the wet seasons are more favorable for this
type. _Corn, oats, rye and timothy are the principal crops, and the
yields are only fair. The soil is well adapted to vegetables and
melons, but very little attention has been given to such cr9ps.
. 2. Sandy Loam.-The surface of the area covered by this type
is for the most part undulating and rolling. The soil is a medium
to fine sandy loam, and contains a high percentage of organic mat
ter, giving to the soil a very dark color.' The !,!ubsoil underlying
this type varies greatly in different areas. It consists of clay sand
and gravel in varying proportions, usually becoming more gravelly
with depth. In some small areas the surface soil becomes quite
gravelly and some large bowlders are found scattered over the sur
face. Natural drainage is good, but artificial drainage increases
the productiveness of the soil. This type in general is a productive
soil and is adapted.to a great variety of crops i corn and oats are
the chief crops. Timothy and clover are grown, but it is usually
difficult to obtain a good stand of clover on account of the dry sum
mer weath~r. Bllle grass is groWn for pastUre and wheat is grown
to some extent, bllt its yield is uncertain. Some fruit'is grown and
the soil seems fairly well adapted to the growing of fruit.
3. Black Clay Loam.-This is a heavY clay loam,' carrying
about equal proportions of clayltIld silt and a considerable per·
centage of fine sand. The color is due to the organic content and
this type varies in col()l' from black to yellow. The soil when wet is
often of a mucky nature, and if worked when in this condition large
clods are mJ7l1ed, which become ,very hard and can scarcely be pul
verized until moistened again by rain. The subsoil is a mucky, yel
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low colored clay, almost impervious, and causes the natural drain
age to be very poor. This type occupies the basin"like depressions
between the hills and ridges and the surface is generally leveL The
fine texture of this soil has been increased by the washings of ;fine
particles from higher elevations. Corn is theprihcipal crop of this
soil, and yields on an average about 45hushells per acre. Oats
yield from 30-40 bushels per acre, but often lod.ge badly and the
crop is uncertain. Timothy yields well and the better drained
areas are well adapted to the production of clover.
4. Silt Loam.-This type is found chiefly occupying the upland
along the Wabash River, and belongs both to the morainic and in
termorainic region. It is due to the deposition of loess over glacial
drift. The greater part of the surface is; level, but in places is
somewhat broken. On the level areas the seil is imuch deeper than
on the rolling tracts. It grades in color from: a brown to black
loam, and contains a very high percentage of silt. Large amounts
of organic matter have been added to the levell~reas and shallow
depressions,' while in the more elevated parts organic matter is al
most lacking and the soil is of a very light cqlo:r and far less pro-'
ductive. The principal part of the area comprises the typical
prairie lands of this section with the heavy nature growth of grasses
and other prairie vegetation. Along the streams and in the more
hilly parts are found forest growths of oak, ash, walnut, maple arid
hickory. In general the natural drainage is good, but artificial
drainage is necessary in the lower areas. Corn, oats, wheat and
clover are the chief crops produced. The average yield of corn is
about 45 bushels, oats about 50 bushels, wheat' about 20 bushels per
acre, and clover about two tons per acre. Wheat does better on the
lighter areas, and corn produces better on the heavy, dark areas.
The hilly tracts are used principally for pasture and fruit. The
subsoil grades from a sandy silt or clay td a medium gravel, and
contains a considerable number of iron concretions, which impart a
rusty yellow color to the soil. From experiinentas to the manurial
requirements of this soil, the Indiana Experiment Station has
found that an excellent increase in production may be obtained by
the use of s!able manure; that nitrate of soda, with either sulphate
·of potash or acid phosphate, will give a large increase, and that
cowpeas and lime, acid phosphate alone, ornitl'ate of soda alone,
will give a fair increase. Sulphate of potash or lime gave only a
small iricrease. The samples were taken from a field that had been
pllplted to corn most of the time for 20 years, ahd lio fertilizer of
any kind had been used, and the average yield was about 30 to 35
,
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bushels per acre. In the tests wheat plants were used as an in
diClitor, and the results were not held to be applicable to other and
unrelated crops, or to fields which have received treatments essen
tially different from that from which the sample was taken.
5. Peat.-Peat is found to some extent in all parts of the areas
covered by the Wisconsin drift, but the large areas found in the
. three northern tiers of couriti~. These areas are the site of old
glacial lakes, bayous and sand-dune lake basins. The soil is of a
brownish color and varies from a c?arse, raw fibrous peat, in which
the percentage of combustible matter is extremely high, through all .
stages of decomposition to that of muck. The peat is usually much'
deeper than the muck, generally extending to a depth of 8 to 12
feet. The subsoil varies from a medium to fine sand, containing a
very low percentage of organic matter. In some places the subsoil
is a light blue or gray sandy clay, and in some small areas the sub
soil is a marl. 'rhe peat deposits have been found by the 'gradual
accumulation of organic remains in low situations, with a very
slight fall toward the drainage. 'rhese areas are always more or
less saturated with water, representing an advanced stage of swamp
with drainage partly established. In the spring of the year large
amounts of water accumulate, both from melting snow and spring
rains, so that practically the whole areas are ,under water. The
drainage of these areas is of very great importance to the State and
especially' to the land owners of these sections. Large areas have
been fairly well drained by a system of dredged ditches, but these
have not proven satisfactory; the cost has been great and the de
sired results have not been obtained. The ditches are difficult to
keep open on account of the slight fall. The tile drains become
choked with fiber and sand. An economic drainage would mean
millions to this part of the State. In most cases the peat land pro
duces fairly well for two or three years after it has been drained,
and then begins to decline, but it is believed that the soil will gradu
ally improve with careful cultivation, and .may be especially
adapted for special crops. Considerable corn is grown upon this
soil, giving for the first few years a fair yield, but of a rather poor,
chaffy quality. Grasses may be grown on reasonably well drained
areas, but with little profit. Some areas are adapted to truck farm
ing, but to the present time but little has been undertaken. When
the peat is reclaimed it should be well adapted to corn, rape, grasses,
potatoes, onions, celery, cranberries and similar crops in small fruit
and truck. From investigations of the experiment stations of Illi
nois, Wisconsin and Indiana, on these and similar soils, it has been
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found that they are in need of potash, and in some cases potash,
ph.osphoric acid and stable manure should be, applied to make them
productive. But in many cases it has been found that where coarse
straw was applied th~ yield was greater than where muriate of pot
a~h was used. In the lU'eas under these conditions it would appear
that the peat is riot lacking in plant food, and that the low yields
were due to some unfavorable condition which was overcome by 'the
addition of coarse straw. Both stabl~ manure and green manure
are beneficial on these soils. These soils co~tain a high percentage
of nitrogen, which would' make it peculiarly adapted to corn, rape,
grasses, etc., mentioned a~ove. Aside from the con,diti,on already
given, the chief difficultieS in farming peat soil are great amounts
of water in spring, danger 'of frost and the accumulation of nitrates.
Even under the best condition, the soils are often too wet to admit
early spring sowing, and qr,~ps are often planted two or three times
before 'a successful stand isse~ured. Th,is shortens the growing
season and frost often comes before the crops mature. The pres
~nce of nitrates stimulate stalk and leaf growth, and being in ex
cess, the grain crops fall badly.
Peaty soils and all those containing large amounts of humus are
liable to visible shrinkage. When passing from the wet to dry con
ditions, but in their texture being loose and porous, such shrinkage
does not usually cause cracks in the soil or injure the roots, as is the
cas,e in heavy clay lands. The entire mass of the soil shr~nks
d~wnward, but rarely cracks on the surface. From these obs,er
vations it shows that the introduction of "humus" into heavy clay
soils is among the best means of improving their tilling qualities.
6. Muck.-The "muck" areas of Indiana occur most extensive
ly in the four northern tiers of counties and esp~cially in the locali
ties where the peat d{:lposits are largest and most nUmerous. This
type is composed of a more or less thoroughly decomposed vegetable
mould occupying low, wet plac~, with little or no natural drainage,
and are loc41ly known as "marshes. " The surface soil is usu,ally of
a very black color, grading into a r~ddish brown down from the sur
face as the d§pth;increases. The muck varies in depth from 1 to 3
fee~ Or more.'iJSll.e muck is an advanced stage of peat decomposi
tion, with the ail!J\ition of m~eral matter, brought in by water and
wind. A white mnd or sandy clay usually' underlies the muck.
'fhis type is foun~ in areas of a few acres up to 2 and 3 miles in ex
tent. The muck !lJ.reas are almost level and are supposed at one
time to have bee~j!hallow lakes or ponds. In same ,cases muck is
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founa entirely surrounding a lake; it is also found in· streams in
narrow strips. The vegetation consists of swamp gra:ss~, CQarse
sedges, mosses, golden-rod, willow, huckleberry bushes, cottonwood,
alder and birch, with a very few larger trees around the edges.
Artificial drainage is necessary before the areas can be used, ex
cept for pasture and for marsh and timothy hay, which are gener-·
ally of a poor quality, but yielding from 1 to 3 tons per acre.
When drained, muck is very productive and well adapted to corn,
potatoes, cabbage, onions, celery, peppermint, etc.
Much has been accomplished in drainage by the large open
ditches which are made by the steam dredge; the tile drains empty
into the larger ditches. But at the present time more thanthre~
fourths of the area remains undrained:
In recent years the muck lands, which were formerly considered
of very little value, are becoming valuable and some of theni, where
. truck farming is carried on, sell as high as $150 per acre. Without
fertilizer, the yield is less. The improvement of the muck is
brought about by mixing it with clay, sand, manure, or straw, by
adding fertilizer and by bringing several inches off the surface in
the thicker beds. The plowing under of the fertilizer, such as straw
and manure, not only enrich' the muck by supplying potash, but
also interferes with the capillary rising of the water level, and thus
permits the soil to dry out. In general the clayey subsoil is pre
ferred to that of nnderJ,ying sand.
"Chemical analysis of the muck by the Agricultural Station of
Indiana, shows a typical muck soil of Indiana, when dry, to contain
about three-tenths per cent of potash, the same amount of phos
. phoric acid, and from three and one-half to four per cent of nitro
gen; while a clay subsoil of the State has about two per cent of
potash and one-tenth percent each of phosphoric acid and nitrogen.
This indicates that' the muck runs very low in potash and high in
nitrogen, while the clay has a fair amount of potash, but becomes
in a few years deficient in nitrogen. Sand runs much higher in
potash and lower in nitrogen than the muek; and straw and barn
yard manure contain considerable amounts of potash. - ,
"When muck is added to clay or sand, the improvement of the
soil may result from the power of the muck to absorb and retain
water, thus, to some extent, replacing the dry condition by a moist
one and iDfluencing the temperature of the soiL The 'various or~
ganic' acids 'iiHack 'the -complex silicates, breaking them doWn
throu~1tH~htl$i into the more simple forms. Solution and weath
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ering brings on disintegration, which produces a more {lOmminuted
form of the material. Ammonia is added, which gives nitrogen to
the soil.
"The effect of mixing muck, clay and Eland is very well illus
trated in Allen County, on the farm of Thomas Elliston, in the
southeast quarter of section 26, the southwest of 25, the northwest
of 36, and northern half of 35 (30 N. II E.): Here, where Lost
Creek empties into Little River, 200 acreS are composed of a mix
ture of muck, clay and sanq. This aSSQ~iation result!'ld from the
fact that Lost Creek has a fall of 7~ feet to the mile, while Little
River has only 11;2 feet. At times of flood the steeper grade de
veloped a strong current in Lost Creek, 'which, upon meeting the
more quiet waters of. Little River, slacken,ed its rate and deposited
sand and silt upon the muck beds that fill the river valley. Corn
crops raised on this mixed soil are reputed to average at least 70
bushels to the acre, while the adjacent land, composed of either
muck or sand, will scarcely yield 47 bushels to the acre. This
seems to indicate that nOlle of these soils alone contain all of the
const:i.tuents necessary for plant growth, but the combination fur
nishes the necessary food. Numerous other cases were brought to
the writer 'snotice, where the farmers would haul sand or clay onto
the muck, or vice versa. In all of these instances, the results are
said to have been very good.
"Although the burning of the surface in order that the inor
ganic :rp.aterial contained by the muck may be concentrated, is fre
quently resorted to with good results, yet the waste of fuel is
enormous, and the improvement in the soil will not begin to recom
pense for the loss of peat. Mr. H. Fancher, whose farm is located
five miles west and one mile north of Hamlet, Starke County, ex
perimented by turning 11;2 acres to a depth of 6 inches. After
ward he put on 300 pounds of Armour'it High Grade Potato
Grower F.ertilizer, which is said to contaiu 8 per cent of potash.
The yield on this 11;2 acres was 1,030 bushels of onions, while on
ground adjacent to it that was not burned, but was treated with
the same amount of fertilizer, the crop was less than 400 bushels to
the acre.
"In section 30 (33 N. 13 E.) of Dekalb County, about 4 inches
of muck was added to a clay soil that was very cloggy. puring
the first season the muck dried out and did not mix with the clay,
the clogs remained and theilJlOduction .was lower than ,previously.
But when the fall rains came on, followed by the· freezing and
thawiug of the winter, and then the spring rains, the muck and
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clay became well mixed. The clogs disappeared and the anilUal
yield was deci4edly increased. The kernel of the potato, instead
of being mealy a~d thick shelled, like that raised on the pl,1re muck
in this vicinity, was firm nhd large like that produced on a clay soil.
"Farmers who have both sand and clay underlying their muck,
say, in general, that they prefer the clayey subsoil. Where the
land has been drained the muck overlying the clay requires les~
fertilizer to keep iUn a ,~ood condition, and seems to improve with
age. 'l'he writer will suggest two possibilities that may account in
part for this improvement. It is to be noted, where the muck beds
do not exceed 2% or 3 feet, that the crayfish carry up the clay to
the surface much more than they do the sand. This permits a more
thorough mixing of the muck and clay than of the muck and sand,
and consequently a greater addition of potash to the former than to
the latter.
"Oharles Fairfield, wh~ farm lies several miles northwest of
Ft. Wayne, experimented by putting the muck on a sandy soil,
which previously had grown twelve bushels to the acre. The same
soil, after manuring, yielded 35 bushels to the al?re. The first year
after putting on several inches of muck and plowing it in, the
production was less than 12 bushels. 'l'he muck did not seem to
dry out and become well mixed with the sand. The next year there
was a great improvement in the soil and a yield of 35 bUShels to the
acre, and for several succeeding years the crops were no smaller.'''~
Undrained muck land sells at an average of about $25' per acre,
and when drained the value is more than double, often selling for
$75 and upwards. Oorn in the drained areas yields from 40-75
bushels per acre. At present the greater part of this type is used
for pasture and hay.
-7. H Meadow.' '-The term meadow is used to designate low
lying, flat, poorly drained land, in areas adjacent to wafer courses,
or subjected to overflow or seepage, sueh as may occur in any soil
type. The term represents a condition;, irrespective of soil texture
or vegetation. SQils of this type are used chiefly for pasture or for
estry, and can in most cases, when cleared and drained, be made
tillable land, of high value for the production of various general
farm crops. The soils of this type frequently vary in texture, even
in very small areas, and being subject to overflow, the character
of the soil at any point may be changed,. and does not permit of de
tailed maPP1ng as distinct types.
', .
• 11.. E. Taylor, State Geologist's Report, 1906, p..286.
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4.

INTERMORAINIO

AREA.

Lying between the morainic belts are large areas comprising the
most fertile agricultural tracts within the State. This area ex
tends as far south as the limit of the Wisconsin drift. While the
limit is not marked by a well:defined ridging of drift along the
border, the limit is determined by the concealment of the loess be
neath a thin sheet of bowldery drift. Within a very sp.ort distance
one win pass from loess covered tracts of earlier drift to the
bowldery drift of the latter invasion. The change is also marked by
color of the soil from a pale yell{lwish or ashy color, to a rich black.
It is this rich black soil which is the prevailiilg type within the in
termorainic area, and that which gives to it its great agricultural
importance. It is this soU, especially, that places Indiana in the
front rank as a great corn producing State. It is not to be under
stood that this i~ the only type within this area, but there are nu
merous types-sandy loam, silt loam, gravel areas, peat,' muck,
meadow. and various kinds of clay loam grading through all colors,
containing varying proportions of organic matter, and variously
adapted from an agricultural standpoint. The silt loam, peat,
muck and meadow areas of other areas have been described in the
foregoing pages, and need here only be mentioned as occurring
within the area under consideration, since these types, wherever
found, are of the same general, characteristics and crop values.
1. Sandy Loam.-The soil of the sandy loam type generally
occurs on a rolling topography. The soil or the higher elevations
being a light-br~wn sandy loam, underlain by a yellow sandy clay
or gravelly clay. The depressions have a black sandy loam of
greater depth and containing less gravel than the higher elevations,
and the subsoil in general is a heavY, bluish gray, sandy l()am.
Near the streams both the soil and subsoil contain considerable
gravel. Several bowlders are found scattered over the surface.
Small areas of this type are found scattered through the other types
of this region. The sandy loam is especially adapted to truck farm
ing and the growing of sItlall fruits. Corn yields from 25 to 60
bushels, wheat from 10 to 20 bushels. Clover and timothy give fair
yields.
2. Gravel Areas.-Small areas of gravelly soil occur within
the other types. These grade rrom a coarse sand containing large
pebbles to a coarse gravel in which are found numerous large
bowlders. These gravelly areas frequently occur as the subsoil. of
other types. . In the sandy 10ani areas on the higher tracts are spots
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which are quite gravelly. These spots of coarse sand aud gravel
are clearly defined during the growing season, as the crops 'Upon
them frequently suffer from lack of moisture. Corn, clover, oats
and wheat are the principal crops. The yields are best when the
rainfall is quite evenly distributed throughout the growing season.
3. White Olay Loam.-This type is found in small areas usual
ly bordering muck areas. The soil is somewhat silty in character
and contains a large proportion of fine sand. It is of little agricul
tural value, yet in the better parts it produces a fair yield of corn
and wheat,and is well suited for pasture land.
4. Yellow Clay Loam.-This soil is of a brown color when wet
or newly plowed, but becomes light yellow when dry. It contains
considerable coarse sand, and a relatively high percentage of silt.
Many small pebbles are found in the surface of this soil and. a few
sinall bowlders, but not in sufficeint quantity to interfere with cul
tivatJon. When dry the soil is light and easily tilled, but when wet
becomes quite sticky; in general it contains a small amount of
organic matter. The subsoil is a heavy, tenacious clay of mottled
yellow color, grading into a gravelly, sandy loam. The naturaI.
drainage conditions are .only fair and artificial drainage is neces
sary for the best results. Corn is the principal crop and yields on
the average from 35 to 45 bushels; wheat will, in favorable seasons.
yield 20 bushels, and oats yield about 40 bushels.
4. Black Clay Loam.-The soils under this heading consist of
two or three distinct types. The chief divisions are the timbered
areas of central and eastern Indiana, and the prairie tracts of the
central western part of the State.
'I'he native forest growth of the first division cO:QSists chiefly of
red and white oak, walnut, beech, ash, wild cherry, hickory, elm,
etc. The soil consists of a dark brown or black loam of fine texture,
and very rich in organic matter. The areas are practically level,
but are low lying in· reference to 'Surrounding types. In some
places where the drainage is bad the soil is of a heavy nature and is
apt to form large, hard clods when plowed. The entire area of this
type must be well drained by artificial ditches in order to be in
proper condition for successfUl tillage. The depth of the soil varies
from 6 to 24 inches. The subsoil varies from a heavy loam to a
medium to fine gravel, mixed with some clay. All the grll.in crops
are grown successfully on this type, but corn gives th-e best yield,
often producing as high as 75 bushels per acre, but averaging about
40 bushels. When the season is not t60 wet oats grow well and giw
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a good yield, as in former years; it now averages about 12-15
bushels per acre. Much of the wheat in the past few years has been
winter-killed, and the acreage grown to wheat is becoming less each
year, and more oats are sown. The oats are used largely' as a nurse
crop for clover and timothy,. both of which yield well in this area.
The soil of the second division, the black loam of the prairie
tracts, is designated by the United States Bureau of Soils as the
Marshall loam, which, by the mechanical analysis, shows about 24
per cent clay, 37 per cent silt and 21 per cent fine sand. The area
covered by this type is mainly a level plain sloping gently toward
the drainage channels. The surface is sometimes broken by small,
sha,llow depressions and slight knolls and ridges. The surface soil is
a black or dark brown loam, varying in depth from 8 to 24 inches.
In places this soil has the characteristics of a silt loam. On the
low knolls and ridges the soil is more sandy than the typical loam.
Below the surface the soil becomes lighter colored, and at an aver
age depth of 12-18 inches the subsoil grades into a yellow clay loam,
which, as depth increases, becomes more sandy and in some areas
becomes coarse gravel. Some gravel and a large number of bowl
ders occur on tne surface. Most of these have been picked from the
fields and piled along the fenees, and in some places have heen con
structed of these large bowlders. They are also used for foundation
stone for buildings. The dark color of the soil is due to the large
amount of organic matter which has been added by the decay of a
heavy growth of prairie vegetation, and as the organic content
decreases on the more elevated tracts and in the subsoil the color be
comes lighter. The clay subsoil is often a mottled yellow, due to
the presence of irony concretions.
In the more rolling parts natural drainage conditions are well
developed, but in the level areas tile drainage is necessary to insure
productions of good crops. A large proportion has been tiled, but
there yet remains much to be done befQre the largest yields can be
expected.
The soil of this type is especially adapted to the production of
corn and oats and has been used almost exclusively for these crops.
This continual cropping system has caused the productiveness of
the soil to decline, so that the average yield is considerably lower
than 15 or 20 yea~ ago. The average for corn is .about 35-40
bushels per acre. Some wheat is grown, but· does not give a good
yield. Clover and timothy are grown to some extent, but it is often
difficult to get a stand of these crops. Blue grass and white clover
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are sown together for pasture. Fruit and vegetables are grown for
home use. They produce well on this soil, but as yet very little
attention has been given to their cultivation.
"There are a n'umber of unproductive spots in the Marshall loam
that are locally called' alkali spots.' Their unproductiveness, how"
ever, is not due to the presence of alkali salts. Before'this part of
the county was dtained these areas, which occupy depressions too
small to be shown on the map, were known as 'sink holes' or 'quick
sand' areas, and the soil is now generally somewhat more sandy
than the neighboring productive lands, while the subsoil is largely
composed of sandJ Liberal applications of stable manure increase
the productiveness, and large quantities of straw have been burned
on them with good results.
..A test was :made to determine the manurial requirements of
this type, using a large sample collected about 1% miles west of
Goodland. The soil here consists of a dark brown to black, heavy
silt loam, and the sample was taken to a depth of six inches. The
land has been in cultivation for from twenty to thirty years, the
chief crops being corn and oats, with some grass: Moderate appli
cations of stable manure are used, but no other fertilizers. Yields
of both corn and oats f\verage about 40 bushels per acre, while hay
averages about 1% tons per acre.
_ "The results of the examination of this sample by the wire~
basket method in4icate that stable manure has a large effect in in
creasing the growth of the crop. Results obtained with nitrate of
soda, sulphate of potash, acid phosphate, and lime, used separately
and in various combinations with each other, were small, and were
. no greater when t;vvo or more of these substances were used in com
bination than when one is used by itself.
"These results are held to be applicable only to the field from
which the sample i was taken, but it may he stated that they agree
well with the experience of farmers upon this type of soiL"*'
:

5.

LOESS COVERED AREAS.

The line between the loess covered areas and the bowldery drift
is one of great agricultural importance. There is a notable differ
ence of topography, .soil, vegetation and general improvement. The
soil changes from the rich black, so well adapted to coru and oats
and hay., and .many special crops, to that of the loess covered area,
with its pale yellow color, and producing only fair yields of the
*FIeld OperatIon. Bureau of SoIls. 1905. pages 16-18.
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staple crops, with the e~ception of wheat, which is usually above
the average; but the soil is somewlfat well suited to the growing of
fruit, and special crops, when care and intelligence are manifested
in cultivation. The loess of Indiana is more compact, and less uni
form in texture and of less fertility than soils 'usually described
as typical loess. These soils contain about 75 per cent silt and 18
per cept clay, and a small percen,tage of medium and fine sand.
"Loess is a term applied to a fine-grained, yellowish silt or loam,
which overspreads,the southern portion of the glacial drift in North
America and extends thence southward on the borders of the Missis
sippi Valley to the shores of the Gulf of Mexico. The term was
originally applied to deposits of this character on the Rhine, which
have extensive development in the German lowlands and bordering
districts in Northern Europe. Microscopical analysis shows it to
consist principally of quartz grains, but it usually has a variety
of other minerals such as occur in the glacial drift. It is apparent
ly derived from the drift, either by the action of the ~ter or wind.
In many piaces, especially the borders of the large valleys, the loess
is charged with calcareous matter which partiaiJ.ly cements it. When
excavations are made in it the banks witl sta.n-d fur 'years and will
retain inscriptions nearly as well as the more solid rock formations.
It has a strong tendency to vertical cleavage, and u!;Jually presents
nearly perpendicular banks on the borders of streams which erod~
it. It often contains concretions of irregUlar nodules of lime a.nd
of iron and manganese oxides. It is also often highly fossileferouS.
The fossils are usually land and fresh-water mollusks, but occasion
ally iqsects and bones of mammals are found.
"There is in Western Indiana. along the Wabash, a loess of more
recent date than the main deposit, but it is· confined to low :alti
tudes, seldom appearing m{)re than one hundred feet above the river
level. In Western Illinois, a loess has been found which is older
than $.e main deposits, but it has been seen in only a few places and
is apparently a thin and patchy deposit. It is thought by Profes
sor Salisbury that the loess of the lower Mississippi was deposited at
two distinct stages. Loess is, therefore, a deposit which, like sand
or gravel, may be laid down whenever conditions are favorable, but
the great bulk of it having been deposited at a definite stage of the
glacial perio~, it seems proper to refer to that sta!5,e as the loess
stage.
"In Southern Indiana, and in bordering portions of Southern
Ohio and Southern Illinois, there is a continuous sheet of pale silt,
locally termed 'white clay,' which is thought to be a phase of the
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loess. It covers the interfluvial tractB as far north as the limita of
a later sheet of drift and has been.discovered at a few places below
that later drift. It probably enended much farther north than ita
present exposed limitB, for the ice-sheet appears to have receded
far to the north at the main loess depositing stage, thus leaving the
surface f~e to receive these depositB. The northern limit of the
exposed portion in Indiana is marked by the 'Wisconsin boundary:
This deposit is usually but a few feet in thickness, seldom exceeding
eight feet. Alo~g the Wabash, however, where it becomes a typi
cal loess, it often reaches a thickness of twenty to twenty-five fect
It may be readily distinguished from the underlying till by texture
and color. It contains only very minute rock fragments, while the
till is thickly set with stones of all sizes. In color it is a paler yel
low than the till. There is usually also a weathered zone at the
top of the till and sometimes a black soil, making still more clear the
line of contact.
"The loess and its associated silts is found at all altitudes in
Southern Indiana; from the low tractB near the Wabash, sca,rcely
4PO feet A. T., up to the most elevated tracta in Southeastern Indi
, ana, which in places exceed 1,000 feet A. T. The great range in al
titude is one of the most puzzling features of the loess. The same
perplexing distribution is found in Europe as in America. As yet
no satisfactory solution for the problem of ita deposition at such
.
widely different altitudes has been found. ' '.
Large areas within the limits of the region here described belong
to the alluvial soils, and will be presented under that heading, The
silty loess material has contributed considerable ll!aterial to some
of the alluvial types. Some areas of peat are also found and large
marshes are numerous, especially in the southwestern part of the
State. In Knox County about 4,000 acres have been reclaimed in
the vicinity of Decker by the completion of the Plass ditch. The
ditch runs through six miles of what has been the least valuable
land in Knox County. About 25,000 acres near the· swamp will
also be increased in value by this ditch. The ditch will cost the
owners of the land affected about $60,000. The improvement will
result in the value of Knox County real estate being raised at least
$200,000. In addition to the draining of the large tract of land the
ditch robbed the Wabash River of one of its tributaries, the Du
Chien River. Before the ditch was constructed this river emptied
into Wabal!hRiver a few miles abov&" Mt. Carmel, Illinois. Now!
*Fmnk'Leverett,
ography, pp:- 35-36.

United States Geological Survey.

See Dryer's Studies in Indiallll Ge
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the stream empties into White River, using the ditch as its channel
for six miles of its course. Before the completion of the ditch the
Chien River was the only outlet for these s,wamp lands; but
the river never did its work and the swamp spread out over a wide
area.
The loess soils are easily cultivated. Much of the surface of a
well tilled field is frequently a loose floury dust and the small clods
are easily broken. It mllY be plowed when rather wet and yet
easily be worked to a loose, pliable condition. There is a marked
deficiency of organic matter in the virgin soil apd as this amount
becomes less the soils get in a poor physical condition and are some
times difficult to manage. A large amount of commercial fertilizer
is used, but a systematic rotation of crops and good application of
stable manure and straw are necessary to keep the soils in a good
.
state of cultivation.
The average yield of corn is about 40 bushels, but the yield
varies greatly, even on adjoining farms. Oats .average less than
30 bushels and the yield is very dep~ndent on the season. Wheat
averages about 15 bushels. Timothy and clover yield about one and
a quarter tons per acre. A large acreage has been sown in alfalfa
during the past few years. Potatoes average from 50-80 b~hels.
In some of the counties melons are grown exteJ;lSively, and much
small fruit is raised for the market. Much of the land is used for
pasture, but when left uncultivated for a few years the ground be
comes covered With a growth of wild briers.
Considerable tracts in Indiana which have been included in vari
ous writings as loess covered, will be found to represent soils in
places, and their origin can be clearly traced to tlie underlying for
mations.

Du

(b) RESIDUAL SOILS.

The great mass of soils has been produced by the weathering
and disintegration of rock under atmospheric influence; and it is
generally fonnd in the place wnere formed. Every species of rock
hasproduccd its soil; but the olq.er formations, from their greater
hardn.ess and power of resistance to atmospheric action, produce
in proportion to their exposed surface, less soil than do the second
ary and tertiary groups. Any weath~ring rock. surface shows us
the process of .soil making and the mosses and lichens that grow
on the rock surface and aid in the deepening and enriching the soil.
In some places the soil is thick and in others it is thin. In the
level )"eb';ons or those of gentle slope the soils have considerable
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depth; on the steeper slopes the soil is thin; and on the steepest
slopes the rocks are laid bare and we have a region of waste, in
which but little vegetation can find a foothold. To be valuable
soils must have depth and must contain more or less organic matter.
Residual soils usually have a rusty red color, varying from a red
dish yellow to a deep dark red. A vertical section of a soil in
place from the surface to the decomposing rock will show a series
of soil characteristics. The surface for a few inches is usually
of a dark yellow to black soil of fine texture and containing a
high percentage of organic remains; immediately beneath this
layer is a mass of earth in which very little trace of vegetable
matter is found, the color assumes more of the rusty red color
which increases with depth, the particles are less finely divided and
small fragments of the parent rock are found, and at a depth of
a few feet we find the weathered surface of the rock mass and a
little farther below we come to the solid rock. The line between
soil and subsoil is usually well dfined.
The residual soils of Indiana cover a part of 20 counties of the
central southern part of the State lying south of the glacial
boundary, and in several other counties of southern Indiana the
geological formations are responsible to a considerable degree for
the character and fertility of various soil types. These soils have
less fertility than the drift and alluvial soils because of the limited
variety of materials entering into their composition.
The various limestones, sandstones and shales with their result
ing soils are of special interest and importance, both from a geolog- .
ical and an agricultural standpoint, and .many questions arise as
to origin, composition, requirements, adaptability, and general
value.
It is an old saying that "a lime country is a rich country, " and
the limestone soils, such as are found in Kentucky and Tennessee,
are famous for their fertility and richness. In the soils of Indiana
derived from the limestone formations, while they have a marked
degree of fertility, the lime content is low. In most cases these soils
are" acid" or "sour." At first thought it would appear that soils
produced from formations containing about 98 per cent lime car
bonate would be strongly calcareous. But· since this lime carbon
ate is highly soluble, the penetrating roots and heavy rainfall have
I.eached these soils of the lime, and one of the things neceRSary for
higl} productious is the application of lime on the surface. In the
presence of high lime content relatively low percentages of phos
phoric acid and potash prove adeqnate; while the same or even
[7]
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higher amounts, in the absence of satisfactory lime percentage,
prove insufficient for good production. It has been found by ob
servation and numerous analysis that the higher the clay content
of a soil, the more lime carbonate it must contain to have the value
of a lime soil; and that while in sandy lands lime growth may fol
low the presence of only .10 per cent lime, in heavy clay soils not
less than about .6 per cent should be present to bring about the
same result. The dark tinted humRs characteristics of calcareous
lands do not appear in clay soils until the lime percentages rise to
nearly 1 per cent, while in sandy lands a much smaller amount,
or about .2 per cent, will produce this effect. In heavy clay soils
where the lime content falls below .5 per cent, lime vegetation is
lacking and a growth of black jack and post oaks is found, which
indicate soils too poor for profitable cultiv'ation, while phosphoric
acid, potash and nitrogen are the leading plant foods; lime is an
important factor in soil fertility and exerts a wide influence upon
plant distribution.
The analyses of limestone soils of Indiana show in the surface
soil about .50 per cent calcium oxide, and .35 per cent potassium
oxide and .15 per cent phosphoric acid anhyd. The first foot below
the surface soil shows an average of about .55 per cent calcium
oxide, .45 per cent potassium oxide and .18 per cent phosphoric
acid anhyd. '{'he third foot down to the rock mass shows an aver
age of about 1.5 per cent calcium oxide, .60 per cent potassium
oxide and .17 per cent phosphoric acid anhyd. We see from the
above that the Hme content is lower than that of true calcareous
soil, the amounts of total phosphoric acid and potassium oxide are
low and that the amount contained within these percentages of
readily obtainable material would be very small, and these soils
are likely to call for early fertilization. By careful inv'estigations
less than one-fourth of one per cent of potash is likely to consti
tute a deficiency. One-fourth of one per cent is usually high for
phosphoric acid content. One-tenth of 1 per cent of p 2 05 may
prove adequate, but soils showing between .1 per cent and .05 per
cent are weak and are liable to need phosphat~ fertilization very
early. In soils with a weak phosphoric acid content a high percent
age of lime carbonate or the presence of a large supply of humus
often produce good results by bringing about greater availability
of the phosphates. In the absence of lime carbonate, ferric hy
drates may render phosphoric acid inert by the formation of in
soluble ferric phosphate. The nitrogen content in soils is variable,
and the amount necessary for plant growth depends largely upon
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other soil conditions, as moistnre, etc., and upon the nitrification
of the, organic matter of the soil.
The soil types in the residual soils are varied and numerous.
The 'limestone soils grade from a reddish yellow to a dark red;
the ferruginous sandstones and shales produce a variety. of colors
in their soils; the purer sandstones and shales break down into
yellow soils. In passing from east to west over the residual 'soils.
the topography is varied, on account of the succession of hard and
soft strata, with their different rates of disintegration. The shales
weather faster than the limestones, and the limestones more rapidly
than the massive sandstones,
1.

KNOBSTONE GROUP.*

Geneml D(Jscription.--The Knobstone Group, COJ;lslstmg of a
series of shales, sandstones, and patchy, thin-bedded' limestones, is
so called because "these siliceous strata weather-into peculiar con
ical knobs or hills." The Knobstone Group is, the' sllrface forma
tion of a strip extending from the south of Ne)V Albany to near
Crawfords~ne. This strip reaches its maximum width in Jack
son, Monroe, Brown and Bartholomew, where the belt is from 25
to 35 miles in width. To the north of Mouroe and Brown the for
mation is more or less covered with glacial material, and has but
very little relation to the soil, and the same is also true to the
east of an irregular line extending from the northwest corner of
Bartholomew County to the outlying knobs of the Guiena Hills at
the south side of Scott County, along which line the glacial debris
laps up again~t the foot-hills of the" Knobs"; within these limits
there are considerable areas over which some glacial Ill8:terial is
scattered, but in such small amounts that the soils will be classed
as residual soils of the knobstones. In addition to the counties
named, this group compri!les large areas in Lawrence, Washington,
Clark and Floyd Counties.
The thin, ;ather persistent bed of limestone at the base of the
formation is known as the Rockford Goniatite limestone. It varies
in thickness from a few inches to about two feet, and usually con
tains a large number of crinoid stems. The other limestone men
tioned is near the top of the formation ~nd is not so persistep.t as
*The discusaion of the soils of the Ordovician, Silurian, and Devonian' fOrlllations, the
oldest rocks exposed in Indiana, bas been Qmitted from the general discussion of the lIOiI types;
but in so far a. these formations have produced soil. of their own or influenced other soils they
will be taken up by Messrs. Ward and Ellis in their description of soils of Southellstern Indian..
in which area they have made special investige.tions.
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the first. It is very thin bedded, and on weathered edge is shown
to be an impnre, porous limestone.
Overlying the basal limestone is a thick bed of greenish-colored
shale known as the "New Providence Shale." This shale has a
maximum thickness of about 120 feet. Imbedded with this are
several thin layers of iron carbonate, fragments of which may be
seen very plentiful along the streams and sides of ravines, but not
in sufficient quantity to be of any economic value, although in
1835-40 preparations· were made to erect a furnace near Henry
ville to smelt this ore.
The Knobstone Group is capped with the Knob Sandstone. It
is not a single, massive sandstone, but is a series of rather pure,
soft sandstones separated by layers of sand shales. The upper lay
ers of the sandstone are somewhat ferruginous. The total maxi
mum thickness of the Knobstone Group is over 500 feet.
Topography.-The hills resulting from the erosion of the Knob
stones present the most important topographic feature of southern
Indiana. These hills or knobs rise from 150 to 500 feet above the
drainage level of the surrounding country. The sandstones pre
dominate in the greater part of the region. These sandstones and
alternating shales have not been affected by erosion as early as
have the areas farther south, where the shale predominates and
where the sandstones are found only at the top of the group, and
the soft shales are thus worn away as rapidly as they are exposed
by the removal of the overlying sandstones. A topographical map
of the knobstone area would show llnes with somewhat regular
curves along the broken ridges, others would show knobs almost
isolated, and in every case. the lines would be very close together.
The scenery is very attractive, varied by the undulating up
lands and round topped hills, among which many streams wind
their way, through valleys now wide and again so narrow that
scarcely a roadway can be made at the side of the stream. From
the higher points magnificent birds-eye views of the surrounding
country may be seen in all their beauty. The local names that
have been given to various ridges and hills in Brown, Scott, Clark
and Floyd Counties will give an idea of the diversified forms and
types resulting from the erosion and weathering of the knobstone.
"Weed Patch Hill," in Brown County, is a high ridge form
ing the divide between two of the main branches of Salt Creek.
At its highest point it is more than 1,000 feet in .elevation. One
of the illustrations gives a view looking northeast from the ridge
and gives an idea of the knob topography. "Bear Wallow Hill"
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is another high ridge forming part of the divide between the Bean
Blossom and' Salt Creek. "Guinea Hills" and "Silver Hills"
. are names given to parts of a continuous line of knobs extending
from the Ohio through Floyd and Clark Counties into southeastern
Washington and southwestern Scott and forming the divide be
tween the tributaries of the Muscatatuck River and the head wa
ters of Silver Creek; and south of this the waters of Mutton Fork
of Blue River and Indian Creek on the west are separated from
those of Silver Creek to the east. The early settlers gave the name
of "Silver Hills" to the southern part of this ridge and the name
"Guinea Hills" has been given to that part extending through
northern Clark into Washington and Scott Counties. Some of
the names given to other hills within this area are "Pigeon Roost,"
"Buzzard Roost Point," "Piney Point," "Round Top," "Hay
Stack Knobs," "Horse Shoe Range, " "Honnd's Leap," "Huckle
berry Knob," and "Pike's Peak." . When we view the landscape
from these various points and see the succession of hills and val
leys, woodland and cultivated fields, streams and rocks, or look
across on the broad valley with its meandering streams, the Ohio
is certainly entitled to the name given to it by the French, "1m
Belle Riviere."
I
The western dip of the knobstone strata has controlled the in
itial drainage of this area, and the main drainage lies, with the
exception of the lower course of the Muscatatuck and middle course
of East Fork of White River. The intricate system of nar1'O'"
V-shaped valleys running in every direction form the most im
portant topographic characteristic of the knobstone area.
Economic Value.-Until within the past few years the knob
stone formations have contributed very little to the economic in
terest of the State. Considering the formation, the amount of
material of commercial value is very low. The sandstones are
used to some extent in buildings and for bridge abutments. When
first quarried the stone is very soft, but hardens on exposure. Two
things especially are against these sandstones for structural pur
poses: being thin-bedded and irregqlar, much time' and waste
is. necessary in quarrying; because of their power to absorb water
they are easily disintegrated by frost action. But in some places
the stone has been found massive for several feet and has proved a
durable stone.
From a few localities considerable of the shale is being used in
the manufacture of cement, brick and drain tile. It is probable
that the knobstone shale in many places will be found suitable for
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Portland cement manufacture. Much of the shale is too high in
silica to make a good cement. The best deposit contains a large
number of iron stone concretions, but these can readily be removed
in the quarrying. The limestones are used some for the improve
ment of the public roads. Some sandstone is also used for this
purpose, but stream gravel is the principal road metal through
the section. A number of mineral springs rise from the New Prov
idence Shale, and their waters have been used for medicinal pur
poses, and in the future some developments may 'be made along
this line.
Weathering.-The strata of the Knobstone Group disintegrate
very rapidly. The soft sandstones and shales absorb water easily.
although they are practically impervious as far as circulating wa~
ters are floncerned, and they are thus readily disintegrated by
frost action. The power of erosion in these soft formations has
been shown in the discussion of the topographic features. The
knobstone where exposed in bluffs weather largely by exfoliation,
and large pieces are often broken loose by frost action. While
running water has had a great influence upon the topography, tem
perature changes are the agencies of greatest importance in the
disintegration of these formations, as is evidenced by the broken
strata along the bluffs and streams, and in the differential weath
ering of the hill slopes.
"It is a noticeable fact that throughout the whole Knobstone
area where unaffected by glacial material, and where the valley
systems are well developed, the south hillsides have gentler slopes
than those facing northward, i. e., that erosion is farther advanced
on the south-sloping hills that those sloping northward.
"This feature is most noticeable along the east-west valleys. In
north-south valleys the gentler slope, when one is gentler than the
other, is· usually on the east side of the valley, i. e., on the west
ward sloping hil~.3ide. The difference in the angle of slope between
east and west hillsides is not so noticeable as that between north
and south slopes.
"This differential weathering of the slopes is attributed to the
effect of temperature changes, especially of freezing and thawing,
upon the rocks. 'Changes in temperature probably have a more
breaking up these rocks than has any other agent.
potent effect
"The south hillsides are exposed to many more changes of
temperature in the course of a year. and especially in the winter
time, than are the hillsides facing northward. During the winter
months in this region the nights are cold, often for weeks at a
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time, freezing a crust over the ground, which next day is thawed
out on the south-sloping hillsides. The north slopes, however, be
ing sheltered from the sun's raYR, are frozen, or covered with suow.

View along Hinkle Creek, ~:lonroe County, in Knobstone area, show
ing south slopes and manner of weathering.

s

TYPICAL .NORTH-SOUTH Vf\LlEY
t.he kN08STON£.

In

and remain so almost the whole winter long. Thus, while the
rocks of the south slopes will be successively frozen and thawed
out many times during the winter, the corresponding north slopes
may be frozen and thawed only two or three times.
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"One has only to cross this country on a warm winter's day
after a cold freezing night, and to see the muddy streams flowing
down from the south hill slopes while the north slopes remain
solidly frozen, to realize the importance of this process of wearing
away of .these rocks. Both the climate and the structure of the
rocks are peculiarly favorable for this class of erosion.
"There is considerable difference, also, in the quantity of heat
that reaches east and west slopes, the westward slopes receiving
more heat than those facing eastward, owing to the fact that the
afternoon is the, warmest part of the day. Because of this the
westward slopes are not so noticeably different, however, as are
the north and south hillsides.
"These differences can not be due to the gentle south-westward
dip of the beds, because if they were so controlled, the westward
slopes would certainly be the most gentle of all, as the prevailing
dip is westward.' 'll
Soils.-The soils of the Knobstone area are composed of sand
and clay in varying proportions, and present several closely re
lated soil types. Clay, sandy and silt loam, sand areas, clay tracts
and rough, stony land containing many broken pieces of sandstone
are often so plentiful as to prohibit successful cultivation. These
knobstone soils are usually of little value, but within the past few
years they have begun to attract the attention of fruit and veg
etable growers. While as a class these soils do not produce large
yields of the staple crops, they are capable of yielding much greater
returns than in the past.
Corn yields on an average from 25 to 30 bushels to the acre,
wheat averages 10 to 15 bushels, pats average 25 to 40 bushels.
clover and timothy yield from one to two tons per acre. .Alfalfa
has been successfully grown on small areas, and a fair grade of to
bacco is also produced on the silt and sandy loam. Tomatoes yield
well on the various types and a number of canning factories are
being built up within the area, )Vith apparent opportunity for many
more to do a successful business. Large yields of peaches and
apples are realized from the orchards located on these soils, and
from present indications grapes mIght well be grown with profit
for the market.
There is no marked line between the various soil types given
above, and several or all of them frequently o~,('1lr even in the same
field. The natural fertility and productiveness is about the same
for the various types for general farming, but with some variation
*J. F. Newsom, in Report of state Geologist for 1901-02. 270.
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for special cropping. Potatoes yield about 40 bushels to the acre,
but experiments have demonstrated that as high as 80 bushels or
even more can be grown.
The surface soil is from 10-14 inches in depth, and usually
grades from a gray to light brown color and becomes a dark yel
low or light red at greater. depth. In places small fragments of
chert, limestone and sandstone are found, which represent the re
mains of the upper strata of the Knobstone. Thin layers of hard
brown ferruginous shale, such as form the outer layers of the im
bedded geodes and iron concretions, frequently occur with the
softer shales, or are found scattered over the surface. The char
acteristic red or yellow or brown color of the soil is due to the
oxidation of the large amount of iron contained in the original
material.
The soils wash badly on the hill slopes, and the texture of the
soil on the slopes varies according to the steepness of the slopes
and the amount of erosion that has taken place. Careful man
agement is necessary to keep these soils in a productive state and
some system of crop rotation is very important. 'The turning
under once in every two or three years of clover, cowpeas or some
other crop that adds a large amount of humus to the soil is very
important.
The alluvial soils of this area are composed chiefly of the up
land wash, and the material is not far removed from its original
location, and shares the same properties of the upland soil except
for poor drainage conditions, which in some cases has caused a de
pleted condition of the soil-reductive masceration.
The general improvement on these soils ranges from poor to
fair, but some marked changes for better have been made even in
the past few years. Railroad facilities are bringing about im
proved farm conditions, and this region yet promises to become
an important agricultural district, and large tracts are being
bought by wide-awake, energetic men who see great possibilities in
the knobstone soils. The average price of land at present is from
$25 to $50 per acre. The rougher portions of the area offer splen
did opportunties for grazing and fruit growing.
Taken as a whole, the area is of value, and with improved
methods of agriculturc,. railroads, improved public roads, rural
routes, etc., this area will add much to the wealth of the State.
Places which now yield hooppoles, ties and hickory bark will pro
duce grain, fruH and vegetables in abundance, and the sites of one
and two-room log cabi.ns will be marked with up-to-date farm
homes.
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2. THE HARRODSBURG IJIMESTONE AREA.

General Description.-The Harrodsburg Limestone lies above
the Knobstone, and with it are included the transitional beds of
chert, geodes and limestones that lie directly above the knobstones.
The masses of chert fragments are very plentiful, and the geodes
or "mutton heads," ranging from the size of a pea up to 24
inches in diameter, are found in great quantities. A few geodes
are found scattered through the knobstone, but they are confined
principally to the lower part of the Harrodsburg. Above the geode
layer there is a crystalline, fossiliferous limestone, containing small
crystals of pyrites, which give it a greenish tint. In· many places
the bedding planes are marked by stylolites or crowfeet, and masses
of chert are very common. The upper strata of this limestone be
comes more massive, and consists chiefly of bryozoa with its h!.cp
work effect.
The Harrodsburg limestone is the surface rock over an irregu
lar belt from one to six miles wide, lying between the Knobstone
Group and the Oolitic belt. It is from 6Q to 90 feet in thickness.
Topograpky.- The Harrodsburg Limestone is the cap rock pro
tecting the softer knobstone below, and to its influence are due the
bold, unbroken escarpment of the knobstone strata. The limestone
at its eastern contact outcrops at the tops of steep-sided hills and
ridges, whose lower portions are composed of the knobstone. The
top of these hills form a more or less even plateau sloping gently
to the west. In areas where the Harrodsburg has not cut through
to the knobstone the slopes are more gentle, and on the table lands
broad rolling tracts stretch out in contrast to the knobs. But upon
a map the greater part of the Harrodsbnrg appears in fringe-like
strips branching off from It main continuous belt. It will be seen
by noting the drainage that this main belt caps the high ridges
and that the sinuons line passes around the heads of the streams.
Economic Value.-The Harrodsburg Limestone is of medium
hardness and in places coarsely crystalline, is rather impure from
chert, etc., and has but little economic value except as a road
metal and for ballast. As such it is second best in this section of
the State. Being of medium hardness, it readily wears a smooth
!'Iurface. 'fhe cementing value and the lasting qualities are goon
except on roads of the heaviest traffic. The stre~m gravel derivell
from the chert, geodes and fragments of limestone is a very suit
able road metal. The massive bryozoan strata have been quarriell
to a small degree as marble. On a polishe9- surface the bryozoan
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lace \Vork gives a beautiful effect, but on account of the porous
. nature the stone will not retain a high polish. This stone has
little use as a building stone, but is sometimes used in foundations
and in bridge construction. It has been used some for the bUrn
ing of lime, but on account of the high proportions of clay it is
less suited for this than other limestone. The purer beds give an
analysis which shows this stone to be of value in the making of
Portland cement, and especially may it prove of such value when
it can be used in connection with the overlying Salem and Mitchell
Limestones.
Weatkering and SoiZs.-One of the chief economic values of
the Harrodsburg Limestone is the fine, deep, rich soil formed by its
decomposition. The soil varies in depth from about three feet to
about twenty feet in a few places, with an average depth of five
. or six feet, .except on the steeper slopes, where it is very shallow.
The soil in general is stiff, fine-textured clay of a deep red to choc
olate brown color. The lower members of the limestones with the
geode and chert beds form' a soil of a much darker red than that
from the upper strata. The line between the surface soil and the
subsoil from the lower members contain many chert fragments and
geodes, increasing in number until the remnants of the solid rock
are reached. In places these are so plentiful that the subsoil may
be classed as coarse gravelly. Large areas of soil containing these
insoluble rock constituents are found in the transition planes, with
no remaining limestone other than fragments at the base. Thus
qn the soil maps showing the contact between knobstone and Har
rodsburg soils, the line will in most cases be farther to the east
than the line of contact of the rock outcrop shown on geological
maps.
The surface soils from the different strata of the limestone are
similar, being a loamy clay of fine texture, and varying in color
from a light brown. to a dark reddish brown. The various colors
are due to the different proportions of organic matter present and
to the leaching action of roots. These soils owe their red color
chiefly to the large amount of ferric hydrate contained, and where
the roots of plants and trees have penetrated these soils, that part
of the soil in immediate contact with the roots has lost part of its
iron content and the color becomes a dull brown. The surface soil
is from 6 to 18 inches in depth.' The subsoil derived from the
massive strata is a fine clay of uniform texture extending down to
the 'parent rock. In some places, however, it departs from the
usual red color and becomes somewhat mottled with white, yellow
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and red. This is due partly to the thin-bedded shales and to poor
drainage conditions. The clay of the subsoil, when exposed, breaks
and crumbles in cubical forms. These little blocks continue to
crumble until the clay becomes very finely divided. In general,
the natural drainage conditions are good. It may be cultivated
when rather wet, without injury since upon drying it readily goes
to pieces and does not have the strong adhesive properties of such
heavy clays as the Flatwoods and like soils. But upon a roadway,
even after a summer shower, this clay works up into the toughest
kind of mud.
The native timber growth of the Harrodsburg is such as de
notes a good, rich soil-maple, walnut, ash, poplar, hickory, cherry,
beech, oak, etc. This soil ranks as second best among the residual
soils of the State. The area for the most part is inhabited by a
thrifty set of farmers, who have their farms fairly well improved
with buildings, fences, etc., so that in appearance the area shows
agricultural progress.
Corn, wheat, hay and oats are the principal crops. The soil
contains a considerable· percentage of humus, and an adequate
amount of the essential plant food. But it appears that this plant
food is not highly available for some crops. Large amounts of
stable manure are used, and in addition commercial fertilizer is
used in the wheat and corn. Clover, alfalfa and cowpeas are
grown for the crop, and aid greatly in the nitrification of the soils.
Corn gives an average yield of 45-50 bushels, and is usually af a
fair quality. Wheat grows well and yields from 15-30 bushels
per acre. Oats yield about 40 bushels. They usually grow rank
but rust badly. Timothy makes a good, heavy growth and yields
from one and a half to three tons of hay per acre. Much of the
corn is cut into fodder and shredded for feed. Considerable fruit
is grown, and the soil seems well adapted to fruit. Vegetables grow
well and give good yields. The soil is excellent for blue grass, and
large tracts on slopes and rougher portions should be sown to
grass, and a greater number of live stock should be kept. In this
way all waste places may be utilized.
3.

OOLITIC BELT.

General Description.-The Indiana or Bedford Oolitic Limeston'~
outcrops in a sinuous belt ranging from a few feet to more than
a mile in width and lying between the Harrodsburg and 1'Iiitchell
IJimestoues. It lies conformably upon the Harrodsburg I,imestone
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and varies in thickness from 25 to 100 feet. It is a massive lime
stone, generally free from lamination, and shows very few bedding
planes. It is soft and easily worked when quarried, but hardens
upon exposure. It varies in color from a white to a blue or buff.
The Oolitic Limestone is a granular limestone in which both the
grains and the cementing materials are carbonate of lime. The
texture varies from a very even, fine-grained limestone, made of
rounded grains mostly of foraminfera and bryozoa and other
forms, to a coarse fossiliferous stone in which large forms of gas
teropods, brachiopods, bryozoa and other fossils are very abun
dant and are commonly clu:,;~ered together. The fine-grained stone
is of value from a commercial standpoint. There are slight varia
tions in the hardness of the ~ ,one, but only in a few places is it too
soft to be of any value, an,l in no place is it too hard to work.
Topograpky.-The thickness and width of the Oolitic Limestone
is not sufficient to develop a strong topography of its own, but in
the broader areas where the topography has been controlled by the
limestone the slopes are gentle and the surface slightly rolling.
The long, gentle slopes toward the drainage levels and the rolling
uplands present the most picturesque farming region in southern ,
Indiana. The topographic features are such that almost allY point
of the area can be reached by railways at a moderate expense for
grading.
Economic Valtte.-,-Next to the coal beds of Indiana, the Oolitic
Limestone is the most important geological formation in the State
from a commercial standpoint. Its chief value is as a building
stone. Considerable is used for monuments and bases. Large
quantities are used as ballast on railroads. It is used as a road
metal, but is not durable for that purpose, yet makes a good,
smooth roadway when traffic is light, and is the best material that
can be had for roadmaking Vlith the exception of the stream gravel,
which is derived principally from the limestone. A large amount
is burned for lime, and produces a very white lime of excellent
quality. In the past few years tbi:.; limestone has been used to a
considerable extent in the manufacture of Portland cement, and
the large amounts of waste about the quarries and the areas un
suited for commercial stone should encourage an extensive use of
this limestone. "The tests show the cement to be of the highest
quality, and at lea.<lt equal to any Portland cement manufactured
in this country or Europe."
W eathm·ing.-Chemical analysis shows no sufficient percentages
of elements that should cauEle we~knei'ls in the stone itself. The
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stone is about 98 per cent carbonate of lime, one of the most dur
able substances under ordinary conditions. In contact with acids,
however, i~ is one of the least stable, and is readily dissolved by
any of the acids. On the open outcrops and where the surface soil
has been removed from the limestone in quarry'stripping it is
found to be weathering into numerous fissures, caves, seams and
eorrugated surfaces. This is caused by the solubility in acids. The
rainwater absorbs some acid from the air and more from the soil
through which it passes, and acting for lo:n,g periods of time it
leaches away great quantities of stone. This stone is more porous
than the average limestone, and great quantities of water are ab
sorbed. The joint planes furnish openings for the ground water,
and the effect of solution is very great.
Some of the old quarries of the Oolitic Limestone furnish ex
cellent examples of the weathering process. Large blocks are
scarred and furrowed by the action of the rainwater, and in' many
places the surfaces are honeycombed or pocketed, due 0 the un
equal solubility of the limestone.
Boils.-When the lime carbonate has been dissolved out and
carried away there remains a small percentage of unsoluble mat
ter which forms the basis of the deep red soil of the Oolitic belt.
In many places the gradation from surface soil to solid rock can be
readily observed. Although these soils contains so little lime that
it is necessary to apply lime to secure the best results in crop pro
duction, the lime percentage increases with depth, but even very
near the rock the lime content is very low. The soil finally grades
into an earthy limestone which crumbles easily, and this passes
gradually into the solid stone.
In color, depth, 'texture, structure, native vegetation and crop
production the soil of the Oolitic limestone is very similiar to that
of the Harrodsburg Limestone.
The ~olling blue grass pastures, wheat and hay fields afford a
most picturesque scenery. Considerable dairying is carried on in
this section. The staple crops all produce well, but the chief at
tention is given to corn, wheat and hay. Corn is of good quality
and yields an average of about 45 bushels. Wheat averages about
] 8 bushels, and in some places the yield has been about 30 bushels.
Timothy is grown rather extensively, and yields from 1% to 3:
tons per acre. Clover is grown principally for the hay. Some
sood is threshed, but the average yield is low. A large proportion
of the hay, both timothy and clover, is sold from the farm. Some
fruit is grown, and truck farming is ret'eiving considerable at
tention.
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'l'HE MITCHELL LIMESTONE AREA.

General Description.-The Mitchell Limestone is a series of im
pure limestone, calcareous shales, and fossiliferous limestone, over
lying the Oolitic Limestone. This limt"stone is the surfa:e rock
over a lllrge area. In eastern Owen and northwestern Monroe, ex
tending throngh central Monroe to the southern boundary, the
strip of Mitchell Limestone is from one to six miles wide, and iu
Lawrence County it widens until it is about ten miles from east
to west, and continnes to widen until in Orange County and Wash
ington Connty the belt is more than 25 miles in width, and con
tinues in a "''ide strip to the valley of the Ohio. The eastern out
crop runs in an irregular curving line about the outcrop of the
Oolitic. 1'0 the western side large areas are made irregular and
patchy by the overlying Huron. In general, the limestone has a
very white appearance. The lower members are unfossiliferous
and of a dirty yellow or gray color. Above this stone comes the
thin-bedded shales and heavy dark blue flaggy limestone and the
massive gray lithographic limestone.
Topography.-The Mitchell area is in general a fairly level pla
teau, dotted with a great number of sinkholes. These sinkholes are
basin-like or funnel-shaped depressions from a few feet to more
than 50 feet deep, and ranging in diameter from a few feet to
five hundred feet, with an opening at the bottom which leads to
underground water channels which form the true drainage lines
of the country. When the underground drainage is well devel
oped there is scarcely any surface drainage. These underground
streams produce a great variety of sinkhole caves and Lost River.
If the openings in the sinkholes have been closed, the basin is filled
with water. 'l.'hese are very common over the area and are utili7.ed
by the farmers· as source of stock water because of their conven
ience and since it is difficult to obtain good wells in the formation .
. In many 'places streams flow into the sinks. and are lost for some
distance, and rise again. 'l'he best example of this IS Lost River in
Orange County, which enters the ground two miles southeast of
Orleans and again emerges at Orangeville after flowing under
ground by a winding course for about fifteen miles. In wet weath
er this stream also occupies a surface channel in a very narrow
valley. The stream throughout its course has a very meandering
direction and very little valley except as occurs in the meander
curves... When the underground channels have been abandoned by
the stream, they may be explored great distances, as in Wyandotte
Cave and the,numerous smaller caves. Many narrow amphitheater
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like valleys have been formed by the falling in of the roof of sub
terranean caverns. Numerous springs are found along this out
crop of the limestone. This topography in the main has been de
veloped by the solntion and erosion of the underground waters.
Economic VaZue.-The Mitchell Limestone has little value as a
building stone. Its chief value in former years was for the manu
facture of lime; but recently a large amount has been used as the
limestone ingredient in the manufacture of Portland cement. Near
the top of the formation is a fine-textured, even-grained, gray litho
graphic stone, but on account of the many little veins of calcite
the stone cannot be secured in pieces large enough to be of value.
l~arge quantities are used as railroad ballast, and as a road metal
it stands at the head of the list.
Weathering and Soils.-Surface weathering is less noticeable in
the Mitchell Limestone than in either of the above-described lime
stones. Joint aI;ld bedding planes are very plentiful and solu
tion is concentrated along these lines, and being fine-grained, the
stone absorbs very little water and the ground water is forced to
follow the joints.
As a formation the Mitchell contains a much larger per cent of
impurities than the Oolitic. The soil resulting from its decay is
a stiff red clay, similar in general appearance to the limestone soils
described above, but lacking in the general fertility and agricul
tural advantages. Throughout the soil, and especially in the sub
soil, are found many fragments of chert and fossils.
The soil is of a light yellow to brick-red color, the two colors
showing very prominently in patchy areas in the same field when
fresh plowed. The red patches occur principally on the more
elevated parts and are du~ to the surface soil being carried to
lower levels and leaving the unleached soil exposed. The yellow
soils are of a more loamy texture on account. of the mechanical
action of the roots of plants, and owe their lighter color also to
the leaching action of the plant roots. In places the soils become of
a darker color, due to the greater amount of organic matter. When
in a good state of tilth the surface soil is very fine and contains
much flour-like material and also a large amount of fine grit de
rived from impurities in the limestone and from the sandstone
formations which formerly extended over much of the area. The
soil varies in depth from 6-18 inches.
The subsoil is a stiff clay of a dark brown or red color, and
contains much chert and other impurities and fragments of stone.
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'i'he chert beds of the area may in the future prove 'of some value
as rock fertilizers. No analyses have yet been made.
The growths of sassafras and briars are very noticeable on these
soils, and fields left for a year or two without cultivation are rap
idly covered with these plants. The soils are in need of available'
potash and phosphoric acid. It has been noticed that when fire
has burned the briars over a given area that the amount of potash
made available in the ash causes a very thrifty growth of the briar,
often becoming much higher than a man's head and more thau a
half inch in diameter. A large, amount of commercial fertilizer
is used on these soils. 'l'he yield of corn when fertilized is from
40 to 70 bushels. Unfertilized, it is often almost a failure, ex
cept in seasons of great rainfalL Because of the system of un
derground drainage and sink holes, the soil soon dries out and
crops often suffer from drought. In some places, especially on
the more level uplands, series of shallow sink holes have become
clogged, and the standing water gives the appearance of a marsh
area and the vegetation is that of a typical marsh.
The Mitchell soils generally produce wheat well, with an aver
age of 12 to 15 bushels per acre, and in many cases it will yield
25 bushels or more. Oats grow fairly well, but seem to rust con
siderably. It is a good soil for fruit,. and does fairly well for
vegetables. In the rough parts the soils wash badly, and should
be kept in grass as much as possible and used for pasturage. Tim
othy yields from one and a half to three tons per acre.
The improvements over the area are good, especially in the
large, level tracts of the uplands, where there are many large farms
of great value. The roads are for the most part in a fair condition,
and much has been done in the last three or four years to improve
their condition. Some dairying is carried on and sheep raising is
becoming an important occupation.

5.

THE HURON FORMATION.

General Description, Topograpky,Etc.-The Huron consists of
a series of limestones, sandstones and shales. 'l'here are three lime
stones and two sandstones, and the total thickness of the forma
tion is more than 100 feet. The sandstones of the formation are
·of fine texture and are usually a buff or gray color. The lower
limestone resembles very closely the Mitchell, and all the limestone
contains considerable chert and other impurities.
The topography of the Huron is more rugged than that of tbf'
[8]
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Mitchell. Most of the drainage is subterranean, although web.
defined drainage lines can be traced through the confused system
of hills and valleys.
The limestones are used for the burning of lime, for road metal
and for bridge abutments and foundation stone. The sandstones
are also· used in bridge construction and for foundations, and in
Orange County they are quarried to some extent for whetstones;
Soils.-The soils of the Huron vary from sandy areas to stiff,
mucky clay. The sandy types are of a reddish-yellow color and are
not very productive since they consist of little but quartz and
ferric hydrate. A small percentage of these lands are under culti
vation. The soils, derived principally from the shales, are tena
cious clays with a variety. of colors, but chiefly of a white or light
yellow color. They retain a large amount of water, but are fairly
productive, corn, wheat, oats, clover and timothy being grown suc
cessfully. White daisies, briars, sassafras, persimmons and paw
paws are the principal products from uncultivated areas. The
soils wash badly, and most careful cultivation is required on the
slopes to prevent destruction.
The areas which have for their soil a mixture of the sand, shales
and clays of the limestone are the most productive and present the
greatest opportunity for' agricultural development. . Improve
ments are poor, railroads few, but the public roads are being rap
idly improved, and the Huron limestone, which is an excellent
road metal, is used principally on this improvement.
6.

THE

J\fANSFIELD SANDSTONE.

General Description, Topography, Etc.-The Mansfield Sand
stone lies to the west of the Huron formation. It was formerly des
ignated as the "Millstone grit" and "Conglomerate sandstone."
The !;andstone has a thickness of about 150 feet, and even more is
shown along the bluffs of White River north of Shoals. It varies
in texture from a fine-grained stone to a coarse, pebbly conglom
erate. It varies from light yellow to dark brown in color. At the
base of the sandstone beds· of shale with thin veins of coal are
rather persistent, varying in thickness from a few inches to fifteen
or twenty feet.
The topography of the Mansfield area is very rugged. It is a
thoroughly dissected plateau. Steep hills, abrupt cliffs and long,
narrow, winding valleys are characteristic of the area. The hill
. tops are protected by a layer of heavy, hard sandstone, and the

SOILS OF THE l\[ANSFIELD SANDSTONE AREA.

115

streams have cut down rapidly through the softer beds. The east
ern part of the area is far more rugged than the west.
The Mansfield has been used to a small degree as a building
stone. Some of the fine-grained parts have been used for whet
stones and grindstones, and the conglomerate beds are a source of
road material.
Boils.-The soils of the Mansfield sandstone are of a light yel
low color and vary from sandy loams to sandy clay loam. The
average depth of the soil is from 10-15 inches. At greater depth
the soil usually becomes more tenacious and of a reddish color, due
to the large amount of iron contained within the original stone.
Large areas of these soils are uncultivated, being grown up with
second-growth timber and underbrush. The improvements are, as
a rule, very poor, and the necessary thrift is lacking to accomplish
much in an agricultural line.
Oats grow well, wheat produces from 8 to 20 bushels. Timothy
and clover are grown, but the hay is of rather poor quality. Farm
ers are beginning to use considerable fertilizer and are well repaid.
In some parts the soils have a stiff, clayey texture due chiefly
to the overlying shales of the coal measures. Within the Mans
field area is much rough, stony land. It includes the rock outcrop
along the streams, the steep, stony hillsides and the land which is
intersected with deep ravines iijO close together that the land is
worthless for farming purposes.
The principal ti\llber growth consists of oaks, beech, mulberry
and some maple and walnut. Some fruit is grown and the soils
seem well adapted for the same. Very few stock are raised for the
market; sheep raising and dairying might be engaged iu with
profit.
There are few railroads through this area, and the public roads
are yet in a poor condition. The agricultural products are not
much in excess of the local demand.
7.

COAL MEASURES.

. General Description.-The coal measures lie unconformably
upon the Mansfield and consist of a series of shales, sandstones,
coal, fire clay, concretionary iron ores and thin-bedded limestone.
'l'he coal measures are of varying thickness and cover a wide strip
of country. The topography is usually gently rolling or flat. In
. the eastern part of the area, where the coal measures occur as
remnants on the higher ridges, the ridges are fiat topped and pre
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sent some of the most level and productive soils of that part of the
area. The coal measures are the chief sources of Indiana coal, fire
clays and shales.
.
SO'ils.--The soils of the area grade from sandy and silt loam
to clay, and usually contain large numbers of :iron concretions and
fragments of sandstone. The soils are of a light color and as a
rule are fairly productive. The staple crops are all grown, and
considerable vegetable farming is carried on. In the rougher parts
to the east the greatest drawback to development is the high eleva
tions above the surrounding country, and the difficulty thus ex
perienced in marketing produce.' In some parts of the level area
mining is the chief concern of the people and the soils are neg
lected.
The chief and most extensive soil type is the silt loam, locally
known as "yellow clay." It is high in silt and contains but very
little sand. The soil is easily cultivated. If plowed when slightly.
moist, the surface material crumbles easily into a loose, floury dust.
Oats produce well, corn averages about 40 bushels, wheat about
15 bushels in the best season. Considerable fertilizer is used, espe
cially on the wheat. The soil grows good grass, and water isabun
dant, and dairying and stock raising could be made paying enter
prises. Fruit growing should also be encouraged.
Several railroads traverse this area, public roads are being well
improved in the level parts and the general improvements are ad
vancing.
8.

ALLUVlliI, SOILS.

Alluvial soils are those deposited along streams, the materials
having been gathered along the course of the streams from vari
ous sources and carried to some distance before being deposited.
The characteristics of the alluvial soils are largely dependent upon
the nature of the formation and soils found within the drainage
area of the stream; and the relative proportions of the various com
ponents is dependent upon the steepness of the slope and the
.
velocity of the current.
The principal alluvial soils in Indiana are those of the White
River, Wabash and Ohio valleys. The valleys of Indiana streams
are the result of stream erosion, most of them by the streams which
now occupy them. During the glacial period they were largely
r hoked with drift, only a small part of which has been removed.
Gorges and ravines exist in great numbers along the Whitewater,
White and Ohio rivers and all their tributaries. The eastern tribu
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taries of the Wabash in Fountain and Parke counties flow through
beautiful canyons cut in massive sandstones, often with overhang
ing walls. The streams flowing from the glacial area had their val
leys flooded with glacial waters and choked with glacial debris.
The effects of this are shown by the extensive terraces of sand and
gravel which border their present channels and mark the heights
at which they were once able to deposit sediment. Between these
terraces are the bottom lands or fiood plains, large areas of which
contain some of the most productive soils to be found anywhere.
'!'he Wabash River valley in the upper two-thirds of its course
presents a variety of fine, sandy loams, gravelly, sandy loams, silt
loams and clay loams. The lower part of the valley consists chiefly
of clay underlain by sand or sandy clay. The clay is of two special
types-a brown clay loam containing a small amount of sand, min
gled together with a large amount of organic material, and is in a
good state of cultivation; the second is a whitish silty loam about
six inches in depth, underlain by a stiff clay mottled with yellow
and white. Varying amounts of coarse sand and iron concretions
are found through the soil. At present a small percentage of this
type is under cultivation because of the poor drainage conditions.
All along the lower Wabash there are numerous depressions,
bayous, sloughs and narrow ponds lying parallel with the course
of the river.
.
1'he greater part of the soils of the lower Ohio are of the same
general types as those of the lower Wabash. Farther up the OhiQ
the valley becomes much wider, and the soils are usually of a very
productive type.
The soils of the lower White River consist of varying propor
tions of clay, sand and silt, the prevailing type being a silty clay
similar to that of the lower Wabash. The soils of the West Fork
through its lower and middle course consist of a yellowish-brown
silt loam containing considerable fine sand. The remaining timber
along the streams consists of walnut, ash, elm, sycamore and pop
lar. The soil is excellent for corn but the soils are poorly cared for
and no cropping system is attempted. The upper course is of clay
and sandy loam with considerable coarse graveL
The soils of the East Fork in its lower course consist of sandy
loam..,; of :fine texture. This part of the valley is very narrow, in
some places being less than a quarter of a mile in width. The
upper part of the valley is very wide and affords large areas of
the best farming land within the State. The soils are sand, sandy
loam and brown clay loam. Along the Muscatatuck, the principal
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tributary, are a series of clay mucks, white clays, clay loams and
silt loams.
The alluvial area of the State is subject to frequent overflows;
each flood leaves a sediment or washes away a part of that already
deposited, and thus the surface soil is constantly renewed and al
tered. Thus a strong, fertile soil is formed, capable of producing
good yields of varipus crops. On account of danger of overflow,
however, it is planted almost exclusively to corn.
During the past ~wo years the amount of overflow has exceeded
that of former periods, and much change in soil has taken place
and great injury been done to growing crops. In the spring of 1907
much bottom land corn was not planted uutil late in June, but,
however, was well matured before killing frost came. In the spring
of 1908 the rainfall was very great, and during the month of May
was far in excess of that of former years, consequently much bottom
land was too wet for plowing, and large areas had not even been
plowed up to the first of June, yet it is reported that a much larger
acreage will be planted to corn thun in 1907.

Soil Survey of Monroe, Brown, Lawrence,
Martin, Orange, Washingtoll, and
Jackson Counties.
By C. W.

SHANNON AND

L. C.

SNIDER.

The counties in this group occupy an area in central southern
Indiana of about 3,000 square miles. The north line of this area
is about 30 miles south of Indianapolis, and the southern boundary
is about 15 miles from the Ohio. Transportation facilities are
good, and the cities of Chicago, Indianapolis, Louisville, St. Louis
and Cincinnati are easily reached, and several cities within the
area are in a very prosperous condition and are the center of great
industrial activity.
Geology of the Area.-The seven counties here treated lie for
the most part in the driftless part of the State, and the surface
rocks of the area belong to the Sub carboniferous or Mississippian
Period, hence in the discussion of the soils of this section we are
dealing principally with residual types. The Knobstone formation
covers the whole of Brown and the eastern portions of Monroe,
Lawrence and Washington and the greater part of .Jackson County.
This formation consists of shales and sandstones, and its general
characteristics have been discussed under the subject of "Indiana
Soil Types." The Harrodsburg, Salem and Mitchell limestones lie
on the order named above the knobstone. or to the west of the
knobstone area. Each of these comprise large areas in the coun
ties of Monroe, J..Jawrence, Washington, and about 15 square miles
of Harrodsburg are found in western Jackson, and the Mitchell
covers more than a third of Orange County. 'fhe Huron group,
a series of limestones, sandstones and shales, extend over western
Monroe, Lawrence and eastern Martin and about one-half of
Orange.
The Mansfield sandstone occurs to some extent in T..Jawrence,
and covers large areas in Martin and Orange. The coal measures
proper are confined to isolated patches and ridges in Martin
County. '
Very small amounts of glacial material occur in northern Mon
roe and Brown and is thinly distributed over the eastern half of
Jackson, except in a few places, such as Chestilut Ridge. where
(119)
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the material is ridged in a conspicuous manner. Also in eastern
Jackson, a few square miles have their soils derived chiefly from
the Devonian formation. About 250 square miles of alluvial soils
are found in these seven counties.
Topograpky.-This area is a great plain of disintegration and
degradation, the original rock surface having been removed by
the processes of weather and stream erosion, and now present even,
flat-topped ridges, divides and isolated knobs with a .complex net
work of valleys, ranging in width from a few feet to several miles.
'l'hat portion covered by the first ice invasion has been but little
changed in its topographic features. This area thus presents the
most rugged and picturesque of the State. The upland plateaus of
the Mitchell form the most level portion within the area, and this
limestone has its own topographic features, due to the preseme
of caves, sinkholes and underground channels. Taken as a whole,
this block of counties may be considered a good agricultural sec
tion, with its great variety of soil types and the great range of
adaptability. The cereals are grown to more or less advantage
on all the types. The limestone soils give abundant yields of tim
othy, clover and the most beautiful blue grass pastures of the
State. Fruit growing and truck farming are also carried on suc
cessfully on the various soil types. However, in the growing of
crops, a large· amount of commercial fertilizer is used to produce
good results. The agricultural advantages and improvements are,
on the whole, progressing very rapidly.
Drainage.-The drainage of this section is chiefly through the
east and west forks of White River. The Patoka River carries
the waters of southern Orange west to the Wabash. Southern
Washington drains south through Blue River into the Ohio. The
Bean Blossom carries the waters of northern Brovm and Monroe
into the west fork of White River; and Salt Creek, with its many
tributaries, and Lost River carry the principal part of the south
ern drainage into the east fork. Most of the streams throughout
'the area are well supplied with gravel suitable for road metal and
ballast.
MONROE COUNTY.
HISTORY OF SETTI,EMENT AND AGRICULTURAL DEVELOPMENT.

Monroe County, named in honor of James Monroe, the fifth
President of the United States, was organized in 1818. An old his~
tori cal account of 1850 says: ' 'There are in the county eleven
grist mills, twelve saw mills, four oil mills, nine carding machines,

son,
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one foundry, one spinning, weaving and fulling machine, three
printing offices, about twenty general stores and groceries, nine
lawyers, ten physicians, and preachers too tedious to mention."
The population in 1830 was 6,'578; in 1850, 13,000, and at the
present time is about 22,000. The county contains 420 square
miles. The civil townships are Bean Blossom, Washington, Ma
rion, Benton, Bloomington, Richland, Van Buren, Perry, Salt
Creek, Polk, Clear Creek and Indian Creek.
The principal towns are: Bloomington, Ellettsville, Stinesville,
Clear Creek, Smithville, Harrodsburg. Other small villages and
trading centers are Sanders, Kirksville, Buena Vista, Victor, Ketch
em, Stanford. Hinsonburg, Mt. Tabor, Dolan, Hindostan, Union
ville, Payne and Fairfax. Of these Sanders is a quarry town on
the old line of the Monon, and Ketchem is a station on th~ new
line. The villages of Stanford, in the western part of the county,
and Unionville, in the eastern part, are both more than a mile from
the line of. the Indianapolis Southern Railroad, but each has a !/ta
tion by the same name. Victor and Hinsonburg are quarry dis
tricts; the others named are little more than country stores, and
in few places postoffices are still kept.
Bloomington, the county seat, has a population of 10,000. It
is growing very rapidly. A new court house of Oolitic stone is
just nearing completion, and many other improvements are being
constructed. The State University situated here has an enroll
ment of 2,000, and adds greatly to the business, thrift and general
welfare of the city. Two railroads pass through the to-·wn. The
C., I. & L. (Monon) in a north and south direction and the Indi
anapolis Southern in an east and west direction. An interurban
line making Blooinington a junction point promises to be built
during the coming year. The principal industries Within the city
are: quarrying interests, furniture factory, spoke factory, mitten
factory, basket factory, milling and feed establishments, lumber
and coaL yards and various other industries which give employ
ment to a large number of people. The town should continue to'
grow rapidly and improve in the most modern way, because of
its varied interests and permanent population.
Ellettsville is a town of 800 inhabitants situated on the Monon
Railway seven miles north of Bloomington. Its chief interests are
in the stone quarry district, and it also serves as an agricultural
trading center.
Stinesville has a population of three hundred, and was built up
in the early. days of the stone industry in that region, and new
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developments in that section look favorable for a rontinued growth.
A large stone mill operates within the village.
Smithville, eight miles south of Bloomingtou, has a population
of 150, and is chiefly a trading center for an agricultural and
quarry district.
Harrodsburg, twelve miles south of Bloomington, has a popu
lation of about 400, and is a thriving little village dependent on
the surrounding country for its trade and business. 'l'he railway
station is about one mile east of the town.
Clear Creek is a beautiful little village four .miles south of
Bloomington, and has a population of 100. It is also the I-lenter
of some stone interests.
At present the county produces about 600,000 bushels of corn,
an average yield of 40 bushels per acre; about 8,000 acres of oats,
average 25 bushels; about 7,000 to 8,000 acres of wheat, average
t6 to 20 bushels. The county usually ranks fourth or fifth in
the State in acreage of timothy meadow, and is among the leaders
in average yield. In 1905 the county produced 53,800 tons. In
1906 the acreage dropped to 20,000, and the average yield 1.1 tons.
From 2,000 to 3,000 acres are given to clover, which yields about
1% to 1% tons of hay per acre, and about 500 bushels of seed.
Among other crops the average acreage and yield are as follows:
Potatoes 300 acres, average 50 to 60 bushels; tomatoes, a rapidly
increasing acreage, 40 acres being grown in 1906, yielding over
5,000 bushels; peas, 5 to 10; watermelons, 10 to 15 acres; tobacco,
5 to 10 acres. The yield of apples in 1906 was about 60,000 bush
els. A large yield of peaches is also produced. While Monroe pro
duces large quantities of live stock, it is not a leading industry in
the county.

Monroe has a greater variety of soils than any other county
within the area touched by this survey. There are eight general
types with various subdivisions of these which' will be treated
under the following description: Six of these soils are due directly
to the weathering and disintegration of the underlying geological
formations. The glacial area belongs chiefly to the part of an
old glacial lake extending into the. northwest'~tof the county;
the other glacial soils are found along the' Bea~ Blossom. The
alluvial sQils bel~mg principally to the valleys of Bean Blossom and
Salt Creek, and present a variety of types. The following table
will show the extent of each of the general types:

-.
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Knobstone ...........................
Harrodsburg .........................
Oolitic ...............................
MitchelI .............................
Huron. ..... ... ........ . ... .. . ... ....
Glacial ..............................
Alluvial .............................
Clay ......................... , '.'.... .

1.

130
77
26
89
59
8
26
5

THE KNOBSTONE AREA,

square
square
square
square
square
square
square
square

miles
miles
miles
miles
miles
miles
miles
miles

0

'l'he Knobstone soil of Monroe County covers a much larger
area than any other type. It comprises a wide, irregular strip
along the entire eastern side of the county and widens to the
north, until all of Marion township is covered, and continues across
the northern part with patchy areas reaching to the White River.
In the southern part principally all of Polk township is cov
ered with this type, and it continues with wide strips extending
along the Salt Creek valley until the uplauds of the Harrodsburg
limestone are reached. Irregular patches of this soil occur
throughout the eastern-central area and the stone outcrops several
miles up the ravines of the stream. In many places the hills rise
150 feet or mOl'e above the drainage level and the slopes are very
steep and the knob topography in general is well developed.
The characteristics of the soils are the same as given in the dis·
cussion of the Knobstone under the "Indiana Soil Types," and
under Brown County in particular, in the following pages,
The public roads are in fair condition and several miles
through the part of the area nearest the Harrodsburg contact have
been improved with crushed stone and others with stream gravel.
In the rougher parts the steepness of the slopes preclude economic
hauling, and being distant from railroads thus prove a great draw
back to the development of the area, Since the building of the In
dianapolis Southern Railroad the lands in the northeast part of
the county have about doubled in price and some developments are
being made.
A small percentage of the lands are under cultivation, the'
greater part being grown up with second growth timber. Some
good timber also remains; about $10,000 worth of hooppoles and
hickory bark was hauled into Bloomington during the spring of
1907, and thousands of railroad ties are also cut from this area.
'fhe average yield of corn is from 10 to 30 bushels. Little wheat is
grown. Timothy and clover grow fairly well, but it is usually

o
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difficmlt to obtain a good stand. .The rapid and excessive growth
of "white top" oft~n renders the hay of poor quality. Very few
vegetables are raised, scarcely sufficient to supply the local de
mand. Although few live stock are raised the people are often
seen buying feed before the winter is over. The soil is capable of
producing much greater returns than are now realized. Some
fertilizer is used, but without. any reference to the soil conditions.
Bone meal and phosphates are the principal fertilizers used.
Frnits grow well on these soils, but very little has been grown.
'l'he best example of what can be done with fruit growing and
vegetable farming in the rough part of this area has been demon
strated by Frank Morris, gardener and fruit grower, in Blooming
ton. Five years ago Mr. Morris bought twenty acres of this land.
five miles east of Bloomington, paying only $5 an acre. The sur
face is very rough and broken and was covered with a dense growth
of second growth timber and shrubbery, and much hard work was
required to prepare the ground for cultivation. Enough wood
was, however, secured from the land to about pay for the land and
the clearing. Over 25,000 strawberry plants have been set out on
the hillsides and almost a thousand dollars have been realized from
this investment. Several hundred young peach trees have been set
out, also about 6,000 raspberry bushes, 700 dewberry bushes and a
quantity of small fruit of all varieties. He expects to increase
these numbers from year to year. A large quantity of vegetables
are also raised on this tract.
l'his is only an example of the worth of the apparently worth
less hill land of the eastern part of the county. Here are oppor
tunities for many people in various lines of agriculture and truck
farming, and extensive developments can here be made that will
greatly repay the promoter and add much to the welfare of the
county.
Arbutus Hill is the name given to a part of the same ridge on
which Mr~ Morris's fruit :farm is located. Here, over a limited area,
the trailing arbutus grows abundantly, and this is one of the few
places within the State where it is found growing. It is a rare
plant, known only in a few localities, principally Indiana, Michi
gan and New England. The soil of the Arbutus Hill is of a fine
sandy loam of a yellow color. The arbutus has its roots imbedded
very shallowly in the soil and appears to depend very largely on
the leaf mold for its support.

Gullies in the clay and shales of the Knobstone, eastern Monroe County,
near Stobo.

Gullies in clay and shales of Knobstone in eastern Monroe County, west of
Arbutul:l Hill.

#1
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2.

HARRODSBURG LIMESTONE,

The residual soils of the Harrodsburg rank third in area and
probably second in general productiveness in the county. The soil
has the general characteristics of the type, grading from light yel
low to dark, with a deep dark red subsoiL The· soil of this type,
found within the immediat~ vicinity of Bloomington, and also in
the vicinity of Harrodsburg, is of rolling topography and affords
excellent agricultural land. In the northeast and south edges of
the area the streams have cut back through the limestone and into
the soft Knobstone below, and this part of the county is of much
rougher topography. The soil is easily cultivated, natural drain
age is good and' a fair yield of most crops produced. A large
amount of fertilizer is used. Corn yields about 50 bushels, wheat
15 to 80 bushels, timothy one and one-half to three tons per acre,
and the hay is of a good quality. Oats grow very rank, but usual
ly rust badly~ Some. alfalfa is grown and makes a good growth.
It is an excellent soil for vegetable farming and the growing of
small fruit. The native timbers are sugar, walnut, poplar, ash,
beech, hickory and wild cherry.
The following table shows the results of mechanical analysis
of the residual soils, and the sample of Harrodsburg soil, of which
complete chemical analysis was made, given in the table under
number 95, is a typical sample from the formation within the
county:
MECHANICAL ANALYSlS OF HARRODSBURG RESIDUAL.
I

.,;
Desorip\ion.

Locality.

;:i

~
0

1 {Hjnr.~. nO.rth. of. Bl~~~- }
1
2 Near arrodsburg... . .....
2 Near Harrodsburg ...........

Surface....
SubsoiL.
Surface ... : . " . " .

SubsoiL.

.. , .. ,

.......
...

.0
.8
.0
2.0

ci

ii

'"e

j :S:a
.3
.2
.2

.5

.,,;

.,,;

.5
.5
.8
.5

.,;

ci
~
2.0
3.0
4.0
3.0

~

"

.5

""

~

"""""

$ '"
~

89.4
92
86
92
... _-'_ ..

8.0
4.0
g.O
3.0

The general farm improvements throughout the area are good.
All the principal roads are well improved with crushed stone and
stream gravel. Two railro~ pass through the area. Excellent
advantages are offered for truck farming and a number of persons
are engaging in it to som~ extent. Potatoes will produce from 75
to 200 bushels per acre, sweet potatoes average 175 bushels; toma
toes, cabb~ge, beans, etc., give abundant yields. Small fru,it gives

Strawberry Culture on the Harrodsburg soil. One mile east of Blooming
ton, Tenth Street Pike. Fruit farm of W. S. Pinkerton.

15iue of new cIStern in Harrodsburg formation showing changes from
surface soil to solid stone v.ith fragments of stone in compact sub
soil. The line marked by the trowel is depth to which soil has been
east of Bloom
affected by roots of plants. One and one-half
ington.

miles
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large returns and considerable areas are being planted in larger
fruits. The eastern border of the area, although somewhat
rougher than the rest, is a good location for apple and peach or·
chards and for the growing of grapes, and the deep red subsoil will
no doubt add to the flavor and richness in appearance of the
grapes. '1'he land can be bought at prices ranging from $25 to
$150.
3.

THE OOLITIC AREA.

The residual soils of the Indiana Oolitic limestone rank fifth in
area within the county and hold first place in its agricultural ad
vantages. The topography of the area is gently rolling, the slopes
are long and fall gradually to the streams. The area extends in a
north and south direction and the Monon Railway extends the
full length of the area, and thus all parts are brought to within a
short distance of the railroad facilities and towns of considerable
importance. The principal part of the area lies within the imme·
diate vicinity of Bloomington, and both town and country are
greatly benefited by the advantages of the other. The improve
ments are good and up to date methods are used in the agrimIl
tural pursuits. The blue grass pastures afford excellent pasture.
Clover and timothy grow well and yield from 1% to 3 tons of ex
cellent hay per acre; wheat yields from 12 to 30 bushels; oats av
erage about 45 bushels; some alfalfa is groWn; also small areas
of cow peas and soy beans. Dairying is carried on with profit;
market gardening and the growing of small fruit is engaged in to
a considerable extent, and the soils are well adapted to this kind
of intensive farming. Potatoes will yield from 75 to 200 bushels
per acre. Sweet potatoes, 100 to 300' bushels per acre. ,Smal]
fruits make the best yields possible, and tomatoes will produce 5
or 6 tons per acre.
IJarge amounts of stable manure and commercial fertilizer are
used; On account of its nearness to Bloomington and the great
number of live stock raised, far more manure is secured than on
other. types, some farmers and gardeners keeping a team busy most
of the year hailling manure from the city. There have been com
paratively few fruit trees planted in the area, the chief reason
lwing that greater and quicker returns are obtained from quicker
growing crops.
The general characteristics of the soils are the same as those
described under the general discussion of the soil types. 'rhe nat
ural drainage within the area is good. Great advantages are of
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fered for intensive farming. The city population, the large
student population and the hundreds of families whose interests
are in the factories and stone quarries, must buy, and the home
grown products are in greater demand than those shipped in from
other places. But at present the demand is far greater than the
production. Land sells at $50 to $] 50 per acre, but will yield good
returns even at higher prices.
The following table will show the results of mechanical analysis
of typical samples of the soils of this area, and the sample No. 94,
in table of complete chemical analysis, is typical from this area:
MECHANICAL ANALYSIS OF OOLITIC RESIDUAL.

.,;

.,;
Ei
00

i

Ii
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Locality.
Description.
a;
.ea
~"
[;I
Z
~ 8 1l::;: £" ~i:: ~
-------~----·~-I---------~-----I--------:---~!---:---I--~
Xl

00

1 Near Ketchams. .
. .....
1 Near Ketehams ...... .
1 Near Ketch"","..
. . ..
2 One mile B. Bloomington ....
2 One mile S. Bloomington.. .
2 One mile S. Bloomington....

1st foot (surf"".) .'
2nd foot (subsoiO.. . ..... .
3rd foot (subsoil).. ... . .. .
... .... .
1st foot. . . .
2nd foot ......... .
3rd foot. . . .. ..... . ..... .

1.8
.0

:~

.5

1.0

,.

.9
.0
.5
1.0
.0
.2

i

l.l
5.0
2.1
.8
5.0
4.0

.8
2.6
1.2
.9
.9
2.0

I

2.6
14.2
7.2
2.5
5.0
0.0

9U
83.0
88.6
93+
89.0
92.0

Some of the old quarry districts in the area present some of the
most excellent examples of soil formation. In the Big Creek quar
ries near Stinesville, and in the old Cleveland quarry near Har
rodsburg, all gradations may be seen from the solid rock to the
finest soil. Some of these are shown in the illustrations.
All the principal roads or the area are improved with crushed
stone, chiefly from the Harrodsburg and Mitchell formation; these
aJl'ord more durable stone for road purposes than the Oolitic.
Very little timber remains, but the original timber was such as to
indicate a very fertile soil-maple, walnut, beech, poplar, etc.
4.

THE MITCHELl. IJIMESTONE AREA.

The residual soils of the Mitchell limestone rank second in area
and about fourth in value. The topography of the region is rol
ling~and 'covered by numerous sinkholes of all sizes; along the
. border the region becomes somewhat abrupt and the
ral value of the soil declines considerably.
'~The surface soil is from six to eighteen inches in depth and
c~nsists of clay loam, grading from a light yellow to red. The
subsoil is a somewhat darker color than that of the Harrodsburg
[9]

View in the old Cleveland Quarry, north of Harrodsburg, showing pro
cesses of weathering and soil formation. The small tree and some
weeds are taking hold in the talus heap of neW made soil.

View in same quarry showing low forms of plant life attacking surface
of old stone giving spotted appearance.
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and Oolitic areas, and it usually contains a large amount of chert.
The soil becomes more shallow and the amount of chert and other
impurities increase as the drainage line of sinkholes are reached.
The soils are well drained by the underground channels and crops
sometimes suffer from drought. Springs are abundant and fur
nish an excellent water supply. Clogged sinkholes are plentiful
and offer good water for stock; wells are difficult to obtain.
Places where the soils are worn out and washed and become
partially covered with sassafras and blaekberry briars, are known
as "the barrens" and cannot be made of much value for agricul
ture. The soils in general are fairly productive, but great care
must be taken in their cultivation to keep them up to the standard.
Large applications of stable manure render the soil very fertile,
and this is due probably to two things: by adding a large amount
of humus to the soil, and by rendering available larger amounts
of the potash and phosphates contained in the cherty soils. Large
amoUnts of commercial fertilizer are also used.
This soil is excellent for the growing of timothy and large
acreages are raised; corn, except when well fertilized, is short,
but can be made to produce 50-75 bushels. It is difficult to obtain
good crops of clover. Some cow peas are grown on limited areas;
wheat yields from 12-20 bushels, and in some cases 30 bushels have
been reported.
Some dairying is engaged in and the soils· produce good pas
ture, and sheep raising might be made a thriving industry. Sev
eral farmers are beginning to raise fine bred hogs and cattle, and
the general improvement in live stock has made a marked change
in the past five years.
In the more fertile parts of the area the farms· are in a good
condition. The public roads are being rapidly improved. The
Mitchell limestone furnishes the best road metal within the south
ern part of the State.
The following table shows the results of the mechanical analysis
of three samples of Mitchell soils:
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MECHANICAL ANALYSIS OF MITCHELL RESIDUAL,
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HURON SOILS.

The soil derived from the Huron group covers about sixty
square miles in the west and southwest part of the county, prin
cipally in Indian Creek Township. 'l'he Huron group, being com
posed of ,extremely varied rocks, limestone, shale, sandstone, and
conglomerate, weathers into very steep slopes, so that this portion
of the county 'has a much rougher topography than the limestone
areas. The difference in level of the hills and valleys is from 150
to 250 feet.
Owing to the varied nature of the rocks from which it is de
rived, the soil is not very uniform. Usually the surface soil is a
yellowish sandy loam, underlain by a stiff white to yellow subsoil
more clayey than the surface, but still containing a large per cent
of sand. At a depth of 8 to 10 feet this subsoil grades into a soft
white mucky shale, which has a very sO'Ur taste. In the valleys the
subsoil is a coarse gravel composed principalJy of sandstone frag
ments.
Vegetation ,and Impr01~ements.-The line between the limestone
areas and the Huron group is sharply marked by a change in vege
tation. The varied forests on' the limestone soils give place to
forests which are almost altogether red and black oak. The uncul
tivated fields grow up very quickly in wild daisies and sassafras,
Persimmon trees are very plentiful in this area, although seldom
found over limestone.
The soil is rather unproductive, easily exhausted, and washes
badly. Much of the area is uncultivated and is overrun with sec
ond growth oak, the forests, which originally covered the slopes
having been removed. The improvements are poor and the roads
very bad, some of them almost impassable. The water supply is
poor, except along the outcrop of the Huron limestone, where sev
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eral fine springs occur. This limestone is one of the best road
metals in the State and is easily obtaiBed. Its use on the roads of
the area would bring about a wonderful improvement.
The following table shows the results of analysis of samples of
the residual soils of the Huron area:
MECHANICAL ANALYSIB OF HURON RESIDUAL.
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GLACIAL.

'l'he giacial drift within the county is found principally in
the northeast corner of the county and a]ong the northern edge,
with traces in a few places extending as far south as the Bean
Blossom. Extending from Hubbard's Gap, in Marion Township,
across the northern side of the county, the action of the glaciers is
seen by the gravel covered places and the bowlders scattered along
the streams and the heaps of sand, gravel and till which lie against
the northern hill slopes; however, over most of the glaciated area
the drift covering is very thin and the influence on the soils is
small.
Below Mt. Tabor and Gosport, and in some of the hills south
and east of Mt. 'I'abor, are heavy deposits of sand and a similar
sand is also found along the south side of Bean Blossom, about two
.miles east of Stinesville.
"That it was of glacial origin is attested by the fact that it is
banded with erratic gravel. The sand here is cross-bedded, strati
fied, and, in several instances, finely laminated. The lamination
and stratification, however, are not constant. 'I'owards the top of
this sand the stratification ceases. 'I'his top seems to have been of
eolian origin. This sand was deposited as an outwash in front of
the advancing glacier after it had filled the channel of Bean Blos
som. That it was deposited in front of the ice-sheet is clearly
shown by evidence that after its deposition the glacier passed over
it, crushing it under its weight until now the sand is almost as com- .
pact as the Knobstone formation beneath it. Still further evi
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dence that the sand was deposited just in front of the ice-sheet is
the fact that the Bean Blossom was filled at that point with ice.
Had it been filled with sand instead ~f ice to the level of the pre
sent deposits, some remnants of the sand would still remain on the
south si!,le of the inner valley of Bean Blossom Creek, which is not
the case. The sand in the vicinity of Mt. Tabor and Gosport is
very fine and flour like. It usually forms a loose or slightly com
pact, massive bed twenty or more feet in thickness. Occasionally
it shows indications of stratification, but at no place is the stratifi
cation constant. In speaking of this sand Mr. Siebenthal says that
it seems to have been deposited from high water resulting from a
melting ice-sheet. It is, therefore, outwash material. How it
came to be deposited as it is, however, is quite a mystery. The
deposit is V-shaped, with the apex to the west. A limestone ridge
heparates its legs. On this ridge the sand is thin and suggests by
its distribution that it might be eolian in origin. It seems clear,
then, that the sand on the south side of the ridge must have come
around the west end of the ridge instead of over it, and that the
whole deposit was laid down in the slack water that accompanied
the melting of the ice-sheet between Bean Blossom Creek and
White River at the time of the high water that accompanied the
melting of the ice-sheet. 'I'his opinion is strengthened by the fact
that the sand plain gets lower and lower toward the' east instead
of higher, as it would had the sand come over the ridge. This con
clusion is farther strengthened by the fact that this sand does
not occur on the current, or south of Bean Blossom, as it pl'oLably
would had it not been deposited in slack water. The sand, on the
whole, seems to have been an eddy deposit. ",.,
The Platwoods.-The land known as the Flatwoods occupies a
level tract of about 21j2 square miles northwest of Elletsville. It
is a part of an old glacial lake which extends for some distance
over into Owen County. 'The area is surrounded by a ridge of
higher land which terminates 'rather abruptly. This higher ridge
shows evidence of glaciation, chiefly on the southern side, where
many bowlders lie against the slopes. The surrounding ridge is
broken by gaps at Ellison Branch, McCormack Creek and at three
or four other places where streams head up against this area and
at the same level with them.
The soil consists of a variety of black mucks, white and yellow
claya. The surface appears somewhat uneven, because of the areas
"Albert B. Reagen.

Proceedings of Indiana Arademy of Science, 1903,
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of the limestone formation which rise above the level of the Flat
lands.
The white or light yellow soils are the prevailing type and are
locally kno~ as the "White Turkey Gravel." 'fhese soils are a
mixture of glacial material, residual wash and organic matti'll"
Some glacial sand and gravel are intermixed and small iron con
f~retions are numerous, due to the action of stagnant water leach
ing out the soils. The black muck soil occurs in some areas as the
surface soil, but principally is the subsoil.
The drainage conditions are poor and in wet seasons corn crops
are a failure. The average yield is about 40 bushels. Timothy
grows .well and gives large yields of hay. Oats in favorable sea
sons yield .about 30 bushels. The soils become very hard and crack
in dry weather. The soils are sour and sad and are in need of
lime and potash. The average sized farm is about· 80 acres. The
improvements are fair and land sells for about $40 to $65 per
acre .
.A section of a well in the N.. W. part of Section 31, Township
]0 North, Range 2 West, shows the following nature of the soils
and underlying materials:
Soil and clay ............................ 17 to
Imbedded logs.................................
Clay..........................................
Water-worn gravel ............................
Blue, sticky clay ..............................
Limestone .................................... .

18
1
8
1
8

feet
foot
feet
foot
feet

Also section of well in S. E. part Section 26, Township 10, R.
3 West:
Black mucky soil .............................. 8 feet
Sand and fine gravel. . . . . . . . . . . . . . . . . . . . . . . . . . . 6 feet
Blue, sticky quick sand with logs, sticks and. .
leaves ................................. ..... 8 feet.

"Prof. Collett suggests that the Flatwoods formed a portion
of the preglacial channel of White River, the valleys of McCor
mack and Raccoon Creeks furnishing the portions connecting with
the 'present valley of that river. A close examination of the re
gion in question, however, shows this to be impos."lible.
, 'The Pleistocene terraces of Bean Blossom Creek clearly prove
the preglacial valley of that creek to have been practically as it is
at present. It is impossible to imagine how it could be cut down
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to its present depth, while White River, into which it emptied, was
running at a level approximately 150 feet higher than now, as it is
alleged to have done. Moreover, the gorge of McCormack's Creek
is clearly post glacia1. A~d further, it empties into White River
at least a mile below the upper end of the 'narrows,' whose ex
istence it was brought forward to explain.
"A more reasonable explanation of the Flatwoods is that it is
the site of a shallow glacial lake. This area in preglacial times
must have been a region of sink holes, with drainage largely, if
not wholly, subterranean, similar to the country which surrounds
it, and to the region of caves and sinkholes west of Bloomington
in short, a region characteristic of .the Mitchell limestone.. When
the glacier pushed down across these sinks,· the excess of silt and
sand choked np the nndergronnd ontlets, and on the retreat of the
ice-sheet the area was left covered by a thin sheet of water, prob
ably from 20 to 30 feet in depth near the middle. Subseqnently
the drainage by way of McCormack's Creek was begun, resulting
in the cutting of the gorge through which that creek finds its way
to the river. The size of the drainage area and a fall of nearly
. 150 feet distribnted over about two miles explain the steepness
and narrowness of the gorge.' '*
7.

ALI.UVIAL

SOILS.

The alluvial soils of Monroe County consist of about two and a
half square miles of the White River valley, in the northwest cor
ner of the county, the bottom lands and terraces of the Bean Blos
som and Salt Creek and their tributaries and small areas in the
south and western parts along the course 'Of Richland and Indian
Creeks.
The soil of the White River valley consists chiefly of a fine
sandy loam of a dark color. It extends to from eighteen inches to
several feet in depth, before any marked change occurs. It is a
very productive soil, but on account of frequent overflows ahnost
the entire area is planted in corn. Cut-off hills and lost ridges of
the Subcarboniferous rise above the valley floor in a few places.
The second bottoms to the east consist principally of glacial sand,
together with some residual soils. Gosport is the trading center
for this part of the connty. The Vandalia and Monon Railroads
furnish transportation facilities.
Bean Blossom is a meandering stream with an alluvial plain
*Hopkins and Siebenthel, 21st Annual Report, Department of Geology, 1896, 301-2.
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which will average about one mile in width through the county.
Numprol1S terraces rise along the valley slopes. The terraces range
from five to fifty feet in height, those further up the creek being
the higher. They range in size from small areas to a mile wide
and three or four miles long; delta-like accumulations rim the
edge of the terraces next the valley floor. The lower parts con
sist of sand and erratic gravel, with sand and fine gravel above,
and sand, clay and loam overlying all. The benches proper seem
to be due.to the weathering of the soft shales and sandstones of the
region. The stream clings closely to the southern side of its val~
ley, as' is also the case with all its tributaries. Numerous streams
of small 'size enter the Bean Blossom from the north; and three or
four streams of considerable size flow in from the south, the largest
of which are Sheuffie Creek, Griffy Creek and Jack's Defeat; all
of these have comparatively 'wide valleys. The soils are for th~
most part poorly drained. and not fitted for a great variety of
crops. Corn is the principal crop grown. Timothy grows well, and
yields much,hay, which is rather coarse in quality. Much of the
valley is in grasS and a large number of live stock are raised.· In
places the soil has lost its loamy texture and become very clayey
and loses its best physical properties because of the' large amount
of water retained. The average price of land is ,about $50. Very
little tile draining has been done, but a thorough tiling would
greatly increase the value of the land, and the soils could be made
to prqduce from 75 to 100 bushels of corn per acre. In the spring
of 1907, during the overflows, the Bean Blossom valley received a
deposit of sediment about three inches in thickness over almost the
entire area and thns its value for cnltivation was much increased
for that year, while in the Salt Creek valley at the same time prac
ticaJf;ysll the surface soil· to the depth of (lultivation was ~wept
away as far down as the junction of Clear Creek and Salt Greek;
Farmers were much discouraged and cifops'were in a poor cQndi!
tionfor that year.
.... .'.'.
"
<
"
,1'"
The Salt Creek alluvial plain will average aqout a half mile in
width. The soils are sandy clays;:~will'g their origin to the upland
formation. The subsoil contains "numerous fragments of sand
stonel and in the lower. cou~e geodes and' fraiim~nts of limestone.
Well defined low and high terraces occur along the valley of Salt
Creek to a point below the Fairfllx bridge. The Salt Creek has a
large drainage area-three forks entering from Brown County. and
three principal streams from Monroe-Stephens Creek, Brummets
Creek, and Clear Creek in the south.

Recent terraces in Salt Crook Valley, southeast Stobo, Monroe County.

Salt Crook Valley, showing high terraces in background.
Monroe County.

Southeast Stobo,.
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Land can be bought at prices from $20 up, according to locality
and improvement. The upper part of the valley and the sur
rounding country are in a baekward condition because of their
great distance from towns and railroads.
Small barren' spots are fuund, both in the Bean Blossom and
Salt Creek valleys, due probably to the presence of saline shales.
Swamps and bayous are also found along the course of both
streams.
Richland Creek and Indian Creek have very narrow valley
floors, but the second bottoms comprise considerable areas and the
long, gentle slopes from the north and west add much to the agri
cultural value of the south and west part of the county. The Rich
land area is better improved than the Indian Creek valley. The
soils of the former are derived principally from the slopes of'the
limestone area, those of the latter chiefly from sandstones and
shales.
~4~
~'

8.

;

CLAYS.

The type here designated as clay and having an area of about
five square milesineludes those scattered areas of small extent in
parts of the Knobstone and Harrodsburg regions where the sur
face soil has practically all been rem.oved and the stiff clayey sub
soil exposed. Such areas are of no agricultural value, except as
for some deep-rooted fmits. The principal areas of this type are
located in southern }\Iarion Township, along the north side of the
Bean Blossom, along Sheuffie Creek and in the vicinity of Dolan,
Unionville and Stobo.
The clay of the Harrodsburg limestone is the typical stiff red
clay. That from. the Knobstone shales is usually of a bluish color,
except on much weathered surfaces, where it becomes light yellow.
Much of this clay would burn well for'tile and in this way supply a
great need of much adjacent land.
In addition to the clays mentioned above, considerable of the
delta and bench formations in the'lower Bean Blossom valley are
composed entirely of stiff yellow clay and might be included in this
type.,.
GENERAL SUMMARY.

The great variety of soils in Monroe County, with wide adama
tion, make possible the successful carrying on of many' branches
of agriculture.
Canning factories should be established, and lands which are

Field of com not planted until mte in June, 1907, near Harrodsburg in the
Clear Creek Valley. Well I matured before frost and yielding above
the average.

Salt Creek Valley, east of Harrodsburg, Monroe County.

,
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now scarcely paying expenses would be valuable feeders for such
factories. Factories could well be maintained at several points
and run all the year.
Several large groves of maple trees remain on the Harrods
burg, Oolitic and Mitchell areas and hundreds of gallons, of mo
lasses are made every spring.
There is great opportunity for extensive truck farming and
fruit growing. Last year forty-five carloads of potatoes were
shipped into Bloomington. The average yield in the county is
low and only small areas are planted. There is enough extra
space for the forty-five carloads. Practically all the fruit for
market purposes, except strawberries, raspberries and blackberries,
is brought in from distant points.
The Knobstone clays are well adapted to the growing of toma
toes and small fruits, and interested persons, with small capital,
should be attracted to these cheap soils.
Large areas are in need of drainage and the large deposits of
clay afford good material for the making of drain tile. At present
the only kiln in the county is at Dolan, and it cannot nearly supply
the demand, nor can they be hauled enconomically to the most
needed places. For example, the writer, when working along the
Salt Creek valley, saw a farmer hauling tile from Dolan's, a dis
tance of twenty miles. He could haul but few for a load and
about a fourth of these were broken when he reached home.
Wells are difficult to obtain throughout the entire county, ex
cept in the bottom lands, where water can be found at a depth of
a few feet. For domestic purposes people are dependent chiefly
on cisterns and springs. 'l'he best spring waters are found in the
Mitchell formation; sinkholes and artificial ponds and streams
furnish most of the water for live stock.
School advantages are good and the school enumeration is high.
Rural routes serve about 7,500 people in the county. Good tele
phone systems lead to all points'. There are in the county 875
miles of public road, with almost 200 miles improved with crushed
stone or stream gravel. The stone industry is just now being
fully developed and everything presents an encouraging outlook
for the county, and the agricultural growth must necessarily be
great to nieet the demand.
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BROWN COUNTY.
HISTORY OF SETTLEMENT AND AGRICULTURAL DEVELOPMENT.

Brown County was organized in 1836, and named after Gen.
Jacob Brown, one of the heroes of the War of 1812.
In the early days there were several tanneries in the county
doing an annual business of about $50,000. The articles exported
were principally leather, wheat, stock, hoop-poles, etc., to the value
of $100,000 annually.
In 1850, with a population of 4,000, there were about eight
schools in the county, with 160 scholars, but at the present time
the school enrollment is about 2,500 and the school facilities rank
among the best in the State.
Brown County is twenty miles in length from north to south,
and sixteen miles in breadth, and contains 820 square miles.
There are five civil townships: Hamblin, Jackson, Van Buren,
Johnson and Washington. The population in 1900 was 9,727.
The principal towns are Nashville, Georgetown, Helmsburg,
Trevlac and Elkinsville. Numerous other villages and country
stores and postoffices over the county are: Christiansburg, Buffalo,
Pike's Peak, Mt. Moriah, Needmore and Belmont.
Nashville, the county seat, is a small village with a population
of about 400. Its progress has been hampered by the lack of rail
road facilities. An excellent artesian well, drilled in 1899, fur
nishes a good supply of saline-sulphur water. The well is 580 feet
deep, and when first drilled yielded a flow of about ten gallons of
water per minute. It now, however, does not flow, but stands within
a few inches of the surface and must be pumped. It has a tem
perature of 56 degrees F. The water is clear and sparkling, with
hydrogen sulphide and carbonic acid gases. The "Nashville
Sanitarium, " a frame hotel and bath house, containing 24 rooms,
was erected in 1900, and under the present mana",o-ement is open to
guests the entire year. Since the completion of the Indianapolis
Southern Railroad through the northern part of the county many
visitors come to the sanitarium during the year. The accommoda
tions are good and the. rates low, and the quietness of the place
makes this an excellent place for those desiring rest. Numerous
places of interest are easily reached by drives or' walks.' Other
mineral waters are found within the county. With better means
of transportation, Nashville as a center, with the mineral waters
and beautiful surrounding scenery, is in a position to receive man:v
guests who may come for the benefit of health and recreation, and
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also become a noted resort for picnic and pleasure parties. He.lms
burg, the nearest railroad station, is five miles distant. A hack
{rom Nashville meets all the trains.
Georgetown, or Bean Blossom, is a little village in the northern
part of the county. It has a population of 260. Helmsburg is the
railroad point.
Helmsburg and Trevlac are new towns on the Indianapolis
Southern Railroad. Helmsburg is the station for Nashville. For
merly all merchandise for the county seat was brought in either
by way of Columbus or Bloomington. Trevlac promises to be a
thriving little village, and a number of summer' cottages have
been erected and a park is being arranged, and, with the pictur
esque scenery surrounding, it is expected that many guests will
frequent this place to spend their summer vacations.
Elkinsville is a little village in the southern part of the county
on the main branch of Salt Creek, and has a population of about
75. It is a trading center for southern Brown, and receives its
merchandise by wagons from the line of the Southern Indiana
Railroad through northern Jackson County.
General Improvements.-There are in the county 350 miles of
public roads, with thirty miles improved with graveL Many of the
-roads have been partially covered with creek gravel, and if they
had been properly graded and drained, this improvement would
have been permanent, but in the majority of cases the cost of im
provement will be as much as on a new road. Excellent creek
gravel occurs everywhere along the streams and in sufficient abund
ance to easily and cheaply improve every public road in the county.
Until 1906 the county was without a railroad. The nearest rail
road stations were in Columbus on the east, Bloomington on the
west, Morgantown on the north and stations of the Southern Indi
ana to the south. With the-completion of the Indianapolis South
ern, the business interests were revived and increased trade gave a
brighter outlook for the county. A few rural routes go out from
Nashville and others serve part of the connty, coming from adjoin
ing counties.
Agricultural conditions have not reached the highest standard.
While the soil is not a rich soil, taken as a whole, there are large
areas that are valuable farming tr.acts and could be made to pro
duce welL The principal. occupation has been to remove the tim
ber from the"thickly wooded hills, and sell for lumber, wood, hoop
poles, railroad ties, tanbark and hickory bark, and to cultivate suf
fic~ent land to yield grain and vegetables for home nse, with per
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haps a few bushels to sell. Very little stock is raised. Under these
conditions agriculture for many years made but little progress.
With careful cultivation and fertili7.ation the soils of this county
may be made to yield abundantly. While few special experiments
have been tried, careful investigation has shown that the "Knob
Soils ~, are of value and not to be regarded as too poor to grow any
thing but briers and sassafras. An important thing in the culti
vation of these soils is to prevent washing. The staple crops can
all be made to give paYing returns and the region is specially
adapted to the growing of fl"qit.
The county now produces, according to latest statistics, about
400,500 bushels of corn, an avgrage yield of abont 30 bushels to the
acre; wheat, 91,838 bushels, an average yield of about~ 15 bushels
per acre; oats, 190,091 bushels, an average per acre of 38 bushels;
timothy, 9,249 acres, with an average yield of about one and one
third tons; clover, 1,500, with a ;vield per acre about one and one
third tons, and also giving a fair yield of seed; alfalfa, 25 acres,
has only been tried a few years. About 500 acres are planted in
potatoes, with an average yield of 40 bushels. Very few tomatoes
are grown. Peas, watermelons, cantaloupes, etc., would not total a
good sized garden. A little tobacco is grown for individual use.
For results on fruit growing, see paragraph on vegetables and
fruits.
PHYSIOGRAPHY AND GEOLOGY .

.Brown County, in its geological formation, is confined to the
members of the Knobstone group, with slight modifications in places
from stream action and glacial invasion, and on a few of the higher
ridges in the western part there remain a few fragments of the
reddish crinoidal Harrodsburg limestone. The soft sandstones,
with the alternating shales, are easily eroded and a very rough to
pography has been developed, except in the southeast corner, where
there is a large area of level table land. High level topped ridges,
remnants of the old plateaus, stretch out for great distances. The
slopes are high and steep, and numerous streams have cut "V"
shaped valleys down the slopes. Thus the knobstone plateau has
been very perfectly dissected by the streams; which, with their
small tributaries, form an int.ricate dendritic system of valleys.
These valleys are unproductive, except where bottoms have been
formed in them by the silting-up process.
The Knobstone strata absorbs water easily, but are practically
impervious to circulating waters, and for this reason springs are
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rarely found. Drinking water is mostly obtained from wells and
is usually of a very poor quality. At the top of these impervious
strata, however, is a natural spring horizon, and along this line
springs are abnndant.
The southern slopes, exposed to the action of the sun, and during
the winter to constant freezing and thawing, are long and gentle,
while those to the north are more abrupt, in many cases being steep
bluffs. 'l'he Knobs attain their highest elevation, 1,147 feet, above
sea level, in ' , Weed Patch Hill," southeast of Nashville. Several
years ago a triangulation tower was erected on the hill; a govern
ment stone now marks this point. "Bear Wallow" hill, northeast
of Nashville, is also another point of highest elevation. "As one
ascends these higher elevations on some of the winding roads, knob
after knob and ridge after ridge are unfolded to view, disclosing
the knobstone topography in all its pristine beauty. The narrow
valleys trend mainly east and west, making the slopes of the ridgeS
north ands(;)Uth. The latter are everywhere eroded into many
gulches and'ravines. Here and there on some distant ridge can be
seen a roadway, winding in and out in great spiral convolutions,
like a great snake, stretched out in lazy, graceful t;lurves. It is one
of the most picturesque and rugged portions of the State, well
worth the name of the "Switzerland of Indiana."
The part of the county north of the Bean Blossom Ridge is with
in the glacial limits. Some drift accumulations are found over this
area, and extending over the slope of Bean Blossom Ridge to a
height of almost 200 feet above the water in the streams. In gen
. eral the topography and the soil have been but little modified by the
drift. North of the boundary of Brown the knobstone area is
practically all covered by glacial debris, and the strata are ex
posed only in the stream valleys and along the Jarger streams high
bluffs are found.
.
In the western part of the county on some of the higher eleva·
tions, the soil is of a red, clayey texture, intermingled with chert
geodes and crinoidal limestone fragments, due to the weathering of
the lower impure members of the Harrodsburg limestone. . Some
geodes are also found in the upper knobstone.
The "drainag~ of the county is chiefly by the Bean Blossom and
Salt Cre~~.The former,with its tributt¢es, drains the northern
one-thircr of :the county. . The stream has a:meandering course and
with considerable areas· of bottom land and low terrace~.The
principa,i:ttib~ta~ies are from the north ~d fall ~apidly U; the
[10]

I
Knobstone topography as viewed from east side of Weed-Patch
Hill, Brown County.

Looking north across Salt Creek Valley at Nashville, Brown
County.
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main stream. For further description see Bean Blossom under
Monroe County;
Salt Creek, the principal stream of the county, consists of three.
main branches-the "North," the "Middle" and the " South"
forks, which unite near the southwest corner of the county and flow
through Monroe and Lawrence counties into the East Fork of
White River. The entire stream is meandering in its course and
there is but little valley except across the meander curves. The
valley soils are usually wet, but with artificial drainage produce
well. The narrow valleys, with their steep sides and winding
streams, are subject to great overflows three or four times each
year, and crops are often badly ruined. The main tributaries of
the North Fork are: Jackson Creek, Lick Creek, Clay Lick Creek,
from the north, and Henderson Creek and Schooner's Creek from
the southeast. All these streams contain considerable quantities
of red stream gravel. The branches of the middle fork are:
Crooked Creek, Little Blue Creek and Grave Creek, from the north,
and Hamilton Creek and South Fork Salt Creek from the sontheast.
SOILS.
The soils of Brown County are derived chiefly from the decay of
the Knobstone strata, and consist of sands and clays. For this
reason the soils of this area have become considered the poorest and
most unimportant of any in the entire State. But as stated in a
foregoing paragraph, these soils are not wholly bad and will admit
of much profitable cultivation and improvement. The low price at
which land may be bought offers abundant opportunity for the en
terprising farmer who has not the means to secure land in a more
fertile area. The net income from these cheap lands should be
greater than in places where more money must be expended,
However, special cropping systems are advisable and a large
amount of experimental work should be carried on here by our
agricultural schools and experiment stations.
Although the soils owe their origin chiefly to the same source,
we find within the county a number of types which may be given as
follows:
Knobstone residuals-
Clay ............. . . . . . . . . . . . . . . . . . . .. 150 square miles
Sand and sandy loam..... . . . . . . . . . . .. 100 square miles
Harrodsburg limestone. clay.......... : . . . .. 10 square miles
Glacial ............................... 50 square miles
Alluvial ............................. 20 square miles
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The clay is derived from the shaly members of the formation,
and are usually of a light yellow color and grade in the subsoil into
a stiff, mucky clay, usually of a browu color, or may be mottled
yellow and brown.
A mechanical analysis of the soils show the following propor
tions:
MECHANICAL ANALYSES OF KNOBSTONE RESIDUAL,

No,

LOCALITY.

I

De8(\riptlon.

GraveL

Coarse MediuDl
Sand. , Sand.

II Sand,
!fine I r~~~ I ~~
San~, I Clay,

-I----'-----I,-~,------I'---I----;---I--,-~i--~

1
1
2
2
3

3

Top of Weed Pateh HilL.. ,
Topol Weed Patch HilJ" .. ,
3ml.N.E.ofGoorgetown...
3 mi. N.E. 01 Georgetown ...
Ii ml. S.E. 01 Georgetown".

Sandy clay loam,
Subsoil.........
BrownloaDl"...
Subsoil.........
Ciaylo&l!l."."

11.1
7.6
1.7
2.5
0.0

1; mi. S.E. of Ga>rgetow."J~~~:~·~~_~:~L

2.7
2,2
1.3
.4
.7

7.2
8.7
6.0
3.9
5,3

17.2
J2,0
2.4
2.2
9,}

14,0
9.6
12,7
10.1
18.8

47,2
58.8
74.5
79.0
65.2

~~ ___ :'41_~~_~~~

ChemicaL Analyses Of Two Smnples Of Krwbstone Shales.

Silica (SIO,) ........................ 59.G4,
Titanium oxide ('l'rO,) .............. . 1.05
Alumina (Al.O.) .................... . 19.14
Combined water (H 20) .............. . 14.36
1!~erric oxide (Fe"o.) ................ .
3.39
Ferrous oxide (FeO) ................ . 4.20
Lime (CaO) ....................... .. 0.26
Magnesia (MgO) ................... . 2.31
Potash (K,O) ...................... . 3.53
Soda (Na,O) ....................... .
.80

G4.59
.30

IG.37
3.71
5.37
1.59

.16
1.56
4.24
.97

Many concretions of considerable size are found in the knob
shales, but not of sufficient quantity to be of any value in the manu
facture of iron, but when worn into creek gravel they make an ex
cellent road metal. The reddish brown color of the soil in many
places is also due to the oxidatiou of the iron received from the
weathering of these concretions.
The Sand and Sandy Loam.-The sand areas are due to the
sandstone found chiefly on the top of the series which in their dis
integration yield an unproductive medium sand. The soil has a
red color, due to the preBence of iron and the subsoil grades into a
coarse, gravelly sand, and in depth to a rather porous rotten sand
stone. The true sand areas are small, but grade into the sand loam,
usually at a lower level and due to the mixing of the disintegrating
material of the thin bedded sandstone and alternating shaly por
tions. '['hese sandy 10ams are usually of a brown color. and con
tain a higher percent of organic matter than is found in the sand

SOIL SURVEY OF BROWN COUNTY.

149

areas. The sandy loam occupies numerous but rather small areas
and grades into the clay, which is also of a somewhat loamy nature.
The lines of demarkation between these soils are not well defined
and the character of the soil, its natural vegetation and produc
tions, justify the mapping as a single type under the knobstone
group. All three types may occur on one farm or even in a single
field, and accurate delimitation would not be practical.
The greater part of the o:riginal growth of timber has been re
moved and the knobs and slopes of the ridges are now thickly cov
ered with second growth timber and underbrush. It consists
chiefly of chestnut, black, white, scarlet, jack, post and red oak,
beech, elm, walnut, hickory, sassafras and sumac, dogwood and red.
bud, with an occasional maple, poplar, etc.
Corn yields on the average about 30 bushels; wheat produces 10
to 20 bushels; oats are only fair. Timothy and clover usually yield
a fair tonnage, but are soon largely taken by red top and wire
grass.
SPECIAL FARM PRODUCTS.

The possibilities of Brown Oounty have been but little developed
in this line. About 500 acres of potatoes are raised annually, but
the average yield is only 32 bushels per acre. Until very recently
no tomatoes have been grown, although the soil is very similar to
that which gives excellent crops in other counties. Some tobacco is
raised, the acreage running from 5 to 10 yearly.
The soil will not produce these crops without fertilization, but
with proper care there is no reason why much larger yields of all
these products should not be produced. On soil which has not been
built up by clover. from 800 to 1,500 pounds of fertilizer are re
quired per acre. For tomatoes, the fertilizer should have the fol
lowing constituents: Nitrogen, 4%; active potash, 6%; available
phosphoric acid,7%. For potatoes. the amounts should be: Nit
rogen, 3%; potash, 9%; available phosphoric acid, 6%.
FRUIT.

While Brown County does not lead in fruit production, it is well
located and bas a good soil for all sorts of fruits. At present the
number of fruit trees in the county is about as followa: Apple,
75,000; pear, 5,000; plum, 3,000; peach, 15,000; .cherry, 4,000.
All these do well and yield good return.'l. While the fruit crop of
1907 was a total failure, in 1906 about 70,000 bushels of apples were
produced, and the peach crop was correspondingly large.
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'J'wo of the largest orchards or the county are the Freeman and
Waltman orchards, about one mile south· of Georgetown. The
Freeman orchard consists of about 75 acres and contains 700 bear
ing apple trees and 8,000 bearing peach trees. The orchard is well
kept up and is sprayed four times each year. The apples are just
beginning to bear well, producing about 600 bushels per year at
present. An average yield of peaches is about 2,000 bushels. Over
4,000 peach trees were recently destroyed by forest fire. The Walt
man orchard consists of 6,000 apple trees, 100 pear trees and 500
young peach trees. The average age of this orchard is about twelve .
years. Of an ordinary season the yield of apples averages about
seven bushels per tree, the older trees producing as high as 12 or 15
bushels. The orchard is still increasing in .xield. Both of these
orchards have been successful from a financial standpoint, in spite
of their distance from a good market. Helmsburg, on the new rail
road, is about two and one-half miles from the orchards, and the
returns will probably be larger in the future than they have been
in the past.
Vcry little small fmit is grown for market, but many of the
hill slopes are covered with wild blackberries and raspberries, and
the cultivated fruit would certainly do well in these localities. One
of the principal areas of strawberry culture in the State is located
on the Knobstone soil near New Albany, where the erop yields the
grower annually about $300,000.
The principal factor in retarding the production of the varied
farm products and or fmit, was the distance from good markets.
The building of the Indianapolis Southern has removed this disad
vantage from the north portion of the county and great develop
ment should be made. There seems to be an excellent opportunity
for the location or a canning factory at one of the stations along the
railroad or at Nashville. A factory which could can the different
fruits, beans, corn, pumpkins, tomatoes, etc., could be kept run
ning through the summer, and if hominy and sauerkraut were
added to the list of products, almost the whole year. While one 0.£
the stations along the new road would be the better location as re
gards transportation, the factory eould be loeated at Nashville and
the finished product hauled to the railroad. The roads, although
rather hilly, are in fair condition and would not prohibit this ar
rangement.
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ALLUVIAL SOILS.

The alluvial SQils £If Brown County are fQund along the Bean
BlQssQm and the various fQrks of Salt Creek. The tQtal area is
abQut 20 square miles. The greater part £If the bQttQm land is in
the meander curves. The alluvial SQils in bQth areas are fairly prQ
ductive
.are difficult to drain.
The
Blossom SQil cQntains considerable glacial material,
and numerous geQdes in the subsoil. The surface s~il is a heavy
brQwn clay loam. AIQng the stream are tWQ sets £If terraces. The
first is the flat tQP of the £lId plateau, and stands high abQve the
stream; the Qther is a mQre recent terrace, and rises 5-10 feet above
the valley flQQr. These lQW terraces have in mQst cases been
mapped with the valley. They cQnsist £If a very stiff white clay,
which is wet and unprQductive. CQrn will sometimes yield 35
bushels per acre £In this. It is toQ wet fQr timQthy, wheat, Qr Qats
tQ prQduce well. Buckwheat and flax grQW well £In these terraces.
These SQils Qwe their cQIQr tQ the absence £If bQth humus and ferric
hydrate. The SQil has been subjected tQ reductive maceratiQn
thrQugh the influence £If stagnant water; reducing the ferric hy
drate tQ ferrQus salts, Qxidizing away the humus and accumulating
the fQrm £If inert cQncretiQns the lime, irQn and phosphQric acid £If
the SQil mass. This land is called "crawfish" land, and it is very
CQmmQn to see crawfish mQunds thickly studded Qver such SQils.
This SQil may be imprQved with green manure and the use of phQs
phate. The best land in the valley sells fQr $50 and upward. The
imprQvements are fair. Water fQr dQmestic use is Qbtained frQm
wells dug in the valley flQw, and water is usually fQund at abQut 8
tQ 10 f~J;\'A ,Tge water js nQt first-class, £In account £If surface
seepage.~;~··· . / '.
,
The '~i~ C'l=eek valleys are IQW lying and wet. The clay SQil,
when wet, ~8 very tenaeeQus and is of a dark brQwn colQr, but when
it is plQwed andbecQmes dry it is £If a white cQIQr. If plQwed when
wet it Is very har.d tQ pulverize. CQrn yields from 35 tQ 40 bushels
per acre. In the upper valley, wheat willprQduce 10 to 12 bushels.
During 1907 there were four flQQds that did great damage ~Q the
Salt Creek valleys, by carrying away almost the entire surface soil.
. The land sells fr9m $25 to $55 per acre.
AIQng the fQQt hills is a strip £If land a few rQds in width which
is very '\Vet .~nd·mucky frQm the numerQUS springs and seepage
water from·t'b~ 'hills.

».

Looking east up the valley of the Middle Fork of Salt Creek, from
a point two and one-half miles west of Pikes Peak

Looking south from same point as above.
makes a curve to the south.

The creek here
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The timber growth of the alluvial soils consist of water and
white beech, white walnut, sycamore, elm, ash, wild cherry, paw
paw, willow and locust.
GLACJAL.

About 60 square miles of northern Brown County lies within
the drift covered region of the "first glacial invasion.' 'The prin
cipal part of the glacial material lies against the northere !::!! ;;lviJfi..
and only in a few places has any considerable amount been found
south of 'the Bean Blossom Ridge. Over the greater part of the
area the material has been carried down to the stream valleys and
underlies the more recent stream wash material. It is from these
stream deposits that are the source of the gold' found in Brown
County, As regards the upland soil, there are but slight modifica
tions due to glacial material, except in small areas.
GENERAL SUMMARY, .

In general the farmers of the county are satisfied with the re
turns from their limd. The average price of land is from $25 to
$35 per acre. The improvements range from poor to good. A
small percentage of the uplands are under cultivation, and yield
only fruit trees, hickory bark and railroad ties. In the greater part
of the county the necessar;v thrift and energy is lacking to get the
best results from the soil. Yet new machinery and farming tools
are being brought into use and progress is being made; however,
some corn is still planted by hand dropping and some wheat har
vested with the cradle, and occasionally a yoke of oxen may be seen
slowly wending their way into the county seat.
Red-top, wire grass, hog or steel weed, and plantin are very
troublesome.
A good cropping system, with an abundant supply of manuring
and a liberal supply of potash, together with the best care in culti
vation to prevent washing the knobstone soils of this county, may
soon be a paying investment. 'And with the introduction of the
up-to-date methods of agriculture and husbandry, grazing, etc.,
Brown County may readily in twenty-five years more than double
her agricultural wealth.
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LAWRENCE COUNTY.
HISTORY OF SETTLEMENT AND AGRICULTURAl, DEVELOPMENT.

Lawrence County was orgauized in 1818 and named in honor
of Capt. Lawrence of the Frigate Chesapeake, who was killed in
the battle with the frigate Shannon. In 1830 the 'county had a
population of 9,237; 1850, 13,000; and at the present time has a
population of 26,000.
The county contains 454 square miles, being 22 miles from east
to west and 21 miles in length. The civil townships are Shaws
wick, Pleasant Run, Perry, Indian Creek, Spice Valley, Marion,
Bono and Flinn.
.
The principal towns are Bedford, Mitchell, Oolitic, Heltonsville,
Huron, Avoca, Williams, Springsville, Tunnelton and Fort Ritter.
Bedford, the county seat, was laid out in 1826. It now has a
population of 7,000. It is the center of trade for a large agricul
tural district, and is also the leading city in the quarrying, saw
ing and cutting of the Oolitic limestone.
Mitchell, in the south central part of the county, at the crossing
of the B. & O. S. W. and the Monon Railroads, has a population of
1,772. It has a: large country trade, being located on the level land
of the Mitchell soil. The Lehigh Portland Cement Company has
two large mills at this place.
Heltonsville, with 525 inhabitants, is in the northeast part· of
the county, on the S. I. Railroad. It is principally a trading center
for this section of the county.
Tunnelton, Huron and Ft. Ritner are stations along the B. & O.
S. W. They are trade centers for the farming population around
them. All three have sawmills.
Springville has a population of 270. It is in the northwest part
of the county, on the B. B. branch of the Monon; is a trading
center.
Williams ·is on the S. I. Railroad, near the Martin County line,
and has 200 inhabitants. A large road metal and ballast quarry in
the Mitchell limestone is just west of the village.
Oolitic, -Peerless, and Dark Hollow, are villages in the vicinity
of Bedford, which owe their existence to the stone quarries. Other
stations and postoffices are Guthrie, Georgia, Yocky, Reeds, Shaws
wick and ,Rivervale.
There are in the county 600 miles of public roads, with almost
400 miles improved with gravel and crushed stone.

son.
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The :/:irst improved roads were built in 1895. The stream gravel
his been used far more extensively than the crushed stone, and gives
good satisfaction. On many of the roads the gravel is used as a
top dressing for the stone. Most of the roads south of the river are
built of Mitchell limestone. Those west of Bedford largely of lime
stone, and practically all in the eastern part are of stream gravel.
There is also much gravel along White River, but it is inferior to

the creek gravel for road purposes.
The county now produces about 900,000 bushels of corn, with an
average yield of 35 bushels per acre; 250,000 to 300,000 bushels of
oats, average about 20 to 25 bushels per acre; 130,000 bushels of
wheat, average 16 bushels; 15,000 acres of timothy are grown annu
ally, which yields 11,4 to 1% tons per acre. About 3,000 to 3,500
acres of clover produce an average of ] to 2 tons per acre and a
total of from 450 to 600 bushels of seed. The acreage of potatoes
is usually about 300 acres, and 40 to 45 bushels is an average crop.
Of other crops about 10 acres of peas are produced; 100 of water
'melons, and 2 .to 5 each of tomatoes and cantaloupes. Between
30,000 and 40,000 bushels of apples are produced in fair seasons.
More attention is being given to tobacco raising, about 30 acres
being reported in 1905, and nearly 75 in 1906. Lawrence is an ex
cellent fruit county and ranks fifth among the counties of the State
in the number of plum trees, having about 16,000 trees. While not
especially a live stock county, it ranks tenth in number of mulen
sold, about 700 annually. It also ranks among the leaders in its
poultry production, which is about 35,000 dozens annually.
PHYSIOGRAPHY AND GEOLOGY.

Lawrence Oounty.-" The rocks forming the surface of the coun
ty represent six geological epochs. The Knobstonecovers the
northern half of the northeastern fourth and a narrow strip along
the eastern border. The HarrodRburg limestone forms the greater
part of the eastern half, and where eroded through by the streams,
has exposed the underlying Knobstone in a number of the valleys.
The famous Indiana Oolitic limestone covers a narrow, irregular
strip just to the west of the Harrodsburg. The Mitchell limestone
occurs over the surface of a strip three to nine miles in width ex
tending from northwest to southeast, just west of the center, the
wider portion being in the area south of White River. The Huron
Gronp covers large areas in the northwestern and sonthwestern
portions, while the Mansfield sandstone forms the surface of some
of the higher elevations in the extreme southwestern corner.
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"On account of the presence of so many rock formations, the
surface of the county is exceedingly diversified. The eastern and
northeastern parts are undulating or gently rolling plateaus
drained by deep, narrow valleys, the central region north of White
River is hilly, and the western and southwestern is rough and
broken. Each of these divisions is covered with a soil almost
wholly formed from the decomposition of underlying rocks. We
consequently find the soil in the first, tenacious clay and sand; of
the second, a -calcareous clay, and of the third, principally silice
ous material, with an intermixture from both of the others. In
that part of the county underlain by the oolitic and the Mitchell
limestone, comprisiIig a broad belt about 12 miles wide, passing
centrally from northwest to southeast, sink holes are so numerous
as to form a striking feature in the configuration of the surface.
"The East Fork of the White River, which, with its tributaries,
drains the entire county, crosses the county from east to west in
a very meandering course a little south of the center. It is a broad,
clear stream, as large as the Wabash at IJRfayette, and flowing with
a rapid, strong current. From the north it receives Indian, Salt,
Leatherwood and Guthrie creeks, while from the south enter Sugar,
Fishing and Beaver creeks.' '*
SOILS.
IJawrence County has a great variety of soils, ranking next to
Monroe in number. 'l'here are seven general types, with many
local variations. Six of these general types owe their origin di
rectly to underlying geological formations and the others to stream
action. The following table will show the extent of each type:
Knobstone ........................... 75 square miles
Harrodsburg ......................... 90 square miles
Oolitic ............................... 15 square miles
Mitchell ............................. 175 square miles
Huron ............................ '"
65 square miles
Mansfield ............................ 10 square miles
Alluvial ............................. 25 square miles

1.

..~



KNOBSTONE AREA.

The Kuobstone soils lie principally in the northwestern part
of the county and along the streams of the eastern side. The gen
eral characteristics are the same as described under preceding

.w. S.

Blatchley. Report 1905. 913.
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counties. 'rhe close proximity of the Southern Indiana Railroad
has brought about some advancement, but a large part of the area
yet remains covered with a growth of shrubbery and second growth
timber.. Most of the large timber is gone, but large numbers of
railroad ties are cut and hauled to Heltonsville and Norman.
Jjand is valued at prices ranging from $5 to $50.
2.

HARRODSBURG AREA.

The residual soils of the Harrodsburg limestone rank second in
area in the county. The soils contain large ~umbers of geodes and
chert fragments. In the central part of the area the surface is
gently rolling, while around the edges the streams have cut down
through into the Knobstone and etched their way back into the
formation for several miles, in some eases leaving long, narrow
ridges capped with the limestone. The soils are considered among
the most productive in the county, and although the improvements
are not good as in some other localities, great advancement is being
made and the price of land is steadily advancing. The principal
roads are improved with crushed stone and stream gravel of a
most durable sort. Large amounts of commercial fertilizer are
used. Corn produces about 50 bushels per acre,. wheat 10 to 20
bushels, oats 30 to 40, and timothy and clover yield well. Little
attention is paid to stock raising and only a small amount of fruit
has been planted.
3.

OOLITIC BELT.

The residual soils of the Oolitic belt of limestone do not cover
as large an area as might be expected from the map, since, especial
ly along the streams, the Oolitic forms little more than rock out·
crops winding in narrow sinuous strips but producing very little
soil. In the larger areas the surface is gently rolling and present!'!
a most picturesque appearance. Generally the soils are productive
and are cultivated in the best manner possible, and good improve
ments have been made in other localities. Where quarrying is
the chief occupation, large areas have become practically worthless
from an agricultural standpoint. Railroad facilities for the area
. are good and most of the public roads are well improved.
The following table shows the mechanical analysis of two typi
cal samples of the soils of this area:
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HANICAL ANALYSIS OF OOLITIC RESIDUAL SOILS.
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THE MITCHEI,L AREA.

The residual soils of the Mitchell limestone occupy the largest
area of any type in the county. 'fhe typical topographic features
are best developed in the vicinity of the town of MitchelL The
area is that of an upland plateau, generally level, except for the
presence Of sinks. The sinkhole depressions are very numerous,
and lying just north of the town of Mitchell is an area in which
the sinks have been clogged and are filled with water and give tho
appearance of large marshes. Willows, cat-tails, water lilies and
other water-loving plants grow in abundance, and bordering these
sinks is the typical growth of sassafras and briars. Over most of
the area the soil 'has greater depth than in Monroe County and the
subsoil is more nearly free from chert and other impurities.
Large amounts of commercial fertilizer are used, also a great
deal of stable manure. Corn yields about 50 bushels on the av
erage, wheat 10 to 15 bushels, timothy and clov~r 1 to 2lh tons,
and some clover seed is threshed. Small areas are devoted to truck
farming. A great deal of fruit has been planted during the past
five years, and the Indiana Experimental Fruit Farm is also lo
cated in this area, south of Mitchell, near the county line, and just
east of the Monon Railroad. Here thousands of trees are planted,
including several hundred seedling apple trees for experimental
purposes. The greatest care is manifested in the care of the
orchard, in pruning and spraying, and methods of handling the
fruit. In 1907, when the fruit crop for Indiana was so near a
failnre, a large quantity of apples of the very best quality were
raised in this orchard. Meetings of the State Horticultural So'
ciety are held here and the interest manifested and the results of
the experiments should mean much for the county and the whole
of Southern Indiana, as to the value of fruit growing.
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The following table shows the results of mechanical analysis of
the residual soils :
MECHANICAL ANALYSIS OF MlTCHELL:SOILS.
I
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1.5
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.5

THE HURON AREA.

The Huron group, composed of limestones, shales and sand
stones, weathers into a varied topography and gives a soil of va
ried texture and quality. 'l'he sandstones and shales predominate.
so that the topography is as a rule much more broken than in the
limestone belt to the east. The ridges extend principally from the
northealit to the southwest and have long, moderate slopes to the
southeast and very steep slopes to the northwest.
The soil is a yellow loam, usually very sandy from the disinte
gration of the sandstone layers. At a few feet in depth it usually
grades into a white shale muck of strong acid reaction. Some ir011
ore concretions are often found in the subsoil. The soil is poor
and much of it is untilled. Practically all the slopes are over~
grown with second growth timber, in which oaks predominate.
Commercial fertilizer is necessary to produce good crops of the
common cereals. Some fruit is raised'and there is good oppor
tunity for development along this line.
The improvements are poor and the roads in such bad condi
tion that even if good crops could be raised it would be almost an
impossibility to market them rapidly and economically. This con
dition is unnecessary, as the limestones of the group are excellent
road materials and are easily accessible. The water supply is
rather poor, although there are some good springs along the out
crop of the limestones.
Corn produces from 20 to 50 bushels, wheat 8 to 15 bushels,
oats 25 to 30 bushels; clover grows well on the tops of the ridges
and timothy thrives better on the slopes and lowlands. Three rail
roads pass through thi~ Area and there are chances for great de
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velopments along special lines in this area. Land sells at prices
ranging from $10 to $50 per acre.
The accompanying photograph will show something of the to
pography of this area.

View in Huron topography. Overlooking Indian Creek from the west
near the Lawrence and Martin County line.

6.

MANSFIELD SANDSTONE.

The residual soils of the }Vfansfield sandstone comprise an area
of about ten square miles in the southeast part of the county.
These soils occur in irregular patches capping the highest hills.
The typical soil is a yellow sandy loam, underlain by a more tena
cious subsoil of a reddish yellow color, mottied with white.
These soils have always been considered of a poor quality for
general farming purposes, but their value has been somewhat in
creased by some experimental work and the liberal application of
fertilizers. Corn yields on the average about 30 bushels, wheat
10 to 12 bushels. The land is well adapted for grazing purposes,
except in the driest seasons, when the ground becomes parched and
water becomes very scarce. The Mansfield soils are described more
fully under Martin County, where the formation is the prevailing
type.
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ALLUVIAL SOILS.

The alluvial soils of Lawrence Oounty consist of the bottom
land along Salt, Leatherwood,Guthrie and Indian Creeks and the
east fork of White River j also a part of an old abandoned river
valley just east of Williams.
• The Salt Creek bottoms are on the average from three-fourths
to a mile in width, generally low lying and wet, and considerable
areas do not permit of successful cultivation. The parts of the
. a-re& whieh are drained produce excellent crops. The soil is a
sandy clay loam, with the clay predominating in the poorly.
drained areas, and such areas are termed "crawfishy."
.
Leatherwood and Guthrie Creek have bottoms with an average
width' of a half mile in their lower course. The soil is a sandy
clay containing considerable gravel, consisting of geodes, limestone
and sandstone fragments. The soil is productive. Corn and tim
othy are the principal crops.
Indian Creek has little bottom land except that occurring in
the meander curves. The soil is quite sandy and is planted in
patches of corn, potatoes, sugar cane, etc.
The valley of the east fork of White River is very narrow
through Lawrence County, averaging less than a quarter of a mile
in width. The soil is of a sandy clay with a loamy texture and is.
very productive. On the hills bordering the river valley are de
posits of sand occurring up' to a height of 75 or ] 00 feet, and al
ways on the side away from the current of the stream. Second
bottoms of small areas also occur along the streams. The sandy
areas are favorable for the growing of melons, vegetables and some
general crops. At Sandpit hundreds of carloads of this sand are
shipped away for ballast, etc.
The improvements through the alluvial area are good, most of
the roads are improved with crushed stone or stream grl'tvel, and
the lands usually demand. a good price; the question of economic .
drainage and the fear of damage from overflows are the greatest
drawbacks to this area.
GENERAL SUMMARY.

Lawrence County affords excellent opportunities in many lines
of agriculture. The greatly diversified character!;! of the soil make
them adapted to all sorts of crops.
Canning factories for the using of tomatoes, pumpkins and
(111
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corn would prove paying investments and would make of value
much land now of little worth.
Large amounts of planer dust from the stone mills are being
used as a lime application on the various soils with good results.
The most noted of these experiments are in cases where from 1,000
to 2,000 pounds per acre of the dust was applied to fields of alfalfa,
and clover, and as a result much better stands were secured than
in parts without the lime. This is a cheap source of lime for those
who have access to the mills. It is not necessary that all of the
lime be in the form of dust, but small fragments of the limestone
included will also improve the physical condition of the soils.
The county ranks tenth in the State in the growing of water
melons and there are in the county 52,500 apple trees, 27,000
peach trees and 27,000 of all other fruit trees.
There are in the county 75 factories which represent great
amounts of capital and employ thousands of men. The supplies
for these people must be furnished by the product... of agriculture,
and with this in view much more attention can safely be paid to
vegetable raising and the growing of small fruits. The demand is
great, but is now largely furnished from outside the county.
The railroad facilities are good; school advantages rank among
the best; roads are well improved; the natural resources, includ
ing the soils, are unlimited; rural routes and telephones reach all
parts of the county; and everything seems to be in tbe best condi
tion to promote tbe welfare of the rural communities.

MARTIN COUNTY.
HISTORY OF SETTLEMENT AND AGRIClJI,TURAL DEVELOPMENT.

Martin County, named in honor of Major Martin, a hospitable
and patriotic citizen of Newport, Kentucky, was organized in 1820.
It is about twenty-six miles in length by thirteen in width, and con
tains 340 sqnare miles. Its civil townships are: Baker, McCam
eron, Brown, Mitchelltree, Halbert, Perry, 'Rutherford and Lost
River. The population in 1830 was 2,010, and in 1850 about 5,000,
and at the present time 14,800. In 1850 there were in this county
nine grist mills, nine saw mills, two lawyers, nine doctors, six
preachers, and 126 merl1anics. The Rnrpllls artides for exportation
are corn, hay, flaxseed, pork and b(lef, and those, with staves, hoop
poles, etc., were shipped down the river to the value of about
$50,000 annually.
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Martin County produces about 600,000 bushels of corn annually,
but the average yield is not over 30 bushels. About 7,000 to 8,000
acres are sown to oats, but the average yield is again very low, being
from 20 to 25 bushels per acre. The wheat acreage is usually 8,000
to 9,000, and the average crop is 12 to 13 bushels. Timothy hay is
grown on about 13,000 acres and gives an average production of 1
to 1-14 tons per acre. Less than 2,000 acres of clover is gro:wn and
114 to 1112 tons is the ordinary yield. Of the minor crops the acre
age and yields are as follows: Potatoes, 300 acres, average yield 40
bushels; tomatoes 30 acres, total yield 900 bushels; peas, 10 to 15
acres; watermelons, 20 to 40 acres; cantaloupes, about 5 acres; to
bacco, 5 to 15 acres.
Considerable live stock is raised, but )!Iartin is not an important
county in this respect.
The principal towns are Shoals, Loogootee, Willow Valley, In
dian Springs, Mt. Olive, Buris City, Blankenship, Windom, Lacy,
Natchez.
.
Shoals, the county seat, has 1,013 inhabitants, and is situated
about the center of the county on White River, and on the B & Q.
S. W. Railroad. It is the trading center for a large portion of the
county. It has two sawmills, tw() grist mills, a novelty worksan'd
other small manufacturing establishments.
I..oogootee, with 1,382 inhabitants, is. in the west central part of
the county, on the B. & O. S. W. R. R. It is principally a manu
facturing town. It has a carriage factory, three glass factories, a
canning factory, grist mills and several other small concerns. The
volume of business has decreased since the failure of natural gas.
Indian Springs, Burns City, Blankenship and Mt. Olive are
stations and trading points along the Southern Indiana R. R. The
first two named have sawmills.
Windom, Lacy and Natchez are country stores and trading
points in the south part of the county.
Trinity Springs has several boarding houses and several guests
stay there each summer. It is in the central eastern part of the
county, eight miles northeast from Shoals.
PHYSIOGRAPHY fu~D GF.QLOGY.

The surface rocks of Martin County belong to three epochs, the
Huron of the Lower Carboniferous or Mississippian period, and the
Mansfield sandstone and coal measures of the Carboniferous or
Pennsylvanian period. The Huron group of limestone, shale, sand
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stone and conglomerates, cover most of the eastern· third of the
county, the Mansfield sandstone the major part of the remainder,
while the coal measures occur in the southwest part and.on top of
the ridges and hills of the Mansfield.
The streams, in cutting through the hard Mansfield and into
the softer Huron, have produced extremely steep slopes, and in
many p.laces there are almost perpendicular bluffs reaching a height
of 80 to 100 feet. Some of the highest and most famous of these
are along White River near Shoals. Altogether the topography of
the Mansfield area, where the streams have cut down into the

White River Valley looking north from Pinnacle, Shoals, Marlin County.

Huron, is probably the roughest in the State, the tops of the ridges
being 100 to 250 feet above the valleys.
Drainage.-With the exception of a small portion of the north
west part of the county, which is drained by Furse Creek into the
west fork, the whole county is drained by the East Fork of White
River and its tributaries. The East Fork enters the county north
of the middle of the east line and takes a meandering course to the
south and west, forms a part of the southern boundary and leaves
the county at the southwest corner. Indian Creek, Boggs Creek,
and Haw Creek are the principal tributaries from the north and
west, and Beaver Creek and Lost River from the south and east.

Mlt StJRV:BY OF MAR'rIN COtJNTY.

165

Economic Geology.-Over most of the county the water supply
is poor, but along Indian Creek and Sulphur Creek, at Indian
Springs and Trinity Springs, are mineral springs whose waters are
very similar to that of the famous springs at French Lick and West
Baden. Other important mineral products are coal (which, how
ever, seldom appears in workable deposits), and iron ore, which
occurs as concretions and veins in the surface rock. Tl}.e sandstone
of the Huron group and some of the Mansfield, is used in the manu
facture of grindstones and whetstones.
Natu,ral Scenery.-Among the bluffs along White River which
have already been mentioned, one of the highest is the "Pinnacle, "
near Shoals, the county seat. Here a high ridge of Mansfield sand
stone one hundred ninety-six feet above the level of the stream ter
minates abruptly within a few yards of White River. Large
masses of rock that have broken off lie around the foot of the ridge
in every position. From this point one obtains a good view of the
character of the topography of this region. To the northwest of
this ridge the formations have been cut through by disintegrating
forces and there has been left standing at some distance from the
head of the ravine a tall mass of sandstone, which has received the
name of "Jug Rock," from the 'fancied resemblance to an old
fashioned jug. On the upper side it is 45 feet high, and on the
down hill side is 75 feet high; it is capped with a hard projected
layer of harder sandstone. At the south of the deep-wooded ra
vine is "the Glen," an under-cut sandstone cliff with an intermit
tent cascade. A.cross a valley 'to the north is "House Rock," a
large sandstone cave, the entrance to which is about 35 feet high,
and the main room with an opening in the top is very much higher.
It is formed principally by the tilting of ~arge rock masses. The
sandstone in front of the cave is weathered into an elaborate fret
work. Other points of interest as one goes down the river are the
"Acoustic Rock," "Buzzards' Roost," "Hanging Rock," "Kitch
en-middings," "Shell Bank," and the Hindustan Falls.
SOILS.

Four soil types occur in Martin County. Three of these owe
their origin directly to the geological formations, and the alluvial
type, which has an area of 25 square miles, consists of three or four
types. The following table shows the extent of each general type:
Huron .............................. 40 square miles
Mansfield ............................ 200 square mile8
Coal measures .........•............• 75 square miles
Alluvial ............................. 25 square miles
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HURON AREA.

The Huron formation (overs an area of about forty square
miles in this county, comprising three principal areas in the east
ern side of the county-first, along the White River valley and ex
tending northward along Indian and Sulphur Creeks; second,
from Shoals in a northeastern direction in a narrow strip along
Beaver Creek; third, occupying a strip along either side of Lost
River for a distance of several miles, with snrall patchy. areas com
ing in along the streams from the east. 'fhe greater part of the
area consists of long, rather steep slopes toward the drainage leveL
These slopes for the most part can be cultivated rather successful
ly. The soil is a sandy clay, having a loamy texture. The im
provements are better than over most of the area in the counties to
the east.
Corn produces from 25 to 50 bushels, wheat 10 to 15 bushels,
oats about 25 bushels. Taken together, the slopes and lowlands
comprise good grazing lands, but only a limited number of live
stock are raised. Some fruit is grown and the soil seems. well
adapted to it. These soils, while somewhat productive and easily
tilled, must be handled with care to prevent washing and deple
tion by continual cropping.
2.

MANSFIELD ARE->\..

About two-thirds of the area of Martin County is included in
the Mansfield sandstone area. This sandstone is a rather coarse
grained, hard stone of considerable thickness. The topography is
very broken, as the sandstone weathers into very steep slopes and
in many places the streams have precipitous banks. The ridges
between the streams are broad and fiat-topped, and it is here that
most of the. tillable land lies. The slopes are too steep and the
valleys of the small streams are too narrow to be of much impor
tance.
The surface soil is usually a sandy yellow loam from one foot
to two feet in depth. This is underlain by a subsoil, which is about
the same color, but more clayey and tenacious. With increasing
depth the soil grades into a stiff, white clay, mottled with yellow;
at the base of the Mansfield the subsoil grades into a soft, mucky
shale at 6 to 10 feet. Sometimes considerable quantities of iron
ore concretions are' found in the subsoiL
This Mansfield soil is not very productive. Corn is often in
jured by dry weather and even in good seasons seldom produces
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more than 30 bushels per acre. Heavy dressings of commercial
fertilizer are used to produce good crops and this soon exhausts
the land, so that after a few years it is abandoned and grows up
in briars, sumach, pe~immons and sassafras. The chief cause for
this wearing out of the soils is due to. the removal of all crops from
the field and thus entirely doing away with the supply of humus.
Some of the farms on top of the fiat ridges are kept up by clover
j ng, but the use of commercial fertilizer is also extensive. The per
manent improvement of these soils might be brought' about by a
careful cropping system.
The improvements as a rule are poor. Very few roads are im
proved, and owing to the topography and sandstone outcrops, they
are very hilly and rough.
Most of the timber has been removed, and the greater portion
of the slopes and much of the table land is covered with a second
growth, consisting of different varieties of oaks. Very little ditch
ing has been done, but the sandy solland steep slopes make the na
tural drainage very good, and little of the land suffers from being
too wet.
Much fruit, prineipally apples and cherries, is grown in the
<!()unty, and there are splendid opportunities for ,development
along this line. The principal hindrance is the distance which
most of the produce must be hauled over the extremely rough
roads. In the south part of the county much of the fruit finds a
good market, at French Lick and West Baden. About 50,000
bushels of apples are produced in the county, of which the greater
portion is grown on the Mansfield area.
Prices of improved land run from $20 to $35 per acre, while the
unimproved and run-down farms are valued at from $5 to $25.
The following table will show the resnlt of the mechanical an
alysis of the Mansfield residual soil:
MECHAXICAL ANALYSIS OF

~rANSFlELD

RESIDUAL

SOlr.~,

.,;

:a

Locality.

.,;

a

Description.

'".S.,
k-.

I

1
"2

*2

JThrOO mUes N. of Blankenship, I\Iartin Co ...... " ..
North part of Baker Tp.,
l
Marlb, ('0 . . . . . . . . . . .

-Sample No.2 eoot.inOO some small

fragmeot~

£
~

~

Q

~
;;:

I

Sandy loam ..
Subsoil.. .....
Sandy loam.
SubsOil.. ..

.,

U2

i :& ig
.
of sandstone

. 11.3
.113.5
whlcb.~1s

I'

I.l
.4

.0 !
1.2 '

1.4
1.0

ol....d1..=gr.vel.

13.S ' 85.5
70,[)
25.6
IB.7
64.5
18.0
63.H
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3.

COAL MEASURES.

The residual soils of the coal measures occupy about 75 square
miles in Martin County. A large part of the area consists of iso
lated patches and ridges of the higher elevations, while in the
southwestern part the area of several square miles becomes of
much more even topography and of much greater agricultural
value. The ridges are fiat-topped and produce much better farm
ing tracts than the ~fansfield area. A typical section of the soil
taken from center section 17, Baker Township, is as follows: First
foot, sandy loam, few fr,agments sandstone; second foot, stiff,
sandy clay, with sandstone fragments and iron ore concretions;
third foot, stiff, sandy clay, with increasing amounts of broken
sandstone and iron ore concretions to eighth foot, where occurs a
layer of shaly iron ore underlain by a thin bed of coal, under
lain by alternations of shale and sandstone and coal. The sur
face soil in general is a sandy clay loam, and of a productive type.
The farmers are using considerable fertilizer on wheat and some
are beginning to use it on corn. Wheat yields 12 to 25 bushels,
corn 30 to 45 bushels per acre; oats,~timothy and clover yield well.
Rye makes a strong growth. It is planted for spring pasture and
then plowed under as fertilizer.
The principal water supply for stock is from artificial ponds,
and cisterns are used for water for domestic purposes. The na
tive timber growth consists of walnut, beech, white oak, gum, ash,
wild cherry, hickory, locust, mulberry, maple and persimmon.
Fruit trees grow and produce good crops. A large number of
peach trees have been planted during the past few years. The
greatest drawback to the development of these soils is the difficulty
with which markets can be reached. Land can be bought at prices
from $5 to $50.
The following table shows the result of mechanical analysis of
coal measure soils:
MECHANICAL ANALYSIS OF COAL MEASURE RESIDuAL SOILS.

-
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LoeaUty,
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1
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IN orth oentral part Baker 1
{ T~. Martin Co " '" . {
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Tp,. Martin Co .."

'Sandstone fragments.

Sandy red soU, "
Subsoil,,, ......
Sandy rod sod .. .
. J SubsoU,. ..

"
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,

os&:~
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1.6
,4

1.4
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~

r.o
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1.0
6.2
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1
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1.9
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36,S

~

"
I'«
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AI.J:,UVIAI, SOILS.

The ailuvial soils consist of sandy loaIDS along the White River
and Lost River valleys, with small areas along First, Indian, Sul
phur, Boggs, Beaver Creek and other small streams. The White
River valley through Martin County is very narrow, varying from
a half mile to less dian an eighth of a mile in width. The valley
is subject to frequent overflow, and for this reason the entire val
ley is plantedchiefiy in corn. Some clover, timothy and alfalfa
are grown, but it is usually difficult to obtain good crops because
of the wet condition. Wheat is grown successfully on the long
slopes coming down into the meander curves of the river. The im
provements along the valley are good. The valley of Lost River is
very narrow and the soils are only fairly productive. Along the
creeks named the soil areas are small, but adapted to a greater
variety of crops.
Some excellent farIDS are found in the alluvial area, and good
prices are secured for the land. The most progressive farmers
have part of their land in the bottoms and part on the uplands,
with the house, barn, orchards and pastures on the uplands and all
the bottoms devoted to grain crops. The soils do not require a
great outlay for fertilizers, although some is used-both commer
cial and stable manure.

GENERAL SUMMARY.

Martin County is commonly classed among the poor counties of
the State. As a county the agricultural development is in a back
ward condition, and the farming population is hampered for lack
of proper facilities and improvements to meet its needs. More
railroads, improved public roads, increased telephone service will
add much to the prosperity of the county. In parts the county
is in a prosperous condition and improved methods of farming are
finding a place.
•
Much profit could be made from the cheap lands in devoting
them to special crops, as tomatoes, pumpkins, sweet corn, etc., for
canning factories;. vegetable raising and growing of small fruits
for the market at distant points, as St. Louis, Cincinnati, Louis
ville and Indianapolis. The building of a north and south line of
railroad through the county would open. up great advantages in
this line. Each year Indiana pays other states over a million dol
lars for apples and large sums for other fruits. Such apples as

170

REPORT OF STATE GEOLOGIST.

call be raised in Southern Indiana are worth from $1 to $3 per
box and from 100 to 200 boxes can be grown to the acre.
There are in the county at the present time 53,500 apple trees,
25,050 peach trees and 66,696 of all other fruit trees. Many cher
ries are grown in the south and central part, and beside the local
use, are marketed for good prices at French Lick and West Baden.
Some parties in Shoals buy the "sulphur balls" from the
various coal mines of the county, and after removing the small
pieces of coal, ship the material to certain fertilizer companies, to
be used as an ingredient in fertilizers.
The White River valley presents the most picturesque scenery
to be found within the State, which, in fact, is probably not ex
celled in the Ohio valley. The natural scenery, with advantages
for drives, boating, etc., and the development of mineral waters,
offer a most attractive location for summer resorts or sanitariums,
which will not only add to the wealth of the county, but will ma
terially aid the agricultural pursuits.

ORANGE COUNTY.
HISTORY OF SETTLEMENT AND AGRICULTURAL DEVELOPMENT.

Orange County was organized in 1816, and was named after a
county of North Carolina in which many of the early settlers had
previously resided.
The county contains 400 square miles, being 20 miles square. It
is divided into nine civil townships, viz.: North East, Stampers
Creek, South East, Orleans, Greenfield, Paoli, French Lick, Jackson
and North West.
The population in 1830 was 7,909, and in 1850 about 12,000,
and at the present time about 18,000. In 1850 the surplus articles
of export were 30,000 bushels of corn, 20,000 bushels of wheat,
20,000 bushels of oats, 6,000 hogs, 1,000 cattle, 1,200 horses, IIDd
300 mules. There were in 'the county at that time thirteen grist
and saw mills, propelled by water and three by steam; three card
ing machines, eight tanneries, eighteen general stores, five groceries,
one printing office, two lawyers, thirteen physicians, twenty-five
preachers, 125 mechanics, one county seminary and seventy district
schools, in which 4,200 children were instructed about three months
in the year. Paoli then had a population of 400, and French Lick
and West Baden were not on the map.
The county now produces about 800,000 bushels of corn, with
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an average yield of less than 35 bushels; oats, 250,000 bushels, av
erage about 20 bushels; wheat, over 200,000 bushels, average 15
bushels. About 10,000 acres are in timothy meadow, which yield
about 1% tons per acre; about 3,000 acres in clover meadow, yield
ing about 1% tons of hay per acre, and a total of 800 bushels of
seed. Only about 70 acres are planted in potatoes, but they yield
an average of over 60 bushels per acre. The average of tomatoes is
usually about 60, and these yield about 13,000 bushels. From 20 to
40 acres of watermelons are raised; about five acres of cantaloupes
and five to ten acres of tobacco. An ordinary yield of apples is
about 40,000 bushels. Orange County ranks fourth in the State in
number of peach trees, about 45,000 being planted.'
The principal towns are Paoli, 'Orleans, West Baden, French
Lick, Orangeville and Stampers Creek, Youngs Creek and Leipsic.
Paoli, the county seat, is situated on the Monon Railway near
the center of the county. It has a population of 1,200 and is pleas
antly located-fifteen factories, mills and shops are established
here, inclnding flonring mills, lumber yards and a spoke factory.
It has connection with New Albany by stage line, which passes over
the New Albany and Paoli turnpike, which was owned by a privatf\
corporation and operated as a toll road until 1899.
Orleans, eight miles north of Paoli, is on the main line of the
Monon, C., I. & L .. division, and is a thriving town of 1,250 in
habitants. It has a dozen factories and shops. The French Lick
line of the Monon makes connection at this point with the main line
of the Monon, and trains between the two places are run every hour
of the day.
West Baden, with a population of 225, and French Lick, with a
population of 275, are located in the French Lick valley, and both
have been built up since the mineral waters of that region have been
so well known. Their importance are as summer resorts and each
has large, beautiful hotels for the accommodation of hundreds of
guests and thousands of people visit these places each year. The
livery business is a prosperous business at these resorts, and excel
lent drives are arranged in every direction, and the scenery is most
pictnresque. Other business enterprises are bottling works, flour
ing mills and lumber yards. The new line of the Southern Rail
road now connects these places with ,Jasper and points south.
Orangeville, in the northwest part of the county at the rise of
Lost River, has a population of about 100. Its chief industry is a
flour and feed mill, and it is a good country trading center.
Stampers Creek and Young's Creek each have a, populatioIl of
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about 100. Each has a flouring mill and the former has an es
tablishment for distilling liquors and fruits.
Leipsic is a little village in the northeast corner of the county,
on the main line of the Monon.
There are in the county 700 miles of public roads, with 192 miles
of improved roads of crushed stone and stream gravel. The first
improved road in the county was the old New Albany and Paoli
turnpike, completed as far as Paoli by the State in 1839 and later
turned over to a private corporation, which operated it as a toll
road until 1899, when Orange County purchased the eleven miles

French Lick Valley viewed from ridge southwest of .French Lick.

within her bounds for $11,000, and made it a free road. The first
road improved under the present law was the Orleans and Paoli
Pike, built in 1897. Rapid progress has been made in the road im
provement of the county and with the abundant supply of stream
gravel and the modern methods of construction, the county will
soon have a large percentage of its roads in excellent condition.
There are within the county three lines of railway. The Chi·
cago & Louisville line of the Monon passes through the northeast
corner, and the French Hck & West Baden branch of the Monon
passes through Paoli, the county seat, and has its termination at
French Lick. During the early part of 1907 the Southern Railway
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completed a line from Jasper, in Dubois County, to FienchLick,
and making connections with the Monon at the latter place. The
nearest railroad for the southeastern part of the county is along the
Southern at the toWns of English and Marengo, in Crawford
County.
PHYSIOGRAPHY AND GEOLOGY.

In Orange County three geological formations make up the sur
face rock. The Mitchell limestone covers the eastern two-thirds of
the northern part. The Huron limestones and sandstones form die
surface rock over the southern third, and a large area in the north
western part. The Mitchell area is comparatively level, but some~
what varied by numerous sink holes and irregular depressions. The
remainder of the county, especially in the south 'and western parts,
is very' rugged. Hig~, steep ridges and narrow winding valleys
are the prevailing surface features. :M:t. Arie, near West Baden,
and Burtin Hill, southwest of French Lick, are two of the highest
points within this area. The drainage of the county is by two
streams and their tributaries, Lost River, across the northern p'art,
and the Patoka River, across the southern part. Both streams have
very meandering courses and extremely narrow valleys. The gen
eral course of the drainage is from east to west. Lost River sinks
southeast of Orleans and flows by an underground channel with a
winding course for a distance of 12 or 15 miles, and again rises at
Orangeville. Tbe Patoka, after leaving Orange County, Widens its
valley very rapidly until just before joining tbe Wabash valley it is
fully two miles in width.
The French Lick and West Baden and otbermineral springs
bavean important place in tbe bistory and geology of Orange
County. The water issues from joints and fractures in tbe lower
carboniferous limestone at its junction with the Mansfield sand
stone. Tbese springs break out in a number of places along the
streams and wells have also been drilled and strong flows of min
eral water obtained.
SOILS.

Tbere are in Orange-four general types of soil, all having been
derived from the three geological formations discussed above. Tbe
fourth type, tbe alluviaI, comprises a small area and the n:Ul.teria.1s
of which it is composed are not far removed f:rom the point of' or
iginal formation. Tbe general types bave local variations which
will be discussed.

174

llEPOR.T OF S'rATE GEOLOGIST,

The following table shows the proportion of each general type:
Mitchell , .............. , ............ . 150 square miles
Huron .............................. . 190 square miles
Mansfield ........................... . 55 square miles
Alluvial ....... , ..................... .
5 square miles

1.

MITCHELL AREA.

The residual soils of the Mitchell limestone cover about one
third of the entire county. The area is for the most part level, ex
cept along the western and southern edges, where the surface
becomes somewhat rougher, due principally to the increased num
ber of sinkholes. The soils of the level areas are the most valuable
soils found in the Mitchell formation. They are deep, easily tilled,
and productive. The rougher parts are not so uniform in char
acter and contain large amounts of chert and other impurities. In
these places the soils wash badly and become grown up with sassa
fras, sumac and briars.
The typical soil is a clay loam of a yellow color with an average
depth of 8 to 14 inches. Near the Huron contact the soil contains
considerable percentages of sand from the sandstone of the for
mation; in the cherty areas the soil in some places becomes very
gravelly.
Corn yields from 40 to 60 bushels, wheat 12-20 bushels; clover
and timothy produce good hay, but in many places it is difficult to
obtain good stands. Some experiments are now being made as to
the needs of the soil and some helpful suggestions may be given
out at a later time. The special need seems to be lime and potash;
the amount of organic matter is also very low and good systems of
green manuring would be very beneficial.
A great many live stock are raised and the chief source of water
is from the clogged sinkholes.. Poultry raising is carried on to
some extent. The direct communication of the area' with Louis
ville and West Baden and French Lick gives good outlets for a
surplus of farm. garden and live stock products. Several farmers
are engaged in dairying and this also adds to the value of their
farms by feeding all crops raised on the land and thus returning
to the soil a large part of the material used in the production of
the crop.
The following table shows the result of mechanical analysis; .
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MECHA..'HCAL ANALYSIS OF MITCHELL RESIDUAL SOILS.

1 Two miles east 01 Orleans... .
Two miles east of Orleans.. .
2 Near OrangeviUe.......... .
2 Near Orlll\geviUe.......... .

1

. 5 5.0
.8 10.0
.5 5.0
.7 12.0

Surface.................... .

Subsoil.................... .
Surface................... ..

Subsoll................... .

2.

93
87

90.3
79

HURON AREA.

The Huron formation covers almost one-half of the county.
The ruggedness of this area stands out in contrast to the level
Mitchell area to the east. 'l'he greater part of the area is yery
rough, but the flat tops of the ridges afford some good tillable land
and the slopes are well adapted to grass and fruits. The soil is a
sandy clay loam, grading from a fine light yellow to· dark brown
color. Corn, wheat and clover grow wen on the tops of the ridges.
Millet and alfalfa are also grown. 'l'he soil of this area has the
general characteristics of this type of soil as discussed on preceding
pages. The following table shows the result of mechanical analy
sis of Huron residual soil:
MECHANICAL ANALYSIS OF HURON RESIDUAL SOILS.
.

i
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I

Description.

Locality.

N. W. of Onmgeville.....
1 N. W. of Oran""ville.....
2 East of W..t Baden .....
2 East of West Baden ....... :

3.

..
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l ~ ~ £
.3
4.0
1.0
3.0

12
10

:ol
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Surface........ .. ..
...
Subsoil... ....
Surface... , ..... .... ..
SubsoU... . , .. ,. .....

lil

~

ttl

z

1

1

..,,;

.7

.5
.5
1.0

1.0

2.5
2.0

10
8
12

1.5 i 10

...

~

12
10

i
~

C3

.."


'"
:ii

""

75+

74
73
78.4

M..<l..NSFIF..LD .AREA.

The Mansfield occupies an irregular patchy area of over 25
square miles, on the tops of the higher ridges in the western part
of the county. There are no special developments or advantages
to mention from this area in addition to the discussion already
given for the type.
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4.

ALLUVIAl••

The alluvial soils in the county are of small extent and of little
importance. The only bottom soils to be considered are along Lost
River, small areas in the meander curves, extending from Orange
ville west to the county line. The most of these patchy areas do
not exceed an acre or so, and are planted to various crops, as gar
den spot~, melon patches, pumpkins, corn, etc.
The Patoka River;' also has a very narrow valley through the
county, but widens rapidly farther west.
GENERAl. SUMMARY.

Orange County is large in area, but has few general soil types,
yet. with great variation in topography; productions, and natural
vegetation.
Until within the past few years the railroad facilities were poor,
and only few public road improvements were made until recently.
The c~mpletion of the new line of the Southern Railroad. from
French Lick to Jasper in 1907, gives the county an outlet to the
south and may have a decided influence on the southern part of
the county.
The following table, showing the average climatic conditions
for a period of fifteen years, as compiled at Marengo, Crawford
County, will serve as a basis for Orange County:
Mean temperature ....................... 56° Far.
Highest temperature ... . . . . . . . . . . . . . . . . . . 106° Far.
Lowest temperature ..................... _28° Far.
Mean precipitation ...................... 57.6 inches
~verage depth of snow...................
20 inches
~verage number of rainy days. ...........
97

The corn crop of the county in 1907 was greatly damaged by
hail and wind.
The marked improvements which have taken place during the
past ten years give an encouraging outlook for far greater develop
ments in the next decade. Many farmers from northern coun
ties have come into this county in the past few years and bought
farms in the rougher parts of the county, and an interest is being
aroused in these low-priced lands.
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COUNTY.

HISTORY OF SETTLEMENT AND AGRIOULTURAL DEVELOPMENT.

WasbingtoIi County was organized in 1813. This county is one
of the largest in the State, being 25 miles in extreme width from
north to south and 25 miles in greatest length from west to east,
with a total area of 523 square miles. The civil townships are Mon
roe and Gibson in the north, Franklin in the east, Wasbingtonj
Central, Jackson in the south and Posey, Vernon and Brown in the
west.
The population in 1830 was 13,072, in 1850 about 18,000 and at
the present time about 20,000. The surplus products of the coimty
in the early days consisted of corn, wheat, flour, beef, pork, hay,
oats, tobacco, timber, live hogs, cattle, horses, mules, etc., estimated
to be worth $300,000 annually. These products were conveyed to
market either by flatboat or wagon, and the stock were driven to
southern markets until the new railroad was completed from New
Albany to Salem, about 1850, and a few years later was extended
on northward. There were at that time in the county 25 saw mills,
20 grist mills, ten carding machines and two cotton factories, two
printing offices, which issued weekly papers, 40 general stores, 22
groceries, six lawyers, 30 physicians, 18 ministers and about 300
mechanics. Carriage and wagon making and the construction of
carding machines were carried on extensively. There were .120
schools and 44 churches in the county. Salem at that time had a
population of about 1,200.
The county now produces about 1,000,000 bushels' of corn, but
the average yield is less than 40 bushels. Oats, 500,000 bushels, av
erage per acre about 25 bushels; wheat, 400,000 bushels, with an
average of 18 bushels per acre, and in 1905 the county ranked fifth
in the State for average yield of wheat, with 21.60 bushels per acre.
The average of'timothy meadow is 15,000, yielding on the average
114 tons. Clover meadow, 3,500 acres, yeilding from one to one
and a half tons, and producing annually about 500 bushels of seed.
About 350 acres are planted in potatoes each year, and the average
'yield is about, 50 bushels. The county ranks :fifth in the growing
. f tomatoes, with an average of about 800 to 1,000 acres annually
'during the past three or four yean;!. Four canning factories in the
county take care of the crop. A few acres each year are planted
in watermelons and tobacco.
Washington County ranks among the first in the growing of
[12]
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apples, pears, peaches and plums.. In has about 90,000 apple trees
and in 1907 the yield was good, considering the year, and in 1906
the yield was 90,500 bushels. Pear trees, 16,000; peach, 40,000, and
a considerable acreage of plums and a large number of young
cherries.
In the southern part of the county, berry culture is beginning to
gain some prominence.
Dairying is carried on to some extent and a large number of
cattle are sold each year. Many horses are marketed and the coun
ty stands among the first in the raising of mules. Several sheep
and a large number of hogs are raised, and the raising of poultry is
on the increase. There are in the county more than 50 factories
and mills of various sorts.
The principal towns are Salem, Campbellsburg, Saltillo, Canton,
Little York, Pekin and Fredericksburg. A number of small vil
lages are Hardinsburg, Fayetteville, Martinsburg, New Phila
delphia, South Boston, Livonia, and Lesterville.
Salem, the county seat, is situated near the center of the county
and is on the C., I. & L. division of the Monon Railroad. The town
has a population of 2,000. It has a beautiful court house built of
oolitic stone, and the school facilities are good. There are 20 or _
more factories, shops and mills in the town. The growth in the
past few years has been slow but substantiaL The location and sur
roundings are snch that with increased agricultural wealth of the
county the town should grow to considerable size.
Campbellsburg, situated on the C., I. & L. ten miles northwest of
Salem, has q. population of 700. It is a thriving agricultural town
and has a half dozen or more shops and factories, including a
canning factory for tomatoes.
Saltillo is a railway station one and a half miles northwest of
Campbellsburg, and has a population of 200. It is chiefly a trad
-ing center for the surrounding country.
Canton, with a population of 275, is situated northeast of Salem.
A canning factory is also located at this place.
Little York, in the northeastern part of the county, has a popu
lation of 225. The principar business is a lumber yard and a
canning factory.
Pekin, in the southeastern part of the county, is on the Monon
Railroad, and has a population of 175. It has a lumber yard, flour
ing and feed mill and a canning factory for canning tomatoes. It
is a successful little trading center and shipping point for small
fruits, berries, etc., which grow well in that section.
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Fredericksburg, in the southwest corner of the county, has a
population of 275. It has a flour and grist mill, harness shop, and
has an establishment which publishes newspapers and does job
printing.
Hardinsburg, in the southwest corner of the county, has a popu
lation of 210. It is a country trading center, but has no mills ex
cept a sawmill.
Martinsburg has a population of about 90, and has an exchange
for flour, meal and feed. It also has a lumber and shingle mill.
It is located in the southeast corner of the county.
Livonia, in the western part of the county, has a population of
200. It has a good country trade and also does some lumber busi
ness.
'l'he transportation facilities of the county are very poor, the
C., 1. & L. (MjJnon) being the only railway within its bounds. This
crosses the county in a northwest-southeast direction, passing
through Salem, the county seat.
The county has about 1,500 miles of public roads, but until the
last few years but little bas been done in the way of road improve
ment, there now being but 120 miles of improved roadway, not in
cluding eight miles of the old New Albany and Vincennes turn
pike, owned by private cQl'poration and operated as toll road. Most
of the roads have been improved with crushed stone and after up
to-date methods. Stream gravel has been used on about 11 or 12
miles of the road, but is 'not as satisfactory as the stone. There is
an abundant supply of good road material, both gravel and stone.
The county offers great advantages in agricultural pursuits, es
pecially in the growing of fruits and tomatoes and in dairying and
sto(lk raising. Good land can now be bought at very reasonable
prices and will yield good returns. With the increase in taxation
from improved lands will come more improved roads and added
railroad facilities.
CI,IMATE.

The following table, compiled from Weather Bureau records,
shows the ~ormal monthly and annual temperature and precipita
tion taken at Salem and at S(lottsburg, just east of the area of this
survey:
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NORMAL MOll'THLY AND ANNUAL TEMP~'l'IJ~ AND l'RECIl'ITATION.
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PHYSIOGRAPHY AND GEOLOGY.

The rocks of five geological epochs form the surface of Washing
ton County. First, thelinobstone, covering a large area in the
northern part and about one-third of the eastern part; the Har
rodsburg limestone covers considerable areas in the southeastern
and central parts, and extends . to the northeast, principally on the
higher hills and ridgcs. 'l'he Indiana oolitic occupies a narrow
winding strip in the central part, forming a belt between the Har
rodsburg and Mitchell; the Mitchell limestone covers the north
western part of the cotmty and the western third, except about 8
or 10 square miles in the southeastern part, which is capped with
remnants of the Huron.
That part of the county lying within the Mitchell area is gen
erally level and comprises an important agricultural area. The re
mainder of the county, with the exception of the regions of the
Muscatatuck, is very rough and broken. In the knobstone region
is a series of deep, narrow valleys, from 150 to 300 feet deep, from
'.. one to five miles long and separated by fiat-topped, narrow divides.
Cuts in the crests and abrupt ridges give rise to the knob topog
raphy.
The drainage is through the East Fork of White River and the
Muscatatuck. The main tributaries leading into these streams are
Clifty, Twin, Rush, Buffalo, Delaney and Elk Creek. The eastern
and south parts of the county are drained by the three branches of
Blue River. These branches unite near Fredericksburg, in the
southern part of the county. Blue River, in all its forks, is a mean
dering stream, with sharp curves, and has practically no valley.
A part of the central western part of the county is drained by
the head water of Lost River.

SOIL SURVEY OF WASHINGTON OOUNTY.

SOILS.

ot

Six principal soil types are found in Washington COlULty.
iJ
these, five are derived from the wea,thering <lfthe underlying geo
logical formations. The sixth or alluvial type, which consists of
two or three varieties, occurs in the low, flat bottom lands and is
derived from material deposited by the streams and the wash from
the surrounding uplands. The following table shows the extent
of each of the types:
Knobstone ........................... 150 square miles
Harrodsburg ......................... 75 square miles
Oolitic ............................... 20 square~ tnllQ8
Mitchell ............................. 230 aquare mUell
Huron .....•.....•................... ' 10 square miles
Alluvial, clay muck, white clay, clay
loam and silt loam. . . . . . . . . . . . . . .. 40 IIquare miles

THE KNOBSTONE SOILS.

These soils consist of two main types, a silty clay loam and a
sandy loam. The silty loam ~ of a light gray color and the more
sandy areas grade from a light yellow to brown color. In their
topographic features and productions and general characteristics
the soils are the same and will be treated under one description.
The soil is from 8-12 inches in depth and numerous iron concre
tions are scattered ovcr the surface; below 12 inches the soil grades
into a light yellow or mottled silt loam, and at greater depth into a
compact sandy Clay, containing larger concretions and fragments
of sandstone.
~
The topography of the area is very rough and broken, especially
in the southeastern part, where the hills attain a height of 200·300
feet abQve the streams. The numerous small streams that traverse
the area are adequate to carry off the surface water in times of
heavy rain, and very little tile draining has been done; however,
tile drains improve the conditions for most crops. If cultivated in
a wet condition, the soil dries out rapidly and bakes into clods which
are difficult to pulverize.
.
Careful management and cultivation are necessary to keep these
soils in a productive state ahd some system of crop rotation is very
important, as the continual cultivation of one crop eiuses depletion
of the soil. Green manuring-is the best means of fertilization, but
commercial fertilizer should be freely applied.
These soils are adapted to corn, wheat, oats, clover, timothy and
tomatoes, and abundant yields are often produced, Corn yields on
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the average about 30 bushels, wheat 12 to 15 bushels, oats 20 to 30
bushels. Clover aI\d timothy produce from one to two tons per
acre, and clover seed yields from one to three bushels.
The soil is especially adapted to tomatoes, small fruits, vege
tab1es and all early maturing crops. The rough, hilly portions are
wen suited to larger fruits. IJarge yields of apples and peaches
have been secured from the orchards now bearing. Grapes grow
well and could be profitably grown for the markets.
MECHANICAL ANALYSIS OF KXOBSTONE, SILTY CLAY·LOAM AXD SANDY LOAM.

No.
600
600
615
615

LOCALITY.
W... hington
W... hington
W..hington
Washington

County... .... Knob. silt
County." .... Subsoil....... "
County... . .
,Knob.sandy I'm. i
County.. . .
SubsoiL ........ !

THE HARRODSBURG AREA.

The Harrodsburg residual clay covers about 75 square miles and
are covered in the northern part to the tops of the hills and wind·
ing ridges. Larger areas are found in the central and southeastern
parts and occupy more level and lower tracts, and are of more ag
ricultural value. In general the improvements are good. The
general characteristics and productions of these soils are the same as
described under the Harrodsburg soil of preceding counties.
MECHANICAL ANALYSIS OF HARRODSBURG RF.8IDUAL SOILS.
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TUE INDIANA-OOLITIC.

The Oolitic belt in Washington County occupies about 20 square
miles and extends in a narrow, winding strip through the central
part of the county. Although small in extent the Oolitic belt pre
sents the best improved area within the county. Along the north
fork of BIue River the long gentle slopes to the streams yield ex
cellent cropsllno the farm'! are well improved, good farm houses,
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large barns, dairy herds, good horses, mules and numbers of hogs
add to the interest as compared with the poor regions to the· east.
The roads are· being rapidly improved and the latest machinery
and farm tools are being used. Good apple orchards are planted
and a large number of Winesap and White Pippin apples are
planted, and in 1907, when the apple crop was so near a failure
through this section, these varieties gave good yields. The best
part of this region lies near the county seat and has every ad
vantage to become well developed and gradually increase the agri
cultural value of the county. Corn yields on· the average 50
bushels; wheat from 18-25 bushels; oats about 35-40 bushels, and
timothy hay produces from one and one-half to three tons. The
blue grass pastures are typical of the formation.
THE MITCHELL SOILS.

The residual Mitchell soils comprise the largest area within the
county. The surface is generally level or slightly rolling. The
area is the original table-land of the Mitchell formation. The soil
is a clay loam of a yellow color and has an average depth of 10-14
inches. The subsoil is a compact clay of a darker color and usually
contains cherty fragments in some places of sufficient quantity to
be termed gravelly.'l'he area is of great agricultural importance
in this county. Drainage 1s an essential thing to secure good crops,
although both the surface and underground drainage are well de
veloped. Corn yields as high as 60 bushels in favorable seasons;
wheat 10 to 20 bushels, oats are only fair. Within the past few
years a large acreage of tomatoes has been successfully grown.
Some fruit is grown on this type and there are no reasons why this
should not be a great fruit producing region. Stock raising is on
the increase, and some farmers are beginning to make a specialty of
pure breeds. The improvements are good and the farms are good.
and usually of larger size than in other types. Land sells at from
$50 to $100, and can be made to pay well on the investment.
THE HURON SOIL.

The remains of the Huron formation within the county includes
about ten square miles in the southwest part of the county, on the
points of highest elevation. These soils are derived principally
from the sandstone members of the Huron and are of a yellowish
red 'medium sand, containing sufficient clay and silt to be somewhat
loamy. The region is rough, but mostly admits of cultivation.
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M,LUVIAl, Sorr,s.
Clay Muok.-Along the narrow portion of the Muscatatuck val
ley, where the knobstone hills come down near the stream, the soil
which has been derived from the wash from these hills is a stifi
gray clay muck. It is very wet and of little value from an agricul
tural standpoint.
White Clay.-The white clay area forms a narrow, winding
strip along the foot hills of knobstone along the Muscatatuck val
ley. This clay is cold and wet and in the subsoil contains numer
ous small irony concretions and gravelly fragments. It is poor in
humus and is continually receiving a coat of lifeless soil from the
hill slopes above. Topographically, this soil may be considered a
low bench terrace.
/
Clay Loam.-The clay loam type occurs along the forks of Blue
River. The streams have a very meandering course, and long slopes
and steep blul:1:s come down to the streams and the valley is very
narrow and occupies only a part of the meander curves. The soil
is a rich clay loam and is used principally for the growing of pota
toes and other garden vegetables and tobacco. Along Blue River
are some of the most beautiful landscapes in the county. The bor
dering slopes and uplands are well improved and the whole repre
sents progressive farming on a hilly and rolling surface.
Silt Loam.-The silt loam occupies an area of about 40 square
miles bordering the Muscatatuck River, and is locally known as
, 'the fiats. " The same type extends up the valleys of the principal
tributaries and gradually grades into the white clay strip as the
hill line is approached. The silt loam area is low lying and has a
very gently rolling or level topography. In some places a narrow
ridge of slight elevation extends along the immediate bank of the
stream, and occasionally small, sandy areas are found along the
streams; numerous ponds, bayous and old stream beds and swampy
depressions are scattered over the area. The soil of these wet
places is somewhat heavier than .the typical silt loam. The silt
loam has been formed from material deposited by streams at times
of overflow, mingled with the wash material from the upland.
The sand of the part of the area near the upland has been brought
down from the adjoining hills. The soil has an average depth of
8-10 inches and consists of a gray to light brown silty loam, which
becomes heavier with depth. It contains varying amounts of me
dium to fine sand and a large quantity of small iron concretions
mixed with the soil and strewn over the surface. These are due
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to the poor drainage condition,. and the action of stagnant water
has reduced the ferric hydrate to ferrous salts, and the lime,
phosphoric acid, etc., which the soil has given up are formed into
concretions. These concretions increase in size and number with
depth, and the subsoil becomes a heavY mottled silty or clay loam
somewhat gravelly from the large number of concretions. Local
variations occur over the area, but are not of sufficient extent and
importance to be discussed separately.
The natural drainage conditions of this type are very poor.
The small streams have but slight fall, and during heavY rains
they spread out over the' adjoining bottoms, yet there is sufficient
grade to admit of successful tile draining, and the land would soon
be drained sufficiently after the floods had passed to admit of cul
tivation. The agricultural value of these lands depends largely
on the successful drainage. The soil when drained is sufficiently
fertile to yield excellent crops, while the poorly drained areas can
be devoted to but little use except the growing of grass.
In the well-drained area corn will yield 45 bushels per acre,
and in a favorable season will yield as much as 60 bushels. Wheat
yields 18-20 bushels per acre, but little is sown on account of loss
by heavy rain. Oats will yield 25 bushels, but the soil is not
adapted to oats. Tomatoes yield 5-6 tons per acre, and timothy
produces 2-3 tons per acre, and clover does fairly welL Thus we
see the soil is best adapted to corn and timothy.
The native timber growth principally is oak, hickory, beech,
sycamore, elm and ash.
The following table gives results of mechanical analyisis of
the soil and subsoil of the silt loam of the Muscatatuck area:
MECHANICAL ANALYSIS OF SILT·LOAYS.
No.1
610

I

LOCALITY.
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Wash. Co. ~uscatatue~ y.:~ Silt loam........
Subsoil .........
Silt loam.......
Subsoil. ......

~~ ;::: &:: =::~t ,'<
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Gravel.
1.2
1.5
.4
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Coarse ! Medium
Sand.
Sand
3.0
2.5
1.5
1.4

Fine

Sand.
8.4

l.5
l.5

1.0
1.0

7.5

8.2
i

8.4

I

Slit.
65.6
63.4
55.3
57.3

Clay.
2tl.5
24.2
34.6
31.2

GENERAL SUUUARY.

Washington County on the whole may be said to be a good agri
cultural countY. With its diversified soil types it admits of all
branches of agriculture.
The Harrodsburg, Oolitic and Mitchell area are well improved
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and are inviting to the most enterprising farmers and fruit grow
ers. The soils of these types are very permanent soils, and when
proper care is used do not lessen in value by continual cultivation.
In the Knobstone area many of the hillsides, where the topog
raphy is most broken, are too steep to be successfully cultivated,
and, as a whole, less of this type of soil has been developed agricul
turally than any other soil in the area; but the greater part of
these soils cultivated give fair yields of corn, oats,. wheat, rye, tim
othy, clover and tomatoes, and the value of fruit growing cannot
be overestimated. The constant cultivation of the land in the
growing of tomatoes seems to benefit these lands.
Alfalfa has been successfully grown on small areas, and it has
been shown that a very good grade of tobacco can be grown on the
soil. Sorghum has also been raised with profit.
Timothy is, extensively grown on the poorly-drained areas of
the silt loam, and produces a greater tonnage than on the uplands.
The corn crop on the silt loam is planted late, after danger of
heavy rains, and usually matures before killing frost comes.
The county is favorably located for reaching good city markets,
but the great drawback in this region is the lack of railroad facH
Wes. It is probable that wi-thin a short time other railway or
interurban Hnes will traverse the county and add much to the
value and progress of the county.
JACKSON COUNTY.
HISTORY OF SETTl,EMENT AND AGRICULTURAL DEVELOPMENT.

This county was first settled in 1809, by parties from the falls
of the Ohio and from Kentucky. 'When they first came to the
county they met with a few French traders, who complained that
the trade with the Indians had been ruined by the war. Thes~
Frenchmen left the county and probably went to Vincennes.
Among the first Americans who settled in the county and whose
names are still prominent were H. and .A. Rogers, Abram Miller,
.T. B. Durham, James Hutchinson, Thomas Ewing, John Ketcham,
W'illiam Graham, Abram Huff, Thomas Carr, and Alexanner
Craig.
"In 1812, the Indians became troublesome, and some of the
settlers removed to escape their wrath; others sent their families,
but remained themselves. They built a little fort for their defense.
which alone saved them from the 'Pigeon Roost' massacre, where
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in 1812 twenty families perished beneath the tomahawk. 'l'his lit
tle fort wail frequently besieged, but always held out. The I11
(lians, however, drove off all the horses and cattle and otherwise im
poverished the settlers.
"During the War of 1812-14 several persons were shot and
killed or wounded in this county. The Indians were very hostile,
and kept a close watch for an opportunity to pick off the settlers.
However, the only battle fought in the county during the war was
at Tipton Island in 1814. There were about 50 Indians opposed
to thirty whites, but they were quickly dispersed, leaving one or
two killed upon the field. This encounter was conducted by Gen·
eral Tipton, the Commander."*
The county was organized in 1815 and named in honor of Gen
eral Andrew Jackson. In the following spring the county seat was
located at Brownstown, which received its name in honor of General
Jacob Brown, who distinguished himself in the War of 1812.
Brownstown was laid out in the woods, aud in consequence the
county seat was temporarily located at Vallonia.
Very soon after the organization of the county the population
increased greatly, and general improvement was pushed forward.
In 1830 a number of Germans settled in the eastern part of the
county. They were a very enterprising class of people and have
done much to promote the general welfare of the county, and today
many of the wealthy and well-to-do people of the couuty are de
scendants of these early German settlers.
The surplus produce of the early settlers was shipped down
the East Fork of Driftwood River in flatboats or taken to differ
ent points on the Ohio in wagons and then on flatboats to the
southern and eastern markets, but after the completion of the
Ohio and Mississippi Railroad, now the B. & O. S. W., the trade
of the county was carried to Cincinnati.
The agricultural advantageil of the county rank it among the
best in the State. The soil is of various types, well adapted to the
production of grains of all kinds, fruits and melons. The con
stant increase in population and the continued increase of the
surplus products of the county show that its agriculture is in an
improving condition.
There are in the ~nty 650 miles of public roads, with 500
miles well improved~h crushed stone and gravel. The red
creek gravel and the gravel deposits of White River are the gen
·Goodrich and Tuttle's HllItory of Indtana, 1876.
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eral sources of road material. Only about ten miles of the im
proved roads have been built of limestone.
Jackson County contains about 520 square miles, and has a
population of 27,000. It is divided into eleven civil townships,
viz.: Driftwood, Grassy Fork, Brownstown, Washington, Jackson,
Reddington, Vernon, Hamilton, Carr, Owen and Salt Creek.
The principal towns are Brownstown, Seymour, Vallonia, Me
dora and Crothersville.
Brownstown, the county seat, is located on the B. & O. S. W.
Railroad and has a population of 2,200. It has a fair court house
and good school facilities.
Seymour is the largest town in th,e county and has a population
of 6,500. It is a good railroad center, and has every appearance of
thrift, and is pressing forward in all valuable industries and im
provements.
Vallonia has a population of 400, and is located on the B. & O.
S. w. Railroad. It is the shipping point for the agricultural prod
uce of the surrounding country. Hundreds of carloads are loaded
here every year.
Medora is also situated on the B. & O. S. W., five miles west of
Vallonia; has a popUlation of 625, and is also chiefly an agricul
tural village of some importance.
Sparksville, with a population of 150, is also located on the B.
&O.S.W.
Situated along the line of the Southern Indiana Railroad are
the little villages of Norman, Kurtz, Freetown, Surprise, Cortland
and Reddington. Of these Freetown is the largest, having a popu
lation of about 250. Surprise is a little station with about 30 in
habitants. The others range from 100 to 200 in population. These
places afford trading points for northern Jackson County, and give
the nearest railroad facilities for southern Brown.
Houston is a little village in the northwest part of the county
with a population of 120. It receives a considerable amount of
country produce, which is hauled to the railroad stations.
Crothersville, in the southeast part of the county, is situated
on the Pennsylvania Railroad. The town has a population of 750.
It is a good coUntry trading center. Two canning factories af
ford a ready market for all tomatoes gro~ in this section. About
500 acres of tomatoes are annually grown ijj' the county.
Rockford, with a population of 150, three miles north of Sey
mour, and Chestnut and Retreat, to the south, with a population
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of a. fewfamilie~ each, are other stations along the Pennsylvania
line.
Tampico, with a population of 150, is located in the central
southern part of the county, and receives the general trade from
that section and the valley of the Muscatatuck.
The county is traversed by three railroads. The B. & O. S. W.
Railroad crosses from the southwest corner to near the northeast
corner; the Southern Indiana crosses through the northern half
to Seymour, and has a branch line north and east, making connec
tions with va.rious other lines; the Pennsylvania line runs north
and south through the eastern edge of the county. All these roads
center in Seymour. All have good passenger service and heavy
freight traffic. An interurban line, just completed, gives good
connection between Louisville, Seymour, Columbus and Indian
apolis.
The greater part of the county was formerly covered with val
uable timber, very little of which now remains. The productive
and easily cultivated soils of the valley areas rendered this part of
the county better adapted to general farming purposes than the
more broken areas of the northwestern part. The agricultural
wealth of the county has probably increased 50 per cent during
the past 12 or 15 years. Corn, oats, wheat, clover, timothy and
vegetables are grown on almost every type of soil, and the rougher
parts are well adapted to fruit growing, and the sand areas are
especially suited to the growing of melons.
In 1907 the county produced 1,620,164 bushels of corn, 554,540
bushels of wheat, 453,848 bushels of oats, 6,396 tons of clover,
13,744 tons of timothy, 29,140 bushels of tomatoes, 27,100 bushels
of potatoes and 471 acres of watermelons and 226 acres of musk
melons.
Considerable interest is manifested in county and state agri
cultural and historical organizations. Telephones and rural routes
cover the county. Improvement is shown on every hand, and rapid
progress is sure to continue.
PHYSIOGRAPHY AND GEOLOGY.

The western two-thirds of Jackson County is ,the southern ex
tension of the knobstone plateau which includes all of Brown
County, and the physiographic features of this section are much
the same as in the former county. The small streams ha.ve carved
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deep" V" shaped valleys into easily-eroded shales and sandstones..
The general trend of these valleys and the ridges is from north- .
east to southwest.
In the northern part of the county the valley of the East Fork
of White River forms the eastern boundary of the hill region.
White River enters the county at the northeast corner and flows
southeast until joined by the Muscatatuck at a point six miles
east of the Lawrence Oounty line. After its junction with the
Muscatatuck the river flows almost directly west, forming six miles
of the southern boundary.
The valley varies in width from eight to ten miles at Seymour
to about four miles at Vallonia. The principal tributaries are the
Muscatatuck, which forms most of the southern boundary; White
Oreek from the west, and Rough's Oreek from the southeast. The
Muscatatuck has a very narrow valley on the Jackson Oounty
side. Its principal tributaries are Vernon Fork and Grassy Fork,
which enter from the northeast.
In the south half of the county the knobs extend east of the
valley. The foothills to the south and east of these knobs spread
out into a broad table-land covered with white clay, which reaches
almost to the eastern border. A belt about six miles wide along
the eastern border is thinly covered with glacial material, which
is in too small quantities to affect the topography except in the
case of Chestnut Ridge, a long ridge of drift which starts in Jaek
son Township and extends southwest through Washington Town
ship into Grassy Fork Township. Its width is from one-fourth
mile to one and a half miles.
As has been said, most of the surface rocks of the county are
those of the knobstone group. Along the western side some of
the hills and ridges are capped with remnants of the Harrods
burg limestone, and the deep red color of the soil and the pres
ence of crinoid stems show that the same limestone once covered
a much larger area than it does now. Along the eastern border
a belt of from one to three miles in width is underlain by the New
Albany black shales of the Devonian Period, but there are few out
crops and there is no marked change in the soil or topography.
SOILS.
There are five general soil types now within the county. Each
of these have local variations which will be described under the
various types. Three of the general types are derived 'fr6H\ t~-~
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weathering of the geological formations; a fourth is due to the
glacial invasion and presents same marked characteristics within
this area; the fifth, the alluvial types, are due to three agencies:
stream action, glacial invasion, together with the mingling of the
residual material. The following table gives the area of each type:
Devonian ........................... . 25 square miles
Knobst';;ne ....'...................... . 200 square miles
Harrodsburg ........................ . 15 square miles
Glacial .-0 ••••••••••.••••••••••••••••. 10 square miles
Alluvial
160 square miles
DEVONIAN SOIL.

The Devonian soil lies in a narrow belt along the east edge of
the county. The surface is level and usually shows traces of glacial
material, but not in sufficient quantity to affect the character of
the soil to any great extent. The soil resembles the knobstone soil
but is of le&"! sandy texture and of a lighter yellow color than the
knobstone of the ridges.'
KNOBSTONE SOIL.

In general characteristics the knobstone soils of Jackson County
resemble the same soils in the counties previously discussed (see
especially Brown and Monroe counties). There is a larger pro
portion of the white clay of the low hills and terraces. This white
soil is predominant in the southeastern part of the county and is
used extensively in tomato growing. The soils are generally more
productive than the knobstone of the other counties, and conse
quently the farms are as a rule better improved. Much better use
is' made of the creek gravel, which is common in all the streams of
the area, than in the other counties, and the roads are above the
average for so hilly a region.
HARRODSBURG SOIL.

Only a small part of the county is covered by the Harrodsburg
soil although on the western border much of the soil is slightly af
fected by the presence of soil from the Harrodsburg which haq
been altogether eroded from the hilltops. As in the other counties.
the soil is a stiff, red, somewhat sandy clay, which usually pro
duces good crops of hay and wheat. A full description of thi"
type of soil may be found in the general discussion of Indi/mn
Soil Types.
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GLACIAL SOIL.

A large area in this county has been affected more or less by
the invasion of the ice sheet, but the soils have been but little in
fluenced by the glacial material except in an area of about ten
square miles, where there has been a ridging or piling up of the
drift. This is a long, irregular ridge from 5-20 feet in ,height ex
tending in a north and south direction throughout the eastern part
of the county south of the river and extending into the northern
edge of Washington County. It is called Chestnut Ridge, and is
composed of clay, sand and gravel. Some drift material is found
sparsely scattered over'the eastern third of the county. The upper
course of the East Fork of White River has been changed by gla
cial action.
'
ALLUVIAL SOILS.

White Cla,y.-Just east of the hill line is a belt of white clay
land from one-half mile to one and one-half miles in width. The
north part of this belt is drained by White Creek and is known
locally as "the White Creek Slashes." White Creek is a meander
ing stream almost in the valley floor, and has little fall, so that
much of this soil is subject to overflow during the spring.
The soil is a white clay, very stiff when wet, and extremely hard
when dry. 'rhe subsoil is still more compact and is mottled with
yellow and brown. Owing to.its extreme hardness when dry, tIle
land must be worked while wet. The most valuable crops are
clover and grass. Corn does well in moderately wet seasons, but
in dry the soil becomes so hard that it can not be well cultivated.
However, the summer of 1907 was too wet and the corn was badly
damaged. Ditching would greatly improve the soil, especially the
clay soil along the hills, which is very wet since it receives the
water from the hills to the west. Ditching is hardly practicable
on account of the high level of White Creek. Through part of
Hamilton Township a dike of five to six feet in height has been
constructed along the east bank as protection against freshets.
Brown Sandy Loam.-Between the white clay and the true bot
tom soil is a strip of brown, sandy loam from one to two miles in
width. This is a very loose sandy soil of a few feet in depth,
grading along the west side into a more compact dark subsoil, but
into glacial drift along the east side. It is very productive; corn,
the principal crop, usually yields fifty to eighty bushels per acre.
Clover is grown extensively and does well. In the south part of
the county several acres are devoted to the growing of muskmelons
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and nutmegs. They are reported as giving a return of about one
hundred and fifty dollars per acre of an ordinary season. The
farms. in the loam belt are much better improved than those on
the knobstone and clay lands. The sandy soil also produces better
in moderately wet seasons, as it is so loose that it dries out rapidly.
Valley; Soil.-Th& sandy soil grades into the true valley soil,
which is a black, sandy loam, although the percentage of sand is.
less than in brown soil. Glacial gravel underlies much of this soil,
especially along stream courses. The crops are much the same
alit Oft the-- broWn soil; corn does better in dry seasons but is more
injured by wet. Clover is used for hay and for enriching the
larid. Wheat produces twelve to eighteen bushels per acre, and
corn some better than on the sandy soil. Little commercial ferti
lizer is used on any of these soils.
Most of the timber has been removed, but some woods remain,
which are composed principally of white, black, red and burr oak,
swamp and gray ash, paper birch, yellow and tulip poplar, water
elm, scarlet maple, cottonwood, sycamore, black and sweet gum;
hickory and black and white walnut.
The price of the clay lands runs from $20 to $50 per acre ac
cording to location and improvements; the brown sandy loam from
$50 to $100 per acre, and the valley soil somewhat higher ..
FINE SAND AREAS.

On the east side of the river is a belt of the true valley soil
somewhat narrower than on the west side. Back of this is a belt of
a peculiar sand land. This belt is one to three miles wide in Red
dington Township, widens to about four miles in .Jackson, narrows
ro about a mile in Brownstown and again widens to three or four
~
' .
miles in Driftwood.
This soil is of a lighter coior and more sandy texture than the
brown loam on' the west side. Its surface is somewhat irregular.
being thrown into rounded knolls. The regular crops are raised
with fair success, although the soil is not so productive as the true
valley soil or the brown loam.
This area is especially famous on account Qf its production of
melons. Over five hundred acres of watermelons and one hundred
acres of canteloupes were planted last year. They yield well, and
while the expense and labor of raising them are heavy, they are
usually a very paying crop. Vallonia is the center of the melon in- .
dustry and is the principal shipping point, although heavy ship
[13]
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ments are made from l\fedora., Brownstown, Seymour and Rock
ford. Several hundred carloads are shipped from these point~,
principally to the Cincinnati and Chicago markets. An accom
panying photograph shows the method of handling and loading
melons at Vallonia.
GENERAL SUMMARY.

Jackson County ranks as one of the best agricultural counties
in the State. The knobstone soils which cover most of the county

Delivering 'watennelons for shipment at Yallonia, Jackson County.

do better and are better improved than is usual with this type of
soil. The alluvial soils, especially the sandy soils and the loam,
are unexcelled for corn,' wheat and clover. The improvements
on these soils will compare favo~ably with those of any portion of
the State.
The prices of land are from $5 to $30 for the knobstone ridge
soil, $20 to $80 for the white' alluvial cJay and terrace clay and
$80 to $120 for the valley soils.
The'roads are, as a rule, well improved; some of the ridge
. roads have been laid out by professional engineers and go over or
around the ridges with the least possible grade.

By Wm. Tuell, .I::Irowustown.

W1\termelons ready for shipment, Vallonia. Jackson County. Twenty-five loaded cars were on swit.ch in addition to 40;000
melons on ground.

196

REPORT OF STATE GEOLOGIST.

Stock raising is an important industry, about 600 horse!! and
the same number of mules being sold annually. The number of .
horses in the county is about 5,000 and of mules about 2,500.
About 3,000 cattle and 20,000 hogs are sold annually.
There are over 100 factories, shops and mills in the county, in
cluding two canning factories,. numerous grist and flouring mills,
one meal and hominy factory and one commercial fertilizer fac
tory.

•

\

A Soil Survey of Decatur, Jennings, Jefferson,
Ripley, .Dearborn, Ohio and Switzer
land Cqunties,· Indiana.
By L. C. WARD.
THE TERRI1'ORY.
The territory embraced in this r~port consists of the seven coun
ties above mentioned, lying in the southeastern corner of Indiana.
The area is bounded on the south by the Ohio River, on the east
by the State of Ohio, and on the north and west by the limiting
lines of the counties named above. With the exception of Decatur
County, a common bond of geology justifies the consideration of
. this territory in a single report.
The work done is an attempt to classify the soils of the terri
tory on the basis, first, of their origin, and, secondly, their physi
cal and chemical composition. The methods, in the main, are those
used by the Soil Survey of the United States Department of Ag
riculture; and wherever possible the system of nomenclature used
by that ,survey has been followed. '
GEOLOGY AND PHYSIOGRAPHY.

No discussion of the soils of a region can be intelligently begun
without some discussion of its geological history, and the subse
quent effects of weathering, stream action and other agencies which
have operated to make it what it is. These will be considered
in detail in connection with the descriptions of the soils by coun
ties. But it seems desir:able here to consider these subjects in
their general relations with the area as a whole. . This general
description must be understood as applying to all the region ex
cept Decatur County, which, in two-thirds of its area, is entirely
different from the remaiitder of the territory.
Geologically,. the regibn under discussion forms part of the
western side of the Cinc¥tnati dome, a name given by geologists.
to an island which: arose' from the ancient interior sea, and has
probably been land ever since. This dome is elliptical, with its
(197)
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long axis nearly north and south, with the present city of Cin
cinnati not far from its focus. On this western side the rocks dip
to the west at an inclination of from 10 to 60 feet per mile. The
surfa~e, however, rises toward the west, perhaps because of the in
creasing resistance of the rocks, in an ever greater degree; hence,
in traveling from Cincinnati to Batesville, in Ripley County, a
distance of fifty miles, one rises gradually from a height of about
475 feet above tide to about 1,050 feet. ,As a whole, the area is a
plateau, with an average elevation of about 900 feet above sea
level-a plateau with its highest levels in the northern part of the
area, sloping off to the south and east, gradually, until within a
mile or two of the Ohio River,' and then abruptly sloping down
into the valley of that stream, BOO feet or more in a distance of
four or five miles. This plateau is underlain with limestones and
shales, beveled to a small degree where they outcrop. These, in
order, beginning with the lowest and oldest, are as follows:
(1) The Trenton formation, which has been mapped as a nar
row ribbon in the ,extreme southeastern corner;
(2) The Dtica shales, exposed in the deepest valleys near the
Ohio;
(3) The Ilorrlline limestone, which is the principal outcrop
ping formation for 10 to 20 miles back from the Ohio;
(4) The Hudson River group, the upland limestones and
shales between the last-mentioned group and the Niagara;
(5) The Niagara, a hard limestone which extends in a belt
averaging 15 miles in width from the river to the northern limits
of the territory;
(6) The Corniferous limestoQe, a narrow strip just above the
Niagara, and,
(7) The New .Albany shales, which are the surface strata on
the western border ()f the region.
The first four groups are commonly known to geologists as
members of the Ordovician or Lower Silurian series, and the last
three as parts of the Upper Silurian strata. The arrangment
of these strata 'Can best be understood by reference to a good geo
logical map of the State. The influence of each formation will
be considered in detail in connection with the counties in which
it occurs. Suffice it to say here, that the Niagara limestone is
the backbone of the entire area, a resistant stratuin furnishing a
pronounced divide between the softer rocks on each side.
Mention must be' made here, also, of the glaciation of this re
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gion. Any map of the United States, representing its condition
during the great Ice Age, shows the terminal line of the glacier as
just touching the Ohio Valley near the southern border of our
area. If the reader .will understand by this line, a boundary, not
of the iee itself but of certain results of glaciation, it is, no doubt,
nearly correct. But of the actual presence of the ice within the
limits of these counties there is very little evidence, except in the
extreme northern portion. Probably the greatest influence of
the glacier upon this area lay in the depq;ition, from the waters
escaping from it, of enormous quantities of silt, sand and gravel,
partly in terraces along the Ohio River, but mainly as a great
sheet of yellow "loess" oyer the .greater portion of the plateau.
Physiographkally, the region is a dissected plateau, with the
master stream, the Ohio, just approaching matm-ity_ The Ohio,
in its course along the ~outhern border, flows in a rather deep
gorge, averaging perhaps 300 feet in depth_ The stream fills
practically the entire gorge floor, flood plains being fonnd only
at intervals on the inner sides of the bends. Of course, with the
principal river not yet possessed of flood plains, one shonld not
expect very extensive valley floors along the tributary creekR. As
a matter of fact, these smaller streams all flow in narrow, deep
valleys, in some places near the river veritable canyons. Very
few of them have bottoms at all commensurate with the size of
the current. It is probable, aiso, that where bottoms are found
they are due mainly to the influenee of glaciation. Very nearly
all of the Ohio valley floor is made up of gravel and sand terraces,
of which the composing material is entirely glacial. Along Laugh
ery, Muscatatuck and numerous smaller tributaries the soil of the
bottoms is found to contain many glacial pebbles, and sand and
loess from the neighboring hills. It is certain that in the extre~e
southern border of the area, where one would naturally expect the
8tl'eams to show their greatest development of valley floor, no
bottom ground o-::curs. In this portion of their courses, however,
the creeks have little material to carry, since the valley sides are
largely stone. Farther up, the hill tops are mainly loose clay, sand
and loam-material easily ('roded by the active rills of the uplands,
but carried in flood times into the more gently-sloping larger val
]l'ys in such quantity that mu('h of the suspended material must be
laid down as alluvium.
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CLIMATE.

From the agricultural standp<?int, the climate of this region is
very favorable. The average date of killing frost is nearly a week
later than in northern Indiana, and late spring frosts are not so
likely. The Ohio valley has its beginning of spring at least two
weeks earlier than Huntington or Ft. Wayne, as I have deter
mined by the collection of data as to the times of blossoming and
"leafing out" of common trees and wild flowers. The total an
nual l'!J.infall averages' not far from 40 inches-an amount suf
ficient for all crops likely to be· attempted in this region, without
irrigation. Flew seasons are too wet for the majority of crops,
but once in every five or six years an extraordinarily dry August
injures late maturing crops, as corn or late potatoes.
In the collection of samples for chemical analysis, no account
has been taken of county boundaries. The aim has been to obtain
a fair average specimen of each soil type. Thus, for the Miami silt
loam, eight samples were taken from widely different points in
its occurrence, and these thoroughly. mixed. From this mixture
a sample was chosen which presents the average characters of thiR
soiL For the mechanical analysis, on the other hand, the samples
were tested by counties. If a soil thus tested differed in no great
particulars from a previous test of the sanul type, the test refers
back to the previous test. When there is a divergence, a second
table is included in the report.
JEFFERSON COUNTY.

The extreme length of this county is 26 miles, east to west; its
breadth 23 miles, north to south. Its approximate area is 360
square miles. Madison, the county seat, is in the southern end of
the county on the ,ohio River, and on a branch of the Pennsyl
vania Railway lines-the old J., M. & I., the first railroad in the
State. The extrem~ western side of the county is crossed by the
IJouisvilie branch of the B. & O. S. W. Railway.
CLIMATE.

The records of the Weather Bureau, compiled at Madison, show
the average annual temperature at that point to be 55.7° Fahr.,
with a range ()f from 31.5° F. in February to 77.9'; F. in· July.
The average annual precipitation at the same place is 40.96 inches,
with a range of from 2.06 inches in October'to 4.86 inches in
March. On the uplands in the north of the county, the tempera
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ture is perhaps 2 0 lower. These conditions· of temperature' and
precipitation are sufficient for any ordinary farming; and taken
in connection with the early spring and late fall of this section of
the State, this county is, from the climatic standpoint, one of the
most favorably situated in the State.
GEOLOGY AND PHYSIOGRAPHY.

Within the borders of this county are represented all the strata
mentioned in the opening section except the Trenton. The eastern
third of the county is underlain by the Utica shales, Lorraine lime
stone, and Hudson River group of mixed limestone and shales. All
three of these formations are more or less shaly. with intercalated
beds of thin, hard limestone. On the whole, however, all are soft
and easily worn. A belt averaging about 8 miles in. width, ex
,tending north and south aCross the county, has for its underlying
rock the Niagara limestone, a hard resistant stratum,' whose wear
ing qualities are respoIlBible for the great upland region iIi this
county. Above the. Niagara comes the Corniferous limestone, al~
most as hard, with the New Albany shales, a much softer forma
tion, for the cap-rock on. the western border. On all of the up
lands tbere are traces of glacial action, very faint in most of the
county. These traces consist for the most part of occasional frag
ments of glacially-transported pebbles, and the presence of certain
soils whose origin is hard to explain as a result of mere rock decay.
Physiographically, the Ohio River has been the greatest factor
in the bringing about of the present appearance of the land. ~his
great stream, in cutting its gorge down through the rocks, has
carried the minor tributary streams with it. These, therefore, are
now found occupying deep, narrow valleys, incised often 300 feet
beneath the surface of the uplands. The other factor. of impor
tance has been the resistance of the Niagara limestone. This rock
has so well protected the uplands that the streams have been able
to do relatively little sidewise cutting. The topography, then, of
the greater part of this county may be described as the resultant or
these two factors-a gently-rolling interstream upland, cut deeply
by narrow, steep-sided gorges-essentially a youthful topography:
SOILS.
Five types of soil have been mapped in Jefferson County.
Four of these have been derived from the decomposition of the
underlying formations, with perhaps some glacial action. One of
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the four, the Miami silt loam, is perhaps entirely glacial, and an
other, that mapped as limestone upland, has been only slightly in·
fluenced by glaciation. The fifth soil consists entirely of material
deposited by the Ohio River in its flovu plain, or, in the smaller
streams, of deposited material plus some wash from the neigh·
boring hillsides. These soils, arrange~ in order 'of amount pf ter
ritory occupied, are:
Volusia silt loam ..................... 161 square miles
Limestone. upland ......... , , , , , ... , .. 126 square miles
Miami silt loam ....... ,., ...... , ... ,. 41 square miles
Waverley silt and grllvelly loam.", , .. 13 square miles .
19 square miles
. Scottsburi silt loam ..... , ......... ,"

THE

SCOTTSBURG SnJT LOAM.

This type of soil· occurs very sparingly in Jefferson County,
forming oval or nearly circular patches of from 10. acres to 1,200'
acres in exten.t on the highest points of land in the western part qf
the county. It is a light-colored soil, in the summer when dry be
ing almost white. When wet it is gray or drab in color. At
depths of 8 to 15 inches th'is color gives place to a slightly yellow
subsoil, sometimes mottled with drab and' darker yellow. In places
there is considerable sand; but for the most part sand is absent,
and the soil in such places is very much like a stiff clay, This
soil type is easily recognized by its nearly white color, by its stiff
ness and by its flatness. The tracts of this soil are in many places
so flat as to be swampy. Where the patches are small, indicating
advanced erosion, little streams have worked their way into the
swamps and drained them; but in the larger tracts, say 100 acres
and up, even in June swampy, marshy places are common. The
native forest in su::h places consists of the water loving trees of
southern Indiana-€ l m, black gum, sweet gum, beech and black
hickory.
This soil is called by the farmers "thin." It undoubtedly is
poor farm soil, so poor that much' of it is still uncleared. This
stiff, tenacious soil is slow to part with its water, and consequently
is too wet for the plow until late in the season. On the other hand,
only 15 inches down is a bed of clay, almost impervious; and in
July or August, if drought should come, plant roots could find no
moisture in the subsoil, Therefore this is a bad soil for dry SU111
mel's. If it is to be cultivated at all, probably the best scheme is
to tile thoroughly, thereby securing early summer plowing; and
then to plant to such crops as mature early.
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When this soil is tirst cleared, a few good crops can be ob
tained, until the meager supply of humus .is exhausted. After
that stage is reached, careful rotations of clover must be m,ade to
obtain anything like fair yields. Thus, on one such area, corn
yielded 30 bushels per acre for three years, and then dropped to
10 bushels. Wheat and grasses do better than corn, if enough com
mercial fertilizer be used, since these crops are harvested before
dry weather begins. Clover does fairly well, and should be sown
every third year to keep this soil in even fair condition. The
most profitable crops, however, seem to be tomatoes, garden veg
etables, and small fruit, but this is due probably to the fact that
gardens are usually kept in better condition than the larger fields.
Taken all in all, this soil is poor, and Jefferson County is for
tunate in possessing so little of it.
VOLUSIA SILT LOAM.

'fhis soil is one of the most important of the county, being sur
passed in general agricultural virtues only by the limestone up
land to the east. This soil lies almost altogether to the west of a
line passing ,through Bright's, a village on the J" M. & I. Rail
way. It is recognized as a fair farming soil, adapted to most of
the crops usually attempted in this region. It forms the surface
soil of the western part of the county, except where the Scotts
burg caps the higher hills. . It· is ,formed by the decay of the
New Albany shales, and thus lies well east of the present outcrops
of that formation, over ground where it formerly existed, The
p.vidence that this soil resulted from the decay of the shales is
tbe presence in both of great numbers of peculiarly-shaped brow:Q
iron concretions. These, in the beds of the smaller streams, are
so numerous as to form small gravel banks; and they have been
llsed to a limited extent in road repair work.
. The Volusia is a brown soil, sometimes, however, yellowish
\\"hen dry. A t depths of two or three inches it is invariably brown,
and the color increases in depth with the depth of the soil. In the
surface, sand is present in noticeable quantities, very fine in tex
ture. At depths of 8 to 12 inches the soil gives place to the sub
soil, light red or yellow in' color, stiffer than the surface and
with less sand. With increasing depth practically all of the sand
disappears, leaving a heavy, tenacious clay which grades into
shale at depths of four to five feet. Throughout the entire depth
iron concretions are met, more numerous at the top. The shale be
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neath contains these cOf:.cretions also, but not nearly so numerously
a& the weathered clay. This fact points to' the theory that ma.ny
feet Qf the shale must have been decomposed to yield one foot of
the soil and subsoil.
The topography of the Volusia area is rather broken. The un
derlying Corniferous and Niagara formations have served to pro
tect the uplands from great erosion. Consequently, to a depth
of about 30 to 40 feet below the general surface, the hillsal'e
rounded and the valleys rather open. When once the streams get
through the harder. rock upon the softer shales below, they cut
almost straight down with steep-walled, deep valleys. The effect
upon the drainage is good. Practically all the area covered by this
soil is well drained naturally, and the deep gorges rapidly carry
off surface waters. Where the underlying shale is close to the
surface, along the steeper upland slopes, crops suffer from
drought, but on the majority of this soil body there is little danger
in average seasons. Corn averages here 32 bushels, wheat 18
bushels, oats 27 bushels and clover 1.5 tons per acre. Tomatoes
thrive,and garden truck generally: Careful cultivation and sys
tematic rotatiou pays well here, as upon most elay lands; and the
figures given above are often exeeeded by those farmers who mix
brains with their fertilizer and care with their crop rotations.
Since this soil and the Scottsburg silt loam occ!lr in the same
district, it has seemed well to place together tables showing the
mechanical composition of the tWb soils, side by side, for compara
tive purposes:
Volusia .silt Loam.
Soil ............
SubSOil
"
~

.......

Imm+
Gra.vel.

.1.lmm+

.08mm+

.04mm+

Sand.

Very fine sand.

Silt.

Clay.

2.4%
.7%

16.2%
9.9%

5.4%
8.2:'

66.2%
56.3%

10.7:6
26.2%

60.4
70.4

15.6
18.7

.scottsbUrg .sm
Soil .......... .
Subsoil ..........

1.1
.5

12.6
5.7

.OO1Tmm+

Lo(~m.

11.7
6.6

The principal differences are in the content of gravel, (which is
practically all iron concretions), and in the colors of the two soils.
There is yet another physical difference, which does not come out
in the table, namely, the tel,lacity. The Volnsia, probably because
of its higher sand and concretion content, is a rather loose, crum
bly soil. The Scottsburg loam, on the contrary, has a tendency
to pack into hard lumps: Probably the great difference in the
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farming value of the lands is traceable to this physical difference
in the soils.
THE LrMESTONE UPLAND SOIL.

This somewhat' awkward name has been applied locally for
years to a certain class of soil in this and neighboring counties,
and. adopted in this report, although it is not recognized in the
Soil Primer of the U. S. Department of Agriculture. It is used
here because no other designation -could be found whicn could be
made to apply. In J efi'erson County this soil is second in e~tent
and a very close second in farming value to the Volusia, if, in
deed, it does not surpass that soil. The name is used to designate
those !"oils which have been formed from the decay of limestones,
without much admi~ture of shale products. On the western bor
der no hard and fast line can be drawn between this r~gion and
the Volusia. Indeed, there is a belt, some half-mile in width,
which is a mirture of the two. The criterion of separation of the
two is the presence or absence of chert or flint pebbles. The
Niagara, in its upper layers, is rather thickly studded with chert
concretions, while these are almost entirely absent in the over
lying rocks. It is obvious, then, that if a soil is found containing
many flint pebbles, it must have resulted largely from the decay
of the flint-bearing rock; and all soils containing these in quan
tity have been called Limestone Upland. In the eastern portion
of this area the flint pebbles are absent, but the soil contains many
rock fragments and fossils exactly like those still in place in the
stream beds of the vicinity.
SOIL CHARACTERS.

In attempting to aescribe this soil one must recognize two rc
in the area covered by it. The difference is partly topo
graphical and partly due to the difference in th~ composition of
the rocks whose decay produced the soil. The western half of this
belt, comprising those soils produced by the decay of the upper
members of the Niagara, is a gently-rolling upland, with none of
the hillsides too steep for cultivation. Back from the river six
or eight miles the streams occupy 'open valleys, and the ground
may be plowed almost· to the creek banks. Near the river the
creeks have cut through the Niagara, and· below that formation
have steep7sided gorges, whose walls can not usually be cultivated.
O!l this portion (the western half) of the Limestone Upland thc
soil is red. It is distinctly redder than the brown Volusia, and
gion~

206

REPORT OF STATE GEOLOGIS'l'.

wmewhat more compact. At· depths, of 10 to 20 inchee this red
soil gives place to an orange-colored or yellow subsoil, the differ
ence in color between soil and subsoil depending upon the extent
of oxidation of the iron so plentifully contained in the soil. Peb
hIes of flint occur abundantly, forming a sort of gravel, which
tends to keep the soil open and porous. These pebbles are angular,
'and vary in size from a hickory nut to a large egg. This soil is
strong, capable of raising great crops of the usual farm products
of this region. In average seasons corn runs here 45 to 55 bush
els, wheat 18 to 20 bushels, clover 2 tons or more and timothy 1.5
tons per acre. Drought has little effect upon this soil, since mois
ture penetrates the entire depth of soil and subsoil. The rolling
character of the land renders tiling unnecessary in 99 per cent of
the area. This is a limestone soil at its best.
The eastern portion of the Limestone Upland, to a distance of
five miles, approximately, from Indian Kentuck, is occupied by a
soil of a different character. The resistant Niagara is absent here,
and the streams have had only soft shales and limestones to work
upon. Consequently the gorges are deep, and the sides of the
valleys in most places too steep for cultivation. This is a hill
side soil, made up of the products of the decay of the rock. It
might well be called a stony loam, since flakes and slabs of lime
stone are plentifully mixed "ith sand and clay. It is a very
open, porous soil, usually less than 24 inches in depth, with the
ledge rock immediately below. In wet periods, in the spring and
autumn, great bodies of it slide down the hills, exposing scars
very noticeable among the heavy underbrush. As to fertility, it
is doubtful whether any soil in the State equals this for the first
two years after being cleared. When new it is black, loose, porous
and, of course, well drained. Where the hillsides are gently
sloping enough for cultivation this soil yields tobacco, corn. and
anything else planted in Indiana. In the alluvial fans which
occur along the foot of the hills, potatoes and garden truck grow
luxuriantly. Unfortunately, however, these soils are transitory.
Erosion is proceeding at such a rate in this area, and the streams
are so active, that within five years after clearing most of the soil
is gone. It is a common practice on these steep slopes to get as
much profit out of the soil as possible in the shortest time, and
then clear a new tract. Thus, tqbacco is planted the first two year!!
and then· corn' as long as there is soil enough. This wasteful
method has resulted in the abandoning of many farms as worn o,!!-t.
It is an actual fact that much of this region is not worth as much
as it was forty years ago. The salvation of the soil rests in fiud
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ing some crop that will perform th~ function of tree rOO"b! in hold·
ing the soil between years of plowed crops, and alfalfa seems
destined to that use. Little of it is sown in Jefferson Oounty, but
in Switzerland County it is coming into use and will be consid·
ered there as a crop for such soils as these. The following table
gives the mechanical analyses of samples of both Limestone Up
land soils, one being designated as Limestone silt loam, the other
Limestone stony loam:
Limestone

Soil ..•.••.•.•..
......
Subsoil

..

~

sm

Loam.

Imm+
Gravel.

.16mru+
Sand.

.08mm+
Very fine sand.

.04mm+
Slit.

4.2%
2.S%

6.7%
5.7%

8.311
7.8%

59.2%
63.S%

22.0%
21.7,

Slit.

Clay.

00.1,

2.S%

.OO1'Tmm+
Clay.

Li1nestone BtOti1/ Loam.
Soil ....

~

~

.........

Gravel.

Sand.

16.S'

14.2%

Very fine sand.

17.7%

It will be noticed that the latter soil is much more composed
of coarse elements than the former; the greater per cent of gravel
is explained by the fact that this rock is much less weathered
than the former. The higher sand content is due to the admix
ture of shale products, as well as the fact that the finer clay par
ticles have to a great extent been removed by stream action.
GLACIATION AND THE VOLUSIA, SCOTTSBL'RG AND LIMESTONE

Up

LAND SOILS.

These three soils have been mapped as drift soils. There is
very little evidence for such placing, in the soils themselves. Each
is exactly what one would expect to result from the decay of the
underlying rock. Not a dozen pebbles of igneons rock were seen
in the area covered by these soils, nor any sign of till or boulder
clay. .There is not a glacial striation on the Niagara limestone
at any of its exposures. The soils themselves do not seem to have
been disturbed. The iron concl1etions in the Volusia and the flint
fragments in the Limestone Upland increase gradually in rela
tive numbers as the surface is approached; and the soils grade
downward from true soil, through fine waste, coarse waste, rock
fragments into the solid rock below. It may be true that these
soils have been affe()ted by glaciation, but there is now no sign of
such action. Quoting from Mangum and Neill, in their Report
on the Soils of Scott County· in this connection:
U. S. Dept. of Agl'lculture, Soil Survey of Scott County, Ind., page 10.
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"The surface material of the area is, in the main, 80 similiar
to that formed by the disintegration of the underlying geological
formations that it :is difficult to determine what proportion of the
soils is derived from material reworked by glacial agencies and
what proportion has been derived directly from the decomposition
of the rocks."
.
THE MIAMI

Sn,T

LOAM.

This soil, the third in extent of the soils of Jefferson County,
occurs here as two tongues extending south from a larger body
of the same soil in Ripley County. Since its ehief occurrence ill
the seven counties is in Ripley, it will be taken up in more detail
there. At this place it will be sufficient to sa;y that it is a clay soil,
usually yellow, but often bleached to white, with a subsoil of a
deeper yellow hue, mottled with drab and containing lumps of bog
iron ore. It is invariably flat and poorly drained, and supports
a group of plants more or less swamp-like in charaeter. There
is evidence that this soil was formely more extensive in Jefferson
County, forming the cap of the interstream ridges of the eastern
half of the eounty. When it finally had been removed from those
points it left behind a few small glacial pebbles, with here anc;l
there a trace of blue till. This soil requires tiling and carefui
cultivation to render it dry enough for good farming. It is a
grass soil primarily, yielding as well in timothy and wneat as the
better Limestone Upland soil, but not so well in corn or potatoes.
It responds fairly well to commercial fertilizer, but experience
shows that barnyard manure and clover are the better soil dress
ings. This soil is undoubtedly glacial. The evidence will be given
later, in connection with the work upon Ripley County.
A mechanical analysis of this soil, taken from near the center
of its area, shows:
Mechanical Analysis Miami 8ilt Loam.

Soil •..........
Subsoil ....... .

Imm+

.16mm+

.08mm+

.04mm+

Gravel.

San.l.

Very line sand.

Slit.

Clay.

8.2%
9.6,

60.3%

21.4%
25.5%

.56!,

.5,

12.0%
14.0% .

51.2,

.00l1mm+

WAVERLEY SIlIr LOAM.

This soil-type, which occurs only sparingly in Jefferson
County, is defined as soil deposited by streams upon their valley
floors, or flood-plain soils. Of this type there is little along the
Ohio within this county. In the northwest portion of the county
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on Big Creek there is a narrow bottom occurring principally in
small tracts on the inside of the bends. This bottom soil is de
rived from the' hillsides, and is much like the soils of the up
lands. The sand content is a little greater, and the clay somewhat
less. There is a greater amount of organic material, shown by
the darker color of the soil, but its relation to the uplands is ch~ar.
This soil is well drained and porous. It raises corn, wheat, pota
toes and garden truck, and is the best tomato soil in the county.
The canning factory at Deputy relies upon the boJ;tom lands in
the vicinity for most of its pack.
A glance at the map shows that the greater part of Jefferson
County is on the outer'side of the bend in the Ohio. This means,
of course, that there will be little river bottom in this county.
Only in the extreme southwest portion, in Saluda Township, is
there any considerable river bottom. These deposits are partly
glacial, as shown by the glacial pebbles contained in them, and
partly due to local deposition, as shown by the. iron concretions
and flint pebbles so similiar to those in the uplands. Besides
these sources, the bpttoms contain much silt brought down by
the river. These river bottom soils will be taken up in detail in
connection with Ohio and Switzerland counties, where they form
the most valuable soils of those counties.
.
AGRICULTURAL CONDITIONS.

'fhere is as much variation in farming conditions in different
parts of Jefferson County as one can well imagine. In some por
tions the farms are as well and as carefully cultivated as any
in the State. In other localities there is a general ail' of shift
lessness and poor farming that can hardly be excused. The soils
of this county are such that only the most careful husbandry can
keep them at their highest state of productivity. Experience shows
, that for such soils as these no fertilizer is equal to barnyard
manure; and yet in many places this valuable material is found
piled close to the edge of a brook that soon carries away the best
part of it. Care must constantly be exercised on the steep hills
to prevent their washing away. That this can be prevented in
many places is shoWn by a number of fine hillside farms. That it
is not always prevented is shown by the number of worn-out farms.
The great need of this county is a wise rotation of crops, conserva
tion of all mlJnure elements, and a return to the soil, from year
to year, of a little more plant food than is taken off. Such a
[141
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poliey has produced some of the finest farms in southern Indiana
-farms that have brought their owner at least moderate wealth,
and which are today more valuable than ever they were.
The principal drawback to farming in perhaps half this county
is ~ lack of transportation facilities. 'frue, the river flows along
one edge of the county, but there is difficulty in doocending the
steep river bluffs with any fair sized load i and the best farming
land in the county is at a great hauling distance from a shipping
point. The railways, also, are far removed from at least one-third
of the county, and some of that the equal of any land in the
county for farming purposes. This points to concentration of
weight in sale products, which is reached probably in the hog and
cattle.. At any rate, two thousand pounds of hog, worth $120,
are no harder to haul twelve miles to market than two thousand
pounds of corn, worth $20; and the farmers in this county whose
farms indicate careful work, are those who have most hogs and
cattle to sell.
Erratum.-In the Boll map of Jllfferson, the portion of the legend reading
"Miami Clay Loam" should read "Miami Silt Loam."

Ohemical Analysis of the Volusia 8m Loam Ooourrence-Jetfer80n and
Jenning8 Oountie8.

Moisture at 105 0 C ...................•....•..••
Total soil nitrogen ...........•......•..•......
Reaction of soil to litmus...................... .
Volatile nnd organic matter ................... .
Insoluble in IId (1.115 sp. gr.) .... : ......••.. , .
Soluble silica ................................ .
, Ferric oxide (Fe.O.) ......................... .
AlumIna (AI,O.) ............•................
Phosphoric add (Anhyd) (P.O.) .............. .
Calcium oxide (CaO) ....................... ..
Magnesium oxIde (MgO) .......•..........•...
Suipburic acid (Anhyd) (So.) ................ .
Potassium oxide (K,O) ..... : ................. .
Sodium oxide (Na.O) ....................... ..

3.87
.115
'AcId
3.910
83.272
.034

3.003
7.860
.137
.169

.378
.046
.359
.098

Total ...... " ..........................•.. 100.256

RIPLEY OOUNTY.
LOCATION.

This county is in the southeast corner of Indiana, one county
removed from the State of Ohio on the east, and also from the
Ohio River on the south. Its greatest length is aboiIf27 miles, its
greatest width 18 miles, with an area of approximately 450 square
miles.
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CLIMATE.

The average temperature of the county, obtained from averag
ing te'mperatures furnished by the Weather Bureau at points east,
west, north and south, is about 54°, with a minimum for February
of 30°, and a maximum for July of 77°. The precipitation aver
ages about 40 inches. From the climatic standpoint this county is
as favorably situated as can be expe~ted in this latitude.
GEOLOGY AND PHYSIOGRAPHY.

IJallghery Creek forms the dividing line for its entire length in
this county between the soft limestones (impure) and shales of the
'Cincinnati epoch on the east, and the Niagara formation of the
Upper Silurian on the west. The outcrops of the Niagara form
an escarpment on the western bank of this stream easily recog
nizable throughout the county. The topography of the county is
directly a result of the geological structure. East of Laughery
the rocks are soft and easily eroded. Even the smaller streams
in that half of the county flow in narrow, steep-walled gorges, es
pecially as they approach the master stream. On the western
side of the county, however, the resistant Niagara furnishes a solid
base for the streams, and only the larger are able to cut through
it into the softer rocks beneath. These are Big and Little Gra
ham, Otter Creek and Tanglewood Creek. Generally speaking,
the area east of IJaughery is a very much dissected plateau, the
area to the west much smoother. Toward the east border of the
county, however, where the streams head, the surface is quite
level; and on the western plateau the surface is very broken in the
southwest corner of the county near the larger streams named
above.
As a consequence of the dip of the rock to the west in this
county, Laughery has been forced always toward the westerp. bank
with greater pressure than toward the eastern. This fact, in con
nection with the presence of a resistant rock on the west, and soft
rotlk on the east, has resulted in a peculiar valley form. The
western valley side is practically everywhere steep--{'Jo steep that
cultivation is entirely out of the question. It is an ideal cliff-and
talus slope for much of its course, averaging something more than
125 feet in height throughout the county. The eastern valley-side
is much less, -p,recipitous, in some places arable from top to bottom,
. and nearly,e'l{.1lrywhere of gentle slope enough to allow of an accu
mulation or'soH over the rocks. 'fhe entire expression of this val
ley is youth, or early maturity. There are bottoms, or alluvial
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deposits along the stream, but these are comparatively small, and
found only on the inner sides of the bends of the stream. There
are few true meanders, and the valley sides are entirely too steep
to admit placing the stream in ~my other stage than youth. Such
alluvial lands' as occur are of great farming value, and are the
most valuable agTicultural asset of the county in· point of fertility
and productiveness.
The underlying rocks of this county have not exerted a pro
found influence upon the chemical composition of the soils except
in very limited areas. Glacial debris was carried out by the es
caping waters from the old ice front and laid down over practical
ly all of, this county, in a sheet varying from 30 feet in thicknes,
on the north boundary, to 3 or 5 feet toward the south. ;Perhaps
some of the debris was derived from rocks now buried beneath
later accumulations, but there is little positive evidence for such
belief. But if the underlying strata have contributed little to
the composition of the soils, they have influenced to a very great
degree the present condition and value of lands.. On the westeru
side of the county the resistant Niagara limestone has protected
the glacial clays from erosion, by preventing stream action.
Hence in this area the soils lie in great fiats, which are unprofitable
unless drained. On the eastern side of the county, where the rocl,s
are softer, the streams soon recovered their former channels, and
have since then been carrying off great quantities of glacial clays
and sands, leaving the eastern side much better drained than the
western.
THE SOILS IN DETAI1J.
l\1J:A M1 SERIES.

The. principal soils of this county, both from the point of view
of extent and value, belong to the series called by the U. S. Gov
ernme+tt Soil Survey, Miami. These soils are described in the
Soil Primer as "light colored surface soils," as "derived from
glaciation," an,d as "having been timbered either now or origin
ally. " This last characteristic is necessary to separate the Miami
soils from the poorer members of the prairie-making soils. These
Miami soils are often called "Loess," a name applied to certain
fine-grained, light-colored soils which occur in many places on the
earth. With regard to the derivation of Loess in general there is
at present a great conflict of opinion, some geologists holding it to
be due to wind deposit, others, to water. In Indiana there can be .
little doubt that water was the agent, for our so-called loess,al soils,
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at least in southeastern Indiana, are not true Loess. In the six
counties which contain much of this material, it is invariably found
to contain a considerable percentage (1 to 6) of very small pebbles,
none larger than buckshot, evenly scattered throughout the entire
mass of soil. SmalJ as they are, these pebbles are too heavy for
any ordinary wind ·to mO~'I~iri'Dd if we imagine their being
carried by storm-winds, ther~ is little chance of their being evenly
distributed. Further than that, such storm-winds would have to
exceed in violence any of the last five years, for repeatedly within
that time I have seen great winds blow the dust from our roads,
leaving behind the pebbles. But there is other evidence. Quite
often, in digging wells and cellars, one cuts through beds of gravel,
with pebbles as large as a hiekory nut, which are' clearly too large
for wind-carrying, and yet which bear evidence, by their arrange
ment, of deposition. It seems better, on the whole, not to call these
deposits, in the area described here, Loess, but to use the term
Miami, which at any rate is accurately defined.
.
Reference to the map of Ripiey County accompanying this re
port, shows that about eight-tenths of the area is mapped as Mi
ami soil, either Miami. clay or Miami silt. The reasons for mak
ing the distinction between these soils east of Laughery and west,
rests upon internal differences in part, anq partly upon diverse
conditions of drainage, including till, and farming valQ.e. It is
probable that a long while ago, shortly after the glacial waters had
subsided, both sides of the county were covered with a layer of
waste substantially alike in its composition, and that it was all
more like the soil mapped as Miami silt than Miami clay. But.
as we have shown, erosion was much more rapid on the east than
the west side, and valleys were carved through the waste very
soon. Thus it happened that in this region the early glacial sur
face was soon cut to pieces and the soil dragged down into the
valleys. At the present, on the highest lands of this area, in the
vicinity of Milan, and Clinton in Adams to'l'\o'TIship, there are
tracts of soil which bear a very close resemblance to the Miami
silt; but for the most part the soils in th~s area are a mixture of
glacial waste and the clay resulting from the decay of the shale
and impure limestone below. This, then, is the first characteristic
of the Miami clay loam. We keep the name Miami to indicate the
fact· that the soil is partly glacial, and use the word clay to indi
cate that part of the soil substance results from the decay of native
rock. The addition of "loa~" implies that this mixture is in' a
ti1lable state. The soil is yellow at the' surface, grading down'"
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ward into a brown subsoil, somewhat mottled and stained in places
with darker brown spots. These mottled places, when examined,
are often found to contain nodules of limonite or bog iron. Fur
thermore, on this eastern area" the soil is frequently found to con
tain siliceous fossils and bits. of limestone identical with the fossil~
and rock below. Over most of the area covered by this soil drain
age is good, due to the rolling nature of the surface, and. the
abundance of small streams. Tiling is necessary on the higher
lands about the head waters, and in some of the flat valleys. In
the northern part of this area the blue till, an impervious stratum,
is found, at depths of from 6 to 30 feet, about 12 feet being a fair
average.
When we compare the 'Miami §lilt loam with the Miami clay
loam, the chief difference at flrst noticeable is compactness in the
latter. In the clay, the admixture of limestone residuum left the
soil somewhat porous; but in the silt, where rock fragments are
few, the soil is exceedingly close and compact. The color of the
Miami silt loam is light yellow to drab when damp, but when dry
it is. often almost white. At depths of six inches to one foot the
soil grades into a subsoil of lemon-yellow, with brown mottlings;
and from top to bottom there occur numerous very fine pebbles of
granite, quartz, slate and other glacially transported fragments.
1''\.t depths seldom eXGeeding ten feet, and usually about four, the
blue till is found, a dense, impervious blue clay containing many
bowlders, from the size of a cocoanut to the size of a flour barreL
Where a stream cuts into this bowlder-clay, its floor is studded with
hnndreds of these stones. The presence of the blue till exerts a
marked influence upon the soil, if it is within five feet of the sur
face. Water cannot penetrate it except very slowly; hence the
silt lying above becomes heavily waterlogged, all the more be
canse these lands are flat. Such soils are hard to cultivate, being
too wet for the plow until a month after hillside ground has dried
out. They are readily recognized by the timber growing upon
them, which is chiefly swamp-growth-beech, sweet gum, black
gum, swamp maple, etc. Another mark is "crawfish chimneys."
These creatures, in excavating their holes, find an ideal condition of
permanent water in the upper portion of the blue till; and this
material, when heaped up in their peculiar style, dries into a white
chimney. Of these, I counted in a space three paces (9 feet)
square, 53; and there were at least five acres as badly infested.
The early settlers were careful of buying" crawfish ,:~.,,'rimd,
and a
,
farm containing much of SllCh soil is considered even yet poor.

SOIL SURVEY OF RIPLEY COUNTY.

215

Another peculiarity' of these lands is the white or drab-colored
mud of early spring, from which they are known locally as "But·
termilk fiats," or "slashes." Trivial as such marks may seem,
they yet have value because based upon real characters in the soils.
Where the till is still closer to the surface, say 2 or 3 feet, another
important effect of its presence is noticed in dry years. For the
same reason that moisture does not pass downward in wet times,
it cannot pass upward· in dry, nor can plant roots penetrate such
formations. In droughts, then, the plants which first die are those
in the soil which waS' wettest in the spring.
METHODS OF CULTIVATION.

When the first settlements· were .made along the· Ohio, the
slashes and swamps of Ripley County were a "hissing and a 'by
word" among the settlers on the hills near the river. They were
esteemed of little value except for hunting grounds; and to a
great extent the prejudices of those days yet live. When Ohio and
Switzerland and Dearborn counties were famous throughout the
Ohio Valley for hay, and potatoes, and corn from the bottoms,
Ripley was a wilderness, except along the streams, where the coun·
try was broken enough to BUlt the pioneer. After awhile, how
erer, it was discovered that these wet lands would grow crops if
they were properly plowed, in narrow "lands," with ditches run
ning down the faint slopes to the creeks. Plowed in this manner,
wheat and grasses grew pretty well, and yielded fairly, but the
waste of land was great, since only the higher portions would
grow crops. Then came the tile-makers, who made not only their
tiles, but the fortunes of wet counties as well. The fiat lands,
drained thoroughly with tile, prove as good as any in the' district.
They are not as fertile or productive as the bottoms along the
creeks; neither are crops drowned or uprooted by freshet. They
will not raise corn or tobacco, as the hillside soils further south,
but neither are they gone in five years' time. They do not raise
such enormous crops as the black lands of northern Indiana, but
neither 'do they bankrupt the poor man who tries to work out a
home for his family. Considering the crops which these lands
raise, they are the cheapest in the State; and it is easily enough
shown that they furnish at least twice as good an investment' as
the prairil:lc lands of Illinois.
The ofuer soils of importance in Ripley County are repre·
sented in the map as Waverley loam and limestone "Clay. The
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former name is used by the U. S. Soil Survey to denote any river
or stream .deposited soil, commonly known as bottom ground. Of
this soil, there is comparatively little in Ripley County,. a mere
strip averaging perhaps half a mile in width along Laughery, and
smaller belts along the smaller streams. In places the Laughery
bottoms are more than a mile wide; and whether wide or narrow,
they are the finest soil in the county. In the upper part of the
valley, down as far as the B. & 0.' S. W. Railway, the bottom soils
are principally the wash from the hillsides, and are much like the
hillside soils in color, being somewhat darker because of the greater
organic content. They are sandier, too, much of the finer clay
having been carned away by the streams. Thus these valley soils
are more "mellow" or "light" than the uplands, and are thus
more desirable. From the B. & O. S. W. Railway south, the bot
tom soils are chiefly made, up of the residuum from the decay <4
the limestones and shales in the valley sides. The soil is dark,
mellow and' rich, and no better can be found in the State for gen
eral farmidg-.
.
The other soil mentioned above is the limestone-clay soil. This
is the product of disintegration of the shales and limestones un
derlying the county. Where this decay has progressed far with
little removal of the waste an excellent soil is left, loose, fertile and
producing abundant crops. It is, however, a hillside soil, often on
very steep slopes. It is therefore temporary, unless carefully
conserved. In the areas 'of limestone-clay on the west side of the
county there is very little of the shale products, and the soil is a
reddish clay. It is not nearly so fertile as the limestone-clay along
Laughery Creek; but it lies better, in that it does not slope so
much, and is permanent. This limestone-clay soil is very import
ant in Ohio and Switzerland counties, and will be more fully con
sidered there. It is enough here to call attention merely to the
extent of territory covered,
AGRICULTURAl, CONDITIONS.

This county has had a very slow agricultural development.
When the counties to the east and south were among the best in
the Ohio Valley from the farming standpoint, Ripley was scarcely
touched by the plow. This was in part due to its exceedingly
heavy forests; in part to the swampy nature of the soil over two
thirds of the county, and the malaria that lnrked in the swamps;
and in part to remoten~ from the river, at that time the sole out
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let for surplus farm produce. The last difficulty was partially
overcome by the building of the Big Four and the old O. & M.
Railway's, at least for the northern half of the county. But only
in the last ten years, when the increasing price of lumber has re
sulted in the cutting of practically all, the woods, has the county
become fairly cleared. The lumbering industry, until the last de
cade, has been of too much ready-money value in this county to
l11110w of superior farming. Any able-bodied man could make
good wages in the woods, or buy a saw mill rigging and go into
business during the winter. As a result, a large proportion of the
rural population farmed in the summer and lumbered in the
winter. With the passing of the woods, however, it became neces
sary for the farmer to farm better than before, and he had more
time f::Jr his real work. When the forests were once in large
measure gone the soil dried considerably, and moderate su:ns spent
for tiling brought result!!. We thus find a remarkable change in
the farms of Ripley County within the last ten yeari!. New buiB
iugs and better are being btlilt every year; an excellent system of
free macadamized roads, with substantial bridges, connects all
plMes of importance in the county. Telephone lines are strnng
everywhere, and rural mail service is nearly complete. No better
illustration of the change in conditions can be given than the in
crease in land values There are farms which ten years ago were
for sale at $25 per acre, and now are held at $75. In Shelby
Township there are farms which have sold within the Inst year
for $40, and which ten years ago were worth not more th311 $5.
Real estate men estimate the average increase in values at 100 per
cent; and. in localities especially favored with. good drainage
facilities and good roads, as high as 200 per cent.
The greatest difficulty in the way of farming in a large part of
this county' is remoteness from railroads. There are settlements
in the southern part of the county where the soil is good and con
ditions favorable to successful farming, which are 17 or ]8 miles
from a shipping point. A north and south railroad, even a trolley
line, equipped to carry freight, would be a godsend to this county
and would advance it fifty years.
lIleehu.nical AnalY8is Of SOil8 uf RIpley Oounty.

'fable No. 1. Miami Clay I..oaDl.
Soli
Subsoil
•

*

•••••••••

. ......
~

lmm+

.16mm+

.OSmm+

Gravel.

Sand.

Very fine sand.

.87:'
.()%

6.01:'

3.64%

J2.2:'

9:18:'

.04mm+
Silt.

.OO11mm+

61.2~:

19.5:'
32.3%

54.4:'

Clay...
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'l'able No.2.

Soil ...........
Subsoil ....... ..
~

~

Imm+

.16mm+

Gravel.

Saad.

. 18:t
.00%

2.8%
1.6%

Table No. 3.

Soil .......... .
Subsoil ... ....
~

Miami Slit Loam.
o

.0017mm+

.08mm+

.04mm+

Very fine sand.

Silt.

Clay•

5.2%
4.4%

8G.0~

6.0%
12.7%

81:0;t

Waverley Sandy Loam.

Imm+

.10mm t

.08mm+

.04mm+

<lravel.

Sand.

Very fine sand.

BUt.

Clay.

31.8
33.3

16.2
19.7

.25
.:.lS

12.2
10.6

40.2
36.6

.OO17mm+

Chemical J.nalY8i& of the Miami may Loam. Occurrence-Ripley, Dearborn
and in Smaller Bodies in the Other Counties.

Moisture at 105 0 C.. ... ... ... .. .. . . .... ....... .
Total soil nitrogen ..•.........................
Reaction of soil to litmU3 ....... " .. .. . . . . . . . .. .
Volatile and organIc matter... . .. . .. . . . . . .. . . . .
Insoluble In Hel (1.115 sp. gr.)... .... . .. . .... ..
Soluble silica .•...............................
Ferric oxide (Fe}).) ......................... .
Alumina (ACO.) ...................
Phosphoric acid (Anhyd) (P,O,) .........
Calcium oxide (CaO) ............... , ........ .
Magnesium oxide (MgO) •.....................
SulphuriC ac. anhyd (SO,) .................. ..
Potassium o:x;ide (K~O) ...................... .
Sodium oxide (Na,O) .... , ................... .
0

o

••••

0

••

0

••••

,

•

.366
.115
Acid
3.910
84.5G7
.086
4.345
6.167
.153

,428
.639
.021

.383
.164

Total ..................................... 100.372
Ohemical Analysi8 of Miami Silt Loam. Occurrence-Ripley Oounty, with
Tongues E(J!telldilig Into Jefferson a1Hl Jennings.

l\foisture at 105 0 C .•.......••.••...............
Total soil nitrogen •..... : .. ~ ................. .
Reaction of soil to litmus ...................... .
Volatile and· organic matter ................... .
Insoluble in Hcl (1.115 sp. gr.) ....•...........
Soluble silica .............•......•............
Ferric oxide (Fe,O.) ..............•...•.••....
Alumina (AtO.) ....................•.......•
Phosphoric ac. anhyd. (P,O,) .; ............... .
CalCium oxide (CaO) ....................... ..
Magnesium oxide (MgO) .................... ..
SulphuriC ac. anhyd. (SO.) ........ : ......... .
Potassium oxide (K"O) ...................... .
Sodi~ oxide (Na.O) ........................ .

1.23
.101
Acid
3.268
93.033
.124
1.094
1.673
.111

.306

.201
.042
.347
.233

Total ................... , ................. 100.432
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JENNINGS OOUNTY.
LOCATION AND BOUNDARIES.

Jennings County lies just'west of Ripley and northwest of Jef
ferson, being bounded on its eastern side by these' counti~s, on the
south by Scott, west by Jackson, Q,nd north by Decatur. Its ex
treme length is 25 miles, extreme width 19 miles, with an approxi
mate area of 400 square miles. In climate it is very much like
Ripley and Jefferson.
GEOLOGY AND TOPOGRAPHY.

This county is underlain. by the New Albany shales for more
than half its area; just east of that formation is the Corniferous
limestone forming a belt from two to eight miles wide, extending
north and south through the county; and a narrow strip averaging
from four miles wide along the eastern- border is Niagara lime
stone. The Co~iferous formation is thin in most of its outcrops
in this county, and has had little infinenc.e upon the topography or
the soils.
From the standpoint of drainage, this county is well suppfied
with water courses. The Muscatatuck and the Big Graham Creek
are considerable streams here, with well opened valleys and nu
merous small tributaries. Besides these larger streams there are a
dozen or more smaller creeks, five to twenty miles in length, which
all aid in giving the most of this county plenty of outlet for rain
fall.
The general expression of the topography in Jennings is rol
ling to rough. 'On the uplands, far from the streams, there is
some fiat country, and some gently. rollillg. There are, however,
too many streams to permit, of much of this smooth surface; and
over most of the county, notably in the southeast corner, there is
much very rough land. The surface; as a whole, seems to be mere
ly the product of local conditions. Oh the shales the valleys are
usually well-opened, with fair-sized bottoms. The valley walls
are often gently sloping enough for cultivation, and nearly every
where for trees or shrubs. Wh~re the limestones form the surface
rock the valleys are commonly narrower, with more or'less cliff
like walls.
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THESOIJJS IN DETAIl,.

Of the six types of soil recognized in .Jennings County, the
Volusia is by far the most extensive. Then follow, iQ the order
named, Miami silt loam, J-limestoneupland, Miami Clay loam,
Waverley silt loam and Scottsburg silt loam.
It is scarcely necessary to enter into a lengthy discussion of the
Volusia soil he~, since that has already been done in the soil de
scriptions for .Jefferson County. It is a soil derived from the'
weathering, with perhaps some glacial modifications, of shales. In
Jennings County there is no trace of any glacial modifications
save in the northwest corner of the county, where this type merges
into the Miami soils. In this area the V olusia silt loam is a light
brown to light yellow soil, often ashy or drab when dry, but with
its characteristic shades of brown wlien damp, or an inch or two
below the surface. It has a depth of 8 to 12 inches, with a subsoil
of from 6 inches to 6 feet. This subsoil, in its lower layers, con
tains many fragments of the parent shale; and the fact that these
fragments grow progressively smaller, as well as less numerous,
toward the top, is pretty good evidence that glaciation had little
influence upon this soil. 'fhe soil proper contains sQmesand, and
occasional iron concretions. These, however, are not so numerous
as, in the same soil in Jefferson County. The sand is not sufficient
in amount to exert much influence upon the soils, and, indeed, is
scarcely noticeable in some localities.
This soil lies, in .Jennings County, mainly in a flat to gently
rolling upland, rough only near the larger streams. By far the
greater part of it is tillable, and a fair farming soil. It cannot
rank with the limestone soil of Jefferson County, nor the sandy'
loam of Decatur; but where it is intelligently farmed fair crops
can be raised in favorable seasons. By reason of the nearness of
the impermeable underlying shale, it is' not a dry-weather soil;.
and droughty seasons prevent the ripening of corn. This points to
the cultivation of crops which mature early in the summer, and
the small grains and grasses prove to be the best farming crop year
after year. Berries do well in this soil, if the ground is properly
prepared and fertilized. This soil is deficient in some of the neces
sary plant foods, especially nitrates and nitrites; and the sowing
of clover every third or fourth year is recommended by many of
the most skilful farmers. This is not a .corn soil,altho'\lgh good
crops are :t:aised in good years. The chances, however, are so much
against corn success here that a surer crop ought· to be tried.
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The second soil in extent in this county is the Miami silt .loam ,
of which there are two bodies, one along the eastern side, and one
on the northern. The eastern body is an exte,nsion of the great
body of Miami soil in Ripley County, and is descril;led there. The
northern body is a southward tongue from the De(latur County
. Miami. It is distinctly sandy, and loose, with enough sand in its
composition to furnish valuable sand hars in the creeks. It is a
yellow to brown soil, 8 to 15 inches in depth, resting upon a brown
subsoi112 to 40 inches deep. The soil consists of about 20 per cent
sand, 70 per cent clay, 10 per cent silt and pebbles. It lies in
gently rolling uplands, somewhat broken near the larger streams.
It is practically all cultivable, and is the best eorn soil in the coun
ty, away from the bottoms. It does very well in wheat, oats and
grass. Fruit trees thrive, and ought to be more numerous. The
only objection to this soil in Jennings County is that there isn't
. enough of it. It requires fertilizer, preferably barnyard or clover,
and well repays careful cultivation.
'l'he soils mapped ,as Limestone upland (for want of a better
llame in this county) are those found on the valley sides, and in
terstream spaces where the Miami soils have been removed by
erosion. The ~northeast corner of the county contains the largest
body of this soil, derived probably from the Niagara limestone
with some admixture of Miami clay. 1t is a yellow to red soil,
mostly clay, with a good many chert fragments from the limestone.
Once in a while iron concretions occur in abundance, derived prob
ably by the decay of some outlying mass of shale. In this body of
soil there is no hard and fast line of separation from the Miami
soils north and south. These grade insensibly into the Limestone
soil, by' outwash and stream transportation. Usually the Lime
stone upland soil in this area is 10-12 inches deep, with a subsoil
extending down to the rock at depths of 2 to 8 feet. It is an excel
lent grass and fruit soil, fair for wheat, oats and potatoes, and not
very good for corn.
Along the valley sides the name "Limestone Uplands" does not
strictly apply throughout the county. In the western portion the
principal source of soil material is in the shales; but even here
there is enough limestone to give the soil much the same appear
ance wherever it occurs. This valley-side limestone soil is for the
most part useless, on account of the steepness of the hillsides, and
the thinness of the soil.. in many places, too, it consists mainly of
flat plates of shale, too rough for plowing. It is not a true soil in
such places and is of little worth.
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Just south or the main belt of Miami silt in this county there'
occurs an area of about 40 square miles of Miami clay loam. This
differs from the Miami in being almost white in color with faint
yellow mottlings; in having a yellow subsoil of heavy clay, grad
ing into blue till at 4 to 6 feet. It lies fiat, with no hills or hollows
except close to the streams. It is poor soil, covered with a growth
of marsh timber, and hard to drain, except within half a mile of
the. valleys. Water stands in the lower portions practically all of
the year; and there are numerous little ponds where the blue till
forms an impervious bottom for some of the hollows. Where cul
tivated, this soil is used for grass and wheat, r~quiring fertilizer
and drainage. For some reason clover does not grow well, and
that valuable fertilizer can not be used.
Along the larger streams. there are narrow bottoms (exagger
ated in the map) of good soil, where it lies so it can be farmed.. On
the shale areas in the western part of the county where the val
leys are open and the streams have come nearer to their base level,
. these bottom lands are often more than half a mile in width. In
this area, also, the creeks do not rise so high, and destructive
freshets are not so likely. On the. limestone belts, however, the
valleys are narrow, with little bottom ground, and that subject to
flood. Since the streams with their headwaters reach practically
all of the soils of the county, the bottom ground is made up of an
aggregation of all. It is sandier than most uplands, with enough
clay for stability. Often -the valleys are so low-lying that tiling
is necessary. On the whole, they furnish about as fertile a soil as
any in the county, when properly cultivated.
In the southwest corner the highest uplands are composed of
the Scottsburg silt loa.m,!iescribed in Jefferson County soils. It
may be known by its whiteness, by its almost invariable flatness
and wetness, and by being higher than any area near it. It dif
fers from the Miami clay (the only soil in this county which it re
sembles in the least), by not having mottled spots in its make-up,
and principally by the absence of the blue till. Here, as in J effer
son County, the Scottsburg silt has poor drainage and is on that
account scarcely used for farming. It is yet timbered, with the
swamp-tree forms--elms, black hickory, burr oak, sweet gum, ek
Fortunately there is little of it in this county.
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SOIL SlJRVEY OF .JENNINGS COUNTY.
FARMING METHODS.

Generally speaking, this is a county o~ poor farms. There are
places, of course, where excellent farming is being done, particu
larry in the vicinity (Tf Scipio and Queenstown: . But, taking the
'county ~s a whole, there is much slip-shod work. The soils here
are naturally poor, and require careful managemeritto keep them
in fair shape; It is' the exception to . find farms in this 'counly
which are growing better from year to year. It seeinsprobable
·that stock :caising would help in this matter. Many hillsides .which
·plow down in five years would last indefinitely as pasture. 'There
·are abundant, springs of' fine water, and grass grows naturally
here..It looks like a horse and cattle country ()v..er most .of the
county. At any rate, the present method of selling ofl'everything
that can be sold can, in the end, only result in' degeneration of
farms.
From the point of view of transportation facilities, no county
in southeastern Indiana is so well situated as Jennings. There :is
searcely·,{l. farm' in the' county more than six miles from a :t:ailrciad;
· and there are shipping stations conveniently near almost all farms.
With markets so near as they are, three large cities being, within 75
mileS, it would seem that only a proper selection of crops is needed
·to insure success. The quality of fr'u.it and garden truck is excel
lent where ~hy attempt has been made in that direetion; and it
'seems· that on the better soils of the c{)unty horticulture' arid truck
'farming ,\rill be more profita.ble than general farming.
Mechanical Anal]J8is vf ,Jen1~ings Oounty Svi18.

Table No.1.

...... ....

Soil
Subsoil
~

"

~

•••

4

•••

Miami Clay Loam.

Imm+

:16mm+

.08mm+

,04mm+

Gravel.

Sand.

Very fine sand.

Silt.

9.7
8.8

58.6
60.6

,90
.60

11.6
14.3

Table No.2.
lmm+'
Gravel.

,Sol! ...........

12.2

SUbllOll ........ '-11.7

(13)

,OO17mm+
Clay.

19.7
17.0

Limestone Upland.

.16mm+

.08mm+

.04mm+

Sand,

Very fine sand,

Silt.

Clay.

8.7
8.9

29.4

34.5
35.8

14.8
12.9

31.2

':0017mm+
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DEARBORN AND OHIO COUNTIES.
LOOATION AND

SIZE.

Dearborn County is the extreme southeastern corner of Indi
ana, being bounded on the east by Ohio and the Ohio River, and
on the south by Ohio County. This latter small county is ~
closely related in surface features and geologieal structure to
Dearborn that it seems w.ell to consider their soil make-up together.
The extreme length of Dearborn County is about 26 miles and
breadth about 16 miles, with an area of approximately 315 square
miles. Ohio County has an extreme length from east to west of 16
miles, and a breadth of 9 miles, with an approximate area of 87
square miles.
GEOLOGY AND TOPOGRAPHY.

These two counties are very near the center of the Cincinnati
dome. The Ohio River has· cut a deep gorge through the com
paratively soft rocks of this dome-a gorge which in these coun
ties averages some 350 feet in depth. The smaller streams in this
area, then, are compelled to maintain a pretty rapid eourse by the
steepness of their slopes. At the very edge of the river, where the
river channel is deepest, the lowest rocks exposed are the Utica
shales. These are soft, blue shares, often soft enough to cut read
ily with a knife, at other plaees, where freshly exposed, still some
what hard. These shales contain many thin beds of limestone
(mostly impure) interbedded with the. shale. This shale forma
tion forms t4e bottom layer in nearly every creek bottom as one
passes back into the hills away from the river. Thus on Tanner's
.Creek, these shales can be traced in the creek bottom beyond Guil
ford, or about 8 miles, in direct line from the river. On Hogan
Creek these shales are found at about the sttme distance from the
Ohio; and on Laughery, Ii larger stream,. the shales extend back
at least 16 miles. Down near the river the lower 40 feet of the
bluffs are made up of this shale; and further down the river, in
Ohio Cooo.ty, the lawer 60 f e e t . ,
Next above the Utica shales in these cohnties comes the Lor
raine limestone. In Ohio County' at least 9-10 of the surface is
underlain with this formation. In DearbOtn County about half
the surface is underlain with this rock. In ~his.part of the county
it is merely a matter of courtesy to call this formation a lime
stone. A typical section of it shows a good deal more shale than
limestone; and what there is of the latter is usual1y so impurl~
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. that it is of no practical use, either for building stone or lime.
There are occasional thin layers of hard, crystalline limestone
which are put to use as road metal, but they do not form one per
cent of this entire formation. This rock extends up the creeks to
a distance of 16 to 18 miles on Tanner's and Hogan, and on
Laughery beyond these counties and 12 miles into Ripley.Be
tween the latter creek and Hogan this rock is the capping layer
of all the hills; but between Hogan and Tanner's Creek the di
vide is capped with the limestones of the Hudson River group.
These, like the Lorraine group, are mostly shale and impure lime
stone, soft, easily weathered and of little practical use. In the
northwest corner of Dearborn County, and in one or two patches
of Ohio, the surface formation is gl~cial in origin, and conceals the
rocks.
The topography of these counties is entirely a, prodmt of the
softness of the rock and the proximity of the river. 'I'he latter has
a deep gorge, and the creeks from the back country have had to
maintain steep courses· in cutting down to the river level. Thus
Tanner's Creek in sixteen miles falls 400 feet; Hogan Creek in
the same distance falls 425 f.eet, or falls of about 25 feet per mile.
Even a small stream, with such a fall is capable of carrying large
loads and of digging out a deep gorge. Then the smaller streams
which flow into the creeks named above have even steeper slopes,
and of course are able to work with amazing power. It comes as
a surprise to see for the first time what enormous blocks of stone
one of these hill torrents can carry; but after seeing that, one is
not surprised that the country should be so rongh.
The general expression of the topography here is of long, high
ridges, with deep gorges between. Only the upper third of· the
ridges, in most places, is gently'sioping enough for cultivation, and
even that, in many places, is too steep for plowed soil to stick.
Near the Ohio, and on the lower courses of the larger creeks, the
hills are steeper than in the back country, at least for the lower
half of the ridges; and in most places no attempt is made to cul
tivate these slopes.
THE SOILS IN DETAIL.

In these two counties there are not many· distinct types of soil.
In the first place, there is little variety in the underlying rocks and

could therefore belittle variety in the soils resulting from their
decay. In order of area covered these soils can be classified as
follows:
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(1) Limestone npland, which occupies at least two-thirds of
the area of these counties ;
;'(2) The Miami clay loam, whieh occupies' nearly 6ne-thirc.l
the area;
(3) Wave:tley clay loam', the bottom soil along the Ohio River
an'd' creeks;
,
(4) Waverley gravel, the terrace soils .
. Tm;

LIMESTONE

UPLAND SOIL.

This soil may be divided into two general groups, depending
upon whether the rocks from which it was derived were limestone
chiefiyorshale. In the first class comes most of the: soil mapped
as limestone upland. It is the great upland soil in this county,
formed bytbe'decay of:the Hudson Rivei' and Lorraine limeattines
arid shales. It is yellow to brown in color, markedly darker than
the Miami i soils to the west. It is principally a slope soil, and in
nearly every' locality is much mixed with tlat fragments and plates·
of, limestone. In many places these fragments are so nUnierous'
and large as seriously to iitt-erfere with plowing. Often they are
gathered together and built into fences. :Near the Miami areas
there i&oftena mixture of tha't soil and the limestone soil. Where
pure, this soil is f.ertile and loamy. ·On the steeper'slopes it, is
u8ualiy sown to grass, wheat or 'rye, since these crops assist in.
holding the soil on'the hills. Where the slopes are gentle,or in
'small bottoms, cQfn is grown successfully. This soil is excellent
for small fruits, berries, etc., and for orchards. It ·is an ex~~ll~t··
soil for most farming purposes. Being· shallow, it is, however,
subject to drouth 'With late maturing crops. "There is a strong,
tendency to wash, and every community contains abandoned fields i
where the forces of e_rosion overcame the rate of decay of the rock.
The small bottoms along the creeks in this region are peculiar in
their formation.. At least 50 per cent of the bottom material COIl>
sists of fiat plates of rock tilted at an angle of about 30 0 , with
soil between the plates. As a result, the plowing of these small
bottoms is almost' as difficult as hillside plowing.
The most fertile soils in these counties is undoubtedly the shale
soils, or the limestone upland soils on the lower portions of the
slopes., 'In Ohio County, and neal' the river in,·Dearborn County,
this division of the Limestone upland soil reaches within 60 feet'"
of the hill tops. When freshly cleared these soils resulting from
the deray of the shales have no superior in fertility in the State

SOIL SURVEY OF DEARBORN AND OHIO COUNTIES.

22,9

'l'hey are dark brown or black, from the high percentage of humus
which they contain, but after being cropped for three or four years
they become somewhat lighter in color. It is often mixed with
fragments of limestone from the slopes above. It is a loose soil.
from 1 to 4 feet in depth, deeper at the foot of the slopes. It is in
this soil that the tobacco of Dearborn and Ohio counties is raised-·
the most profitable crop that can be raised in Indiana soil, but ex
hausting 'to the ground. This soil raises excellent corn, or any
thing else that requires a strong soiL Wherever it is possible to
retain this soil, it does not seem to diminish in fertility, but its sit
uation is bad, being subject to erosion, soil creep and freezing and
thawing.. Unless exceptionally well cared for, within five or six
years after clearing, practically all of the soil is gone, washed into
the creeks and carried down into the river.
THJil MIAMI OLAY LOAM.

This soil, the second in extent in these counties, is similar to
the Miami clay loam of Ripley Oounty, of which it is merely an
exteDSio~. In Ohio OOUlity the two bodies of Miami are outliers
from. the main body, separated by the action of Laughery Oreek
from the original plateau surface. In these counties, as in Ripley,
this soil lies flat, with poor drainage. It is a compact, yellow clay
soil, nearly white when dry. In the subsoil there are mottles,· and
sometimeS a blue till at the base. This soil bears a marsh vegeta
tion, sweet gum, beech, etc. It is a good grass soil here as else
where, and fairly good for wheat when f~rtilized. It invariably
requires tiling and careful rotation of crops to yield profitable re
sults. The town of Dillsboro, in Dearborn Oounty, is on the line
separating the Miami clay from the Limestone upland. It is a
matter of common remark that east of Dillsboro corn is better than
west, while the soils on the west produce better wheat and grass.
THE WAVERLEY OR BOTTOM SOILS.

The principal development of Waverley soils in these counties
is in the" Bottoms" of the Ohio and the creeks just as they leave
the hills for the river. plain. In Dearborn Oounty the principal
area of Waverley soils has been known for a h!IDdred years as the
"Big 'Bottoms." This comprises a body of about 7,200 acres of
land, lying between the Miami River and the Ohio, crossed by
Hogan and Tanner's Oreek. It is likely that this great alluvial
plain is due to deposition of silt from the waters of the Miami, the
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Ohio and the two creeks in times of high water, when the smaller
streams had their currents checked by the back-waters of the Ohio.
At any rate, this result follows during every flood, when a thin
layer of silt is deposited over the entire plain. From the fact that
the lower parts of this soil contain much sand and pebbles foreign
.to the uplands, it seems certain that a large part of this bottom
land was laid down in the period of the ice invasion, and that these
Waverley soils are in part due to glacial floods, in part to the an·
nual flood of the Ohio.
This fiat-floored valleY,'with its hills conveniently near, offe'red
an attractive place for settlement to the early emigrants from the
East. The first clearing was made in the "Big Bottoms" in 1794,
and it has been permanently occupied since then. For a hundred
years this land was planted in corn, some portions of the valley
having certainly been planted to that crop every year of the cen·
tury. In late years the bottoms have not been so fertile, or, at any
rate, the corn crops have not been so large. This is probably due
to lack of rotation and can be mended by some attention to that
phase of good farming. In the summer of 1907, while there was
a great deal of corn in this valley, probably one-third of the bot-'
toms were in grass, wheat' or oats. Physically, no soil could be
better. It is fine, loamy, easily. plowed and cultivated, deep
enough to withstand drought, and fertile beyond most soil. It is
close to a good market, and, indeed, has but one danger, that of
overflow. This, however, is in part counterbalanced by the in
crease in fertility due to the silt left behind, and is the original
source of the bottom.
In Ohio County there is a narrow belt of bottom ground, usu·
ally less than one·quarter mile in width, but widening near Rising
Sun to a width of nearly a mile. In this bottom the soil is light
colored, almost yellow, of fine silt. Like the" Big Bottoms," it is
an excellent corn soil, and is said to be even better than that soil
for grass, wheat and oats. Much tobacco is.also grown in this soil,
and garden truck. These bottoms resemble closely those of Swit·
zerland County and will be dealt With then more fully. In the vi·
cinity of Rising Sun the terraces of glacial times are conspicuous.
Traces of these appear near Lawrenceburg, but they are too smal1
to be of importance until near Rising Sun. The city itself is built
on the first terrace above the bottoms-a terrace averaging per·
haps 30 fe~t above the river in June. Back of this yet another
terrace can be traced in remnants of gravel and sand. There can
be no question of the glacial origin of these terraces, for practical.
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, ly all of the pebbles are of rocks foreign to this region-granite,
. diorite, slate, sandstone, etc. They mark a time when the river
was much higher and more heavily burdened than it is now.
These' terraces are extensively developed in Switzerland County
and will be treated there.

FARMING METHODS.

Agriculture is difficult in such a country as that of Dearborn
and Ohio counties in the rough portions. The soil when freshly
cleared is usually fertile enough, but incessant care is required to
keep it from washing away. In many places this can only be pre
vented by growing such crops as require little plowing and loosen
ing of the soil. These slopes have, in the past, been famous for
their hay and their small grain, but hay is exhaustive to soil, and
the best hay crops are things of the past in this area. Corn is not
a good crop, for the looseness of soil necessary for that grain offers
too great a chance for the washing of the earth into the valleys.
The fact that these hillsides sooner or later become bare has led to
a very destructive method of farming in some localities. A typical
case is the following, which occurred in Ohio County. A woods
was partly cleared and burnt over for a space of six acres. This
was planted to tobacco for two successive years, and the receipts
from the two crops were nearly sufficient to pay the original cost
of the farm. The ground, however, was about exhausted for to
bacco, and the owner sold the farm to another person for about
two-thirds of what it cost him. He cleared about $700 from his
two crops of. tobacco. Then the second owner planted to corn, and
obtained a good crop the first year, a poorer crop the second year,
and not enough to pay the third year. The fourth year of his oc
cupancy, and the sixth after clearing, this ground lay vacant, and
. by the middle of the summer following the hillside was practically
bare rock. In the meantime, the second owner had cleared some
five acres and the same process began anew on this tract. There is
little wonder that the· hill country in these counties is growing
constantly poorer. The worst feature of the case is that there
seems to be no remedy, unless the growing of alfalfa will improve
matters. To some extent this valuable grass is grown in Switzer
land County, where it seems to have a real value in holding the
soil, and at the same time producing a crop with a market value.
In the summer of 1907, h{)\vever, alfalfa on these hillsides was ap
parently dying, and if it should turn out imp(lS8ible to grow suc

COUNTIES,

~. LeG.END

~

B

WAVULI1i GllY

Lo"""

W"YUln GUYfL LOl....,

-

....
,III'

_

Ell

l'Iflll.STGHl

UPLII-P

M..." C••t

La-.

233

SOIL SURVEY OF DEARBORN AND OHIO COUNTIES.

cess

fully here, the case will be desperate. Unless some remedy
is found, it is only a question of time until these farms will have
to be abandoned. Resideuts are free enough in saying that their
farms are losing in value year by year. Perhaps the intensive
farming methods of Switzerland and mountainous Germany, with
their terracing and stone walls, might be of service here; but such
methods are not to be expected in a country· of cheap lands.
In the river botto~, where the soil is, or was, the equal of any
in the country, a near-sighted policy of farming very nearly
ruined much of the soil. Corn was profitable in this easily tilled,
soil, and much of it was practically tilled to death in corn. Only
when much of it was practically exhausted did the farmers awake
to a necessity of fertilization. Now one sees a reasonable rota
tion of clover with the more exhausting crops, and in course of
time these bottoms can be brought to their ancient fertility.
Transportation facilities are poor for a great part of these two
counties, hauls of eight to ten miles to market being not uncom
mon. Ten miles through these hills are equal to fifteen miles in
smoother country. For this reason and for the further reason
that such crops need little stirring of the soil, it has been sug
gested that an attempt be made to grow fruit extensively in this
region. Even with the little care now given to fruit trees, excep
tionally fine peaches and apples grow ~ere; and it is possible that
the fruit crop will one day be the salvation of these hillsides.
Mechanical Analysis of Soils of Dearborn ana Ohw Oounties.

Table No. 1.
Imm+
Gravel.

Soil ..........•
Subsoil .•.•.•..

.1Qmm+

Sand.

16.6%
18.3%

8.2%
10.1%

Table No.2.
Imm+
GrlLvel.

Soil .......... .
Subsoil

Limestone Upland.

Sand.

.4%

6.6%
7.U

Table No.3.

10.7%
12.2%

34.1%
30.3%

.0017mm+
Clay.

30.3%
29.3%

.08mm+
Very fine sand.

.04mm+
SUt.

9.2%
9.0%

59.2%
54.7%

.0017mm+
Clay.

25.1%
27.9%

Waverley Gravel Loam•

Imm+
Gravel.

.16mm+
Sand.

8.6%

12.9%

Subsoil ......... 9.1%

13.1q,

SolI ...........

.04mm+
Silt.

Waverley Clay· Loam.

.16mm+

.5%

.08mm+
Very fine sand.

.08mm+
Very fine sand.

16.6%
18.4%

.04mm+
SUt.

36.6%
34.2%

.0017mm+
Clay.

25.1%
26.1%

234

REPORT OF STATE GEOI.OGIST.

Ohemical AnalY8'is of Waverley Sanay Loam. Occurrence-Bottom Lana8
of Laughery Oreek in Ripley, OhiQ ami Dearborn Oonnties.

Moisture at 105° C.•.•.........................
2.63
Total soil nitrogen •...•.......................
.160
Reaction of soll to litmus..................... .
Acid
Volatile and organic matter .•.................•
5.940
Insoluble in Hcl (1.11~ sp. gr.) ............... .. 85.270
Soluble silica ................................ .
.071
Ferric oxide (Fes03) ......................... .
3.047
Alumina (Al,O.) ..........•.......••...•......
3.253
.2j5
Phosphoric acid anhyd. (P.O,) ........•..•.....
Calcium oxide (CaO) ....................... ..
1.162
Magnesium oxide (MgO) .................... ..
.437
Sulphuric acid anhyd. (SO.) ................. .
.050
Potassium oxide (K.O) ...................... .
.321
Sodium oxide (Na,O) .......•.................
.171
~.l'otal

.........•...........................

99.997

Ohemical AnalY8i8 of the Uplana Soil8 of Northern Dearborn Oounty-A
Milvture of Miami Olay ana Decayea Shale8.

Moisture at 105 0 C .... ~ .......................
4.73
Total soil nitrogen ...••..................•...•
.116
Reaction of soil to l1tmus. • . • . . . . . . . . .. Very faintly acId
Volatile and organic matter............ ..... ..
4.353
Insoluble In Hcl (1.115 sp. gr.)....... . ......... 78.695
Soluble silica ......•.............".............
.076
Ferrtc oxide (Fe.O.) ..........................
5.370
Alumina (AI,O.) .............................
8.588
Phosphoric acid anhyd. (P.O,) .......... :......
.210
Calcium oxide (CaO) .........................
.764
Magnesium oxide (MgO) ......................
.859
SulphurIc acid anbyd. (SO.) ....•..•...........
.036
Potassium oxide (K,O) .......................
.726
Sodium oxide (Na,O) .........................
.252

Total .....•. ,.............................

99.929

SWlTZERLAND:COUNTY.

This little county is in the extreme southeast corner of the
State, having the Ohio River for its eastern and southern boun
daries. It has a maximum length of 23 miles and a breadth of 18
miles, with an approximate area of 210 square miles. In climate
it is little different from the other counties of this district.
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GEOLOGY AND PHYSIOGRAPHY.

In geology this county is exactly like its northern neighbors,
Ohio and Dearborn. Along the Ohio and in the lowest portions
of the creek bed~, the outcropping rock is the Utica shale. In 8-10
of the county the rock exposed is the Lorraine limestone. In the
northwest corner of the county the Hudson River group caps the
highest land in the county, with a srp.aU outlier of Niagara lime
stone at the extreme summit.
There are no large streams in Switzerland County, but the
proximity of the Ohio River gives to these minor streams a tre
mendous fall and cutting power. They have therefore excavated
deep gorges through the soft rocks-':"gorges which,· near the de·
bouching of the streams onto the river plain, are often 350 feet in
depth, and too steep walled in many places even for trees to stick.
Along the river these little streams come down from the hllls at
intervals of two to five miles, and· the deep notches which they
have sawn into the escarpment are very striking. The closeness of
these streams, and the depth of their valleys, result in a region of
great roughness, with little level land. . In this county there is a
small body of comparatively level ground near Allensville and
East Enterprise, and a smaller body of similar surface in the
northwest corner. Along the Ohio there are some level bottom
lands, and a little valley floor along the lower courses of some of
the smaller streams. All the remainder of the county is hilly,
varying from merely strongly rolling to mountainous.
THE SOILS IN DETAIL.

There is not a great deal of difference between the soils of this
county and tboseof Jefferson on the west, or Ohio on the north.
In the north central portion there is an irregular oval of level
land, perhaps three miles across, . which is Miami. clay loam, so
often described· before. It is somewhat startling to see, in this
upland fringed about with great hills, a marsh· vegetation; and
yet the Miami clay here, as elsewhere, retainlll its moisture-bearing
characters. In comparison with the limestone upland soils sur
rounding it, this soil is poor, and is commonly spoken of as "thin."
It raises grass, wheat or rye, but not much corn. At the edges this
soil grades imperceptibly into the Limestone Upland, a soil which
has been described in .detail in Dearborn and Ohio counties. It
bears exactly the same characters here as in those ctlUnties. It is
everywhere a fertile soil where it can be persuaded to stay on the
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hillside. Along some of the streams this soil is retained as a little
bottom, and is of exceptional fertility. This is the great tobacco
soil. of these counties, ap.d is said to have no superior for th\lt crop
anywhere in the United States. The principal other crops which
it produces are corn, grass and anything thai grows in this lati
tude. Of late, an effort has been made to grow alfalfa upon these
hillsides.' It has done fairly well, and may in time be a profitable
crop here.
The principal discussion of Switzerland County soils will be of
the bottom soils or river terraces, because, in the first place, this
soil is more extensively developed in this county than elsewhere
in the district, and is also the most valuable soil in the county.
This county is geographically well situated for the development of
flood plains of the meander type. Two excellent meanders are de
veloped on the eastern side of the county, and a less noticeable one
on the southwestern border. There is more or less . flood . plain
along the entire course of the river in this county except at Patriot
and Florence,' where the sweep of the river is almost under the
hills. In the bends, however, above and below Patriot, there are
excellent developments of alluvium, in the region famous in old
days from one end of the Ohio to the other as the "Egypt bot
toms. " On examination it is readily seen that the bottom ground .
consists really of two terraces. The first, or lower terrace, in July
of 1907 was scarcely more than 10 feet above the river level. It
is composed entirely of fine, silty material, which is .a slippery,
clayey mud when wet. It is dark brown in color when damp, con
tains no pebbles or gravel particles, and little sand. It is evident
ly recent river deposit, and is being added to at every flood.
Spring after spring this bottom is overflowed, scarcely ever mis
sing a four-weeks' submergence. If this flooding ~ccurs in Feb
ruary or early March, thfl soil may dry sufficiently to get a crop of
corn planted, and if the river continues favorable a great crop
will be gathered. Some years, however, the river stays high until
too late for corn, and then the soil becomes a rank waste of horse
wqeds. In eight years out of ten, however, this bottom raises corn,
and is accounted among the most desirable land in this part of the
State. The second terrace, or "Egypt bottoms" proper, is some
what higher than the first bottom, sloping gradually or abruptly
back from the latter toward the back hills. This terrace is the
"bottom" of the river when it was larger than now, probably in
glacial times. At any rate, much of this terrace contains glacial
pebbles. In structure this terrace differs from the lower one in

.~37

SOIL SURV:j!JY .OF SWITZERLAND COUN1'Y.

having a gravel subsoil, and considerable san~ in the surface. It
is not fiat, but rolling, andin some places pretty badlY.,cut up by
creeks ... It is overflowed only in the higher floods, averaging per
haps twtce in five years. This has been sufficient to yield a layer
of silt from two to ten: inches deep over the surface. This is an
excellent farming soil, which can not be exeelled anywhere in the
State. It has been marked,too, by excellent farmers, who have
loved their soil enough to keep it getting better year after year.
There is no better looking farm country anywhere. The crops
here are an indication or the· care or the' farms. Arter almost a
hundred yearS of'cultivation this ground raises as good crops now
as ever! which of course a well~farmed soil ought.
Mechanical Analysis .of Switzerland (JDunty

Table No. 1.

Soil
Subsoil

••••••

0

•••

0

........

Soil ...........
Subsoil ........

Imm+

.16mm+

.OSmm+

Sand.
14.4%
17.6%

Very tine sand.
12.6%.
13.3%

•••

0

•••••••

SubSoil .........

.OO17mm+

.04mm+
SUt.

Clay.
28.3%
25.8%

36.3%"
32.4%

Waverley Silt LMm (First Botti)ln) .

Imm+

.16mm+

.08mm+

.04rpm+

GraveL
.3%
.5%

Sand.
7.1%
7.7%

Vcry trne sand.
12.4%
11.8%

Silt.
61.3%
58.8%

Table No.3.

Soil

Limestone Upland.

Gravel.
7.9%
10.6%

Table No.2.

SDi;l~.

.OO17mm+

Clay.
1~)' 0%

21.3%

Waverley Sandy I..oam (Second Bottom) .

Imm+

.16mm+

.08mm+

Grav..!.
6.;1%
8:u%

Sand.
21.4%
25.4%

Very fine sand.
18.8%
22.2%

.04mm+
Slit..
3O;3~

.OO17mm+

Clay.
33.4~

17.9~

26.• 2%

Chemical Ana'lysis 01 Waverley Loam. Ooourrence--Bettom bands ot-the
Ohio River in tlte (Jounties .of Switzerland. Ohio, Dearborn
.. ~!i. Jefferson;

MoistW-.e at 105°.C..... : ......•.....,......_..... ,2.20
'Tqtal soil 'nitrogen' ., .'.... :. .... ... ............
.280 '. .
Reactio~_ of" soil to 'litmus. :: ...".. ............•
Actd
Volatile and -organic matter ... ~ ••' ... '.: .. , ...•..•. ' 6·.428~:: .
Insoluble..in Hel (1.115 sp. gr:.).~ ...... :-; .. : .. . 80.029.
.. SoJ!Jble, siIic!l,. ". :J' .•.•.•~..... :'.' . , ........ ,:.'•...,.
,.044
-_:::..
Ferric, oxide (]):e,O.). . ..........................., .0.• 290
Alumina (.itO,) ::: ........ : .... , ........ ,
5.536
:Phosphoricacidanhyd {P,O.l .: •. : .. :.....
--;220
Calcium oxide (CaO) ..........................
f.444
'Magnesium oxide (l\£gO) ...........• C.;.. .......
.932.
>

j,
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Sulphuric acid anhyd (SO.) ...................
Potassium oxide (K,O) ...................
Sodium oxide (~a,O) .........................
0

Total ..............'.

0

0

•••

0

••••••••

0

•••

000000

0

.056
.148
.182
100.26

Ohem.wal AnaZym of Lim.estone Upland Soil of Dearborn, Swltzerland,
Ohio and Jefferso<l~ Oounties-The Tobacco Soil 01
Southeast Indiana.

Moisture at 10/)° Co ...
8.74
Total soIl nitrogen , ...............
.183
Reaction of soil to litmus.......
Very faintly acid
Volatile and organiC matter" ...• o.
6.342
Insoluble In Bel (l.lH> spo gr.) ..
74.985
Soluble sillca •.....•...•....... '....
.075
Ferric oxide (Fe,.O.) ...
6.508
Alumina (AllO.) ..................
7.195
Phosphoric acid (anhyd) (P,O.) ..
.571
Calcium oxide (CaO) ............. :0 ..... 0.. ..
1.800
Magnesium oxde (MgO) ..................... .
1.880
Sulphuric acid ftDllyd (SO.) .................. .
.089
Potassium oxide (K,O) ....•....
.855
Sodium oxide (Na,O) ..........•.•............
.644
0

•••••

0

•••

'

•••

0

0

0

0

0

0

0

...

•

..

..

..

••••••

00

••

0

0

0

.......

•••••

0

••••

......................

0

0

0

Total .....

..

•••••

0

0

000.......

..

0

0

••••••

•••••

0

0

0

.

•

•••••

•••••••••••••

<................................

99.914

DECATUR COUNTY.
L6CATION AND SIZE.

This county is likewise in the southeastern part of the State,
one county removed from the Ohio boundary, and two removed
from the Ohio River. Its greatf'13t length is 21 miles, greateSt
breadth the same. Its area is approximately 375 square miles.
GEOLOGY A..i'ilD PHYSIOGRAPHY.

Geological1y, there is very little difference between this county
and Jennings. In the deepest stream beds in the southern part of
the county the soft limestones of the Hudson River formation
appear. These outcrops are small and of no practicable impor
tance, since they contribute nothing to the soils and are in them
selves of no value. The southeastern third of this county is under
lain by the Niagara limestone, perhaps the most valuable stone
in the State, after the Oolitic. In Decatur Oounty it lies as a
rule close to the surface, usually at depths of 4 to 12 feet on the
level, outcropping (Ill stream bh!~i.,;, and occasionally being found
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only at depths of 30 feet. It is a very valuable rock commercially
in this county, being quarried extensively at Newpoint, Westpoint,
St. Paul and in many small local quarries. The product is usad
for building stone, especially for trimming, for -abutments, for
flagging in sidewalks, and in a crushed state for macadam and
for concrete construction. From the standpoint of soils, it is of
importance chiefly from the fact of its resistance to weathering,
which has resulted in very fiat uplands. The northwestern half
of the county is underlain at depths of 5 to 40 feet by the Cor
niferous limestone, a softer rock as a rule than the Niagara.
Finally, the entire surface of the county, except near the streams,
is covered with a mantle of glacial waste, which effectively covers
the underlying rocks over practically all the county.
. The topography of the county is a product of two great factors
-the Niagara limestone and the arrangement of the drift. The
latter is disposed in belts of one to five miles in width crossing the
county from southwest to northeast. In the northwest corner'
there occurs a till-plain where the surface is nearly level, rolling
in gentle waves and only a little broken by streams. Then comes
a belt about 4 miles in width of upland-a glacial moraine. This
is followed by another till-plain, from 6 to 10 miles in width.
gently rolling, with occasional knolls and swales, somewhat cut by
streams. This is followed by a second ridge averaging five miles
in width, with the remaining southeastern corner occupied by a
flat plain of loess. Under the last feature lies the Niagara lime
stone, at an average depth of 7 feet. The streams are compara
tively of little importance in this county as agents in bringing
about the present surface, since this surface would be practically
the same if the streams had not come into being. Their courses
have been largely determined by the belts of drift.
THE SOILS IN DETAIL.

In describing' the soils of this county, one can do no better
than take them in their order from one side of the county to the
other. At the outset, it is evident that one factor which has been
of the first importance heretofore will have little to do with the
soils here, namely, the character/of the underlying rock. It is
probable that not an acre of tillable soil in' this county has re
sulted from tile jisintegration of the underlying rock, but has,
on the contrary, been carried here through the agency of the ice
from some region to the north. We shall begin our discussion of
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the soils in this county with a soil which We have described: sev~
ern} times before, tbe Miami CIaYLoam.
This soil oceurs 'in 6 small area in the extreme southe'dStern
('orner of the' county: It is part of the great "area of this· soil
whICh' 'occurs in Ripley Couuty. It is there des~ribed·
a yel
IO\'I'ciay,sometimes almost white where it is dry, with mottles
of darker yellow in its deeper portions: This soil is underlain
wit': blue till, and in most places grades into that form of glacial'
wRsteinip'etceptibly. It consists almost entirely of clay, with Ii
smaU;admixture(ilsut;llly less than 1) per cent)' ofsaud.LThere
are practically no gravel pebbles in it. It is a pretty good ma
terial for' 'tile and, brickmaking,and has been used considerably
for that in the past. . From the farming standpoint it is poor,
Grasses do fairly' well; and wheat. Fertilizing must be constantly
dGne, and, away from the' streams,' tiiing.

as

THE MIAMI, $ILT LOAM:

.This· sOil is mapped as occupying almost one-third the area. of:
the county. It forms a belt in the southeasternplirt of the
county, almost the full width of the te~itoryon the south, and
nal'rowingto about five miles on the north. It tInlst be unde~tood
that this s6il is' not uniform throUghout 'its occurrence. An aver
age. sampl!'l' would 'Show about 60 per ,cent cla.y, '20 per ce.tit silt,
15."18 pel':cent'1me sand" and some little, gravel in 'spots.:: As'
oM approaches the Miami clay" loam, however,: this composition,
ehanges until the: sand is reduced t05 per cent:or leSs, '~nd:the
clay corl:'e$pondln~ly large'!' in: amount.. It 'was impossible ,to use
any:llard and f@t, rule
.8eparating~ these areas,djut. the pres'
ence or absence of 'gr.aveI pebbles' gives .about the, line as ,mapped.'
Going to the northwest, as one approaches the ridge, this soil
becomes sandier on aecount of the olltwash ,from the moraine, and
is to be distinguished from the' Miam"i Sandy Loam because the
latter has no clay sUBsoi.l, :while' the 'Sil( Loafullas,: ~::~, -., ,
'The Miami Silt, Loam is a yellow 't~) broWn:: soil :With' Ii sub-'
soil UBually darker in color; arid IDl1ch streakedaild iriottled:with
iron oxide. A few concretions of bog iron ore occur: in -this Rolli'
and a good many glacial pebbles. : Rarely' boWlders aJ:'e:' fOllHd...·
sometimes' of large size. The' subsoil, grows heavier an(f-'!ii6'i"'a '
teUllcious as one digs deeper;' an'd at four' to eiaJ¥t 'feet is" i vMY
stiff clay, It is not,however; blue till; iuid thisebarac'tei' servci> ~
distinguish the Miami Silt Ijoamfro:rri the Miami Clay'Loitm:'f1i<l

in

SOIL SllRVEY OF DECATUR COUNTY.

241

farming value of this soil varies cODsiderably with reference to
the place of observation. Down near the Miami clay this soil is
very much. like' its' neighbor-poor, ill-drained and not valued very
highly.- It is thit arid':swampy by nature, due to the cloSeness to
the surface of the Niagara. Tiling must be resorted to constantly;
Ilnd the soil is so poor that often afield will not repay the ex
pense of drainage. Practically the oniy good crops are grasses,
and sometimes wheat, if fertilizer enough be used. As one ap
proaches the ridge, however, the increasing percentage of sand
results in a looser soil, permitting much of the rainfall to soak
into the soil; tiling helps here, also. Then the Niagara is here
somewhat deeper, and the surface therefore more rolling. In
this sandier region corn can be' grown with success, as well as
wheat and grass. Some of the best farms in Decatur County
are in this region, close to the foot of the ridge. They owe their
superior fertility solely to the outwash frolii. this ridge, for at
distanees of two to four miles out from it corn makes only half
a crop.' It is said that one can tell within five rows where one
soil begins' and the other ends.
UPI,A]'ID CLAY LOAM •

.A belt some four miles in width succeeds the Miami Silt Loam,
which has been; called here the Upland Clay Loam. It has been
SO called for two reasons.' First, much of it is really upland,
standing visibly higher than the till plains on either side. Sec
ondly, the knolls appear- to be priMipally clay, and very often
are entirely of that materiaL It must not be understood that this
belt is a continuous ridge, extending as a well-marked divide from
one corner of-: the'" county to the other. It is,on the contrary, a
belt of hill l1"!1d hollow.- It is made up of a' great number, pos
sibly fiVe hundred, , low· rounded knolls with swales or sags be
tweetl. '. The' kil.ollsaverage, perhaps; 30 feet higher than the
plains, arid the swales are probably about at the plain level. The
soil Of the' typicalknoU is yellow in color at the surface, grading
intba darker yellow at depths Of two to four feet.· It is made
tip principally of clay, with a good deal (about 10 per cent) of
nRe. sand in its composition.. Besides these it contains here and
th~resmallpockets of gravel, and often- at depths of 16 to 30 feet
a gravel base; and .huge b~ulders. ate often found in these gravel
bases, In the swales, the soil is sandy, with little clay in evidence.
It is black or brown in ('0101', due to the presence of mnch humus.
[101

242

REPORT OF STATE GEOLOGIST.

Usually at depths of 6 to 10 feet sheets of clay are found, which
dip upward in every direction, forming a little saucer-shaped de
pression, in the middle of which lies the lowland. Many of these
little hollows were undoubtedly in a former age lakes. Some of
them are still marshy, and practically all require tiling. The
soil here is remarkably fertile, ranking with any in the State.
It is great corn soil, and is rarely planted to anything else, un
less it be clover. The knolls, on the other hand, are better for
wheat and grass. A farm in this belt is a joy forever, with its
capacity for varied crops, with its excellent drainage, and the
abundance of pure water which can be had by driving wells into
the gravel at the base of the hills. Very. little fertilizer is used
here aside from the barnyard products and clover. There are
many fine farms in this belt, and some fine cattle.
MIAMI SAND LOAM.

, This soil occupies a belt averaging five miles in width lying
west of the ridge soil. It is, as the name implies, a" light-colored
glacial soiL" It is, however, light-colored only on the knolls and
knobs which occur plentifully in its surface, interrupted by ex
tensive lower grounds. It is a typical till-plain, uninfluenced
by anything except glacial action. In general, it would be called
level, varying throughout the county probably less than 50 feet
between its highest and lowest points. Yet there is not a flat
farm in the area, and not many single fields so flat that cultiva
tion is d:iliicult. A good deal of tile is used in the lower grounds,
and is said to yield a high income on the investment. The knolls,
which make up perhaps 10 per cent of the total area, are far less
fertile than the lowlands. They contain considerable sand, and
give up their water content easily, either by evaporation into
the air or by conduction into the nearby lowlands. In a dry sum
mer, even of average dryness, they therefore usually yield far
less than the swales. They make up so little of the total surface,
however, that one forgets their shortcomings on account of the
superior excellence of the lowlands. These areas, which often are
200 acres in extent, are the banner corn soils of Decatur County.
They are carefully farmed also, being put in clover every fourth
or fifth year. Oats are good here alsO, and, somewhat uncom
monly, wheat yields well enough to be a very important crop, espe
cially on farms whel'l> tbl> knoll land is much in evidence. Ocea
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sionally throughout this area occur drumlins, whose graceful
swells have tempted every farmer owning one to build his house
upon it. Some of the famous farms of this county have as no
little part of their claim to honor the beantiful situation of the
homestead on one of these hills, commanding a view of every
field of the estate. A particularly large and beautiful one of these
drumlins can be seen from the cars of the Big Four Railway and
the interurban about one-half mile east of Adams.
The remainder of the soils in this county belong to one or
the other of the soils already described. In the extreme north
west corner is a little triangle of Miami Sandy Loam, and just
east of this there is a small belt of Upland Clay Loam. Along
the larger streams there occur little strips of bottom ground
(mapped as Waverley), which differ little from the surrounding
slopes, and are of such little extent as to need no extended de
scription. These bottoms are Usually not more than one-fourth
mile in width, and are composed of material washed from the
neighboring uplands. As a rule they are pretty wet and require
tiling, but when drained they are valuable little fields.
There are few counties in the State which are any better
farmed than Decatur, ~pecially on the sandier portions. In the
southeast corner the heavy clay soil limits farming practically
to the grasses and small grain, but in at least eigqt-tenths of
the county any crop suitable to the latitude can be grown success
fully. On the typical corn lands corn yields as well, year by
year, as anywhere in the State, and the same farm which yields
a "bumper" corn crop may, the same year, yield a good wheat
crop on the more clayey knolls. Grasses. thrive in the wet bottom
grounds, and good wa1;er is easily obtained. All conditions art'
favorable to stock raisl;ng, and much of the corn of this county
goes to market as fat hOgs and cattle. Such a method, of course,
can not be otherwise than good farming, since practically every
thing is returned to the soil, and in· Decatur County most of
the farm lands are continually increasing in value. The excel
lence of transportation has a great deal to do with farm values
here. There is scarcely a farm in the county farther than six
miles from a railway, and the vast majority are within three
miles. An excellent system of macadamized and gravelled roads
connects almost every community with the railway.
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Mechanical Analysis of Decatur County 8oils.

Table No. 1. Miami Clay Loam.

Soil .............
SubsOil ..........

1mm+

.16mm+

Gravel.

Sand.

0.7':
.6%

11.S,:
16.8':

. Table No.2.

Soil ........
Subsoil
~

• "'* . . . . .

. ......
"

.08mm+

.04mm+

Slit.
v.~" tI,¥,.8fWd.
4}:3)f' . .' .~1.3%

S.S':

56.6%

.OO17mm+
Clay.
20.2%

17.6%

Miami Sandy Loam.

Imm+

.1Gmm+

.08mm+

..04mm+

Gravel.

Sand.

Very fine sana.

Silt.

Clay.

4.6•
5:S%

lS.B.

82.5':
33.S':

26.1':

19.5%

lS.S':
16.6':

.OO17mm+
24.2%

A Soil Survey of Clark, Floyd and Harrison
Counties.
By

ROBERT

W.

ELLIS.

DESCRIPTION OF THE AREA..

.

The territory under consideration in this report embra.ces the
counties of Clark, Floyd and Harrison: These counties all bor
der on the Ohio River. They are bounded on the north by the
counties of Jefferson, Scott and Washington. Washington County
also forms the western boundary of Clark County, while Crawford
County lies west of Harrison. The area comprises about 1,000
square miles, being approximately 50 miles in length and 20 . in
breadth, lying with its greater extension in a northeast-southwest
direction. The Ohio Ri~er courses along its southeastern' boun
dary, a distance of 30 miles above the Falls and 55 miles below
the Falls, and its central portion is nearly opposite Louisville,
Ky. A brief statement of facts concerning the surface features,
the settlement, the industrial fa(lilities, etc., is given for each
county, as follows:
Clark County.-The population of Clark County in 1900 was
about 32,000, being an average of 85 people to the square mile.
The population is largely white, but a considerable percentage of
colored population exists in the larger t9wns. The county em
braces most of the tract known as "Clark's Grant,". this being
the portion of land assigned to Capt. George Rogers Clark in
recognition o~ his services against the British in the Revolution
ary War.·
The :first settlements were made in 1787, and the settlers came
from Pennsylvania, from Virginia,from North Carolina, from
Maryland and from' New York. Development was slow till after
the Civil War, when its. progress became. very rapid,.
*Clark's Grant comprisetf an area about 11''' miles square and ·it is laid olf in
500-acre tracts. numbered successl,\,ely from 1 to 298. The lines of these tracts do
not run In north-south and east-west directions but approximately .parallel or at
right angles to the Ohio river. a few miles above the Fails. .One line runs about
north 30· west. the other, flol1h 6Q" east. Most of the roads follow the. directl.ons
of these lines, bilt some of them follow irregular courses' between towns, without
reference to section lines or polnts of the compa.ss.
(245)
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Jeffersonville, the county seat, has a population of 11,000,
and is situated on the Ohio River in the extreme southern por·
tion of the county. It is a prosperous manufacturing town an(i
railroad center. The State Industrial and Reform School for
Boys is located here. The city is closely connected with Louis
ville, Ky., and New Albany by river, railroad and electric lines,
Three railroad lines and one interurban system traverse the county
and furnish refl,dy means of communication with the county seat,
and its river traffic is large.
Charlestown and Sellersburg are next in size, each having a
population of about 1,000. They are easily accessible by railroad
and electric lines. Charlestown was formerly the county seat,
while Sellersburg is the center of extensive ceme~t manufactories.
Shipment of produce is done mostly by rail, but to some parts
the Ohio River furnishes an ample and more convenient means
of shipment. The principal ports aside from Jeffersonville are
Bethlehem and Utica. Many small "landings,", also, are points
where much freight is taken aboard the steamers. The country
roads in many places have been macadamized, and these furnish
good communication between towns, giving the farmer easy access
to market. While the county has, in the past, been a little back
ward in extending its "free gravel roads," there is awaking a
more general interest in the matter. The antiquated toll system
of pikes has been done away with altogether in this county_
Many northern farmers, seeing the opportunities for future
development of the country, are coming in, and these add neW life
and wealth to the c o u n t y . '
.
The surface of the county presents a variety of types. The
eastern and larger portion is moderately level but slopes in gene~
toward. Silver Oreek. This surface is cut by many small v(llleys
leading either to Sjlver Oreek Valley or the Ohio River Valley'.
There nre extensive areaS, uncut by drainage systems, which pre
sent a surface about as level as a floor, upon which rainwater Will
stand for many days-until it is evaporated or is slowly absorbed
by the almost impervious soiL The main topogra.phic features of
the area are resultant from the nature and position of the under
lying .geological formations. These formations, from the Niagfl.ra
of the Silurian to the Knobstone shales of the Carboniferous,.. are
not folded but have a gentle westward dip, the massive limestone
beds of the Niagara- forming the high escarpment along thtr eastern
edge of the county, while the channel of Silver Creek lies at the

I
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foot of a somewhat similar escarpment of the Knobstone formation
in the western part. The stream valleys, where they cut a lime
stone formation, are narrow and' deep, but where the streams trav
erse a formation of softer material-as the New Albany black shale
-the valleys widen out. Such a variation of conditions occurs
along the course of Silver Creek. Streams emerging from the south
eastern border approach the Ohio Valley between limestone walls
200 to 300 feet bigh.
As viewed from the Knobstone hills at the west, the surface of
the county to the east appears quite level and nearly forest-covered.
The area covered with trees is, however, comparatively small, be
ing probably not more than 10 per cent. This timber, the rem
nants of the once universal forest in this region, comprises, mainly,
beech and oak, with some poplar, some gum and some sugar maple.
As a rule, the maple occurs on the limestone slopes; the beech on
the flat, wet areas; the oak, sometimes interspersed With the beech,
on the more broken areas. The Knobstone hills are nearly covered
with timber, the lower slOPes with oak and hickory, the higher parts
with chestnut, oak and jack pine.
The region known as the "Knobs" embraces most of the county
west of Silver Creek. It is a region formed from the dissection of
the soft shales of the Knobstone group, whose firm. upper layers
have resisted erosion and so have tended to preserve the original
height of the surface while it was being deeply trenched by weath
ering proeesses. The surface is almost wholly broken, and many
portions exist as outlying knobs. The western arm of the county
includes the valley of Muddy Fork, with the accompanying broken
country lying adjacent.
Floyd Oounty.-The Knobstone range of hills continuing south
extends through the central part of Floyd County, giving that
county as a whole a rather hilly surface. Floyd County occupies
a position between Clark and Harrison countie.."I. It is bordered for
10 miles on the southeast by the Ohio River, and it touches Wash
ington County at the north. Being a small county with a large
town within its borders, its population per square mile is over 200.
The county was settled about 1800. A few scattering settlers
had come in before that time. Among the pioneers who. took an
active part in the early development of the county were David
Lewis, Leonard Leach, Joseph Smith, Howell Wells, Louis Mann,
John Barnett, Martin Very, Israel Moore, John Baumann, Au
gust Genung and Jacob Korb. These settlers occupied lands in
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the vicinity of New Albany. The county at that time was an
almost unbroken forest, consisting of oak, beech, hickory, chest
n~t, walnut, ash, poplar, gum and sugar maple.
The largest city and the county seat is New Albany. It has a
population of 21,000, and extends two miles along the Ohio River.
It is situated mainly on the upper terrace of the river, some 60
feet above ordinary low water, but a portion of the business sec
tion is on a second terrace 15 or 20 feet lower, lying along the river
front. High water.in the Ohio sometimes floods the lower part of
town, but does not extend to the upper terrace. The city ha.':l
a fine court house and government building. It has also a cred
itable city library and many commodious churches. Steel works
and other important industries make this one of the most important
commercial cities in the southern part of the State. The city is con
nected with Louisville, Kentucky, by several lines of railroad ane!
an electric line. The Southern, the Chicago, Indianapolis & Louis
ville, the Baltimore & Ohio Southwestern, and the Pennsylvania
Lines give ample facilities for freight and passenger traffic, in ad
dition to which is electric road connection with Indianapolis. 'The
river traffic is very large. New Albany is one of the leading mar
kets of the region for a farming and truck-raising area 20 miles in
radius.
Georgf;ltown, on the Southern Railway, and Greenville, on the
Paoli pike, are two of the larger. inland towns of the county, each
with a population of about 350.
Practically the whole county is hilly. To the east of the main
divide the surface descends rather abruptly to the level of the Ohio
River bottom. Most oi'the streams are short and are dry much of
the time. The western slope is more gentle and the headwaters of
Indian Creek have broad valleys. The stream channels ~e fre
quently shallow and have rock or gravel beds, which are often trav
eled as roads. The larger of these streams are seldom without
water, which, when not in tiood, tiows clear and fresh over pebbly
bottoms or percolates slowly through beds of sand. While the val
leys are broad the amount of bottom land along the streams is lim
ited, since the gradient of the streams is steep and the downward
erosion is rapid. There is, however, a greater relative amount of
alluvial deposits from the town of Crandall up stream than from
there down stream. Ir, the eastern part of the county there is a
large area of comparatively low land lying between the Knobs and
Silver Creek, from St. Joseph to New Albany. This was formerly
. base leveled, part of it being' made up largely of the original shales,
;
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but there also being extensive tracts of loess-like deposit. The gen
.eral surface is that of a p}ain, partly trenched by young valleys, ly
ing 100 feet or so above the Ohio River. The Ohio River, from
New Albany south, has a bottom land averaging probably half a
mile wide till in the vicinity of Bridgeport. This is low enough to
be covered with water when the river is at its highest stage.
Owing to the irregularity of surface the roads do not closely
follow the section lines. Floyd County roads are, however, well im
proved, many of them being. graveled with the soft gravel that
comes from the Knobstone formation. The Paoli-New Albany pike
is here a toll road and is one of the chief channels of trade between
New Albany and a wide territory untapped by any railroad .
. Harrison Oounty.-'rhe early settlement of Harrison Oounty,
like that of Olark and Floyd, began about the first of the nineteenth
century. Ephraim Fleshman came to Harrison Oounty in 1807 and
settled in Heth Township, on what is known as the John Frank
land. John Ripperdall and wife, from Danville, Kentucky,settled
in 1807, in the valley that nas since borne his name. Daniel Boone's
brother, Squire Boone, with his sons, in 1802 settled in "Grassy
Valley," about six miles back from the Ohio River. John Hudson
came from the Shenandoah Valley, Virginia, in 1798, and settled' in
Harrison Oounty. There was at that time only one house on the
site of New Albany. The county was organized in 1809, having
been named after General William Henry Harrison, who had en
tered government land known as the Wilson Mills property, in 1806..
General Harrison built a grist mill on Blue River in the southern
part of Spencer Township, the foundation of which is still in use.
The popUlation of Harrison Oounty is about 22,000, being only
47 to the square mile. There are po large towns, but many villages .
. Oorydon, the county seat, has a population of 1,700, and is the
metropolis. Oorydon has many features of historical interest,
which can barely be men~ioned. It received its name from General
W. H. Harrison. The State government was constructed here and
the original State house still stands,. in the center of the town.
Morgan's raid reached to Corydon, and the BattlE) of Corydo+t is
one in the official list of .battles of the Civil War. The town is a
prosperous one in the center otthe county, without saloons. Ex
tensive ('anning factories are established here, and the Corydon
wagon works have more than local renown. The town is provided
with electric light and,ice:plants. It is the southern terminus of the·
Louisville, New Albany & Corydon Railway.. This road provides
an outlet for a large part; of the county's produce. The Southern
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Railway runs through the northern half of the county and giv.es a
good market for farmers of that region, with Louisville, Kentucky,
less than 30miles away. The southern part of the county depends
largely on river traffic. Ne\v Amsterdam, Mauckport, Evans' Land
ing, Rosewood and many other landings, make convenient points for
shipping. The Paoli pike cut'! the extreme northern end of the
county and provides a good cOIf1munication with New Albany by
team.
The character of the population is unusually high. Harrison
County is one of two in the State that in 1907 had no inmate in. the
State penitentiary. The strict enforcement of the county option
law against saloons is suggestive of the prevailing sentiment of the
people, as well as being conducive to the further betterment of-the
communities. A large part of the population is descendant from
the early settlers, although in the towns the change has been greater.
The topography of the surface of the county embraces a num- .
ber of types. The prevailiIlg type is that of a moderately undu
lating plain cut by few streams, but pitted. with sinkholes. This
type embraces mainly the central portion, north and south. The
peculiar character of the underlying formations has caused the
drainage to be carried on underground, largely. The relation of
this structure to surface features and t{) soils is discussed in another
chapter.
The western part of the county, in addition to the sink-hole
topography, is much roughened by isolated or som~)\That connected
elevations forming steep ridges and giving a picturesque aspect to
the landscape.
The eastern portion lies near the outcropping edge of several
geological formations, from the. Knobstone to the Mitchell. The
southern half of this section is a strip about three miles wide lying
along the Ohio River bOttom from Bridgeport to the southern part
of Boone Township. _It is deeply cut by valleys .and embraces a
very hilly country. The northern half of the east,rn area is trav
ersed by an elaborate system of surface drainage, cbmprising many
of the headwaters of the two Indian Creeks. .
Of the once widely extensive forest covering the county the
pJjncipal remnants are along the streams and on the untillable
slopes of the high ridges. Some good farm land is still devoted to
timber, but the carriage and furniture fact{)ries are eagerly buying
up all available tracts, which the unsuspecting farmer readily
yields to the uncommonly good- offers of the "cruisers," though
those o1fersbe only one-half of what the lumber company coiIld
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easily afford to pay. But it is so much in advance of the old
prices at which the faa'mer used to sell his timber that he thinks
he is the one who is getting the bargain, rather than is the buyer,
CLIMATE,
The temperature and rainfall of this region is shown in a gen
e;ral way by the following table. It should be noted, also, that the
high per cent of humidity of the atmosphere renders the summer
heat quite oppressive and the cold of the winter mOI1l biting than
would be the case with corresponding temperatures in a more arid
region. In spring the precipitation is frequently too great to per
mit a proper cultivation of crops. The winters are not so cold but
that rains and muddy roads are as frequent as in any part of the
year. The months of September and October are usually dry and
delightful.
SUM1IARY OF CLIMATIC CONDITIONS THAT PREVAIL IN OR NEAR THE COUNTIF.8 OF CLARK.
FLOYD AND HARRIS.ON, INDIANA. RECORD FOR 21 YEARS.
MEAN "I'EMPEIUTURE.

i

STATIONS.

i

~

..."(il

Veve.y, Ind ..........
32
Marengo, Ind............ .' 33
LoUisville, Ky.. , ' . , ..... ..:1 35

.g

!

~

34/43
35
44
I

37

i

45

~
-<

j

56
56

65

56

tl6

67

t
~'" ... .!il
>.

"3

74
74
15

17
17

79

75
75
77

..,~
EI
!

~~ JiEI

~

~

~

~

0

69

"1"'-1

69

57

45

59

70

46

~

36
38

'2

j

65

56
57

1

IDGBEsT TEMPERATURE FOil PElUon.

Vev&.)', Ind.. •. .. ..
Marengo, Ind....... .
Lou!svUIe, Ky...... .

70
611
72

75
73
78

85
81
86

105
106

91
91
91

107

LOWlIIIT TIWPEIIATURE :rOIl PRIlIOD.

-23
-28
,-20

Vevay, Ind. .. . .......... .
Marengo, Ind..........._ .. .
Louisville, Ky........ , ... .
JilIWf PIIIIlCIPITA'I'ION.

Vevay, Ind...............

M_, Ind..............
Loufsville, Ky...... , ......

3.9 14:1
4.9
6.5
3.9 3.9

13.8
5.3
4.3

3.6
0.4
4.0

4.0
5.2
3.8

4.8
5.4
4.3

3.5
4.0
3.8

3.3
4.2
3.5

3.0
4.0
2.7

i

37
.
2.0
3.1 1 5.4
2.6 4.0

2.9
4.2
3.7

43.1
57.6
44.5

AVEl!.AGE NlJIlBIIR OJ' RAINY DAYS.

Vev&.)', Ind ..............
Marengo, Ind..............
Louisville, Ky.... , .......

9
$I

13

9

9
11

l1
10
13

$I

II
12

10
10
12

99
12

I
I

77
10

7

7
8

6
6

8

Ii

6
8

8

8

10

7

8

11

97
97

128

:!!52
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SUMMARY ,OF CLIMATIC CONDITIONS-Continued.
AYJllUGB DEPTH OJ' SNOW,

STATIONS.

i

Ii

~

~

-€i

&:

~

l

~

Vevay, Ind............... 7.5 6.1
Marengo, Ind............... 5.3 5.6
Louil!ville, Ky............ ,. 3.7 4.5

4.0
4.6
3.2

3.8
0.3
0.2

0.1

~

T

..0

j 1i.s ~.
]
1 - _ .. "

:

1J

..0

T

T

,.;

...,"3

!l'
00

,-

0
0

0

0
0
0

0
0
0

0

T

T

0
0

T
T

j

~

~

.:Z;

1.1
0.8

0 .•

!

26.7
20.0

,U.4

IndJCates trace.

AGRICULTURE.
The far:mer of the early days was satisfied with a small farm and
small crops. When he first landed on the lonely banks of the Ohio
River he was face to face with innumerable obstacles. The lurking
Redman still prowled itl the region. Lowland and upland alike
were covered with a dense forest,. almost unbroken by any prairie
land. The soil, protected from the sun by the impenetrable shade.
was cold and ·water-soaked--even covered by standing water in
many places. Mosquitoes and malaria made life anything but
pleasant at times. There were no roads, and when a trail had final·
ly been cleared the springy, undrained land was almost impassable
during a large part of the year. Markets were few and far-distant.
Trade :vas done mainly with the few boats· that plied up and down
the Ohio River, but most of the household necessities were produced
at home. Machinery and tools were scarce and primitive, yet the'
pioneer farmer had the most arduous task of the' century to per
form, and he labored well. By toilsome effort the trees were felled,
the little log cabin, in all its primitive simplicity, was soon erected
. and the work of clearing the land went on. ' Giant oaks, poplars,
maples and walnuts all fell a prey to the flames in order to give
room for the encroaching grairi fields. One who now rides through
this same county can hardly realize what was the original condition
of the present stretches of open country, dotted with farm houses .
and covered with crops of corn and wheat and oats.
Much 'of the early-d'ay farming was done with ox teams. The
principal crops were corn, oats, potatOes and hay. Grass was cut
by scythes and was raked by hand rakes. Grain was threshed by
flails or by being trodden out under the feet of nomes. Corn was
shocked and later in the season 1-VaB husked on the barn floor. Plow
ing was done with a wooden moldboard plow, and grain was cut
with a sickle or a cradle. Flour was made at a water mill, and
these in time became quite numerous. At one time there were 42
!
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mills on the creeks of Harrison CoUnty alone. 'Money was scarce
and resort was had to barter in most of the commercial transactions ..
Stock was unimproved and receiv~d little care. Hogs ran ",ild and,
fed on grass, roots 'and mast from the beech and oak. It was cus
tomary to mark the ears of the hogs to prevent them being killed' by
anyone as wild game. These' mll.rks were recorded at the county
seat. Wild game was abundant. Turkeys, pigeons, deer and bear
were common, and hunting was a profession.
Careful cultivation of the soil did not receive much attention at
first. The soil was naturally very productive just after the timber
had been taken off, and with the added benefit of the ashes from thp.
burned logs. But in time careless methods began to reduce the fer
tility 'and to allow the soil to wash away. Commercial fertilizers
were not used and the barnyard manure available was not sufficient
for all the land. Now the depleted condition of the soil is being
improved upon by many means, such as rotation of crops, rest,
clovering and commercial fertilizers. 6-rain was sown broadcast .
and corn was dropped by hand; Crops grown under such primitive
methbds were small and' inferior, compared with those grown by
mOdern methods. About the close of the Civil War mowing ma
chines, reapers, horse rakes, better plows and many kinds of labor
saving machinery began to come into use, and farming interests de
veloped rapidly; Gardening and fruit-raising received a good deal
of attention and became SOUl'ces of wealth in many places.
Education has kept pace with other elements of civilization in
the region. The first school houses were rudely built of logs, the
equipment being simple and meagre, while the teachers were poorly
prepared and poorly paid. The school term lasted only two or'
three' months of the' year and the chances for an education were
small. At present the educational facilities of these counties are
unexcelled in the State; yet, sad to state, they are not always taken
advantage of to the fullest extent. Good country schools are main
tained six or seven months of the year, while many of the towns
have nigh schools, which places a high school education within the
grasp of every ambitious youth.
.
The average-sized farm in Clark County is about 100 acres; in
Floyd, about 60 acres, and in Harrison,' about 85 acres. A large
per cent of the farms of the area are operated by their owners. In
Harrison Courity the av~rage is 90 per cent. The price for ordi
nary farm labor is 75 cents a day, with board, but in the summer
season help is frequently scarce and larger wages ar~ offered. The
tendency is for the young men to migrate to the cities for work, they
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preferring a little lower wage and the companionship of society, to
good wages with isolation on the farm. The price of farm land in
Harrison County is generally about $30 an acre. The larger farms
are on the bottom lands of the Ohio River. There, also, the larger
proportion of renters exist.
.
The area contains much land of little fertility, and thiS! unpro
ductiveness is shown in the appearance of the dwellings and farm
buildings .thereon. Other parts are naturally fertile, and this con
dition is expressed in commodious and well-built houses and barns.
In nearly every part the use of commercial fertilizer is considered
necessary. On the fertile valleys fertilizers are little used. Once
in a while a farmer is found who has discarded their use altogether,
he having been convinced that by proper tillage and rotation of
crops the productivity of his land is relatively greater than is that
of his neighbors who use fertilizers. A great variety of brands of
fertilizer are used and some attention is given to the selection of
that kind ihat experience has shown to be best adapted to a given
soil. Some of the more common are brands made by the Bash
Packing Company, the Chicago Fertilizer Company, the Cincinnati
Phosphate Company, the Globe Fertilizer Company, the National
Fertilizer Company, and the Northwestern Fertilizing Company.
From 200 pounds to 300 pounds per acre are used and the cost of
fertilizer varies from $18 to $25 per ton. This is said to increase
the productivity of land sometimes to the extent of 15 bushels of
wheat per acre. "The better the land the more gain'in the use of
fertilizers," is the experience of many. Others feel that the pur
chase of fertilizers barely pays-that the increase in yield is hardly
commensurate with the great outlay for fertilizers.
The value of clover asa fertilizer is generally recognized. Some
farmers assert that it 1."1 equal to the ordinary benefit derived from
commercial fertilizers. And clover is thus used to some extent, but
not so extensively as it would be were it not for the fact that it is
extremely difficult to secure a stand on much of the land. It is held
by some that the use of commercial fertilizers has impaired the land
for the growth of clover-that before these fertilizers,were used it
was not difficult to secure a stand of clover. It has been observed
that the parts of a field most difficult to seed down are places where
the soil is in need of drainage. It is probable that as tile drain
age comes more into use that less difficulty will be had in seeding
land to clover. Of late years it has been difficult to obtain clover
seed free from foul seeds. One of the worst enemies of this kind is
a variety of plantain. This plant has a sej3d much like the clover
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seed in size and weight, thus being not easily separated by ma
chinery. The plantain spreads rapidly and crowds out the clover as
it goes. Notwithstanding the difficulties attending the raising of
clover, it seems reasonable to suppose that by some means or an
other clovering must supersede the use of commercial fertilizers to
a great extent as a permanent means of soil enrichment. It is the
farmer's own means and is a less expensive method. It is depend
ing more on natural resources and not so much on the manipulation
of the manufacturer or of middle man. The farmer should seek
relief from the oppressive drain upon his profits by the substitu
tion 9f intelligent and attentive practice of "clovering" and rota
tion of crops for the customary dependence upon commercial fer
tilizers exclusively.
Wheat is the leading crop of the area. The yield in recent years
is a third greater than in former times, on the same land. This is
due to better tillage, to the conservation of the fertility of the soil,
to the prevention of waste by erosion of the surface and to the use
of fertilizers and "clovering." 'fhe wheat is put in in the fall.
The land is first plowed, as early in the fall as possible. It is then
well cut .uP with the disc, is tolled and harrowed in turn. The seed
is then drilled in, the fertilizer being run into the ground with the
wheat. The wheat is harvested usually from June 15 to July 1, and
there is seldom a failure of crop. The yield varies from 15 to 30
bushels per acre, according to the land and the season. Some years
ago wheat was generally stacked before threshing j now the com
mon way is to thresh from the shock. The liability of prolonged
wet spells makes this method rather precarious, however. Some
farmers store the grain in barns till threshing time, and the straw
is usually carefully taken care of. A very good quality of wheat is
raised here. The principal varieties are the Pool, the Fultz, the
Harvest King, and the Silver Chaff. The Kentucky Wonder is a
rather new variety, that has been foun4 to be very productive.
Corn is the next staple product. The average yield per acre is
about 35 bushels. As high as 75 or 80 bushels per acre is common
on the rich bottom lands of the Ohio. Next to the. Ohio bottom
lands the best corn land is the loamy creek bottoms or the rolling
"limestone" land. Corn is planted in drills or is "checked." The
fertilizer is applied in the row with the corn drills, at the rate··of
150 pounds to 250 pounds to the aC,re. Cultivation is continued
until the corn is in tass.el and is done largely by single-horse culti
vators with several small shovels. The use of much fertilizer on
corn land has been found to work disastrously in a season when a
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moderately wet spring has been followed suddenly by drouth; _The
roots of the eorn in this CMe would be clustered around the base of
the stalk and near the surface. On the other hand, in fields in
which no fertilizer had been used in seeding, the corn would send
its roots de~per into the earth at once or extend them farther into
the surrounding soil, thus affording better ,resistance tQ ·drouth.
One of the worst weeds to contend with in the corn field is what is
known as horse sorreL It is practically impossible to, kill it onto
As good a way as any to keep it in check is by careful cultivation.
One spring crop, such M potatoes, followed by late corn, well culti.
vated, seems to be as good a way as can be found to manage it.
'l'he larger part of the corn crop is cut for fodder, tl).ough when left
shocked in the field it is frequently injured by the fall rains. Many
farmers use the shredder and run the fodder, into their 'barns.
The average yield per acre of oats is about 3()' bushels.' The
acreage is generally not so large as that' of corn or wheat; The
grain is usually threshed from the shock and the straw.1s fed ,or
baled and sold. In the city market itwill bring $10 a ton;
Potatoes are·a profitable crop in many parts of the area, a yield
of 140 bushels to the acre being about the average, ,Thel!e are two
times of the year when potato planting is 'done. The early crop is
planted in the spring and is'dug early in the summer. At about the
fi~t of August the late crop is planted; following millet or some
other early-harvested crop. ,The late crop will eMily mature ·be·
fore frost and is a better crop than the one planted in the,spring.
The acreage of potatoes- is not usually large,:many- farmers having
less than one acre. The care of the crop after planting is often
'Rimplified by using a ·heavy mulch OIL. the newly-plantedfi~ld, thus
at the same time preventing gro.yth of weeds and conserving the
moisture of the soil.
One of the most profitable crops is the.,tomato. It is espe~iany
valuable, since it produces well on land that is not well suited to
grain production. The foot hills of the Knobs and other hilly trads
are notableareM where this is t~ue. This vegetable, with proper
planting and proper care, will produce 300 bushels per acre, and
the price r-ange~ from 25 cents to 50 cents a bushel at the canning
facto-rY. In the region where tomatoes are largely grown, nearly
every railroad station hM a canning factory, the output of which is
. mainly tomatoes.
The hay crop is important. Timothy and clover do well when
once started. Timothy yields from one to one and a half tons to the
acre, and always brings a good price in the tnarket-$18 to ~25 a

LEADING CROPS OF THE AREA.

ton. The favorite crop for meadow and pasture is orehard grass.
Clark County is especially noted as being a good place for this
forage crop. The grass grows in tufts or clumps and to about three
feet in height. It is vigorous and prolific and gives a good pastur
age after the hay crop is removed. It is not easily affected by dry
weather nor does it winter-kill. The seed brings a good price and
the yield is 7 to 15 bushels of'seed per acre. Alfalfa is beginning
to be raised to some extent and it has been found to produce well
and to be well suited to the soils and climate. It is raised mainly
on the Ohio bottom lands and will yield three crops a year, with one
and a half to two tons per acre at each cutting. With the more
general introduction of this crop the dairying interests in the region
will no doubt be enlarged. Millet is raised to some extent as a hay
crop. It will yield two to three tons to the acre.
. Tobacco is raised to a limited extent in Clark County. It is
quite frequently the main crop among the hills overlooking the Ohio
River. It is also raised on the Ohio bottom land. The best quality
comes from the hillside land.· In many places in the vicinity of
Bethlehem the hillsides, too steep for a horse to work on, are cov
ered with little patches of tobacco, and the crop when gathered is
pulled down the hill on sleds. The tobacco plant is started in a bed
early in spring and these beds are covered with cheese cloth to pre
vent injury from frost or from insects. When two to three inches
high the young plant is transferred to the field, being set out in
rows about three feet apart. The tobacco grown on the rich bot
tom lands is heavier and of good color, but inferior in quality to
that grown on the limestone hills.
In Clark County, notably in the vicinity of Bethlehem. :\ very
profitable business is the raising of sunflowers. 'l'he seed is sold to
buyers in Madison and elsewhere. The use to which such great
quantities of sunflower seed are put is a mystery to the producer.
but it is thought to be used in the manufacture of oil. Buyers are
very reticent about telling what the seed is used for. The crop is
planted and tended much after the manner of corn cultnre. The
soil of the Ohio Valley is especially adapted to this crop.
Besides the regular farm crops, an immense amount of garden
truck is produced for the lo~al markets of Louisville, New Albany
and Jeffersonville. Butter-making is not prominent, but eggs and
poultry are very abundant. I.Jarge stock raisers are not numerous,
although every farmer has a small herd of cattle and of hogs, and
this industry seems to be increasing. Many farmers keep a few
sheep.
[17]
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Much fruit is produced throughout the area. Apples do well on
the soil of the Knobstone shale. Peaches are grown on almost every
soil type. Pears, mainly of the Keifer variety, are most abundant
along the taller slope of the limestone hills bordering the Ohio
River. Blackberries· grow wild in great abundance along every
road or patch of timber land, and native blue berries are still found
on the Knobs;' Some of these are shipped to Indianapolis markets.
For the western part of Clark County and the northern part of
Floyd, berry-raising has lately come to be the leading industry.
The wealth being thus derived from this hitherto rather unprofit
able soil of the Knobstone hills is simply marvelous. Farmers who
once barely eked out an existence on their little, unprofitable farms,
now reap a harvest of $1,000 to $1,500 a year from their berry
crop. Strawberries and raspberries were shipped from one station
-Borden-in 1907, at the rate of four or five carloads a day for
the season of about four weeks. One firm alone cashed checks in
the amount of $123,000, all of which was from the sale of berries.
In some parts of Clark County the land is so nearly level and
the subsoil is so impervious that crops are frequently drowned out.
Tiling has been employed to some extent and with good results. It
is probable that much of the lack of fertility attributed to portions
of the land is due to insufficient drainage. Much of the heavy, wet
land is in need of something to give coarseness and friability to the
soil. It lacks humus. It would seem that with the use of much
barnyard manure and the turning under of clover these heavy soils
might be made far more productive than they are at present. It
would seem that the use of the roller and the excessive pulverizing
of the surface for winter wheat would better be omitted in the case
of soils that thus easily become packed. A comparatively rough
surface would hold the snow over the erop in winter and would
facilitate evaporation in the spring. But the enterprising farmer
is trying every feasible way to accomplish the best results. Care,
attention· and experiment will tell, and the farmer who does not
keep abreast of the times in knowledge of improved methods will go
to the wall. The agricultural schools should see a large attendance
of young men and the "short courses" for farmers, during winter,
should be attended by men from every township. Local meetings
for the discussion of immediate and important farm problems
should command the support and interest of every farmer in the' .
neighborhood. Where interest in improvement fails, that familn'
is liable to be supplanted by others, who will buy his fami at a
moderate figure and build up one of the most productive estates in
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the county. It is being done now. Farmers must have more faith
in the ultimate worth, of their own lands. It will not do for any
one to drop out of the, game and idly bemoan the "worthlessness"
of the land. He must be looking for the redemption of the good
name of his property, not so much by the fulfilment of some ancient
Indian legend of hidden mineral wealth therein, as by the applica
tion of hard, intelligent labor, coupled with the latest knowledge of
scientific farming. Probably the legendary silver cave of the old
"tunnel mill" will never be found, but a wealth none the less valu
able remains to be drawn from the surface, which hitherto has been
only partially realized.
SOILS.
As the variety and the distribution of soil types depend on the
geological structure and certain geological processes, these types can
best be understood by a consideration of the latter. By reference
to the geological map of Indiana it will be seen that the uppermost
rocks of this region are, successively from east to west, those of the
Silurian, the Devonian and the Mississippian (Lower Carb.)
periods. It should also be understood that each formation of rocks
extends underneath the formation next to it on the west, so that a
deep well in western Harrison County might, at a depth, reach the
same formation that comes to the surface in eastern Clark County.
These ancient rock beds consist of limestones, shales and sandstones.
Besides being a determining agency in the process of topography
formation, they are, in whole or in part, the source of the local soils.
Through long ages since their formation as beds of sediment in the
sea bottom, subsequently upheaved, they have been subject to the
'erosive and the disintegrating agencies of weather. These modify
ing agencies have left at the surface a layer of residual material
varying in depth and in the relative proportions of the original
rock elements. In the case of limestones the residual part is gener
ally less than five per cent of the original rock. That is, '100 feet
depth of limestone after being acted upon by the weather, would
leave only five feet of residual matter. In the case of disintegrated
sandstones and shales, the residual matter comprises probably 95
to 100 per cent of the original rock. Not all of the disintegrated
material has remained in position, but some has been removed by
running water and has been redeposited in stream valleys or has
been carried out of the region and deposited farther away. In
parts of the area the soils are of the general class just mentioned as
liaving originated from disintegrated rock without having been
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modified by running water. 'l'hese naturally accord with the na·
ture of the rock over which they lie and vary as the successive
geological formations vary. In such regions the soil overlying the
same formation does not show much variation from one part of the
area to another. This class. of soils lies generally in the western
part of the area, notably in Harrison and Floyd counties and the
western part of Clark County. In other portions of the area the
soils are made up of material that has been brought to its present
position by moving waters or is the worked-over surface soil that
existed in those localities previous to the glacial epoch. Much of
the remaining area of Clark County is covered with this kind of
soil. It is a loess-like mantle covering the upper level portions of
country and reaching well up over the foot hills of the Knobs. It is
more fully described in this report under "Description of Indi
vidual Soil Types." Underlying this mantle in the northeastern
part of Clark County lie discontinuous patches of unsorted drift
remnants of ancient terminal moraines that formerly marked the
extent of the ice shoot in this locality. This drift is frequently ex
posed in the bottom of deep ravines or on hillsides, while large iso
lated bowlders are sometimes found at the surface of loess-covered
areas, as if dropped from floating ice moving off from the glacial
front. The approximate limit of the ice sheet, as judged from the
occurrence of bowlders, is shown on the soil map. It is thus clear
that the underlying rocks of this region have less to do in determin
ing the character of the soils that lie above them then is the case in
Floyd and Harrison counties, which are unglaciated.
DESCRIPTION OF INDIVIDUAL SOIL TYPES.
The soils may be divided into two groups, according to their
OrIgm: (1) Residual, those resulting from the disintegration of
rock beds of the same locality; and (2) transported, those that have
been fortned from material deposited from water or that has been
modified by moving water. The first of these includes the upland
soils of Harrison and Floyd counties and part of the upland of
Clark County. The second comprises most of the· soils of Clark
County and the bottom lands of Harrison and Floyd counties.
Many local variations occur, and a single farm may contain half a
dozen distinct grades. It is impracticable to note these local
phases, and only the more general types are described in this report.

SOIL SURVEY O}' CLARK, }'LOYD AND HARRISON COUNTIES.
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MIAMI SILT LOAM.

The Miami silt loam is generally a light gray color at the sur
face, grading at a depth of six inches or a foot· into a yellowish
buff color. It usually contains some fine sand and often fine quartz
gravel. It rarely contains gravel of local origin, other than iron
oXld gravel. This occu~ in considerable amount in the subsoil and
gives a rusty spot on a fresh surface of the lighter colored loam in
which it is imbedded. This soil is usually compact, the sand ele
ment in it being too small in amount to assist very materially in giv-·
ing porosity to the mass. The surface· soil ~ quite uniform in ap
pearance, but the subsoil varies more or less in color from a light
buff to a brownish yellow. There is also considerable variation in the
amount of iron concretionary gravel that the subsoil.contains. The
soil is moderately plastic, growing more so with depth. It is easily
settled by the rain into a heavy, closely-compacted surface that does
not readily loosen up to the plow. This soil, being a deposit from
glacial waters, probably was once quite continuous over hill and
valley, but erosion has removed much from the hill slopes, leaving
the greater depth on the level areas more remote from streams. It
has a depth of 15 to 20 feet and its lower portion frequently grades
at that depth into coarse gravel. In some places it overlies glacial
drift, while in other places there seems to be no glacial till between
the silt and the surface of the rock below. This soil is of unmis
takable glacial origin, having probably been laid down as a fluvio
lacustrine deposit in front of the receding ice sheet. When first
tilled after the timber has been removed, the upper three or four
inchs contains considerable vegetable matter and usually has a
darker color.
The land was originally heavily forested with beech, oak, poplar,
gum, etc. The timber growth has retarded erosion on the level
areas remote from the preglacial valleys, and those level tracts are
easily flooded with water in a rainy time. 'fhe impermeability of
the subsoil and the underlying rock bed prevent proper drainage
below, and the water is thus retained on the surface until evapora
tion has liad time to assist in its removal. These level undrained
tracts are locally calle~ "white slash," and are notoriously poor
land until they are drained. Since the timber has been removed
and the land has been .brought under cultivation the moisture is
more readily evaporated. But tile drainage is necessary to put
them in condition to realize the full possibilities of their fertility.
Some tile draining has been done and the amount is increasing. as
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it is found to be a paying investment. The humus content is small
and if this could be increased it would no doubt produce marked
results in crop production. Tillage of the slash land is attended
with some difficulties on account of the heavy nature of the soil and
the superabundance of moisture during the spring and early sum
mer. Farmers are tempted to work the land when it is too wet and
with the consequence that the soil on drying out is lumpy and un
suitable for plant growth. Many farmers, profiting by their ex
perience in this matter, are very careful not to till the land before it
is dried sufficiently. The results are easily seen in the growth of
the crop. While there is some difference of opinion as to the
proper depth for plowing, the prevailing sentiment seems to be in
favor of deep plowing. Some of the most successful in producing
large crops plow their land about eight inches deep. Deep plowing
not only aids in retaining moisture during a dry spell, but facili
tateS the drying up of the excess of moisture after a rain.
The boundaries of this soil-the Miami silt loam-are not very
closely marked; as it grades easily into other types. The principal
difficulty iIi determining the boundaries of the type is at· its con
tact with the De Kalb silt loam.
'
The principal crop of the Miami silt loam is wheat. Wheat is
said to do better on the "white slash'" than on "limestone" land.
The yield is 15 to 20 bushels per acre. Commercial fertilizers are
llsed extensively. The average yield of corn is about 33 bushels per
acre; of o:ats, is 25 bushels per acre. Hay is a good crop, yielding,
of timothy, about one and a half tons per acre.. Potatoes yield
about 70 bushels per acre, and rye about 10 bushels per acre. These
last are not raised to any great extent. Tomatoes are raised ex
tensively on this soiL
The following tables give the results of mechanical and chemieal
analyses of this soil :, .
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Ohemical Analysis of Miami Silt' Loam.

Soli sample No...................
23
No. ..................
17
Reaction to litmus ............... Neutral
Moisture at 105° C.......... .. ....
1.5
Total soil nitrogen ...............
.099
I~lIboratory

24
16
Acid
1.95
.133

Analysis of Fine Earth Dried at 105 0 O.

Volatile and organic matter.......
Insoluble in HCI (1.115 sp. gr.)...
Soluble silica ....................
Fet'rlc oxide (Fe,O.) ........ .... ..
Alumina (AI~O.) ................
Phosphoric acid, anhydrid .(P,O.)..
Calcium oxide (CaO) ...........•
Magnesium oxide (MgO) ..........
Sulphuric acid, anhydl'ld (SO.)...
Potassium oxide (KO)...........
Sodium oxide (Na,O).............
Total

2.628
92.902
.074
1.715
2.037
.119
.266
.267
.018

2.170
90.885

.043

.131
.111

2.313
3.205
.177
.597
.621
.024
.226
.138

100.268

100.349

NEW WASlITNGTON CLAY IJOAl\'1.

This is a type of soil occurring mainly on hill slopes in central
and eastern Clark County. It is commonly known there as "lime·
stone" land, and is essentially the residual soil of the disintegrated
limestone of the Jeffersonville and the Niagara formations. The
surface soil is a light buff, grading downward into reddish yellow,
then to a dark red. It frequently contains fragments of chert and
has a considerable proportion of clay, the subsoil being very plastic.
There are intermediary stages between this and the Miami silt loam,
where the limestone residual seems to haVtl. been slightly worked
over by the waters of the fore.glacial lake. The soil usually overlies
limestone, which 'is at no great depth, often cropping out at the sur
face. The surface soil is a moderately loose loam, easily tilled and
fertile. This is well known a... being one of the most productive
soils in the area. Originally timbered with sugar maple, walnut,
etc., it now produces large crops of corn, wheat and vegetables. In
fertility it resembles the Bedford limestone land of Harrison
County.
The following tables give the results of mechanical and chemical
analyses of this soil:
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Ohemica~

AflaElIseM of New Washington may Loam.

Soil sample No .................. .
12
LabOratory No. . ................•
18
Reaction to litmus ... ~' ........•.. Neutral
Moisture at 105 0 C ... : .......... .
2.87
Total soil nitrogen .............. .
.108

13-14

20
A.cId
4.08
.085

Analysis of Fine Earth Driea at 105 0 O.

4.002

0.501

85.808
.085
3.'%88
5.350

83.445

.176
.229
.592

.244
.190

.627

.032
.371
.120

.033
.346
.148

Total ........................ 100.233

100.203

Volatile and organic matter •......
Insoluble in Hcl (1.115 sp. gr.) ...•
Soluble silica ................... .
Ferric oxid (Fe,O.) ............. .
Alumina (Ai,O.) ............... ..
Phosphoric acid, anhydrid (P,O.) ..
Calcium oxid (CaO) ............ .
Magnesium oxld (MgO) ........ ..
Sulphuric acid anhydrid (SO.) ... .
Potassium oxid (K,O) .......... .
Sodium oxld (NIl,O) ......•...•..

.096

4.359
7.214

The soil that forms this type is partly a residuum and partly a
deposit from glacial waters. It covers mainly what may be called
the foot hills of the Knobs, but it also overlies certain areas of the
New Albany black shale.. In either case it contains much of the ma
terial of the underlying rock. The color is generally a light buff
near the surface, grading into yellowish or bluish gray below. It
occurs generally on the upper part of the undulating surface lying
along Silver Creek and its branches. It is, as a whole, the least
productive of all the soils of Clark County.
The most productive crop is that of tomatoes, which, according
ly, are extensively raised here. ,The yield may be as great as 300
bushels per acre. Wheat yields 15 to 20 bushels per acre; corn, 20
to 30; oats, 20 to 25; potatoes, 150. Melons also do well here.
The soil is a stiff clay, except about six inches on top, which is
moderately loose. Where the soil is closely underlain with New
Albany black shale (slate) there is a marked difference in the pro
ductivity between wet and dry seasons. When wet seasons prevail
the "slate" land is at its best, but in dry seas()ns such land is not
able to retain enough moisture for productive growth of crops.
Then it is that the land underlain by the comparatively barren,
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but more porous, Knobstone shale, exceeds the slate land in crops.
The Dekalb silt loam is very susceptible to. poor treatment, and if
plowed when it is wet it becomes hard and cloddy.
The following table gives the results of mechanical analyses of
this soil:
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KNOBSTONFJ SANDY LOAM.

The Knobstone type embraces the soils ()f the Knobstone forma
tion as it occurs in a,prominent system of hills formed by the east
ern outcrop of the formation .in western Clark County and in Floyd
County. It is mainly the residuum of the upper members of this
formation and its sand content is derived from the uppermost beds.
It uslilally appears in a buff color as surface soil, with a subs()il
brownish yellow. It is comparatively fertile, considered with the
soil occurring on the foot hills of these Knobs. Owing to the very
broken surface that it occupies, there is much of the tract that is too
steep for cultivation. Excellent wheat ~n be raised on top of the
Knobs. The main crop is tomatoes. All kinds of fruit do well
here. .Apples and peaches are especially suited to this soil and this
situation. When other parts of the country fail, here can be found
a fair crop, while in good seasons the production is greater than the
farmer can handle.' Berries of all kinds are naturally adapted to
conditions found on these hills. While some attention is already
given to fruit raising, the acreage is continually increasing. The
price of land here now is not commensurate with the wealth-pro
ducing capacity of the soil. The farmer here is gradually learning
to divert his efforts from general farming to fruit-raising. The
chief iJrawback seems to be the rather inaccessibility of the region,
owing to the altitude, poor roads, and the comparative remoteness
from market of some portions. To see what is now being done in
the fruit business here is an eye-opener to the future possibilities in
that line. A farm of 15 acres can be bought for $400, and which in
two years after clearing of timber will have yielded a net income
of $500 a year.
The following table gives the results of mechanical analyses of
this soil:
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YAZOO CLAY.

Probably the most fertile soil of any in the area occurs in the
narrow strips of bottom lying along the Ohio River and that are
usually annually covered by high water of the river. The prevail
ing color is a dark chocolate brown. It varies in texture from that
made up largely of clay and silt to a variety containing considerable
fine sand. Having been made up of sediment from the river floods
the texture does not vary greatly with depth, while in plant grow
ing properties the subsoil tn a depth of 10 feet is as rich as the sur
face foot. This soil produces abundantly. Corn is the principal
crop and this produces 50 to 80 bushels per l"l.ci"e. Alfalfa is be
ginning to be raised and it does well, as many as four crops per sea
son being produced, with a yield of one to two tons to a crop. In
the vicinity of Bethlehem large acreages of sunflowers are raised on
this land, while tobacco is found to do remarkably well, although
the quality is not so fine as when grown on limestone land. This
soil needs no fertilizer, since it has naturally an abundance of the
elements necessary for plant growth. This land is not subject to
drouth, nor does its low-lying position materially affect the culture
and growth of crops by being too wet. It is true that the liability
to periodic overflow renders this less suitable for small grain, yet
even on some of the higher portions 20 bushels of wheat per acre
may be reasonably expected .
. The farm buildings of this area have been situated on the high
est parts of the bottom land, but in more recent years the dwellings·
are being moved to the edge of the hills, where all danger from
floods is removed.
The results of mechanical and chemical analyses of this soil are
shown in the following tables:
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Ohemwal Ana:tysis of Yazoo Clay.

Soil sample No................................
54a
Laboratory No. ...................•...........
19
Reaction to litmus ....•....................... Neutral
Moisture at 100° 0............................
2.29
, Total soil nitrogen ............. '" . .. .. . . . . . . .
.092
Analysis

of Fine Earth Dried at 105 0 O.

Volatile and organic matter ........... '" . . .. . .
Insoluble in HOI (1.115 sp. gr.)................
Soluble silica ...............................••
Ferrie oxid (Fe,O.) ...........................
Alumina (AL,O.) .............................
Phosphoric acid, anhydI'id (P,O.) .•............
Oaleium oxid (OaO) ............ :.............
Magnesium oxld (MgO) .......................
Sulphuric acid, anhydrld (SO.) ................
Potassium oxld (K,O) ......••..............•.
Sodium Q:xld (Na,O) ..........................

5.207
83.691
'.074
4.003
4.357
.278
.852
1.003
.007
.491
.206

Total ..................................... 100.269
JEFFERSONVILLE FINE SANDY LOAM.

The greater part of the Ohio River bottom land is seldom or
never covered by high water. This higher portion exists as a high
terrace skirting the upland, runnIng far back up the creek valleys
and bordering the low bottom (of the Yazoo clay) or, where that is
wanting, in some instances coming close to the Ohio River. The soil
varies much on this higher terrace. In some places it is mainly
sand, and, before vegetation had ever become abundant upon it, was
blown into low dunes and ridges, which now cause slight irregulari
ties in the surface. Other parts' show a quality and texture not
much different from the Miami silt loam. It is a terrace that was
probably built up by the river at the time when the melting glacial
floods were spreading fine silt in a blanket-like deposit over the up
land of eastern Clark County. As a rule the higher parts of this
terrace are the most sandy. Such areas a]!e found in the vicinity
of Jeffersonville and of New Amsterdam. The various grades of
soil occurring on this upper terrace are put together to form one
general group, the bOlmdaries of which generally coincide with the
extent of the terrace. Also there can be no sharp distinction made
between the limits of the river terrace and the corresponding terrace
of the tributary streams, and the line of' separation shown on the
soil map is very arbitrary, the general quality of soil of the high
[18]
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river terrace and that of the high creek terrace, however, being after
some miles quite distinct.
The crop-producing capacity of the soils of this area is quite
variable, but on the whole it is inferior to that of the New Wash
ington clay loam. The sandy areas north of New Amsterdam are
best adapted to melons and berries. Much of the land just north
and northwest of Jeffersonville comprises largely the light colored
silt that on the upland grades into Miami silt loam. This part is
slightly lower than the sandy portions that occur irregularly on the
same terrace and the ~and is more nearly a "white slash." Much
of this land in the vicinity of Jeffersonville is devoted to hay. The.
looser and sandier parts fonn good general farming land. Many
fine estates are seen along the highway leading from Jeffersonville
to Utica. Most of this wealth has probably been produced by the
intensive farming of the not-unusually-fertile land of the high ter
race. Corn yields from 35 to 40 bushels per acre. . Potatoes are a
. good crop, and all kinds of fruit do well here, if proper care is taken
of the soil.
The following table shows the results of mechanical analyses of
this soil:
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WAVllJRLY SILT LOAM.

This type occurs along the valleys of the streams within the area.
In general it includes both the low, flood plain and a "second bot
tom" or terrace from three to ten feet above. As a rule the bottom
lands of these streams consist of a series of terraces....:-two or three
in number--....flach one being three· to ten feet higher than the next
lower one. In some places the distinction between the terraces can
not be noticed. These terraces follow the natural order of forma
tion that arises when an area is uplifted after having been trenched
by.a drainage system. The lower end of the stream valley is first
cut below the former level, a new flood plain soon appearing there,
while the upper reaches of the stream retain the same old flood plain
for some time longer. Thus anyone in following along the flood
plain of the headwaters of some stream will find himself almost im
perceptibly elevated to a "second bottom," or terrace, by the time
he has 'gone a few miles down the valley. This arrangement of ter
races renders an exact delineation of their boundaries almost an
impossibility. In this report no distinction is generally made be
tween the high and the low creek bottoms.
There i~ considerable variety in the soils occurring as alluvial
deposits along these valleys. As a rule the lower levels-the present
flood plains-are the most fertile, but even these bottoms are ;fre
quently made up of material that is very poor in productivity. The
quality of the alluvial deposits of small streams.is largely affected
by the nature of the geological formations composing the adjacent
highlands. The low-bottom type varies in color from a grayish buff
to a brownish buff at the surface, and the subsoil varies from a light
huff to a dark brown. The texture varies from that in which there
are considerable amounts of medium to fine sand to that having Ii
(lontent mainly of silt and clay. Fourteen-mile Creek and other
small streams in the eastern part of Clark County have so little
hottol!l land that it is scarcely worth mentioning.
Silver Creek and its tributaries have for the most part wide val
Jeys. The low-bottom type here is generally a light buff colored
clay lo.am. The upper bottom type here is lighter in color than the
low-bottom type. In some planes the low bottom is of the "white
slash" order. The upper branches of Silver Creek have the most
fertile bottom land of any part of that system. From Memphis to
its mouth the main stream has little very fertile bottom. Along
Muddy Fork;-below Bridgeport, the bottom land also is poor, com
pared with that farther up the valley.
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Indian Creek has a narrow valley from Crandall to its mouth,
while the upper portions have considerable bottom land for so small
streatns-from 20 to 40 rods much of the way. The upper parts of
the branches of Indian Creek and Buck Creek have rather wide
sloping valleys.
The valley of Blue River iavery narrow and crooked. Its mean
dering course was determined ages ago when the stream was flowing
at a level some 200 feet above the present one. As the stream has
sunk its way through the limestone walls of its present canyon-like
valley, it has in some degree accentuated its meanders, but the
downward cutting has always exceeded the lateral erosion. This
type of valley is found with other streams of this area in certain
portions of their courses, but in none other is it so emphatically dis
played as in Blue River valley. There are narrow strips of low
bottom lying within the bends of the stream. These .are seldom over
40 rods wide in the widest part and usually do not extend farther
than half a mile along the stream.
The soil of the bottom lands of Harrison County is generally a
light loam, often somewhat sandy, having a grayish-brown color.
It is fertile, as a rule, when so situated as to receive additional de
posits of sediment from high water:
The principal crop of these alluvial soils is that of corn. Some
of the best will produce as high as 80 bushels per acre, while 100
bushels per acre have been reported. Grass, also, is a paying crop.
Other crops are raised to a greater or lesser degree, though usually
other parts of the farm are devoted to crops that cannot so well
be raised on the bottom land.
The following table shows the results of mechanical analyses of
creek-bottom soils:

MECHANICAL ANALYSES OF WAVERLY SILT LOAM.
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MUC:K.

This is a dark-colored soil-almost black, its color forming a
striking contrast with the usual buff-colored soils of the region. At
a depth of three to four feet the color changes gradually to a yel
lowish gray. It is of very fine texture, being made up almost whol
ly of silt, clay and organic matter. When wet, the soil becomes
very plastic and owing to this plasticity it is rather difficult of
tillage. In such condition it compresses into large, heavy masses
before the plow, and these, on drying, are like lumps of brick. In
extreme drouth the surface hardens and cracks open to a foot or
two in depth. This soil much resembles the "gumbo" of the
Missouri River bottoms in western Iowa. A wagon driven over it
when the surface is slightly wet, will have its wheels completely
clogged by the adhesive mud. Cultivated fields in drying out be
c9me baked, with a coarsely granular covering on top. The best re
sults are obtained when the land is plowed in the fall, thus allow
ing the frost to pulverize the surface and to prepare it for seed
growth in the spring. This type occurs in only limited areas, and
in Clark County alone is it noticeable to any great extent. The
larger of these is found two and a half miles northwest of Jeffer
sonville, on the upper terrace. Other isolated patches occur in the
northern part of the county, near Nabb. Its occurrence is usually
on level or poorly drained· tracts remote from streams. Its origin
seems to have been from the slow accumulation from forests that
originally covered the land, with the possible addition of sediment
deposited from the still waters that may have frequently flooded
the tract.
Notwithstanding the difficulty of culture under certain condi
tions, it is one of the most fertile soils. Corn, oats and timothy are
the principal crops and no fertilizer is needed. Corn yields on an
average 35 bushels per acre; oats, 35 bushels; timothy, one and a
half to two tons per acre. With proper drainage and the addition
of humus this soil could be made much more productive. The areas
near Nabb, having a less depth of the soil and having been carefully
farmed for many years, as well as being better drained, are less dif.
ficult of cultivation.
The following table gives the results of mechanical analyses of
this soil:
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NEW WASHINGTON SANDY CLAY LOAM.

A limited and local variety of soil occurs on a low ridge run
ning southeast from the vicinity of Nabb, almost parallel to, and
near, the northeast line of Grants 249, 232, 215 and i98. This ridge
is 30 or 40 feet above the country to the east or to the west: It
resembles a terminal moraine, but its structure would suggest an
esker formation. It is composed largely of sand, apparently strat·
ified at some depth. In making wells on this ridge, sand is en
countered to a depth of 30 or 40 feet, then gravel or sand to a
depth of 57 feet. No shale or limestone has been struck in wells
nearly 70 feet deep-a depth much below the level of the outcrop
of New Albany black shale about half a mile to the west. On the
southeast flank of this ridge a partial section could be obtained.
The lower part of this exposure is about 10 rods from Fourteen
Mile Creek, Grant 198, and about 40 feet above it. The lower por
tion contains pebbles and bowlders of quartzite, granite, greenstone,
limestone, etc., some of which are distinctly glacially polished and
grooved. Above this bed of bowlders the material is more largely
gravel and sand, somewhat arranged by water. The lower matrix
is a drab-colored clay; the upper 12 feet of the section shows the
effects of oxidation, it being of a yellowish color. Some bowlders
occur over the surface of this ridge. A similiar arrangement of
structure in this ridge was shown in making a well on top of the
ridge about half a mile northwest of the outcrop just described.
Other similar deposits were noticed on Grants 248 to 231, about
half a mile southeast of Marysville, and on the southeast quarter
of Grant 90.
The soil is a dark red, sandy clay, very fertile, "vith the upper
six inches of a grayish buff color. It resembles a limestone soil in
color, but its origin, of course, is different from residual limestone
soils. The drainage is accomplished by means of the gentle slope
of the surface and by the underground filtration through the porous
subsoil. In this respect it has the advantage over a limestone soil
underlain by a comparatively impervious layer of rock
The fertility of this tract is shown in the large growth of corn
that it produces, excelling any other in the neighborhood, growing
on Miami silt loam. This ridge is especially productive at its
junction with the level land to the west, where the colluvial soil
, ,has gathered. The usual farm crops and many varieties of fruit
are produced on this soil in abundance.
.
The following table shows the results of mechanical analyses
of this soil:
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MECHANICAL ANALYSES OF NEW WASHINGTON SANDY CLAY LOAM.

~

LOCALITY.

i ---------17
18
19

Color (dry).

DESCRIPTION.

---------------------~--I

I Farm of C. }'. Graves. S.
'I

Nature of eoarae gravel.

,
I

I Farm
of C. F. Graves, S. E. sid. o f .
Grant 215............ , ......... Sandy losm. 0 to 12 roches........

20

Friability.

1

Red-brown....

Easy..... ..

;I~

18«-1--1;;;-'

~ i~ I~ I!~

Ii

: i

Ji ~ I~ I~ j~ ~
I~ I~ i~

d
p;

I

oI'Jj

'===--i~I===--I~!~ ~
I .1 I' 2 )' 6.6110.5175.4
1
0

:.

;:fi . . I~

'Ii. ! 1 =~I~~ ~§
I;~I: 11~1~ ~Ii i ~~

E. side of
i
Grant 215.. .. . . . . .. .. .. . .. .. .... Sandy loam. more compact than 17.
I
12 to 24 inches....... ....... Red-brown....
. Medium
.... 0
Farm
of C..1>'. Graves. S. E. side of Compaetsandyioam.24to36inebes.. Red-buff.........
Grllllt215.......................
. Medium ...... I Iron cone..
.......
l<..... m of C. F. Graves, S. E. side of I
.•
I
Grant 215....................... : Sandy clay. 36 to 60 inches.. ... .. Red-brown.... .......
Medium.
.... Iron cone and ebert...... 0

I'

1

I

I
1

.1 1.615.2 8.4111.6
'1
2 I26.2 118.11I 20 . 23
1.4

.
1.619.221.8125.531
1

371
38
39
40

S.
S.
S.
S.

E. l: Grant 90.
E. GrWlt 90
E. Grant 90
E. Grant 90 ..

t

Loose .Utloam,O to 12 inches······1
.. , Oay silt loam, 12 to 24 mches.......
Tenacious sandy claY. 24 to 36 inch..
Graveny loam, 36 to 48 inches... .
<

GraY-brown ............. /
yellow-brown...........
Red-brown........ <.....
Dark red·brown.........

MediUm ........ ,
Medium........
Medium........
Medium........

Chert ................... 1 .2 ..15[ 3.S! 4 13.6185.2
.1 .41 4.61 3.2 4.784.8
Iron cone......... ..... .. 1.6 1.6118.8113.610.252.4
Iron oonc IIIld chert ...... 22
8 116.6115.4 9.221.4

Quart. and Il'On conc.....

p;
~

>-3

UJ

>-3
>-3

~

o
t-:l
o

t"'

o

o
u::

!"l

SOIL SURVEY OF CLARK, FLOYD AND HARRISON COUNTIES.

285

HAR1WDSBURG CLAY LOAM.

This type of residual limestone soil overlies· the Harrodsburg
formation. It is found capping the Knobstone ridges in the north
ern part of Floyd County and the adJacent parts of Clark County.
It is a grayish, rather loose loam in the surface foot, while the sub
soil is a y~llowish tenacious clay, more compact than the surface
layer. Both the surface and the .subsoil contain some flint gravel.
It is a fair, general farming land, but berries and other fruit
make the most paying crop.. Corn yields about 25 bushels per acre;
oats, about 20; wheat, about 15. Timothy yields one and a half
tons per acre.
The following tabl:e shows the results of mechanical analyses of
this soil:
'
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BEDFORD CLAY LOAM.

One of the best limestone soils in the area is found overlying the
outcrops of the Bedford limestone, being residual from that .forma
tion. It occurs mostly in Floyd County. The upper foot consists
of a brownish-gray, loose loam. The subsoil consists mainly of a
dark red, tenacious clay. This is a rich farming land. Corn .will
produce 40 bushels per acre; wheat, 20; timothy, 11;2 to 2 tons.
The soil is adapted to general farming and fruit raising. The price
of such land is $75 to $100 an acre.
The following table shows the result<g of mechanical analyses of
this soil:
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MITCHElJI, CLAy LOAM.

A greater part of the territory of the area is covered with soil
of the Mitchell clay loam type. It is the soil of most of Harrison
County. It is found overlying the Mitchell limestone and may be
considered as the residuum of the upper part of that forIllation.
The surface soil is a loose grayish loam. This is underlain by one
to two feet of brownish-yellow clay loam. Below this is a six-inch
layer of mottled yellowish and grayish sandy clay loam, with con
siderable flint gravel. Underneath the gravelly layer is' foulld a
bed of dark red clay, very tenacious, of a thickness varying from
one to several feet. In some places the surface has been removed
by erosion, so that the depth to the red clay varies from nothing to
three or more fE!et.
The topography of the surface of the most of Harrison County is
peculiar in having no system of surface drainage. The underlying
rocks are much eroded, having many caverns and underground pas
sages for water, The roofs of many of these cavities having fallen
in, the surface is left much broken with deep pit-like depressions
called sink-holes. The water that falls in rain is gathered into these
sink-holes instead of running off on the surface through a system of
valleys and stre.ams. As there,is usually an opening at. the bottom,
these sink-holes are generally dry. .By artificial or' natural means
the opening may be closed, and a small pond of water will cover the
bottom, while inwash of soil from the surrounding plowed fields
tends to fill them up. Their diameters vary from five to twenty
rods, and they are-from 15 to 30 feet deep.
Frequently, instead of the circular sink-hole, the depression ex·
tends in a broad valley-like surface for two or three miles, with the
drainage above ground, a small stream possibly occupying, the
lowest part and draining at last into a hole in the ground, becoming
from there on an underground stream. All of these' disappearing
streams connect with the main drainage channels of the region
such as Buck Creek, Indian Creek and Blue River-()r there may
be complete underground connection with the Ohio River. Often
one of these underground streams appears suddenly at the surface,
forming a "spring." Wilson's, spring, in the southern part of
Spencer Township, is a notable' example. Here the water bursts
forth from the ground in volume enough to form a good sized creek,
which furnishes 30 to 50 horsepower for a mill, throughout the
summer. In Indian Crcek, about two miles southwest of Corydon,
there is a place where the stream at low water entirely disappears
[19J
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through the bottom of its channel, leaving the channel a bare rock
surface for half a mile or more, when the water again begins to fol
low the creek bed.
Around the edges of these sink-holes the soil has become thin
and stony through the erosion of the surface layer. The roughness
.of surface and the stoniness of the land increase as one approaches
the creek valleys. At. a distance of a mile or so from the streams
the surface is quite gently rolling, Boone Township comprising
many of ,the most level and most fertile tracts. Other notably fer
tile .areas are certain broad basin-shaped valleys lying among the
hills of the Huron formation in the southwestern part of the county, .
such as "Ripperdan Valley," in the vicinity of Valley City, and
"Grassy Valley," a mile or so northeast of Valley. City. The soil
of these valleys is somewhat different in appearance from,the soil of
the same geological horizon in other parts of the county, but it is
grouped with the other as a type.
Corn, wheat and oats are the crops grown most successfully.
. The yield of wheat is 15 to 25 bushels per acre; of corn, 20 to 50;
of oats,20 to 30; potato!)S, 100 to 250 bushels per acre. Tomatoes
are extensively raised in the northern part, where railroad facilities
are obtainable. Fruit of all kinds is raised, but no large orchards
occur. The productivity of the Afitchell clay loam varies greatly in
ditl'erent parts of the area, being dependent upon the relative
amount of erosion that has removed the surface soil. When the
surface has been washed away till the flinty layer is nearly at the
surface, the fldds are stony and comparatively. unproductive. It
has been fonnd that deep plowing, which would reach to the red
clay lying below the flinty layer, will result in adding to the fertil
ity 'of the soil.
The amount of stock raised in regions of this soil is comparative
ly small, this being due partly, probably, to the difficulty of secur
ing water supply. -A few farmers are raising fine stock to some
extent.
The following table shows -the results of mechanical analyses of
this soil:
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The outcrop of, the Huron formation occurs in irregular and
. i~olated ,patches in the western part of Harrison County, forming
round-topped hills or flat-topped ridges rising a hundred feet or so
above the surrounding country. It is made up of limestone, with
several intervening beds of shale and is capped with layer o:f mod.
erately tough brownish~gray sandstone. It is this sandstone layer
that ha! protected the top while erosion has cnt away the slopes.
causing the rough topographY of the region. Certain layers of thc
underlying limestone contain much chert.
The soil is a brown sandy loam, where the sandstone comes near
the surface and on the slopes below. Where these ridges are of suf
ficient extent to have an area of level land on top, the surface soil
is a very fine light gray sand or silt, in some places forming a heavy
impermeable layer of' "slash." Such areas are poor for crops.
The soil of the Huron is in general only fairly fertile. Fruit does
well on this soil, apples and· peaches, especially, make a paying crop.
Much of the surface of the Huron area is too stony for proper culti
vation. These hills are most commonly forest-covered-poplar, oak,
hickory and chestnut. But the more level parts and the gentler
slopes are being reduced to farming land.
The following table gives the results' of mechanical analyses of
this soil:
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HURON SANDY LoAM-SUB-TYl'E.

Along the eastern edge of the 1\fitchell formation and on the
upper parts of the drainage divide running along the eastern side
of. Harrison County and into Floyd County, there are numerous
deposits of sand. These deposits are very noticeable where the
wagon road has cut into the hillsides in the central part of Taylor
township, Harrison County. The sand is usually colored abrown~
ish yellow by iron oxid, but in some places it is nearly white. These
&and deposits occur at a certain level, but do not at· the surface
appear as a continuous stratum.
As to the origin of these sand beds, the aeolian theory has been
advanced. It has also been suggested that they are of a sea de
posit, but one of much more recent formation than the Huron beds
lying above the Mitchell group a little farther to the west. Many
evidences seem to point to water deposition as the origin, while
some of the facts connected with the arrangement of the beds would
lead one to class them as correlative with the lower part of the
Huron formation. As the soil type is very similar to that found on
the Huron formation farther west, the location of this soil area
also is indicated on the soil map as Huron sandy loam.
In many instances the red clay, customarily associated with the
residuum of limestone beds, occurs just above the sand, frequently
merging gradually into it. Coarse chert gravel is nearly always
found overlying the sand. In several places the sand at the top is
consolidated into a firm gray or brown sandstone. At one place
near the south part of the N. E. ~, Sec. 28, T. 5 S., R. 5 E., a
layer of sandy limestone, or sandstone, with fossil shells, occurs
just above the sand. Near the south line of Sec. 28, T. 5. S., R. 5
E., the road cuts through the sand formation exposing a section
about 10 feet
thick. The top is a grayish loam grading at a depth
I
of one to two feet into a yellowish sandy clay, which in turn grades
below into red, sandy, tenacious clay. The appearance is as if a
limestone stratum had disintegrated just above a layer of sand
stone.
The soil of this area is a grayish buff, moderately friable loam
at the surface, growing coarser as it merges into the subsoil, which
is often of a mottled red and buff color and may contain coarse
gravel of chert, sandstone or iron concretion. The surface soil
is not always affected by the underlying sand, the sandier areas
being on the slopes where erosion has brought the surface of the
ground to the level of the sand.
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Similar deposits of sand occur in the southwestern corner of
Clark County and the'northwestern part of Floyd County. In this
neighborhood large quantities of white sand were removed some
years ago for the New Albany glass works~ The deposit here is
about 30 feet thick, the upper part being colored by iron oxid.
The soil of this area is especially adapted to fruit. Many acres
of strawberries are grown, and apple and peach trees do well. Corn
yields about 40 bushels per acre; wheat about 20 bushels.
The fo1l6wing table shows the mechanIcal analyses of this soil:
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SUMMARY .
.In the. above disGussion we have attempted to show the present
conditj(}ns as dependent upon the past and as suggestive of .what
may be expected of the future. We have seen that former methods
of farming, with new land, were less effective in producing wealth
than are modern methods on old, worn-out soil. We have seen
that, whereas the former generations allowed the land to decrease
in fertility, moderu enterprise is seizing the legacy 'Of depleted
natural wealth and is endeavoring to redeem, to conserve and to
accentuate its value. We have observed that thoughtless and un
scientific labor must be superseded by efforts directed by experi
. ence, by experiment and by enlarged apprehension of conditions
and possibilities. To some extent we have gone over the relations
existing between natural processes, with their results, and the ma
nipulation of the soil to produce crops. From the facts set forth
hwe, it should be easier for the farmer to arrive at results in his
efforts to solve the problems of production. He should study the
tables of mechanical and chemical analyses of the main types of
soil and should deduce conclusions as to the particular need of his
own land. He must experiment. After all is said and done in the
way of a soil survey, it rests with the farmer to work out his own
solution for the proper adjustment of conditions for the ideal oper
ation and utilization of refractory soils. This report should be of
service also to those farmers in other parts of the State, and in
other States, who wish to gain some idea of agricultural conditions
.
in this region preparatory to investment in these lands.
It has been seen that there is a great variety of soil and that
there is a marked disparity in their fertilities. The cause for this
difference, it has been observed, is attributable to certain chemical
and physical properties of the soil, to insufficient drainage, to ex
cessive erosion, etc. While much may be attained through the soil
survey, it would seem that the most effective way for the State
to secure intelligent, concise and conclusive information as to the
needs of particular soils would be by having a small area of each
type operated for a term of years experimentally. The State could
well afford to rent or buy these experimental tracts and to have a
thorough and srstematic course of experiments applied, with a view
to ascertaining all possible facts connected with crop production
on those areas. In no other way can experimental farming be so
effective, for in no other way can every condition of climate, of
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surface, of geological structure and of soil be realized. Many
parts of this area have a confessedly poor Boil, for some reason. It
is a matter of supreme importance to the farmers of these regions
that something be done, by State aid, that will show actual results
in increasing the productivity of these soils, if the result<! of the
soil survey be not sufficient.

•
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The Indiana· Oolitic·Limestone Industry
in 1907.
I

By; RAYMOND

S.

BLA'fCHLEY.

INTRODUCTORY.
By W.

S.

BLATCHLEY.

The Indiana oolitic limestone is the best known and most val
uable limestone in the United States for building and ornamental
purposes. It has a wider sale and more extended use than any
other building stone in North America, its wide reputation being
due to its general usefulness in masonry, ornamentation and monu
ments; its abundance; the ease with which it can be quarried and
dressed, and its ple~ing color and durability. During the past
seven years the industry has more than doubled in extent, the
value of the annual output increasing from $1,699,649 in 1900 to
$3,673,965 in 1907. In that time many new quarries have been
opened up and much of the area mapped in the last extended re··
port on the stone, that of Messrs. Hopkins and Siebenthai in the
21st (1896) Report of this Department, has been developed. That
report is now out of print, and the Department of Geology has no
recent literature to furnish the many stone dealers, architects.
scientists and others Who each year ask for detailed and specific
information regarding the quality of the stone, the extent of its
area and the present ;status of it.'l development. For that reason
the present paper waa planned and is herewith presented.
Since the general geographical, stratigraphical, structural and
economic features of the stone are practically the same as in 1896-,
when the report of Messrs. Hopkins and Siebenthal was prepared,
the three chapters trJating of those features in their paper have
been included practic~ly without changes, except such minor con
densation, eliminations and additions as would bring the paper uy
to date. The two lithographic maps of the area embracing the
oolitic limestone regiQn are the same as prepared by Mr. Sieben
. thaI for the report mentioned, with the exception that the new rail
(301)
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ways and switches since built and the location of the new quarries
since opened are shown thereon.
The remaining chapters of the paper treating of the local fea
tures of the oolitic limestone and descriptions of the quarries in
operation in 1907, together with the 15 etching maps of the indi
vidual quarries or quarry districts, have been written and pre
pared by Raymond S., Blatchley from data gathered by him per
sonally during the sUIllmer months of 1907. In many places in
treating of the older quarries in operation in' 1896 he has incor
porated a portion of the matter written by Messrs. Hopkins and
Siebenthal, adding such new details as were necessary to sho'w the
present status of the operations. All quarries opened since 1896
he has treated from his own viewpoint.
The paper as presented deals only with the oolitic stone industry
in Owen, Monroe and Lawrence counties, as it is only in those three
counties that active qUl1rries are at present in operation. It must
not be understood,however, that the area covered by the stone is
limited to those counties, for its outcrops extend from a point north
of Parkersbur~rin the southern part of Montgomery County south
across the Ohio River, a distance of 142 miles in the State of In
diana. The rock, however, loses its massive structure just north of
Romona, on the Whit~ River, and in its northern extensiQn be
comes thin bedded or even shaly on some of its exposures. While
it thus loses its massive structure and hence its value as a building
stone, it retains its characteristic granular texture and fossils. At
many points in the southern and southeastern parts of Putnam
County the rock is exposed and at several places has been quarried
for local use as road metal. There are a number of similiar expos
ures in northeastern Qwen and northwestern Morgan counties in
T. 11, 12 and 13 N., R 2 and 3 W.
South of Lawrence County the oolitic stone has been quarried
extensively only at Salem. In recent years, however, the quarry
at that point has been operated solely for lime making. There are
many Jocalities in Washington, Floyd and Harrison' counties wherE"
tlie oolitic stone indus~ry could doubtless be profitably developed
were transportation facilities present. Detailed descriptions and
large scale, maps of the stone area in .these southern counties are
given in the paper entitled "The Lower Carboniferous Area of
Southern Indiana," by Dr. George H. Ashley, in the 27th (1902)
Report of this Department, to which persons inte:reated are r~
lerred.
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CHAPTER I.
GENERAL GEOGRAPHICAL AND STRATIGRAFHICAL FEATURES OF THE IN·
DIANA OOLITIC LIMESTONE.

O. E. S.

Location.-The area mapped and covered by this report . in
cludes the Indiana oolitic limestone as it occurs in Owen, Monroe
and Lawrence counties. This limestone, in the region under con
sideration, is exposed ili a l~byrinthine outcrop winding in and out
the valleys and around the' hills over a distance of more than 60
miles, and varying in breadth from outlier to inlier, from two to
14 miles; on the average, perhaps, five miles. As noted in the in
troductory, it is not to be inferred that this area inCludes the whole
of the oolitic limestone within the State, nor even all of commer
cial value. It is simply the ground covered within the limits of
time and means at the disposal of the survey, and is inclusive for
all the area north of the south boundary of Lawrence County.
The oolitic belt practically begiDS on the north at Gosport. The
limestone is traceable north of there as far as Parkersburg, l\Iont
gomery County, but at no place does it occur in commercial quan
tities. Southwest of Gosport it shows in bluffs of White River
to within about a mile of Spencer. Southeast of Gosport the oolitic
crops out in a belt about three miles wide, embracing the quarrY
districts of Big Creek, Stinesville, Ellettsville and Hunter Val
ley and extending to Bloomington. Four miles south of Bloom
ington, in the vicinity of Clear Creek Station, the oolitic belt rap
idly widens to six miles, due to the fact that the lower course of
Clear Creek makes a broad circle to the west, cutting down through
the Mitchell and oolitic limestone, thus adding the oolitic outcrop
on each side of the creek to the original outcrop of that limestone.
The great width of the outcrop in Lawrence County is due
to similar causes. .The lower course of Salt Creek and that ·por
tion of White River from Tunnelton to the mouth of Salt Cree'll:
bOth lie several miles west of the eastern outcrop of the oolitic lime~
stone, but have cut their valleys down through both the ~{iichell
limestone and the oolitic limestone. The various creeks from the
eas~Little Salt, Ple~ant Run, Leatherwood and Guthrie creeksL
also cut down through the oolitic, and what would otherwiSe be ~
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plateau is divided into a number of flat ridges capped with Mitch
ell limestone, but fringed with a band of outcropping oolitic lime
stone.
.The oolitic belt, after passing out at the southeast cOrner of
I.Jawrence County, swings eastward to Salem, Washington County,
taking in the Salem quarries and Spergen Hill. Thence it swings
southward, its westward limit' following the lower course of Blue
River to the ohio, and its eastern limit taking in the quarries at
Georgetown and Corydon.
Topography.-The dip of the Sub carboniferous rocks over the
region.herein described is from 50'to 60 feet to the mile in a direc
tion south of west. This dip does not seem to have left any im
press on. the topography of the region other than, the 1mitial direc
tion of the drainage. The topographic features of the area owe
thei,r existence to the inherent qualities of the different formations.
Thus the incoherent, loosely cemented, easily eroded knobstone has
been cut up into a confused tangle of crooked ridges and -deep
hollows which trend in all directions. The topography of that
part of the Harrodsburg limestone area which borders the knobstone
partakes more or less of the character of the knobstone topography,
though the ridges are larger as a rule. As for the remainder of
the Harrodsburg limestone area, whether or not it is deeply eroded
and broken depends on its distance from White River, and the
height of its drainage level above the base level, which is the levfll
of White River. This may readily be seen in the vicinity of Bloom
ington, at a point two miles east of that city on the divide between
Bean Blossom and Salt creeks. The distance porth to Bean Blos
som Creek is five miles; the distance east to Salt Creek by way
of ,Jackson and Clear creeks is sixteen miles. The result is manic
fest in the topography'. Northward and eastward from the divide
the hills are rugged, the hollows crooked and deep. Southward,
down Jackson, Creek, the surface is but gently rolling.
The oolitic limestone, being the thinnest of the Subcarbonit'er
ous formation, has no particular type of topography. . It usually
occurS as a narrow outcrop from 100 to 400 yards in width, fring
ing the flanks of the hills. Where it forms the surface rock over
any. extent of territory, as it sometimes does, when it makes the
cap rock of a wide ridge, the topography is gently undulating.
The Mitchell limestone, where it .has $uperncial drainage and
especially where it has a capping of the Huron sandstone, forms
high, . bold hills with wide, well-rounded valleys between. Where
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the drainage is subterranean the result, of course, is an irregular,
undulating plateau. .
The valley of White River at Gosport is 570 feet above sea
level. The river hills rise 100 to 150 feet above the valley; and
the crests gradually rise southward, until in the vicinity of Bloom
ington, along the divide between the two branches of White River,
the hills reach 900 to 950 feet, in elevation. The highest points in
Monroe County range themselves between these elevations. The
valley of the east fork of White River, south of Bedford, is 500'
feet above sea leveL T1).e highlands about Bedford range from 700
to 750 feet in elevation, and those about Mitchell something near
the same. The crest of the ridge, which marks the eastern escarp
ment of the Huron group, approximates 800 feet in height.
No~enclat1tre.-The Indiana oolitic limestone is- one of the six
great geological horizons or formations which in this State com
prise the Lower Carboniferous or Mississippian Period. Named
in the order of their age or area of outcrop from east to west, they
comprise the RQckford Goniatite limestone; the .Knobstone shale;
the Harrodsburg limestone; the Indiana Oolitic limestone; the
.M:itchelllimestone, and the Huron limestones and sandstones.
The Rockford Goniatite Limestone outcrops in Clark, Scott,
Jackson and Bartholomew counties in southern Indiana. It is a
thin bed of limestone and calcareous shale of limited areal extent,
coming between the Devonian black shale and the Knobstone and
furnishing the famous fossils which led, after much controversy, to
its recognition as the base of the Lower Carboniferous.
The K nobstone comprises a series of alternating friable arena
ceous shales and sandstones, ranging in the region under consider
ation from 500 to 600 feet in thickness. The outcrop reaches its
maximum development in Hendricks, Morgan, Brown and Jack
son- counties, in which region it ranges from 30 to 50 miles in
width. The outcrop narrows rapidly both north and south of this
area. It is in the main unfossiliferous, but at intervals there are
intercalated lenticular beds of limestone and calcareous septaria
with faunas, and in several places the Knobstone itself is fossil
iferous. The name is derived from the peculiar topography which
it superinduces in regions where fully developed, as in the "knobs"
of Floyd and Clark counties.
The Harrodsb·u,rg Limestone lies above the Knobstone and be
tween that formation and the Indiana oolitic limestone. At first
known as the Encrinital limestone, it was afterwards correlated
[201
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with the Burlington and Keokuk limestone of the Mississippi sec
tion. It has in Indiana been designated the Harrodsburg lime-
stone, taking the name from the village of that name on' the C.
I. & L. (l\fonon) Railway in the southern part of Monroe County,
where this limestone is typically developed. The village itself is
mainly built upon the oolitic limestone, but near its contact with
the Harrodsburg limestone, arid de!icending the hill from the vil
.rage either north, east or south, one passes over the whole outcrop
of the latter from its contact with the oolitic to its contact with
the Knobstone.
The Harrodsburg limestone varies from 60 to 90 feet in thick
ness. It forms a belt four or five miles in width lying along the
eastern outcrop of the oolitic, rising gradually toward the east
at the rate of 50 or 60 feet to the mile, and bordered by the broken
hills of the Knobstone region.
'. 'The "beds of passage" from the Knobstone to the Harrods
burg limestone contain great numbers of geodes, or, as they are
more familiarly termed, "mutton heads," ranging from the size
of a pea up to 18 or 24 inches in diameter. These geodes are con
fined to the lower members of the Harrodsburg limestone, though
a few are scattered through the Knobstone.
Above the geode layers there is a bright gray or blue highly
crystalline and quite fossiliferous limestone with small crystals of
pyrites, giving it in places a greenish tint. Many of the bedding
planes are marked by "crowfeet" (stylolites), and intercalated
lenticular masses of chert are very plentiful. The residual clay is
very stiff and of a deep red color.
Toward the top of the limestone the strata become more massive
and at the top the upper four to eight feet usually have lost the
molluscan character of their fauna and consist almost wholly of
comminuted bryozoa. In places these more massive strata are quar
ried in a small way as "marbles." On a polished bedway face the
delicate tracery of the bryozoa comes out with a very pretty lace
work effect, but the porosity of the stone prevents its taking a
Ilighpolish, so that it could not justly be classed as. a. true m'aJ'
bleJwT~':value of some of the'more crystalline strata which· would
take aghod polish is lessened by the disseminations.of crystal& 6f
pyrite, siliceous fO!1sils and nodules of chert.
, The contactoi the Harrodsburg and Joolitic limestones is al
most always marked by a bad crowfoot (stylo1;ite), with which
are associated masses of silicified oolitic fossils arid black siliceous
masses.
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The Indiana Oolitic Limestone.~The term "oolitic" was first
applied in Indiana by D. D. Owen to the whole series of lime
stones from the Knobstone to the Coal :M:easures.1 The name had
been previously applied by G. Troost to limestones in Tennessee, to
which those of Indiana were supposed to be analogous. In the
revised reprint of Owen's report2 the name is retained; but it"
application is restricted to a subordinate member of the Subcar
boniferous limestone-in reality to the present quarry bed, the
Indiana Oolitic limestone-and its age is carefully distinguished
from the oolite of Europe, which is a well marked group in the
Mesozoic.
The name "Bedford rock" first appears in .Richard Owen's re
port. s By other writers it has been variously called Bedford stone,
Bedford oolitic stone, Indiana oolitic stone, Spergen Hill lime
stone, White .River stone, St. Louis limestone, Warsaw limestone,
etc. It is probably best known to the trade as the Bedford stone;
but as Bedford itself-is situated on an overlying stone, the word
oolitic has been included to specify more particularly the bed of
quarry limestone. Bedford oolitic limestone is thus a definite
geological term and a well-known commercial one. 4
The economic character of the present report has precluded
anything of a paleontologic nature, but the fauna of the Indiana
oolitic limestone will be found fully treated by James Han~ and
R P. Whitfield in their various' papers on the famous Spergen
Hill fossils, and by Messrs. Cumings and Beede under the title
, 'The Fauna of the Salem Limestone of Indiana" in the 30th
(1905) .Report of the Depa1"tment of Geology and Natural .Re
sources.
D. Owrn, Geological Ueconnalssance of Indiana, 1839, 12, 13.
o 0. D. Owen, Geological Reconnal~!IIl.nce of Indiana, 1837; reprinted 180~, .21.
• R. Ow('n. llepol't of Geological Reconnaissance of Indiana made In 1809 and
1860: published In 1802, 137.
• SInce the above was written It has been shown that the name Bedford as
applied to a geological formation wa.s preoccupied. Messrs. Cumings and Beede, In
the 30th (11)05) report of this Department, gave the name "Salem llmestone" to
the formation now under discussion, but the deposits about Salem are very little
known and are not typical of tbe- better grades of tbe stone to the northward.
Since the stone is quarried and shipped from so many localities In ~'outhern Indiana,
It Is tbougbt best to adopt the name proposed In H)OO-vlz. "Tbe Indiana Oollttc
Limestone," and by tbat name It wlll be called In the present paper, and In the
reports of the Department hereafter Issued by me. By thus conferring upon it the
broader name "Indiana." no one locality In the State wUl be advertised as against
an{.ther; the stune In Monro'~ Connty being a. t:q>lcally oolltlc and as excellent In
.quality as that about Bedford.-W. S. B.
.
• James Hall, Transactions Albany Institute, Vol. IV, 1856. pp. 4·34, Jams
Hall, Geology and Nanural Bistory of Indiana, 12th Rep., 1882, 319·3711. R. P.
Whlttleld, Amer. Museum Natural History, Bull.' 3, 1882, 42-94.
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:rT~e Mitchell Limestone.~Overlying the oolitic limestone is a
series of impure limestones, calcareous shales and fossiliferous
limestones aggregating from 150 to 250 feet in thickness. This
formation is known as the Mitchell limestone, taking the name from
the town of that name in Lawrence Coun'tYat the crossing of the
C. 1. & L. (Monon') and the B. & O. S. W. railways. This lime
stone is weli developed about. Mitchell, which is situated upon it.
but especially is its peculiar topography typically shown in that
locality. The topographic tendency of the Mitchell limestone ex
presses itself in plateaus perforated at short intervals by sink
holes. For this reason it has been called the cavernous limestone
by early writers, and by others the barren limestone, because of
tracts which were largely covered with residual chert fragments
which have weathered out of the limestone. The lower members
of this formation, lying just above the oolitic, constitute the so
('aIled "bastard limestone" stripping of the quarrymen. They
are unfossiliferous and of a dirty yellow or gray color. Above
these come shales with interbedded, dark blue, heavy, fiaggy lime
stone and gray lithographic beds. Specimens of the lithographic
stone have been found which worked almost, of not equally, as well
as the Bavarian stone, but as yet no locality has been discovered
where they can be obtained in commercial quantities.' The stone
is usually so intersected at short intervals by calcite seams that
no stones of size can be obtained. What search may discover can
not, of course, be foretold.
At different horizons in the Mitchell limestone the stone is fos
siliferous. In some places it is as truly oolitic as the Bedford stone.
Such oolitic limestones may be distinguished from the true In
diana or Bedford oolitic. by the fossils, and usually by a peculiar
weathering under atmospheric agencies, in which a' coating of
between one-eighth and one-fourth of an inch scales 9ff or exfo
liates with a peeling effect. The following section in Sec. 13, 7 N.,
2 W., is typical of the Mitchell limestone and is herewith given, in
order that persons boring through, a portion of the Mitchell for
mation in search of the oolitic may know something of the char
acterof the strata they will encounter:
Detailed, Section of the Mitchell Limestone, 7 N., 2 lV., Sec. 19.

Foot.
Drab lithographic limestone, L. pralijerum, in top layer. .. . ......... : 20
Chert breccia, rotten lithographic groundmuss............... . . . . . . . .. 8
Bluish-drab, fine grained, fetid limestone ............'. . . . . . . . . . . . . . . .. 10
Lithographic limestone ..•.......................................... 4
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Feet.
Drab calcareous clay shale....................... . . . . . . . . . . . . . . . . . .. 9
Drab, rotten, magnesian limestone with chert inclusions ........ : ...... 29.
Bluish vermicular, shaIy limestone ......................... '" . .... .. 2
Drab calcareous shale .............................................. 4
Rotten and shaly lithographic limestone. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5
Lithographic limestone ...................... :...................... 2
Rotten lithographIc .limestone ....................................... 5
Drab calcareous shale .............................................. 7
Fine-grained, bluish-gray limestone with conchoidal fracture... . ....... 5
Calcareous clay shale .; ................ ,........................... 2
Gray limestone in eight-incb beds ..... :. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
Fossiliferous shaly limestone ........................................ 14
Concealed ......................................................... 6
Fossiliferous coarse-grained limestone............. . . . . . . . . . . . . . . . . . . . 2
Oolitic limestone .................................................. .

The Huron Gr01tp, as recogniz(ld by ):[essrs. E. M. Kindle and
Geo. H. Ashley, in Orange and Martin counties consists of the
Upper, Middle and Lower Huron limestones, separated from each
other by the Upper and Lower Huron sandstones.· Overlying the
Huron is the Mansfield sandstone, the basal member of the Coal
Measures.
·Department of Geology and, Natural Resources of Indiana, 20th Annual Re
port, 1895, 331; Twenty-seventh Annual Report, 1902, 71.
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CHAPTER II.
GENERAL STRUCTURAL AND ECONOMIC FEATURES OF 'tHE INDIANA

OOLITIC LIMESTONE.

T. C. H.

Structttral Features of the Indiana Oolitic Limestone.-This
limestone occurs in a massive bed varying in thickness in differ
ent localities from 25 to nearly 100 feet. The bulk of the stone
is free fro~ lamination and shows very few bedding planes .. On
weathered surfaces of the natural outcrop the lines of sedimenta
tion are' brought out more or less conspicuously at many points.
Sometimes even a shaly structure may be developed on the top of
the bed. In several places lines of cross-bedding are brought out
quite conspicuously on the weathered surface, noticeably on the
bluffs of Big Creek a, mile west of Stinesville and on the face of
the old Terre Haute quarry, half a mile west of Stinesville. The
same thing is shown less conspicuously in places in a great many
quarry openings throughout the region, and is known among the
quarrymen as cross-grain. There is ,abundant evidence of this
nature both of the false bedding and the true bedding to show
the sedimentary character of the stone. Yet, as before stated,
the great bulk of the stone is massive, and in all the better dass of
stone shows little or no evidence of lamination or bedding except
at the outcrop.
In all the outcrops and in many of the quarries there is at least
one system of vertical or nearly vertical joint seams, and in most
places two systems, one having a general east and west direction,
the other north and soutb. The joint seams are rarely abundant,
generally 20 to 40 feet apart. Where there is a solid rock covering
the oolitic stone. the seams are generally inconspicuous features,
seldom more than regular cracks in the rock mass. In a number
of places, in fact in llE~arly all places where the oolitic stone has
no solid rock covering, the weathering agencies have penetrated
along the joint planes, forming irregular, cave-like openings some
times two or three feet across. These cavities are mostly filled with
clay and debris from the top, causing a great deal of waste and
annoyance in quarrying; as the waste is not limited simply to the
cavity, but the irregulat' walls cause much waste in squaril!lg the
blocks, and where the cavities are close together the irregular blocks
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between them can not always be divided to advantage. There is a
further waste where the stone happens to be blue stone, from the
fact that along the joint planes the stone is oxidized irregularly,
forming a band of buff of varying width on each side of the cav
. ity. It is hard on the channeling machine to cut across one of these
cavities.
Stylolites ("crow-feet," Htoe-nails").-While ordinary bed
ding or lamination planes are exceedingly rare in the interior of
the oolitic limestone bed at any considerable distance from the
outcrop, there are what might be called extraordinary bedding
planes, resembling suture joints, which, unforhmately, occur in
many places, appearing on the face of the quarry M jagged dark to
black lines. On each side of this line, generally more pronounced
on the lower side, are jagged points extending sometimes a frac-'
tion of an inch, sometimes several inches into the limestone. The
longer points, and sometimes the smaller ones, have an apparent
colull'lIlar structure, with the sides nearly parallel, aDd frequently
striated. Frequently ·the shorter points have a more serrated or
tooth-like projection. - In all CMes observed, with one exception,
the planes have a nearly horizontal position, as nearly horizontal
and about as regular as any other bedding planes, and the teeth
or ,. toe-nails" are generally vertical. While this is true in the
oolitic limestone quarries, it is not true in all localities, M in the
magnesian limestone quarries in the city of Chicago they follow
quite irregular lines, in some places apparently running over little
hillocks or sharp prominences. The stylolite seams are of great in
terest and annoyance to the quarrymen, as they probably cause
more waste than any other structural feature of the rock. Be
cause of their economic importance they deserve more than a pass
ing notice.
.
The stylolites have been variously designated. Among the
names which have been proposed are, suture joi1tts, crystallites, Zig
nillites and epsomites. The quarrymen designate them as crow
feet or toe-nails quite frequent1y with ~ harsh adjective prefixed.
The most commonly' accepted term among scientists is stylolite,
from· the Greek styIus for pen, referring to the fancied resem
blanee to it pen. The terms cl',}rStallite, lignillites and' epsomites
are objectionable;
they imply an origin which is not' :pto'Ven~
Suture joint is a very good term. Crow-feet and toe-nails will con
tinue to be used amoJ!):g the quarrymen, arid ate very expressive and
not wholly inappropriate terms.
There is a difference of opinion M to the origin or cause of the
.

as

.
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stylolites. Both Dalla t and Geikie 2 accept Marsh's explanation
that they are ransed by "the slipping, through vertical pressure,
of a part capped by a fossil shell against an adjoining part not
so capped."
It is quite probable that as the stylolites differ in appearance
in different localities that they may not all be produced in the
same manner. The writer is convinced from his observations in
the field that at least in all places where they occur in the oolitic
limestone of Indiana that they mark bedding or .stratification
planes in the rock. The reasons for so thinking are, (1) That they
correspond with the·grain or bedding of the rock, occasionally run
ning on the false bedding, but never across the grain; (2) they
are in places traceable, with no break or sharp line of division into
the common bedding planes, having no evidence of stylolites; (3)
there is in nearly every inst&nce a 1l1yer of carbonaceous material,
sometimes mere film, sometimes nearly half an inch' thick; ( 4)
they are always of considerable, though not unlimited, extent; (5)
a view from above shown in a few places on (the Cleveland quarry,
near Harrodsburg, is one of the best illustrations) quarry floors
shows water action not unlike the common bedding plane; (6)
they frequently occur between the oolitic stone and the underlying
and overlying beds which are not at all oolitic; (7) the cross
bedding always terminates at the stylolite seam; in no instance was
it observed to cross it.
The explanation of the stylolitic or tooth-like markings along
this seam is not so satisfactory as the evidence of its being a bed
ding seam. It is quite probable that all are not due to the same
cause. Some look as thougb they were formed by cracks in the
drying of the limestone mud, and others look like a rain or spray
washed surface. In fact, there is probably about such variety in
the markings as one might expect to find on the surface of in
durated calcareous mud, some of which dried in the sun, some of
which was rain-washed or spray-washed in the drying. The layer
of carbonaceous matter is probably due to the organisms left to
die on the beach, either algae or animal forms, or both. It is in
some instances associated with considerable iron pyrites. A micro
s~opic examination of this material from two localities shows black
bituminous matter,' with no organic structure or markings per
ceptible.
. . There appears to be little or no evidence in this locality in sup

a

1

2

Manual of Geology, 4th Ed., by J. D. Dana, 543.
'rext Booi< of Geoiogy, 2d Ed., by A. Geikie, 200.
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port of Marsh's theory, as in only one locality was any noticeable
proportion of the stylolites capped with fossils, and where such
was the ease many of the fossils were delicate gastropod shells that
would quickly show any pressure; had such been brought to bear.
Not only were they not crushed in the least, but 90 per cent or
more of the stylolites have no fossil on either the top or the bot
tom, while there are shells in_abundance both above and below the
stylolite seam, with n~ stylolites near them. Furthermore, some
times the stylolites show' just the opposite of compression by form
ing or occurring in an open seam. The amount of waste caused by
the stylolite or crow-foot seam is frequently moJJ'c than the width
of the seam plus the length of the stylolite points, especially so
where they occur in the buff stone, as the carbonaceous material in
the seam prevents oxidation and there is an irregular blue band
along the seam extending several inches to a foot or more from
the seam into the buff stone, and the seams are not always the right
distance apart to get either one or more cuts of standard size
without considerable waste.
Textural Ji'eat1tres.:-The Indiana oolitic limestone is a granular
limestone, a calcareous sandrock, in which both the grains and the
eement are carbonate of lime. The greater part of it is properly
freestone in character, although that term is commonly limited to
the siliceous sandstones.
The texture varies in coarseness in different parts of the area,
and generally in different parts of the same bed. The finest
grained varieties appear to be the most in demand in the markets
and hence are the most sought after and the most valuable. In all
of the oolitic limestone throughout the area the grains are made
up of fossils, mostly foraminifera and bryozoa, mingled with which
are other forms, some of which were not identified. The foramin
ifera are mostly intact, showing little or no evidence of wear. The
other forms appear more or less imperfect in places, but apparently
more from a leaching action than from wear. The finer-grained
'forms differ from the coarse in having smaller shells. The great
mass of the stone is made up of these minute, almost microscopic,
shells which are generally pretty uniform in size, but in some lo
calities the larger forms pre.dominate, in others the smaller forms
prevail, hence coarser and finer-grained stones occur. In some
places, as at Rpmona and Heltonville,bryozoa are very abundant.
In other places gastropod 'I and brachiopods abound, often of con
siderable size-half an inch to an inch in diameter, in a few in
stances two or three inches. The large forms are commonly clus
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tered, forming a large part of the rock where they occur, and not
8cattered indiscriminately throughout the rock, and as ~ all' of the
coarsely fossiliferous stone goes into the waste or into a low grade
stone, none of it being sold for first-class dime-nsion stone, the sep
aration is readily made, and if the bed proves to be wholly or
largely of coarse stone it is not worked at all. Hence, from a com
mercial standpoint, the absence or large fossils is desirable.
The fossils, which are composed of finely crystallized calcite,
are imbedded in a cement of calcite. On the relative amount,
purity and coarseness of this cement depends the hardness and
compactness of the stone. To the happy combination of soft grains
in the firm cement in the right proportions depends the value of
the oolitic stone for building purposes. With any considerable
decrease in the amount of the cement the stone would be too soft,
crumbling and disintegrating too readily, as is the case in .several
localities. With an increase in the proportion of the cement the
stone would become more difficult to work, losing its freestone char
acter and becoming plucky. There are slight variations in the
relative hardness of the stone in different lqcalities, but only in a
few places is it too soft to be of any value, and in no place is it too
hard to work.
The effect of growing organisms on stone is highly detrimental.
A v.ine or plants clinging to stone find footing in the outer pores.
Lichens and algae ,cause a disintegration. Ivy finds incipient joints
which have been set up by abrasion in mechanical dressing and
has a tendency to open these joints or invisible fissures. Plants have
a tendency to keep stone moist and so cause probable discoloration
as well as disintegration from freezing. .However, in the case of
flowing water the algae give a protective covering to stone that
would be desired in canal blocking, etc.·
Colors of tke Indiana Oolitic Limestone.-All the stone' of the
region is classed as "blue," "buff" or "mixed." The blue is evi
dently the original color of at least the greater part of the stone,
and is thought to be caused by iron in the protoxide form and or
gimic matter, the buff being largely, if not entirely, derived from
the blue by oxidation of the iron to the peroxide, and of the organic
matter to some volatile form, or some stable form, in which it
unites with mineral matter in colorless stable form. . The oxidation
is a continuous process, not yet complete, carried on mainly by the
oxygen in solution in the meteoric water, the circulation of which
is accelerated or retarded by 8. variety of causes, and hence d'oes
·R. S. B.
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not take place along parallel or regular lines, so that there is al
ways considerable stone along the contact of the two colors that
can not be obtained in suitable dimensions of either color alone,
but contains a combination of the two colors, and is classed as
mixed stone. In most of the quarries it goes into the dump pile
as waste. Occasionally some of it is sold for bridges or founda
tions at a greatly reduced price, often less than the cost of quarry
ing it. The price of the good stone is so low, and the freight rates
so high, that none but first-class stone is shipped to any consider
able distance.
Some analyses, made with' a view of determining the cause of
this coloration, gave the following result:
PARTIAL ANALYSES OF BLCE AND BUFF OOLITIC LIMESTONE.*

'-f,,,u,
Inso uble I Organic.
COLOR.

QUARRY.

Matter.
PerCent'

Per Cent.

Fer~ous

Ferric
Oxide, I Oxide,
FeO.
Fe.Oa•
Per Cent. Per Cent.

i

Blue ......
Buff..... ,'.
Blue ......
Buff.......
Blue ......
Buff.......
"Made for

Thornton's........
Thornton's........
Hunter's .........
Hunter's .........
Perry's...........
Perry's ...........

2.16

.86

1.25
1.10

1.14
1.24

0.24
.12
.22
.11
.21
.13

0.067
,050
.063
.055
.055
.050

0,196
.126
.044

.150
.089
.119

survey by W. A. Noyes, Rose Polytechnic. Terre Haute. Ind.

The results are not as satisfactory as might be desired. The
samples were taken from three different quarries, in each .case
from each side of the line of contact at the same place in'the
quarry, hoping thus to get specimens 88 nearly' identical .as pos
sible in everything but color. Each sample was then tested for
ferrous and ferric iron and organic matter. The organic matter
was determined by drying the residue insoluble in boiling dilute
hydrocltloric acid at 135 0 to 1400 C. arid determining the loss of
weight on ignition. While the results are only approximate, they
ought to be relatively correct. The percentages are so small that
it is doubtful whether the differences are due to more than the
possible errors incident to manipulation. Yet it is probably more
than a coincidence. that the organic material in each case' is only
half as much in the buff as in the blue. It indicates a loss of or
ganic material, as might be expected. It is more marked than the
difference in the iron which is indicated only in the second or
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third decimal place., There is in each instance a slight decrelk'!e
in the percentage of, the ferrous iron in the buff from that in the
blue, and in two examples out of the three an increase in the pro
portion of the peroxide, which is what was expected. Yet the
differences are so slight that, considering the possible errors in
manipulation, we do not feel like emphasizing the import of them
without further evidence.
It should be borne in mind that the difference in color is not
great, sometimes scarcely perceptible in a hand specimen, but
quite distinct on a large block or quarry face, and is brought out
more 'distinctly' by exposure than on a perfectly fresh surface.
Thus, on the channeled face that has been exposed for a few years,
the. contrast between the buff and the blue is much stronger than
it is on a fresh fracture beneath the surface.
The percentage of bituminous matter is sufficient, in some in
stances, to discolor the stone to some extent on exposure by the
heat of the sun drawing this material to the surface, where it
collects the dust and disfigures the stone for a time. Ob.jection has
been raised to,the stone in some places on this account, but it must
be remembered that this occurs with but a small part of the stone.
and wi~h that part the disfiguring is only temporary, and in nowise
affects the durability of the stone, acting rather as a preservative.·
'\
With the exception of the bituminous varieties, the general
tendency of the stone is to become lighter colored on exposure.
Much of the buff stone has a dull yellow color when first quarried,
that becomes much lighter olt exposure.
A few years ago the blue stone was the highest priced and most
sought after. Now, while there is good demand for' both colors,
the buff is most sought after and most quarried, the proportion
being about three to one. The prices are about the same for each.
Physical tests of various kinds have been tried on the oolitic
stone, the results of which are given below. Not only those made
directly for the present report, .but those made elsewhere, so far
as could be obtained, are brought together and classified.
Specific Gravity.-The specific gravity tests on the accompany·
ing tables were made for the present survey at Rose Polytechnic
Institute, except those m3.fked (1), which were made in duplicate
at S.tate 'College, Pennsylvania, to show the different results by
different methods.' At Rose Polytechnic Institute the stone was
weighed in air, and as quickly as possible in water, the specific
"The uniformity of color Is to some extent dependent upon th~ fineness of the
grain, for the liner the grain the more intense the shade· of bur or blne.-R. S. B.
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gravity being the weight in air divided by the difference iu weight
of the two. At State College it was determined by a specific grav
ity bottle, weighing first the bottle, second, the bottle filled with
water, third, the bottle with the powdered rock, and fourth, the
bottle with the powdered rock :filled with water. The weight of 3
subtract~d from 4, and that result from 2, gives the 'weight of the
water displaced by the stone, and that dividep into the weight of
the stone, obtained by subtracting 1 from 3, equals the speci:fic
gravity. The latter method attempts to give the specific 'gravity
of the particles of the stone independent of the interstitial air,
and the former process to give the relative weight of the stoue as
it is, including the air. As it is impossible to weigh so quickly that
Rome' of the water is not absorbed, the actual weight of the stone
is less than that shown by the first process. As it is impossible to
exhaust all the inclosed air, the absolute weight of the material of
the stone,excluding the pores, is a little more than that shown
by the second process.
The :figures, given are for seasoned stone, the green stone being
heavier. The weight per cubic foot, as given' in the table, is ob
tained by multiplying the spec~:fic gravity by 62\'2, the weight in
pounds of a cubic fOQt of water. The quarrymen generally count
the weight of the stone in the rough for shipping purposes at from
175 to 180 pounds per cubic foot.
'
Ratio of Llbsorption.-In the ab~orption tests made at the Rose
Polytechnic Institute the specimens were approximately one-inch
cubes, weighed and placed in water, where they were left for 24
hours, and then removed and the faces dried with blotting paper
and reweighed. The ratio of absorption is the weight minus the
weight dried divided by the weight dry. This 1-31 means that 31
pounds of the stone would absorb one pound of water, about five
pounds to the cubic foot.
In the recorded, tests made by General Gilmore the experiments
were made in about the same way.
The stone showing the highest absorytion is the most porous,
the lightest, the softest, and gt'lnerally, other things being equal,
the least able to withstand the. weather.
·Porosity.-The interspaces between grains of stone are called
pores. They differ greatly in sizE!' according to the class of stone,
but in the oolitic limestone the sizes are divided into capillary and
subcapillary. Pores of .00002 of an inch are called capillary pores,
while those smaller than this are designated as subcapillary spaces.
*The matter under this head :was inserted by R. H. B.
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These pores are of considerable importance in the stone industry,
for their number and size control, to a certain extent, the length
of the· quarry season. This is due to absorption of water and its
subsequent freezing, so limiting the output.
The water which thus eollectswithin the pore space of a block
of stone is divided 'into two classes:
(1) "Water of saturation," or the water of green stone. This
eventually dries away.
(2) "Water of imbibition," or that which collects in the fine
sub capillary spaces. This does not d;l'Y out unless the stone is
raised for some time to 100 0 or higher temperature.
The water of the stone is retained by capillary attraction, the
finer the spaces the higher. the retention of water. This retcntion
of watcr is dependent upon the inverse relation to capillary at
traction or, in other woMs, the size of the spaces. A rock with
three per cent of fibe pore space is more dangerous than that hav
ing ten or even fifteen per cent of the coarser space, as it is readily
seen that the water is ejected more quickly from the latter.
It has been found that pores not more than nine-tcnths full
of watcr will not iwure the stone.· If it is confined, the natural
event will be that i~ must sooner or later break out. So it followa
that the rock injur~d most is that of the finest pore space. Oolitic
limestone generally: remains free and solid because, ~. a rule, the
pore space is large.· The Mitchell limestone has three to four per
cent pore space, and SQ cracks and breaks up i,n the ground, due
to the expansion
freezing. The manufacture of cement blocks
is depertdent directly upon pore space. Stone material required
for wate~ lining in foundations, for piers, abutments, canal locks,
etc., requires a high pore space.
In practical work the quarrying operations in the oolitic area
usually· ceas,e Nove¢ber 1st, and remain idle until the. rigor of
winter has subsided. This gives an opportunity to save stone
which otherwise would freeze and eventually crumble down. As
it is, the least loss :is sustJlined by a light freezing on the surface
of a quarry face, ivhich is readily remo~ed in the spring by a
shallow channel cut.
The pore space dt a stone is approximately determined. by plac
ing a weighed cube pf stone in a jar of hot water, where it is kept
immersed twelve h~urs almost at the boiling point, and later 24
. hours in cool water. '. The cube is then taken out, the surface wiped
oR quickly and the material weighed. The stone is then heated
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to 110" C. and left at that temperature for 24 hours. The differ
ence in weights is then multiplied by the specific gravity of the
stone.. Adding to' this result the dry weight and dividing that
sum into the former computation gives the pore space. Concen
trated into a formula, it reads:
W~t~t.-;dry~.X~p.g;.

Bp. gr. we w.-

wt.

+

ry wt.

P.B.

In seasoning, all organic matter in the stone has a tendency
to follow the water to the surface. The water is removed by
evaporation but the organic material remains in the stone close to
the surface, and as the stone dries out forms a hard crust. This
often brings about the injury of good stone by seasoning at the
quarries and sending it to destination to be dressed. The sea
soned stone, when dressed, loses its organic crust, which is im
pervious to water. The block is then free to take in water, freeze
in building; crumble down, and so render it comparatively worth
less. If such stone were. dressed in the green or wet state at
the quarry and then allowed to season and dry out, the possible loss
through this crumbling is :eliminated by the formation of a hard
crust on the stone, which would tend to greatly prolong its dura
bility.
Compression Tests.-The compression tests made for the sur
vey at Rose Polytechnic Institute were upon specimens of about
twa-inch cubes. Each specimen was measured to the nearest
1-100 of a square inch and tested upon a Riehle testing machine
having a capacity of 100,000 pounds.
The specimens were tested between two pieces of tarboard 2~4
x 2% inches. The rate of application of the load was slow and
the same for all.
It will be noticed that 1I10st all of the specimens range between
4,000 and 10,000.
The flrst two tables show the details of the tests made by Pro
fessor Howe at Rose Polytechnic Institute.
Table III gives a sumniary of these, along with tests made by
General Gi1more for comparison. It is worthy of note that in four
sets of samples the strength on edge is greater than that on the
bed, in one instance the firSt being twice as great. The reason for
this is not apparent. One might think that it was due to an imper
fect specimen, but the testBon the bed were made on three speci
mens which averaged nearly the same, and two of them. broke with
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. two perfect pyramids. A possible explanation is that the stone.
cutter marked them· wrong.
The samples from Ellettsville were from G. K. Perry's quarry,
a half mile north of the Ellettsville Station.
The Twin Creek specimens were from a newly-opened quarry
.on the bluff of Twin Creek, about six miles north of west from
Salem in WashiiIgton County; Nos. 7 to 9 were specimens quar
ried in· November, 1895, about six feet below the surface, In town
l'Ihip 8 north, range 1 west, section 20, on land of .John B. Crafton.
Nos. 10 to 12 were from second and third floors seven to 20
feet deep in the quarry of Hunter Valley Stone Co., Hunter
Valley.
Nos. 25 to 27, quarried Nov. 7, 1896, near the top of ledge,
township 7 north, range 2 west, section 24, lot 8. No quarry
opened,
Nos. 31 to .33, from quarries on Big Creek, North Bedford Sta
tion, on Gosport branch of I. & V. R. R., part 20 feet and part
30 feet below the surface; quarried Nov. 26, 1896, hence not prop
erly seasoned. 
Nos. 34 to 36, broken off near the top of the ledge, Nov. 7, 1896,
on lot 15, township 7 north, range 2 west, section 12. Buff and
Blue Oolitic Stone Co. . Quarries not developed.

TABLE L-COMPRESSION TESTS ON INDIANA OOLITIC LIMESTONE. SPECIMENS ON NATURAL BED.

ii.....

I

--- -

t
.g

i
COMPANY.

Il

-I
il

i1

G.K. Perry..... .................

1
K. Perry.. .. .. .. ... .........
a21 G.
G. K. Perry... .................

*71

"I

I

i

1

..··1

I

151

I

181

I

I
I'

'I

I

I,

:;; i

'1

I

• The natural "bed" of th...:Specimen.:was not marked.

Rem...ke.

1_ _ ; _ _ _ _ _ _ _ _ _ _ _ __

'

.. ...... ·1 F;,llettsv!lle................ · .. 1
4.35
Ellettsvllle .. ·· .... ·· .. ······ .. •
4.22
. EUetlBviUe..
......
4.33
4 Twm Creek Oolitic Stone &; Land Co
'1 Salem..................... 1
4.08
5 Twin Creek Oolitic Stone &; Land Co
.. , SaJem,.... .... ....... .. .. ..
3.92 1
6 Twin Creek Oolitic Stone &; Land Co
1 Salem..
..
. ... ,j
4.24
John B. Crafton... .... ..
Bloomington ..
i
a. 82)
*8 John B. Crafton...... , .. . ..
Bloo'm!'igton.. . .
3.72 )
*9 John B. Crafton ......... ,..
Bloomington . . . . . . ,. . ... '
4.08
10 Hunter V"lIeyStone Co....
1 Bloomington ............... 1
4.00)
11 1 Hunter Valley Stone Co... ..
Bloomington...
.. ..... 1
4.20 )
121 Hunter Valley Stone Co, .. ,...
Bloomington.. . . .
... I
4.08
13 1 Romona Oolitic Stone Co...
Romona..... ... . I
4.20 I
14 Romona Oolitic Slone Co... ....
Romona ...
..
"""1
4.24
Romona Oolitic Stone Co. ....
Romona.
. ... i
4.20 )
16 Bedford-Indiana Stone Co. '"
· .. 1 Bedford......
4.28 I
17 Bedford-IndIana Stone Co.
.,. 'I Bedford......
1
4.00 I
Bedford-Indiana Stone Co... ..
.., Bedford......
.. .. I
4.04)
19 HunterBros.'StoneCO....
.. Bloomington.................. ;
4.14,
20 HunterBros.'StoneCo.
"1 Bloomington .. , .......... 1
4.00)
21 1 Hunter Bros.' Stone Co.......
, Bloomington ................ i
4.08 I
22 Chicago Bedford Stone Co.. ".
"Bedford...................... !
4.04,
23 I Chicago Bedford Stone Co.. ..
I Bedford.
. ............. ,
4.12)
24 1 Chicago Bedford Stone Co ... ,
Bedford....
..... ..... i
4.12
25 .lohn B, Crafton
Bloomington
........ I
4.49)
26 1 John B. Crafton.
Bloomington
...... i
4.41)
27 John B. Crafton...... ...
'1 Bloomington. . ...
.. .. '1'
4.54
28 1 Creseent Stone Co.. .
, B!oom~n.....
....
4.10 )
2\) . O....cent Stone Co..... ... ............
') ,Bloommgton ... ,. · ...... · ... 1
4.16
30 Crescent Stone Co........ .. .... .......
.... Bloomington...
... ....
4.20 )
*31 IndianaSteamSton.Works............
.. .. ) Stlnesville......... ... 1
4.08
:32 Indiana Steam Stone Works.. .. .. .. .. ..
...) Stlnesvill•.. ,
....... , ·1
4.16 1
33 Ind""", Steam Stone Works.. ... ..... .. .. " Stmeeville.....
. .. I
4.08
34! BuffandBlueStoneCO.................
.. .... ) Bloomington....
3.79
35 BuI! and Blue Stone Co....
, . ,. , . " Bloomington .. ,
,4.33
36 1 BuI! and Blue Stone Co...
1 Bloomington.
.\
4.28
Bedford Quamee Co...
Bedford.. .
.
4.00 1
38 1 Bedford Quarries Co....
Bedford
..
.
4.00
3\) Bedford Quarries Co. . . .
Bedford
.
4.12

1

I

1
Area'
Strength
m
in Pounds
Locality.
Square 1'Per
SquarelI
Inches. 1 Inch. i

"I'
'1

I

i
I

6,700 Faeescrowned; top pyramid long..
5,900 • Failed on two sid ..; signs of pyramids.
6,900 1 Two perfeet pyramids.
11,700 , Two perfeet pyram.ds.
6,900 1 Ooe side split off.
11,000 i Two pyramids.
11,400 i Two good pyramids.
9,100 Two poor pyramids,
8,400 Split off one Side; probably tested on edge.
a,400 1 Two fairly good pyramids.
4,200 Sjllit off on one slde.
4,600 i Failed on three sides.
6,800 I Two good pyramids.
6,400 1 Two good pyramids.
7,800 Top p~mld good; bottom one-sided.
6,800 i Two frur pyramids.
3,400 Fscea ~t pa.ralle1; f.Ued on one side only.
6,700 I Two faIr pyramids.
5,900 Two good pyramids,
6,900 I Two good pyramids.
4,400 On••ide Bplit o~.
9,600 I'Twofine pyra1l!'ds,
..
6,400 1 Failed on one s.de; Indrcatrons that specimen was tested on edge.
9,700 I', Two fair pyramids.
6,400 1 Two poor pyramids.
4,700 1 Split top t.() bot~m around vertlcal am of specimen.
8,200 1 Two good pyramids.
4,500 1 One poor pyramid and wedges_
7,500 i Two fine pyramids.
5,000 1 Two fair pyramids.
6,600 I Twofalrpyramids.
4,100 I Fac.. not parallel; failed vertically around axis of specimen.
6,200 1 Faces not pecan.l; failed vertically around aXIl! of speCimen.
6,100 Two very poor pyramids; faces not parallel.
- .
5,800 1 Top pyramid good; faces not pecaUel; bottom pyramId wedge-shaped.
6,200 I Two good pyramids.
3,300! Top pyramid fair; bottom one very poor.
4,300 I Two fair pyramios,
4,800 Failed on two Sides; sigos of pyramid•.

1
I,

I
I,'

I,

I,

~

t'i

(to

S
~
rn

o"'l
(":l

o
Is:
"ti

:lil
t;:l

gj
~
~

t;:l

m
,.;;
~

I
I

c..:;
to.:)
.....

""
t-:)
t-:)

TABLE IL--OOMPRESSION TESTS ON INDIANA OOLITIC LIlIIEBTONE SPECIMENS!,ON EDGE.

i

Area In
COMPANY.

Locality.

Bq\l8l'e

Incile!!.

I
I

Strength
In Pounds
Per
BcUllte

Inch.

z
1 O. K. Perry........ ........ ..................
2 TwIn Creek Oolitic Stone & Land Co.. . . .. .. ... .
3 Joo. B. Crafton.......................... ..
4 Hunter Valley Stone Co.......................
" Romona. OoIlMa Stone Co.. . . .. ...... . ....... . .
6 Bedford Indlaoa Stone Co......................
7 Hunter Bros. Stone Co.... .. .. .. .. .. . .. .. . .. . ..
8 Chicago Bedford BUm. Co.. " ... . ....... . ....
9 Joo. B. CraIWI.................... :... .... ...
10 Crescent Stone Co.. . .. . .. .. . .. . . ... ..........
11 indiana Steam Stone Works........ ....... .. . . .
12 Buff &; Blue Stone Co.... .. .. .. . .. . .. .. .... ...
13 Bedford Quan1es Co................ ".........

Ellettsville................ .
Salem. . . .. . . .. ... . ....... ..
Bloomington.............. ..
Bloomington ................ .
Romona........ " .. .
Bedford.................. .
Bloomington................ .
Bedford............. .
BlOOmington.. . .. .. ....... ..
Btoomington................ .
Stinesville. ... . . . ......... .
Btoomingtou... ........... ..
Bedford ..... .

4.08

4.02

3.04
3.98
4.20
4.18
4.12

4.011

4.45

4.04

4.12

4.10 'I
4.12 I

13,500
8,000
8,000

4,200
11,200
4,500'
4,200
6,600
3,000
6,700
2,800
4,100
4,800

~
t;;

Remarks .

I
i___________________________________
Failed in two pyramids.
Failed in two pyramids.
Faces crowning badly aut; failed like specimen teated on natural bed.
Split off on sid..; for most part parallel to the naturallfed.
Failed in two il1':""'ids; line specimen.
Faces not parallel; one side split off. Signs of pyramids.
Failed In two pyramids like epeclmens tested on natural bed.
Faces badly out of parallel; split off on high sides.
Faces not p8l'aIlel; spilt off on one side and corner.
Faces not quite patallel' split off on one side.
Fares not Parallel; one 1""" showed tool marks; split off on one side.
. Split of! on one side.
I Two fair pYl'll-mids.

II

~"3
obj

~
~
Q

t;;

§
;-;

Cll

!"3

TABLE lll.-BHOWING caUSllING STRENGTH, SPECIFIC GRAVIT~ AND RATIO OF ABSORPTION OF INDIANA OOLITIC LIMESTONE.'

~..

QUARRY.

Loo~tion.

of Ab·

1

I

Where Tooted or Authority

:;.;

1
2

n ·; ........1· .. ·....

I G. K. Parr)' ...................•.....

Elletmvilk, Ind .....
G. K. Perry ......................... Ellettsville, Ind .....
Maid!.... Bros...................... Ellettsville, Ind ............... I

41 I"diana Steam Stone W""lm. .
5

Simpoon '" Archer. . . . . . . . . .

1\

Simpoon '" Archer.

8

Hunter Bros. Stone Co......

Bloomington, Ind............

I)

C!'eaoent SloB. Co. . . . . . . . . .. . . .. . ... Bloomington, Ind .....

142.2

1-28

156.9

H&l
5:700
4,200

Buff & Blue StOlle Co ................ Bloomington, Ind ...........
CraftoB ......

6,200

Bloomington, Ind .......

Crafton......
Bloomington, Ind ............
Dunn &CO.......................... Bloomington, Ind .....
RoIIKllla Oolitic Stone Co ......
Romona, Ind ..............

15

Bedford, lId.",,,, Stone Co............ Bedford, Ind..................

16

The Chloogo '" Bedford Stone Co ...... Bedford, Ind .................. ;

17
18
19
20
21
22
23

BedfOfd QUlII.Tiee Co...........•....•.
Bedford Qulll'l'iee Co........... , ......
ChiCBgo ~ Bedford Co ................
Dark Ho ow Stone Co................
Dunn &0>.................
Twill Crook Stone Co. , ..........
E. ZiIlk '" SoB ..................
8. M. Sklcb~ ..............

...................

....... ..........

142.2

5,700
5,700
6,000
4,100

12
13
14

24
25

1-31
1-41

..... .. ......... I Four miles _I of SPenoer. Ind ..
Bloomington, Ind .............

11

152.4

n .......... ..........

Stinesville, Ind ............. " .
Four miles _I of Spencer, Ind ..

Hunter Valley Stone Co.......

10

........

..........

Bedford, Ind..................
Bedford, Ind...........
Bedford, Ind. . .............
Bedford, Ind ............
Bedford, Ind .........
Salem, Ind...
Salem, Ind ............
Corydon, Ind ...........
Bowling Green, Ky .....

3,200
9,600
8,000
13,750
I 7,000

3
1
3
1
3
.
1
3
1
3
1
.
3
I
1
.........
1
<I

,U&l
14,000
11 no
6:625
6,Il00

2.46

153.7

W

>-3

:;!l

trJ

Z
a>

Rooe Polytechnic Institute, 1800.
&se Polytechnic Institute, 1800.

1-22

&se Polytechnic Institute, 1800.

':;j

........ '.

H6

&se Polytechnic Institute, 1896.

:II

,

...

146.6

,~
2.47

154.4

I....

i .... ·.... ·..

I........

..............................
147.6
..... ..........
142.9
...... ... .........
147.0

I .........

Z·

a>

1-19

3 :i .

i

c::

w
:II
....

1-15

,

1
3
1

Commissioners.
&se Polytechnic Institute, 1800.

0

:;!l

........ ....
... ..... . ........

{U;J ... J} I .. 2:~~·1
10,250
3,000

HI5
1-14

t'"' ·
5,600
4 600
8;Il00 .
6,Il00 I

1-17
1-00

&se Polytechnic Institute, Terre Haute, 1896
Goo. Gilmore, Rep. No.6, Board State House
Commillsioners. 1879.
Gen. GUmore, Rep. No.6, Board State Ho....
Commlseioners, 1879.
.
&se Polytechnic Institute.
Goo. Gilmore, Rep. N!>. 6, Board State House
CommisAioners.
Gen. GUmore, ReP. No.6, Board State Ho....

.,..........

!:::

I.............

149.6

1-3300
1-43

Rooe Polytechnic Institute,
Gen. Gilmore.

Hill

&se Polytechnic Instituto.

1-23

Rooe Polytechnic Inatltute.

1-31
1-15

Rose Polytechnic lnatitute.

"i':'28"
1-19
1-24
1-31
1-22
1-27

~896.

Rose Polyteehnic Institute.
Bedford Quamee Co. Circular.
Goo. Gilmore, Indiana GeolOgica! Report, 1878•.
Gen. Gilmore, Rep. No.6, State Ho_ Com.
Gen. Gilmore, Rep. No.6, State House Com.
&se Polytechnic Institute.
Gen. Gilmore, Rep. No. 6, State Ho_ Com.
Gen. Gilmore, Rep. No.6, State Ho_ Com.
MIn. Res. U. S. 1889-00, p. 300.

>-3

:II
0

>-3

A

0
0
t"'

::3
....

a

w

>-3

0

Z
trJ

t>:)

t¢
t>:)
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One is liable to error in making comparison of the crushing
strength of building stones made by different persons, or even by
the same· person, as the maximum strength of the stone depends
upon a number of conditions: 1. On the size of the specimen;
a large specimen will give a higher result per square inch than a
small one. 2. The shape of the specimen, as shown below. 3. 'rhe
rate of speed of the machine. 4. The accuracy with which the
specimen has been dressed; the more nearly absolutely parallel the
higher the results. 5. The method of dressing the specunen. 'fhe
tests showing difference in transverse strength of tool-dressed 'and
sawed samples made by Mr. Johnson apply as well to crushing
tests, as shown experimentally by Gilmore. 6. .The seasoning of
the specimen. 7. The method of bedding the specimen. 8. The
eare of the operator in watching all the details of the test; and 9.
'rhe accuracy of the machinery. The machines are not all cali
brated alike. The above points are not all theoretical, but largely
based on experience. Hence comparisons on the basis of crushing
strength alone should be made with caution.
'J'he following results by Mr. Hatt will illustrate several of the
above points:
The Relative Crus"ing Strength of Indiana Limestone in Prisms,
and Cubes.*-From an examination of the results of J. Bausching
er's investigation of the effect which the shape of a specimen of
stone has on its crushing strength, a writer in the" Digest of Physi
cal Tests" for July, 1896, has stated that the strength of a stone
prism, whose height is one and one-half times its least lateral di
mension, is only 92% that of a cube of the' same material. If the
normal shearing angle for stone is 60°, this conclusion seems rea
l';onable.
There are here communicated tests on a number of specimens
of Indiana oolitic limestone, sawn to cubes (4/1x4"x4") and the
prisms (4"X4t1x61f~. They were tested partly directly after being
taken from the paper wrappers and rubbed down by hand with
emery to a smooth bed, and partly after having been exposed to
the air of the laboratory Ior one month. Part of the series was
tested directly in contact with the beds of the machine, which was
a RiehIe machine of 300,000 pounds capacity, run at a speed of
one-tenth inch per minute. It is to be noted that the specimens
.were not well seasoned, and so. the results are not given as evidenc
ing the full strength of the stone.
·Presented to the Indiana Academy of Science, December, 1896, by W. K. Ratt.

CRUSHING STRENGTH OF THE OOLITIC s'rONE.

The average crushing strength of the 17 cubic specimens was .....
The average crushing strength of the 14; prisms was .............
Omitting 8 cubical specimens, the strength of the reruaining 14 is ..
Omitting :3 of the prism!,!, the etrength of the remaining 11 is......
For those tested with pllister bed the average Is ........... , ......
For those tested without plaster bed the average Is ...............
For those tested December 17th the average is ...................
For those tested before November 18th the average Is ......... ; ...
The average of all specimens is .................................
The average with sIx omissions Is .......................... ; ....

325
4326.7
4436.4
4191
4305
4289
4859
4385
4274
4381.1)
4248

In these tests of 31 specimens the six-inch prisms had, ull<wr
all conditions, a greater strength than the cubes of the sanie sec
tional area, and the difference does not amount to three per cent.
The average angle of pyramid of fracture is 64.5 degrees. The'
results do not sustain the conclusion mentioned above as having
been stated in "Digest of Physical Tests."
Fire Tests.-There seemed to be sOlJ!.e doubt in r~gard to the
heat-enduring properties of the oolitic limestone, and a series of
tests were made for the survey at Rose Polytechnic Institute, with
the following results: A sufficient number of specimens from dif
ferent localities were taken, we think, to fairly represent the whole
district. The resultS appear to be about the same in each test, so
that it is not necessary to enumerate the different localities under
each test.
It will be seen that the results are all that could possibly be
desired or expected, since the samples retained their form unin
jured up to and beyond the point of calcination.
The specimens were approximately one-inch cubes, all supported
in the same manner on wires placed %,-inch apart, and all heated
under similar conditions in a furnace composed of an iron box
surrounded by an iron jacket, leaving a two-inch space on all sides
but the front and bottom.
. .,
Specimens were taken from the following quarries: G. K.
Perry's, Ellettsville; Hunter Valley Stone Co. and Crescent Co.,
Hunter Valley, Bloomington; Romona Oolitic Stone Co. 's Quarry,
Romona; The Chicago and Bedford Stone Co., Reed's Station:
The Bedford Indiana Stone Co., Peerless; The Bedford Quarries
Co., in the vicinity of Bedford; The Twiu Creek Co., Twin Creek)
northwest of Salem; The Buff and Blue Oolitic Stone Co., and two
localities on the property of the Crafton Stone Co., south of Bloom
ington, and the quarry of the Indiana Steam Stone Works, on Big
Creek, West of Stinesville.
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The specimens were first heated until lelMi melted on their top
surface, about 619 0 F., and cooled slowly in air-all specimens un
injured. Other specimens .heated to the same temperature were
sprinkled with water and then quenched in cold water-all unin
jured.
The same experiment was tried with melting zinc, temperature
about 777 0 F., with the sameresult---specimens all uninjured.
The specimens were heated until cupric chloride (Ou01 2 ) melt
ed, temperature about 928 0 F., and some were cooled in air and
so;me sprinkled and quenched in water. The specimens retained
their form and were uninjured except a .discoloration very slight
in IiOme and pronounced in others, due to the oxidation of the iron .
. Three specimens showed indications of lamination.
They were then heated until aluminum melted' on the upper
surface, temperature about 1157 0 F. They were sprinkled and
quenched in water. The lower edges crumbled when sprinkled.
The upper edges and faces were uninjured.
Some were heated to "cherry red," about 1500 0 F., and cooled
in air, calcination was pronounced, but the specimens retained their
cubical form and sharp edges:
. Other specimens were heated to the temperature of melting
potassium chloride, K 01, sprinkled and quenched in water. The
lower edges went into fine powder (quicklime). The upper edges
were uninjured.
These results show pretty conclusively that the oolitic stone is
fire-proof up to the point of calcination or turning to quicklime, in
which respect it is superior to the average building stone, so far
as shown by the published tests. While a few building stones will
withstand a temperature above the calcination point of lime unin
jured, the greater number will be destroyed· at a temperature be
low that point.
Transverse Strength and Elasticity,-Mr. Johnson made a series
of tests on the transverse strength and elasticity of the oolitic lime
stone, a few of the results of which are given below,· as the origi
nal source is not accessible to all.
He teSted specimens having approximately one inch cross-sec
tion and 14 inches long, by resting them on supports at the ends
and applying the load to them on a knife edge in the center. They
were all measured accurately in cross-section, most of them varying
from a. square inch by a. ilmall fraction.
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AVERAGE RESULTS FROM EXPERIMENTS ON SAWED AND TOOL
DRESSED SAMPLES OF OOLITIC LIMESTONE.
MODULUS OF

Load
Causil)g
Rupture,
in Pounds.

,
Rupture.

Ct..~l:'.~~~.v~,

Elasticity.

---.

Sawed ...............
130
81
Tool-dressed .........
Ratio of tool-dressed
to sawed ...... : ... 62 per cent.

. * Experiment,

2,338
1,477

12,675'
7,857

63 per cent: 62 per cent.

4,889,480
' 2,679,475
55 per cent.

upon the Stren,gth and ElasticIty of Building Stones, by Thomas H. Johnson, In the 11th

Ann. Rep. Dept. GeoL "'00 Nat. Riat. of Ind., 1881, pp. 34-42.

"

,

For the tool-dressed specimens the breaking loads varied be
tween 40 and 110 pounds; for the sawed specimens, from 120 to
150. The modulus of rupture for the tool-dressed specimens va
ried between 950 and 1,928; for the sawed specimens between
2,187 and 2,593. These results show quite conclusively not only
the great elasticity of the stone, but the injurious effects of ham
mering it in tool-dressing. Mr. Johnson also noted that the strong
est stones were the most resonant. All the tool-dressed specimens
had a dull sound, while the sawed specimens had a clear, ringing
sound. It should be noted that the sawed specimens were taken
from different quarries from the tool-dressed ones and part of the
differeuce in the results may be due to inherent qualities in the
stone.
Chemical Oomposition.-The accompanying table gives a record
of all the analyses obtainable of the oolitic limestone from different
localities. The similarity i~ remarkable. Thus the percentage of
carbonate of lime varies between 95 per cent. and 98.27 per cent.,
a variation of but little more than three per cent. in 16 different
samples from widely separated localities, varying from Romona on
the north to near the Ohio River on the south.
The percentage of magnesium carbonate is less than one per
cent. in all the specimens except two from Big Creek, and there
is' a possibility in that case that the greater quantity may be due
to error in analysis.
The insoluble residue which includes the silica, insoluble sil~
icates, and organic matter, averages less than one per cent., never
as high as two per cent., and only four running over one per cent.
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The iron and alumina combined average less than one per cent.
The alkalies form a mere trifle.
The last column, headed water, in the two analyses, where it
shows more than half of one per cent., includes water and loss on
ignition. Probably the greater part in each is due to the unavoid
able errors of analysis.
The analyses show the stone to be a lime carbonate of remark·
able uniformity and purity. Possibly no other stone in the coun·
try would show such a remarkable uniformity of composition over
such a wide area.
Thus, from the standpoint of purity, the stone is all that could
be desired, only the purest marbles giving a higher percentage of
lime carbonate.

a

CHEMICAL ANALYSIS OF INDIANA OOLITIC LIMESTONE.

i!i

LOCALITY

Quarry,

Date,

..Q

~
Z

Bedford......
...... Bedford, Indiana Stone Co...
Hunter VaHey.........
Hunter Bros' quarry.. ,.....
Romon"......... , ...
RomonaOOliticStoneCO ....
TwinCreek..........
1'wlnCreekStone&LandCo ..
Big Creek.. ....... , . Indiana Steam Stone Works..
Big Creek.. ... "".
Indiana Steam Stone Works..
Bedford ...... ,...
. Cbicago and Bed. Stone Co..
Bedford............
Hoosier Quarry, buff........
Bedford ......... " ..... Hoosier Quarry. blue... ...
Four mlles E. of Spenoor"l Simpson &ArOOer... .. "
Bloomington............ Dunn &Dunn Quarry. wblte
Bloomington........... 1 Dunn &Dunn Quarry, blue.
Bloomington.... " .... , Dunn & Co .... ". "... ,
Stinesvlll.... " ......... 1 Monro. Marble Co ... ,......
Sa.I.m.......................... " .. ".............
Harrison Co ............ Stockslager'. Quarry. .....

1
2

a
4
5

"I'

6
7
8
9
10
11
12
13
14
15
16

"'I

1896
1896
1896
1896

..
1878

Avera,.., .......................... "...........
17
18

III

I

!
1

Hardin County, Ill.....
RoaiclareOolltlelilDll8tone...
Bowling Green. Ky .................. c . . . . . . . . . . .
Portland, Eng............. , ............. ".........

1882
1889

Lime
Carho

~

Iron
I Alkali....
Oxide, A1umina'l K.O., Water,
F.. 0.. AI. 0"
N"" 0,
H.o.

IS:

'I

In-,

nate,
~~,

soluble

Total.,

Authority.

a:>
t"

a
o
IS:

98.27
.84
.64
.112
.86
98.11
97.90
.65
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Durability of Oolitic Limestone.-The Indiana oolitic limestone
ranks among· the most durable building stones in the market, the
proof of its durability being found (1) in the appearance of the
stone in ~e outcrops i (2) in old buildings and monuments; and
(3) the chemical and physical tests.
The outcrops of the oolitic limestone are in some places rounded
prominences projecting through the soil, in other places bold cliffs
along the water courses. These cliffs sometimes show a large face
of stone, remarkably regular and even, denoting a stone of great
uniformity. As tne weathering agencies attack the rock always
at the weakest spots, if there are any, the outcrop is frequently
irregular from the deeper weathering along seams, joints or lines
of weakn~. Where the water-course has its channel in the oolitic
limestone, it frequently cuts a deep, narrow gorge in which it
runs, and sometimes undercuts the rock on one side or the other,
forming overhanging bluffs. The number and promillence of the
bluffs, the most conspicuous topographic features of the region,
indicate its greater durability in comparison with the overlying
and undedying rocks.
As the I;>olitic stone field is a comparatively new one in its larger
development, there are not many old structures in which the stone
has been exposed for a long period, as is the case with stone in the
Eastern States. However, such as have been erected are, without
exception, so far as knovi'n, in a good state of preservation. The
Winthrop Foote vault on the east side of Bedford, constructed
in 1840, and the stone chimney on the old homestead of Dr. Foote,
built before that date, are the oldest pieces of work in the Bed
ford stone known to the writer. They are apparently as sound
as when first erected, more than fifty years ago. Of the many
buildings constructed wholly, or in part, since that time, and of the
numerous monuments in the cemeteries, none that are injured in
any way, except sometimes by discoloration, have been observed.
The same can be· said in part of the rock in the old quarry open
ings south and east of Bedford that were made 40 or 50 years
ago. The stone in the dump and on the old quarry face is, as a
rule, as sound and firm, and harder than when just quarried.
Where the stone lies under the trees, or in well-shaded places, it
is covered by a vegetable growth, like all other building stones in
similar positions; and in a few of the more recent quarry openings
the stone is shelly and exfoliating for a few feet above the water
that stands in the quarry, cansed, presumably, by the freezing of
the wet stone, but in nearly every instance of this kind it is a band
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of very coarse texture, of coarsely fossiliferous stone, that is shelly;
while the fine-grained stone, both above and below it, remains firm.
It is said that some of the ground courses in bridge abutments have
been known to scale and exfoliate. None such have been seen by
the writer, but his opportunity for observation in this line has
not heen extensive.
'l'h!l chemical analyses show no marked percentage of elements
of weakness in the stone any less stable than lime carbonate, the
percentage of alumina and alkali being too minute to affect the
strength in any way. The stone is practically a carbonate of lime,
one of the most durable substances under ordinary conditions. In
contact with acias, however, it is one of the least stable, as it is
readily dissolved by any of the acids. For this reason it is liable
to tarnish in a city atmosphere where there is much sulphurous
coal smoke. However, unlef!s it is in the immediate vicinity of
a large furnace or factory, the injury from this cause is ,little to l?e
dreaded beyond the roughening and sometimes discoloration of the
surface.
The numerous fissures, caves, open seams and corrugated sur
faces found in the quarries and outcrops ,are caused by its solubility
in acids, as the rainwater absorbs some acid from the air and more
from the soil through which it passes, and, acting continuously
for ages, it leaches away great quantities of the stone. This action,
which is so marked in the stone in its natural position, ceases
almost entirely when the stone is placed in the wall, as the circula
tion of the sap or interstitial water ceases, its load is deposited and
mAUY of the pores are closed. The little water that falls on the sur
face during a rain storm contains but little acid and that under
such slight pressure as not to be very active, and of the little that
is dissolved by carbonic and sulphuric acids part is redeposited
in the pores, tending to make the surface more, impervious. It
might readily be inferred, then, that i should not be used where
it will be exposed to theaction of acid~. For that reason it is not
suitable for the base of bridge-piers in regions where the water is
very acidic, as in coal-mining regions.
The physical tests show the stone to be more porous than the
average limestone, but in crushing and transverse strength up to
or beyond the average; much more flexible and elastic than the
average building stone, by means of which it is able to withstand
sudden changes of heat and cold without injury, that would cause
less elastic stones to crack or crumble. This is shown by the heat
tests described above, in which the ijtone remaip.s ip.tact, uninjured,
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under heat up to the point of calcination, even standing sudden
cooling in cold water from a nearly red heat, that is, a sudden
change of nearly a thousand degrees, which is probably as severe
·a test as any to which a stone could be subjected.
This happy combination of properties, by means of which this
oolitic stone, while so soft as to be so easily cut and carved into'
desired shape, is at the same time so firm and elastic as to with
stand the sirains put upon it either by its position in the structure
or the strain of rapid changes in temperature, makes the stone so
vakable for building purposes. This is due probably to its unique
texture, as already stated, in which it differs from other sand
stones in having the grains cellular and porous in a fine cement. It
differs from other limestones in its granular character, consisting
of the yielding grains in the finer cement. And furthermore, cal
cite itself is highly elastic, as shown in the action of many of our
marbles.
The Indiana oolitic limestone can unhesitatingly be recom
mended as one of the most durable building stones in the market,
where not exposed to the action of acids. It is fire-proof up to
the point of calcination, in which property it can lie surpassed
by no other limestone and -but few other building stones, as very
few are absolutely fire-proof.
.
We cannot refrain at this point from calling attention to th·~
extravagant, boastful and misleading statements made by some
previous writers on this subject, statements that are injurious be
cause false. Such statements as the following, by their very ex
travagance, defeat their object: "This purity insures 'absolute in
tegrity on exposure to the fumes of coal, while the perfect elasticity
and flexibility of the mass render it invulnerable to the forces of
cold and heat, air and moisture. Cliffs of this limestone, exposed
to our variable climate for unknown centuries, show no sign of
disintegration, the finest angles standing out as sharp now as when
first the mass was fractured.': And from another writer: "At
the ·numerous exposures along the various watercourses, where it
has been subjected to the action of the elements for hundreds and
thousands'uf years, it does not display in a single ·instance a ten
dency to disintegrate or break down under prolonged exposure."
To say nothing about the above statements, one only need to .
visit any of tlie outcrops to spe the absurdity of such statements.
Again, the following awe-inspiring statement has been quoted and
requoted with an apparent confidence that seemed to settle all
doubts: "When we consider to what awful and prolonged frigid~

WORKABILITY OF TIlE OOLITIC STONE.

333

ity of temperature this rock was exposed during the Glacial age,
without in the 1east affecting its jn~grity, we may safely trust it
in our buildings. Other limestones were cracked, shivered,
cnlshed under the compressions and expansions of the arctic period.
any part of its
while this massive deposit was scarcely changed
great body." The "awful and prolonged frigidity" of the Glacial
age presumably never reached the main body of the oolitic lime
stone; at least the glacier itself did not. It stopped near the north
end of the oolitic region, probably because of the very opposite
condition to frigidity, as the best barrier against ice is heat, aun
likely the warm climate of this part of Indiana stopped the glacier
in the extreme north part of Monroe County or beyond by melting
its southern end. Furthermore, the part of the oolitic· belt that the
glacier pf!8sedover is not the part that contains the best stone, and
again the "other limestones" in the glacial areas are no more
"cracked, shivered and crushed under the compressions and ex
pansions of the arctic period" than similar stones are many miles
south of the glacial area. The tnlth in regard to the durability
of the oolitic stone is sufficient, and needs no embellishing.
Workability.-The Indiana oolitic limestone probably works as
easily and freely as any other building stone in the market, al
most rivaling the French CIPD. limestone in this respect. WhHe the
French stone is a little softer and more easily cut, it is said to be
much less durable in a northern climate. Like all freestones, the
Indiana stone is much softer when first quarried, hardening on ex
posure; hence it is more easily sawed or cut to the desired form
when fresh than it is after seasoning. Yet while it becomes firm
and compact, resonant almost as a metallic substance, calcite in
itself being a soft mineral, it never becomes as hard or as difficult
to cut as siliceous rocks of equal strength; nor does it become as
hard as marble. The lack of grit or siliceous material thus ren
ders the channeling of the stone from the quarry, the sawing of
the. stone and the· cutting and carving of it not only pos'lible, but
enables it to be so worked much more economi.cally than almost any
other building stone, a saving of both time and 'wear on the tools
when compared with sandstones of equaL .strength, or granit.e, or
even marble or more compact limeStone. Besides being easy to
channel, cut or saw, it also splits as readily as almost any: ot.her
rock, where not locally cross-grained, splitting or breaking readily
in any direction, excelling the average building stone, in this re
spect, thus adding to its value for ornamental work. These prop
erties enable it to be removed profitably from a massive bed con

in
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taining few seams, where a harder stone or one more difficult to
work could not be quarried with any profit.
Aeeessibility.-The Indiana oolitic limestone area is near the
center of population of the United States, in the very midst of the
Mississippi Valley, which is not only the largest, but destined to be
the most productive and populous valley of the world. The area
is traversed by one north and south railroad, and four running east
and west, besides several branch roads. The topographic features
are such that almost every point of the area can be reached by rail
ways· at a moderate expense for grading. In evidence of the easy
grades, 'the Monon Railway, running north and south on the entire
length of the productive area, was built before the great value of
the stone was known. The structural position of the stone, lying,
as it does, with a gentle dip to the southwest, makes a l~r&,er area
of the stone accessible than if it. were inclined at a high angle or
even perfectly horizontal.
A stone may be inaccessible because of its remoteness from mar
kets, such as large cities or populous districts, or its distance from
railroads or other means of transportation, or because of its struc
tural and stratigraphical position. Thus, an intrinsically good
building stone in many of the Western States would not be accessi
ble to Eastern markets, even though· it were on a railway, because
of the excessive freight rates. Throughout North Arkansas are val
uable beds of marble, but they are inaccessible, because they are
many miles from a railroad. A bed of stone, inclined at an angle
of 40 to 60 degrees to the horizon, has but a small part accessible;
likewise a bed in a horizontal position, overlain by a very durable
rock, is liable to be accessible in very limited areas. The Indiana
oolitic limestone, as noted, is not snbject to any of these difficulties.
Stone Observation.·~The observation of stone already used in
buildings to determine the ability of stone at hand to withstand
time and weathering agencies should include an examination of
masonry for effect in bedding planes; abrasion by effect on steps;
the water line for effect of water; effect'of dust, which always ad
heres to limestone because of bitumen present; coloration, and if
fossils are shown. With regard to the latter, dressed stone rarely
shows fossils, but disintegration brings them forth. In the case
of abutments, the condition of the stone above and below the water
line should be noted. Railroad abutments should also be carefully
examined to d~ine whether or not the mf.I.SOUry hM workerl
*R. S. B.
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l.o08e .on acc.ount .of the c.ontinual P.ounding .of passing trains. T.o
prevent this effect a tough, elastic stone should be used. .A. brittle
stone in such abutments often works loose and takes on incipient
crackS, eventually causing decay.
Carelessness in laying stone has caused considerable I08S in
building in this country, and, m.oreover, has .often resulted in a
bad effect. Stone has been laid with.out regard t.o natural bedding
planes. It should be laid in a building as it lies in the ground,
.otherwise the pressure ab.ove will increase its tendency to foliation
.or splitting. H.owever, if a slant is given to the bl.ocks, the pres
sure d.oes n.ot cause new bedding because .of the f.orce being bal
anced. The brown st.one fronts .of New York City were set .on
edge. The st.one split easily and a small am.ount .of it .often went a
I.ong way in constructi.on w.ork. The pressme fr.om ab.ove split the
slabs in bedding planes and this, aided by the disintegrati.on .of
water, has caused an unsightly fr.ont, if n.ot an insecure one. The
same principle would apply to the .o.olitic limest.one, and care sh.ould
be exercised by architects in the way the st.one is laid.
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During the year 1901 Indian,a took a long step backward in its
C!nce leading industry, ~he production of' petroleum. The output
for the year was less thtm for anyone since 1900, while the num
ber of wells abandoned was more than three times the number
, drilled. This. great decline was not, due to the lack of productive
territory, for bJ,rge areaS which undoubtedly contain oil in commer
cial quantities lie along 1!he border and in the midst of the previous
producing Trenton rock ifield. 'Rather was it due to the migration
of. the principal opera~rs to Illinois and other fields where the
output per well is much ~greater thanin Indiana.' The average oil
operator is ever on the.ilookout for a "gusher" or big producer,
and qui~kly abandons al territory where the wells are light, even
though they are lasting ¥td the profits fair, for one which promises
a bigger yield per. well, though the final profits are less. For that
reason and for the further one that there was no material rise in
the price of Trenton rock oil during the year, Indiana owes her
big slump in oil output. As a very full report,· accompanied by
detailed maps, was made on the industry in the State for the year
1906, but brief mention of the more important developments in
1907 will be given in cunnection with the statistics for the year.
THE TRENTON ROCK

QI~,

FIELDS OF INDIANA FOR THE YEAR

1907.

Grant aOu~lty.-I'; $is county, which in 1902 and 1903 was
the principal seat of opetations in the Indiana field, but little new
work was done during ~he year. All the producing bores sunk
were light in' output, t.e average initial production of the 103
bores drilled being but ;7.5 barrels per well. Much of the pro
ductive area in the county yields heavy salt or "blue lick" water~
and the gas supply has ~come so meager that most of the oil must
be pumped with steam iengines using coal for fuel. Small pro
ducing wells ean not, t~refore, be pumped with profit, and as a
·"The Petroleum Industry;ln IndIana In 1906," by W. S. BlatChley, in Thil1:y·
drst Annual Report Indiana; Department Geology and Natural Resources, pp.
429-558.
:
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result 418. of them were abandoned, the iron in many of them be::,..
ing pulled and taken to Dlinois, where' the majority of the former
Grant Cou;qty operators are now located. Should the' price of
Trenton rook oil matElrially increase; many of these operators
doubtless return and start new work in the undrilledintervals be
tween the older wells of Grant County. However, the county will .
never be'what it was in the halcyon days of 1903" when the cough
of the; gas engine and the churn of the drill were heard 9n every
side, and 1,383 bores, or nearly three times as many as were sunk
in the entire St!lte in 1907, were put down within its bounds.
Huntington Oounty.-Iuside of known productive limits in this
coUnty a bore is as' sure ir. venture as one' can make anywhere in
th~ United States in the oil business, since of the 916 sunk within·
the county during the past five years, but 24, or 2.4 per cent, were
dry. There was, however, little doing here, as elsewhere, in the
extension of new territory in -1907. The number of new bores sunk
was but 48, as against 121 in 1906, while 70 old ones were aban
doned. The average initial output of the new wells fell from 13.6
to 10.6 barrels, showing that the stored supply is graliually being
exhausted.
Wabash O,ounty.--This county lies outside the main producing
Trenton rock area, and' has as yet produced but little oil. In the
old Rich Valley pool in Noble Township but two small. producers
were diilled during the year, .while two of the old wells were aban
doned. There are but about 25 producing wells left, all of which
..are very light in yield.
.
. Liberty TownShip, in the southeastern part of the county and
near productive territory in Grant imd Huntington counties, also
yiel!ied two:rroducers. which started at only five barrels each.
This area may in. the future produce quit~ a quantity of oil, as
the wells just to the east in Huntington have man1 of them been
above the average.
.
.
. Blackford Oounty.--'-But 22 new bores were sunk in this county
during the. year, and no one of them opened up any new territory.
Of the 22, three, 01'13.6 per cent, were dry, while the initial pro
duction of the others averaged but 7.4 barrels each. The number
of abandoned wells in the QOllnty was 156, or, more th~ seven times
as many as were drilled. Montpel1er, in the northeastern part, of
the county, and once the leading oil town in the State, has during
recent years 10s1' much of its prestige, the most of the oil well sup
ply stores and part of the offices of the Ohio (Standard) on Com
pany having been removed to more promising territory.

will
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Wells Gounty.-""-This county ;anks among the best in the In
diana field. While Iqost of its productive area has been drilled
over, there are hundreds of untested locations among the older
wHls, as well as conaiderable outlying territory that has had "no
drilling done on it· since the first tests made during the early de
velopment of the':6eld. The percentag~ of dry holes is as low lis
anywhere in the State, unless it be in Huntington County, and in
_1907 .it outranked that county in this respect. During the year
122· bores. were slink, of which only,two, or 1.6 per cent, w~re dry.,
The average initial OUtput of:. the 1'20 producing bores was 8.9 bar
rels,as'against '9.4 in 1906, the- loss being less than in any other
of the larger' producing counties; While the number of abandoned
wells in the county was 224, tl1is was below the average as com
pared with the number drilled ..
Three or four of the largest 'producers, fini§lhed ill the State
during 1907 were put down in the old developed territory of Jack
son To~ship .... one, on ,tbe Risinger farm, in section 33,' starting
at 250 barrels, while a second and third on the Younce and -KHan
del' leases, in Sllction 28, made 17~ 'and 150 barrels respectively dur
ing the first 2·1 hours. Such wells as these, in the midst of numer
ous small ones starting at five to 15 ba.rrels, put new hope in the
heart of the operator and go to prove that each" new bore, even
though surrounded by well drilled territory, is almost as much of
a gamble as the rankest wildcat, far outside of productive limits.
It is this element of chance, ever present, which adds to the excite
ment and pleasure of theoilindusiry, and ~o tends to keep the
beginning operator a life-long devotee before its shrine.
Adan;,s C01tnty.-This county has produced Trenton rock oil
only in itssoutharn third, but here, as elsewhere, developments
were at a miuimum during 1907. But 30 bores were sunk, while
125 old wells were abandoned. Of the new ones, four,or 9.1 per
cent, were dry, while the average initial output of the others was
5.7 barrels, or four barrels below the average of the Ttenton rock
field .
. Jay County.-This county was the most active in the older In
diana oil district during the year, 152 bores, or more than one
fourth of the total 'in the Trenton rock area, having beensU:nK
within its bounds. Of these 30, or 19.7 per cent). were dry. This
large percentage was'due to a number of wildcat bores put down
in search of new territory, the majority of which came in barren.
One oIltne'most- important· of these tests was on the Strong
farm, east half of the northwest quarter of section 29, ,Richland
[30]
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ToWnship, about three miles southwest of Redkey and the same dis
tance south of Dunkirk. . This well is accredited with producing
100 b~rels in the first 24 hours. Another test on the Smith lease
in the northeast quarter of the same section, finished in October,
was even better, starting at the rate of 150 barrels. These two
wells are but a few miles northeast of ·the productive Albany pool
in Delaware 'I'ownship, Delaware County, and denote an extension
of tb4t pool in that direction. That the territory is spotted here
as elsewhere was shown by a bore on the Murphy farm in the south
west quarter of the same section, which came in dry.
Some new territory was also opened up in the sol,ltheastern
part of Bear Creek Township, in the northeastern .part of the coun
ty, where a test bore on the Papl; lease started at 75 barrels. No
. less than 105 of the 152 bores sunk in the county were drilled in
Bear Creek Township. Of these 16 were dry, while the average
initial output of the others ran about 12.5 barrels. To the pro
spective' operator Jay County offers as good undrilled ,territory as
can be found anywhere in, the State. In a number' of isolated test
bores put down at wide intervals in the county, oil in commercial
quantities has been found. The most of these bores were snnk by
companies with small capital which.couldnot develop their leases
after they had made a fair stJ;"ike. A list, 'with localities, of these
test bores was published in the 1906 report !1bove cited. There is
little doubt but that Jay "rill continue to produce large quantities
of oil as long as the price justifies the sinking of a 'number of new
. bores each year.
Randolph County.-'l'he effect of the slump in the Indiana oil
industry during the past five years is nowhere more effectively
s'/lown than in the record of RandDlph and its n..~ighbDring county,
Delaware, in the once famous Mnncie-Selma-Parker field. In the
small portion of thatfielq. lying in Randolph County there were
drilled in 1903, 128; in 1904, 113; in 1905, 80; in 1906, 26, and
in 1907,five bores. Of the five sunk in 1907 two were dry, while
71 of the old wells were abandoned.
On the E. and Z. .Cecil leases just northeast of Parker, the site
of the greatest producing oil pool in the deep pay sand <;>f Indiana,
nO' less than 3.3 wells were abandoned during the year. This terri
tory was, however, always very spotted, the per cent of dry holes
averaging about 40 for the years mentioned. Judging from its
past record, Randolph offers little to induce the prospective oil
operators to locate within its bounds;
.
Delaware County.-Nowhere in the State has the 'petroleum in
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dustry shown greater retrogression during the past three· years
than in Delaware County. The original home of the deep pay
bores, it e~joyed a boom during 1904 and 1905 which resulted in a
big producing but short lived pooL Backing up an abundance of
oil was an inexha~tible flow of salt water' which drowned out many
of the best wells while yet in their prime. The early operators
who were fortunate enough to hold big leases and sell them before
the water made Its appearance made some money, but the pur
chasers lost hundreds of thousands of dollars by the quick flooding
of the field.
.
The rise and fall of the industry in the county is graphically
shown by the number of producing wells and dry holes sunk dur
ing the yearN 1903 to 1907 inclusive, as follows;
Producing Dry Average Initial
Year.
Well&.
. Holes. Output, Bbls
1003 ....... '......... : ...... , . .. 74
48
20.7
1904 .... , .... : ." . . .. .. ... . . . .. 831
121
44.4
1005. ....... .... . .. ............. 570
83
32.6
1906..... .... ...... . ......... ... 141
39
33.2
]9()7 . . . . . . . . . . . . . . . . . . . . . ~ ... ;.
49
16
14.6

The best producing well put down ih the county in 1907 was a
test bore on t.he Hitchcock lease, in the southwest quarter. of sec
tion 23, Delaware Township,. which is said to have started at 200
barrels. Several other good ones were drilled on the Michaels
farm, in section 15 of the same township, where the first deep pay
bore was sunk in 1903. During the year 330 of the old producing
wells were abandoned, while the number abandoned in 1906 was
208.
If the new producing wells drilled south of Dunkirk, in Rich
land Township, Jay County, are any criterion, quite an area of
productive territory may yet be opened up in the northeast corner
of Delaware County, but aside frOID this there is little hope of
locating a new area of any importance within its limits.
The following table gives the output of the Muncie-Selma
Parlrer field by month" for the years 1004 to 1907, inclusive:
Number of Barrels of on Piped or Shipped from the M'I.UWie-Selroo.-Parker
Oil F~eld in 1904 to 1907, inclUsive, b1/ Mooths.

January ................. .
February ................ .
March ................... .
April .............. : ... : ..

. 1904.
42,835
33,081
4(),869
46,504

1905.
358,483
282,773
321,650
305,129

1906.
182,927
143,410
145,442
143,823

1907.
74,970
70,681
72,200
72,139
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1004.
1005.
1\1uy
,.
........
18,102
820,287
June
115,048
311,030
Ju.ly •••••....•........•... 17li,024
277,111
August· ••..••.•.•.•...... '. 240,050
255.,854,
September .....,... : .. ,," ":~r~:L~QOS
"'., 230,070
October •....•..•.•.... ,',. 384,380
:218,052
November ..•.....•. : ...... 300,173
210,724
Dec,ellloor
382,802
200,103

... .
..

~

~

~

.........

••••••••••• « •••••••

. . . . . . '\ «

. . . . . . . . .' • •

----

---

Totals, ... ,." .. , ... ,', 2,202,12.6

3,292,292

1906.
'151,800
143,300
134,479 '
1~~,482

107,129
113,151
90,742
85,905

1007.
76,M5
65,516
'68,111
59,018
54,434
58,085
40,003
50;840
~-

1,574,659

-.

..

768,148

Madison County.-But little can now be said of the oil indus
try in this county, though the record for 1907 was better than
that for 1906. Only five bores were sunk' within its limits during
the year; and· two of these were barren; the average inJtial output
of the others being 16.6 barrels. Of the old producing wells 25
were abandoned, as against 32 in 190Q. The new producers are
on the Gray lease in Monroe Township, east of Alexandria. The
total output of the Alexandria field during the year was but 64,141
barrels,
Miami County.-In this county there was not a bore sunk in
1907 and but one in 1906, The' number of wells abandoned in
1907 was 13, lind in 1906, 16, thus showing progression backward
at a rapid rate.
'
.
HamiltonCounty.--:-T,he isolated pools abotlt Olio and Horton,
which were fully described last year, and wnich at one 'time created
quite an excitement among the oil fraternity, had only three dry
holes to their credit during the year 1907. Four of .the old. pro
ducing wells were abandoned. There was produced in the Olio
ppol and. shipped from Noblesville during the year 3,234 barrels,
while the Horton pool yielded for tlie same time 2,961 bax:rels.
Marion Co~mty.-No new bores were sunk or old. ones aban
doned in this county during the year. Six or seven wells are yet
being pumped at intervals on the Wiggins and Lee tracts near
Broad Ripple. Their total outp,ut for the year was only 556 bar-'
rem. There is doubtless quite a quantity of oil yet stored in the
Trenton in the immediat~ vicinity of the old Broad. Ripple, pool,
the limits of which were never clearly defined, The proximity to
Indianapolis and the fact that no big wells or "gushers" were
struck prevented the rapid growth and greater extension of the
pool at the time it was most productive.
I

I
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STATISTICS OF THE'INDIANA TRENTON RoCK PETROLEUM INDUSTRY
FOR 1907.
The past year was the third in succession that the output of
Trenton rock petroleum Jell below what ~t was the previous year.
The loss in 1905 was 388,592 barrels, or 3.4 per' cent; in 1906 it
was 3,129,613 barrels, oti.,f!iPt+ .eeIlt, while in 1907 the loss was
2,803,717 barrels, or 36.1 per cent. As already noted, this loss of
more than one-third of' the produ~tion of the previous year was "
due almost wholly to the small number of new bores sunk, the
operators seeking other fieldS where ,the prospective outlook was
more promising.
The fluctuation in price was less during 1907 than in any other
year
in the history of the field,
there being but four cents differ
.
'
ence between the minimum and maximum prices paid. Starting
the year at 85 cents per barrel, it held this figure until February
11, when it rose to .87 cents, and again on March 9 to 89 cents, the
maximum, which price it held to the end of the year. 'rhe average
price for the jear, taking both days of time and amount received
into consideration, was 88 2/5 cents, as against 88 3/5 cents in
1906 and 84 4/5 cents in 1905.
The total production of Trenton· rock ,oil in Indiana in 1907
was 4,959,108 barrels, which, at the average price of·88 2/5 cents,
had a value of $4,383,851, this sum being $2,494,006, or 36.2 per
cent, less than was received by the producers in -1906.
The first of the following tables gives a complete record of the
monthly production of petroleum from the Trenton liIl\estone fields
of Indiana for the 17 years beginning January 1, 1891, and ending
December 31, ]907. This does not include the amount used in the
field for fuel and other purposeS, or that wasted by the burning of
tanks or the leaking of pipes, but only that shipped or piped by the
companies who purchase the oil from the operators. '1'he second
table shows the annual production, the average yearly price and the'
totnl value by years for the same period:

/

.,
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I, TOTAL PRODUCTION OF TRENTON LIMESTONE PETROLEUM IN INDIANA FROM 1891 TO 1008

BY MOIl'THS.
(Bat'I'!'ls.)

MONTH.

1891.

1892.

1893.

'.

1894.

1895.

1896.

300,568
230.559
310,300

365,582
241,748
386,586
395,032
417,96.1
484,167
422,968
407,238
415.675
894,283
337,331
362,164

1898.

---~

January........
February......
March .....
~ .....

Jun.......
July.....

AugusL .......
September......
October ......
November., ....

December......
Totals .....

MONTH.

6,171

15,841
18,946
24,794
. 26,184
31,033
40,888
49,203
56,100
66,034
95.699
129,270
144,067

1i,981
5,159
4,1173
6,757
8,136
10,809
11,603
16,000
19,029
20.801
21,715

259,000
111.824
232,107
96,026
134;649
282,376
146,498
281,330
186,939 , 321,1J()2
333,479
200,616
327,849
241,600
845,031
248,353
245,615
319,588
252,Q6S
24.~,607

236,038

----698,068
- - 2,335,293
136,684
1000.

1899.

3l!II,424
304,000

337.450

1002.

l00L

352,077

897,001
403,569
434,376
420,132
400,169
393,133
373.789
361,436

1003.

1004.

I 1005.

290,746
209,922
841,961
328,779
840,023
369,803
375,249
371,921
362,528
408,179
480,958
423,069

317,014
272,780
S26,801
310,034
311,208
320,477
314,861
3Z2,777
326,264
319,490
300,644
300,41>7

4,353,138

3,751,307

I

1007.

1906.

----

-January.

....

297,291
220,440
290,257
325,174
344,831
384,282
329,086
341,621
832,283
326,781
326,802
332,266

February.
March.... ...
April .........

May .........
June... ......

July .........
August.......
September....
October ......
November. . ..
December.. ..

353,451
302,493
364,590
381,804
426,363
446,492
437,087
466,127
418,716
467,521
406,684
441,847

425,140
384,135
432,922
447,261
482,118
481,807

506,065

554,038
460,073
573,412
579,711
636,752
633,452
696, !ill

714,594 1,038,324
664,058 804,100
m,l33 1,031,320
804,121 964,242
861,071 1,011,859
940,391 1,011,965
831,005 998,229 937,960
8ll8,iIl/) l,08Il.560 916,803
857,117 1,104,771 840,804
878,160 1,139,000 791,881
778,323 1,098,832 765,078
796,291 1,084,270 772,102
651,355
568,789
724,969
680,921
751,848

souas

523,106 ,6117,040
519,087 612,611
532,960 . 725,1173
510,788 656,4117
479,485 650,131

769.518

~~:~

684;810
701,766

692,300

684,056
673,721
563,100
607,178
547,134
513,163

471,926
438,332
441,174
457,286
466,270
'423,33 3
6 ,74o
4 0,881
366,752
369,255
384,146
Z27, 01 3

11

Totals" .. 3,807,714 4,912,67515,725,47417,535,5619,161,331 11,281,030 10,892,438 7,762, 82514,959,l
08

.

II. PRODUCTION OF' TRENTON ROCK PETROLEUM IN INDIANA FROY 1891 TO 1008, WITH VALUE.
1891.

1897.

-----

1892.

1894.

1895.

1896.

4,386,132'

698,068

2,335,292

3,688.666

$260,620

$1,050,882

Sl,774,260

$2,807,124

$2,954,411

$037

$0 45

$048

$064

SO 63

1896.

1899.

1000.

1901.

4,680,182

1902.

--~-

uetlon (barrels
TotaJ
,)............. 4,353~138
TotaJ
ells of all '1 '
oils JllOdueed, c"dud·
$1,871,849
iugp.
.. ........ ,
..
$043

fl

~~P~ ~~~~~_

3,751,llO'l

3,807; 714

4,912,676

5,725,474

7,535,561

$2,228,276

13,331,750

M, 740, 731

M,775,045

$6,450,440

$0 59:

----

$0 87!

$0 96;

$0
.0

.sa!

$0 85~

~----
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PRODuarION OF TRENTON ROOK PETROLEUM IN INDIANA-COntinued.

I

1004.

1903;

1905.

-"

i

1906.

Total production (barrels of 42 gal.) ..... 9,161,331 11,281,030 10,892,438
7,762,825
Total value at wells of all oil. produced, l $10,457,659 $12,127,107 $9,236,788 $6,877,863
excludingtS!peage·· ............... f
Value perb .........................
$107;
$1 14.'1.
$084f
$0 SBi

1907.

4,959,IOS
14,383,851
$0 881

From the first of tbeaboye tables it will be found by addition
that the total production of Indiana Trenton rock oil- for the 17
years reached the enormous sum of 90,068,156 .barrels, which sold
for $715,383,443, or an averM'e of $4,434,320 per year.
In the third table ther{is shown the number of wells coonpleted
in the Indiana 'l'renton limestone fields by months from June, 1891,
to January, 1908:
_
III. NUMBER OF WELLS OOMPLETF..D IN THE INDIANA TRENTON LIMESTONE OIL FIELDS FROM
1891 TO 1908 By MONTH8.

YE<R.

!

I!

!

j

I!!

- - - - !--I·~--i---I--·I--·--- - - - - . - - - - - - - - - 

I~~:::::::::

1893.... ......
1894...", ..
1895..........
1896. ..... ..
1897.... .. .. ..
1896.... .....
1899.... .....
1900..........
l00L........
1002..........
1003...... ....
1004...... .. ..
1905.........
1006.......... i
1907....... "'1

.. 20Ii' '''iii'
30
90
61
76
41
41
76
113
III
176
168
236
194
136
46

103
45
00
33
23
48
67
72
113
178
157
130
00
40

,--1-::--1

Total..... I......

18
31
103
81
86
40
29
08
98
81
169
233
234
149
84
63

13
36

'''if '''ili'

45
47
110
107
III
122
153
148
136
150
47
49
52
43' 38 " 55
64
87 _ ll9
148
165
163
1(l7
171
121
182
247
297
?<lII
331
408
202
296
393
185
196
lS7
68
106
142
44
49
63

so

1~

47
114
132
Il3
60
ll3
77
1Ii8
167
28S
377
394
l/ili

120
56
--

all

55
123
140
121
45

so

104
166
169
279
387
383
146
100
52

..... ..... ...... ...... ...... ...... ......

l~

'17

100
129·
70
55
7l!
100
135
184
323
337
378
130
93
40

~

~

7l!
107
100

56
&7
102

89
82
118
152
207
296
366
388
108
611
52

119
92
100
118
220·
320
275
320
163
66
38

.58

il6

4~

76
86
86
il6

54
86
105
lOS
132
243
200
344
166
59
41

~

642
1,189
1,267
l,1SO
686
694
1,057
1,686
1,802
2,932
3,686

3,724'

1,882
1,132
.584

----.- ---

24,297

-----~.. ---~.---'--.--.-.-"--~-'----~~--'-~----

From this table we learn by subtraction that 548 fewer bores
were sunk for oil in the Trenton rock fields of Iudiana in 1907 than
in 1906. 'rhis was a loss_of 48.4 per cent, as against a loss in 1906
of 39.8·per· cent over the previous year. .
From the table it may also be learned that upto January 1,
1908,24,297 bore!'! had been drilled in the Trenton rock fields of In
diana for oil alone. On that date there were 15,210 producing
wells in the Trenton rock fields, as against 16,221 on January ],
1907, a loss of 1,011 for the year.

472

REPORT OF STATE GEOLOGIST.
/'

By subtraction it will be noted that of the total number of bores
sunk for oil IU the Trenton rock fields of the State, 9,087 have
pro~en -dry, 01' have been abandoned aSllonproductivc. The num
ber abandoned in 1907 was 1,510, or 472 more than in 1906, while
the number of dry holes drilled during the year was 85, or 39 less
than ill 1906. Of the total number of bores sunk in 1907 14.5 per
CE'nt were dry, as against 10.9 per cent of those drilled in 1906 and
12.6 per ct'nt of t!Iose sunk in 1905.
-The followiug table shows the number of producing :wells, num
ber of dry holes, total bores, average initial production of wells
drilled, and number of wells abandoned in each of the Trenton
rOCK oil pr~ducing countie!! of Indiana 'ht 1906 and 1907:
..;

§l
COUNTIES.

~
b:I
i:'

A

~.

,.;

!!

l

Ii

"...

<'l

t:C

'3

~

0

H

178

Wabasli.............
W.IIs..............

2 ,l
224,

2'
1
18

0

<II

1$

A_

it
"'0

~J

~:I1

."

'i

~~ l~
11- !§!
"

~:E

-- - - - - - - - - -<- -.<
H

p.,

4.6

p.,

9.1
13.6

1-6

0 100.

I

t t

'Oi
g:,-

14.0
21.7 2'4.6
8.1i lOA
33.3 100.0
4.1
1 6
13.1 19.7
33.3 40_0
0
0
30.7 40.0
0
0

'l·216

Jay......... .......

Henry.........

~

~

~

i:'

Cr

o§

8.3

Adama....... '... ·....
44
llIackford.: .. .. .... . .
56
Deillware.... , ..... .. '141
Grant. ......
, ......
Hamlllol1
.. _. ...
....
6
Huntington.... ..... . 121
.M.dlson.. _.... _._...
Miami.. ...... __ ....
Randolph.'_. _

~

..

10.
12.6
33.2
8.1
26.6
13.6
16.4
16.0
10.0
33.7
10.0
9.4
0

~

..

125
1;,6
3<0
418

~.

72

, iin
2

224

0

I----i---I---+---I---,---~I--I---i·--I---:---I---

1,510
-,'

Fl'om the table.'i~ Will be seen that in all of the counties the
unmber ot productive wells drilled fell off very greatly. For the
first time Jay County look .the lead in new work, 'having ranked
third in, both 1905 and 1906. The average iIlitial output of the
new 'wells fell off 4.9 barrels per Wi;ll, which was less than the loss
in 1906, when it was six bartels per well. The greatest loss was
in the iIlitial output of the productive deep pay wells in Delaware
County, where it was 18.6 barrels per weil. The percentage of dry
holes in this county was also much ~bove the average.
Wells still maintains its good record among the olderprodnc
ing counties, there being but-two dry hores among the 122 'bores
snnk withiH: iti'! bounds. 'fhis was a percentage of b1ftl.6, against
the average of 14.6 for the field. From a careful.-$tlldy of the
J

'.
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table one can learn many other facts of interest regarding the rela- ,
,
tive importance of each cOUIity in the field:' '
The record of the year as above stated shows that the pe
troleum industry in the Trenton rock area of Indiana has llassed
its zenith point in development" and output, and the future must
reveal a constant decline unless the unexpected happens in the'way
of discovery of new territory.
OO:RNQl'EROU8 RoCK PETROLEUM.

The" Corn!ferous rock"or Corniferous limestone is the oldest
and lowest division of the Devonian system of rocks in Indiana.
It ranges up to 65 feet in thh~kness and is immediately overlain by
a thick bed ofblackish or brownish shale, known as the New. Al
bany or Genest;e shale. This ranges up to 195 feet in known thick
ness and forms the necessary impervious cover which h'as retained
the oil of the 06rnjferons in the liltl~tone in which it is found.
Petroleum. in commercial quantities ·is being produced from the
Corniferous ~ocks· "in lndiana at present only in or near Terre
Haute, Vigo County,and northwest of Medaryville, Jasper Coun
ty. The production from the latter place was never large, and has
dwindled'in recent yenrs so that it is no longer worthy of recQrd.
lligo Ooulltll.-A full and detailed history o,fthe production of
oj] in this connty up to January 1, 1907, was given in the last
(Thirty-first) Report of this Department. Only a brief record of
. the new developments and output for the year 190'l will therefore
he given.
The Fhoenix well, operat('d by Prox & Brinkman, and located
llear the centel' of the 'City of Terre Haute, still continues to yield
May, 1889, and is
a good,supply'of oil. This well was finished
the old£st and best paying oilw.ell ever sunk in Indiana. For 12
or more years it yielded, an a.v~rage of ),000 barrels per month., In
thc last few years this has gradu,!lly ,lessened, and in 1907 it aver
agednbout425 barrels per month. Two other wells, locatell but a
shortdisfance from fhe' Phoenix, are pt'oducing oil from the same
stratum at a depth ofabou! 1,660 feet. One of these, known as
the 1\feWhinney well, has been a small producer since it was fin
ished iIi 1899, but was shut down during the greater part of the
year. The other was completed by Geo. Q. Foulkes in :!\Iay, 1907, '
and is loeate<l.on a lot just across the street from the Phoenix. It
started at ,about 25 barrels, and when pumped yielded about eight
barrels pe1I ltay during ,the last five months of the year.
The ,total amount of oil produced from the three wells during

in
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the year was 7,098 b"rrels. This was' sold to local consumers at
an average price of 9;~ cents per barrel, the whole amount received
being $6,672.
'
In the so-called Rlley field, 10 to 15 miles southeast of Terre
Haute, ,there was ml1ch drilling during the year, but the great
majority of the bores: produced nothing but salt water. The first
well in this field wasf completed by the Vi-Clay Oil Company in
November, 1906. It ~as located on the Joslin tract 'in the south
east quarter_of the' n~rtheast quarter of section' 23 (11 N., 8 W.),
Riley Township, and!yielded 132 barrels the first day., On Jan
uary 1, 1907, the ou~put was about· 50 barrels- per· day. The oil
was found about 16 (feet below the 'top of the Corniferous, at. a
depth of 1,614 feet. !
'
The usualexcite~nt fostered by a new strike in wildcat terri
. tory followed the sudcessful shooting of the welL Oil men from
everywhere flocked td the .vicinity, and leases w_ere taken on hun
dreds of farms withi~ a radius of 20 miles. The Vi-Clay Company
was offered $100,000 for their holdings, but refllsed that price and
let the contract for a!second well. During the year 1907 16 bores
were completed in Rif'ey Township, only seven of. which y,ielded oil
in paying quantities. I These started at 20 to 30 barrels each per
day and were.allloca*e~ within one mile of the original Joslin welL
Five of the seven profiucers were drilled by the Vi-Clay Company,
which slmk the first Wen.
Mr. E. D. Fagin, of Riley, who was the leading promoter of
the first well sunk in the field, has kindly furnished me the data
for the following table of information regarding the bores sunk in
Riley Township during the year:
RECORD OF BORES

IN RILEY TOWNSHIP (11 N., 8 W.), VIGO COUNTY, IN 1007.
i

LEASE.

Alma Dooham" .
Z. Stewart..... ' .
P.. D. Fal!ln, .. .
H. O. Jeffries... .
Emm:i. Coblo .
D. Swank... " " " ....
DaUey No. 1. . . .. . .. . ... , ..

c. DaliY. No.2..... "

Total

Sand,

Depth,

Feet

Feet.

Ch!l.rl!.Cter
of Well.

Location by Section.

1,614 Producing:'. W. t of R E. i of N. E.
1,6211 Producing. . S. E. of N, E. of 23.
1,641 Ptodu<ing.. S. E. of N. E. of 23.
1,639 ,Producing.. N, E. of S. W. of 24.
1,637 Produring. E. t of N. W. of 24
1,1144
1,659 Produoing.. E. t of N. W. of 23.
1,619
1,631 Producing.. E. of ~. E. of 24
.... E. of N. W. 0122.
.:: "U.i7· "UOO' Dry....
Dry....... W'lOfS. E. of IS.
. ........ 1,670 Dry.. . . .. . W. of S. E. of 23,
Dry........ N. ,lof S. E. i 0124
Dr:! .. " ... i S. E. oiS. E. of 24
Dry....... ' 8, W. of S. E. of 14.
Dry.. .. .. . s. W. of S. E,.,f 14.
Dry....... N. i of g.·E. 0; 9.
Dry.. "... N. E. t of 26.
1;~

B.a"""" ......

Nancy Jellrles No. L. ,
Nancy Jeffries No.2", ",,"
A. Hixon" ... , " .. ",,'"
C. Fox"" ' " . ' " ... , , .. ,
John Reooe.•....

a

Top-of

......... '

M: Jliaw~l~y::::::::::::::::::

1,615
1,628
1,618
1,622

t

t of 2~
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The drive pipe in tie Riley Township wells runs from 15 to 40
feet in length, and. thd 6%-inch casing averages about 1,440 foot.
The "pay streak" of 1/he limestone is thin, running only four to
seven feet in thickness.! The elevation of the surface of the wells
is about 622 feet abov. tide, or 130 feet higher than that of the
Phoenix well at Terre ~Haute. Coal mined in the immediate vi
cinity js used for fuel, though many of the producing wells would
yield sufficient gas for pumping. From Jamaary until September
1st the oil wali classed "'ith that of the Illinois field and sold at 68
cents per barreL It i$, however, of much higher grade, a fact
finally acknowledged b~ the present -purchasers, the Indiana Pipe
Line Company, and on !September 1st they began paying 89 cents,
or the same as paid for the Trenton limestone oil of eastern In
diana. The total amouht of oil shipp~d during the year from the
station of Riley, wherera
loading rack was built, was 20,112 bar
r
reIs, valued at $15,195. I
Besides the nine dry holes drilled in Riley Township during
the year, one was sunk ~ust to the south oIl: the Pierson lease in the
northwest quarter of se~tion 1, Pierson Township, and another on
the Reed tract in Prairie Creek Township, to the southwest. Five
dry holes were also driJJ.ed in Perry Township, Clay County, in a
vain endeavor to extend the Riley pool to the eastward. The cost
of each of these completed wells was about $6,000, or $144,000 for
the twenty-four bores sd far sunk in the Riley field. Besides this
amount spent in legitimate drilling, as much or more was paid out
for bonuses and for leases on tracts which were never tested. The
developments to date show the Riley pool to be extremely spotted
territory, and one whieh only an operator with "money to burn"
should tackle.
ClayCouPty.~Be~id~s the dry holes above mentioned as having
been sunk in the vicinity of Corey, Perry Township, there were
drilled in Clay County~uring the year the following: One bore
to a depth of 2,200 fee. on the land of the Excelsior Clay Com
'
pany, just northeast of ithe city of Brazil; a second near Center
Point, in .Center Towns~p, to a depth 0:( 1,300 feet; a third on the
Scherbe lease near Clay{ City, and a fourth near Poland, in Cass
Township, in which the top of the Corniferous was found at 1,186
feet. All of these cama in dry. The well at Brazil developed a
large' amount of a vert salty mineral water, which a chemical
analysis shows to posses~ excellent medicinal properties.

. 8ulliva'll/and Knox founties.-On account of their proximity
to the large productive ,rea just across the Wabash River in Illi

.

r
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nois, these two countiea were the centero! much oil excitement
during the year. As most of the wells drilled in Sullivan County
were sunk fQr gas, ]~. A. Kinney, the State Gas Supervisor, has
given the principal data available' concerning them in his report
in another part of this volume. ' Of th~e drilled for oil in that
county, only three came in as ~1tip:pliu'eers, starting at 10 to
15 barrels each. Two of these were on the Jamison lease in Fair
banks Township, the' other on the Coulson tract, section 31, Hamil
ton Township. Six or seven dry holes were drilled in the .imme- '
diate vicinity of these pr?ducers. The oil is found in a sandstone
at a depth of about 750 feet.
'
In Knox County six test bores were :completed during the year;
'five of which came
wholly barren, while the only pro9.ucer, one
nenrLittle Rock, started at only ten barrels. .AS far as the re
'&ults of the year show, the counties of Knox and Sullivan hold Qut
iittle hope for the prospective oil operator.

in
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HURON SANDSTONE PETROLEUM.

Petroleum from the Huron sandstone, one of the upper forma-,
tions of theSubcarboniierous or Mississippian period, has been
produced for anlimber Qf years near Princeton, Gibson County,
and was formerly produced near Loogootee, l\Iartin Qounty. A full
account of the Princeton field to January 1, 1907, with accurate de
t/liled'map, was prepared by R. S. Blatchley and published in the
1906 report of this department. Up to thebeginuing of the year
1907,176 bores had been sunk in the Princeton field. Of.these 44
were wholly dry a)ld 11 were abandoned after producing a. short
time, leaving 122 producers on January 1, 1907. During the year
1907 only 19 bores were drilled in the field, three of which were
dry. The ave.l"age ini~ialoutput of the 16 producers was 17 bar-',
rels. No oneo! the ilewwelLS increased the limits of the known
productive area to
lireat extent.
The output of the f'rinceton field by months for the years 1904
to 1,907, ~luSlVe', is shown. in the following table:

ani

<

Number of Barrcls 'of I1uron Sand8tone oa Piped or SlIfpped fmm the
PrillcetOIl Field i1~<the,Year8 1904 to 1901, Inclusive, by Month8.
January ...... : ............ ..
Februtlry ......•... : ..•••••..
Murch .: .....••..••...••.....

Aprll .... l . , . • • • . • • • • • • • • • • • • •
May .••...••........•••.••..

<

If)Oi.
l,412
1,:}00
2,020
1,319
2,047

100l>.
4,0~3

S,H37,
5,400

5,2~2
5,559

If)OO.
8,026
0,127
. 7;3!!2'
9,033
8,408

1007.
f),IG3
f),875

O,li34
7,718
1~Mro4

WILD-CAT BORES IN SOUTHWESTERN IND1ANA.

............... .......

June
July
August

~ ~

1904.
-;,

.... , " .. 2,315

2,073
.2,001
September . . . . . . . . . . . t . . . . . . . . . 3,345
October . " ........................
3,003
Nov~;;~Cll.'i ........... ,.', 4,004
December.................... ' .•. 3,841
....

............

...

~

0'

..............

.... '" ........... "- . . . . . . . . . '" • t
~

~.'

~

Totals

...

.
'
............
* ........ " ..........

32,207

" 10015.
4,1)23
5,509
(J,200
6,141
0,805
6,116

1006.
10,201
0,408
9,420
0,469
,
0,312
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8,204

1001.
10.209
0,G03
11,0:29
8.484
11.372
10.0riG

5,395

8,382

8,007

G4,80(}

103,843

,110,079

By subtraction the gain in the field for the year was 13,136
barrel&, or' 12.6 per cent, as against a gain of 39,037 barrels, or
60,2 per cent, in 1906. Of the amount produced in 1907, 74,520
barrels were sold to tbe In~iana. PipeLine Company at an average
price of 67.4 cepts per barrel, the price being 21 cents lower than
that paid for Trenton'rock oil during the entire year. 'The re
mainder, amolU!ting to 42,459 barrels, was-sold to ~ndependent pur
chasers at an average price of 78.3 c~nts per barrel, the totnl value
. of the oil produced' in the Princet-on field· being $83,495 for the .
,
.
\- '
year.
Other OOu1ltie, 'i,1l, Southwestern lndiana.-A number of test
bores were sunk in othe.r eountjesin southwestern Indiana during
the year, almost all of' whic4 came in barren. One of these was, on
the Houchins lease in the southwestern part of Patoka Township,
Pike County, and about'two and a half miles east of Oakland CitY.
It was finished on November 15 to a depth of 1,444 feet. 
A bore completed about three miles farther east, near the town
of Arthur, produced about ten barrels per day from a formation
about 25 feet thick and 1,165 feet deep. Another bore on an ad

, joining fal'lll: and about 400 feet south was barren.
Near Rutherford,-Mart~ County, a. small prod}1cer was fin'
jshed in September, but two other bores in the, same vicinity were
dry. This was not' fa:r' from the former ,productive' Huron rock
/
,
wells at Loogootee. . '
Dry holes or very small producers were also drilled in Vigo,
Linton and Washington: Townships, Greene County i near Mont7
gomery, Daviess County, and in Fulton To~ip, Fountain
County.
No one of the wells drilled iIi southwestern Indiana during the
year wasproduotive eLiough to' ca;l.1se much excitement among~ the.
leading Ope[M01"8.. Hundreds of, thousands of dollars were spent
in wildcatting;'in that section of th~tate, but the results. may be
cl8S8ed as wholly negatiVe. ' . ,

'\
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Adding to the output of the Trenton rock petroleum fields that
'produced by the Corniferous limestone at Terre Haute and Riley,
and by the Huron 'sandstone at Princeton, we find the total pro
duction' and value of petroleum in Indiana for the last four years
to be as follows:
TOTAL PRODUcrION AND VWE OF CRUDE PETROLEUM PRODUCED IN INDIANA m THE YEARS
1004 TO 1907 INCLUSIVE.
~.~~----~---~~--~---~---~--~---~--------

1004.

Barrels

Value.

1
I

--- ------

I~

1905.
I
Bmels

I
Barrels

Value.

~--~--

"

II.

1906.

I

Value.

II Barrels.

1007.

I

Value

------1---:---

TrentonRook
Pefloiellm.. 11.281.080 $12.127.107 10.892,438 $11.236.788 7. 762.82U6.877.86sI4.951l.108 84.383.851
CorniferoUfi
Hoek Petro.
13,270
21.861
7.269
. 8,4li61 27,210
H
103.843 . 81,710! i 11(1.979
28J11l1,
64.806 .. 56.413
83.495
Petrolellm.. . 32.405

:&d<'1 """, .."" ......

I

ToW .... ii;il,5ii!iI2.l71.1l98! 10. 969. llOI! $11.806.473 1 7•873,937 $6,968.089115.103.297 84,489.213

REPORT OF THE STATE INSPECTOR OF MINES
FOR !THE YEAR/1907.
1

BY

'.

JAMES EPPERSON.
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OFFICE OF INSPECTOR OF MiNES,

INDIANAPOLIS, IND., February 29, 1908.

Prof. W. S. Blatchley, State Geologist:
Dear Sir-I have the honor to submit to you hereWith my'mnth
annual report as Inspector of Mines, covering the calendar year
of 1907, and being the Twenty-ninth Annual Report of this. de~'
partment and the sevent~enth: made to the Department of Geology
and Natural Resources.
. I trust it will receive your approval and be found worthy of
consideration hy the public.
J.4.MES EpPERSON,

Inspector of Mines.
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Twenty-ninth Annual Report of the Inspector
of Mines for the State of Indiana.
COAL AND LABOR STATISTICS AND OE.NERAL INFORMATION RE
LATINO TO THE MININO INDUSTRY OF INDIANA FOR
THB YEAR ENDINO DECEMBER 31, 1907.

The following genel"al subjects 'hav~ been included or covered
.
in this report, arranged and treated in the fol~owing order:
Coal Trade in 1907.
Coal and Labor Statistics.
Mine Casualties.
Legislation Enacted and Recommended Legislation.
Under the head of Coal Trade a general resume of the coal
business for the year is given. Under Coal and Labor' Statistics
we exhibit tables showing by counties and mines the. total produc
ticln of coal, the different grades of coal, the block and bituminous
coal Shown separately and the distribution of the product, num
ber of employes, wages, number of mules, number of kegs of pow
der, average and comparative tables of wages and kegs of powder
med, geological tables of new and abandoned mines and strikes.
Gnder Mine Casualties tables are given showing the number of
fatal, permanent, serious and minor accidents,causes of accidents,
the number of dependents left at each death, the age and occupa
tion of persons killed, the time lost by persons sustaining perma
nent or serious ~ccidents, a comparative table by yearS of fatal
accidents and accidents to mine property. Under Legislation
Enacted we enumerate the different laws enacted in 1907, with
comments as to the effect obtained by their passage and enforce
ment and the attitude of miners toward same. Under Recom
mendecl Legislation we advise "Such new laws as we think should be
enacted and certain changes in those now on the statute books:
-The legislature of 1907 increased the force in this department two
additional assistants. 'fhis much-needed increase in our force has
enabled us to make. inspections more complete and more frequent..
to more thoroughly investigate accidents. to enforce the mining
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laws more rigidly, and has been or great help in the general per
formance of the duties required of the department. Wellington
o 'Connor, of Terre Haute, Vigo Couuty, and Albert A. Sams, of
Chandler, Warrick County, were appointed April 11th, and their
work of inspections, reports and enforcement of the mining laws
has been entirely satisfactory to this office, and has met the ap
probation of the miners and operators and other persons concerned.
, SUMMARY.

Nuwber of coal seaws operated in the State ........ " .. , ., .
o
Number of coal producing counties ....................... .
18
Number of counties having shipping mines ................. .
14
G
Number o~ new coal comllanifls organized................. .
34
. Number of block <:Qal mInes i .• -. , •••• ': ••• " ..••. , " •••...••
170
Number of bituminous mines ................... , ........ .
4
Number of new block coal mines opened ... 1• • • " . ' . ~ • • .- • • • • • •
Number of new bitumInous mines opened ................ .
9
Number of mines changing ownership .. ~ ...... : .....••....
8
14
Number of bituminous mInes abandoned ........... ~ ...... .
Number Qf block eoal mines abandoned ................. , •.
51
Number of electrIc chaiil inachine mInes ................. .
Number' of compressed nil; punching machine mines,..... '. .. .
I:!
Totnl number of machine mines.......................... .
63
Number of hund mines ..............................,•.......
141
Total number of mines employing mOl'e fllIln ten men ....... .
204
8934
Number of pick winers .................................. .
881
Number of machine runners Ilnd helpers, ... " ..... " ..... .
3632
Number of loaders ..... , .. , ..........•, .... , ...... , .... ".
Number of inside day and monthly men employed ......... "
3907
]655
Nuwbel' of outside day and monthly men employed .. , ...... .
Total number oj' mine employes .......... , .......... , ..... .
19,009
Nuwber of wules used ... , .......... , .................'. . .
1506
Number of kegs of powder used ...........................
476.692
Total number (Jf'days the mines have been Operated. . . .. . . . .
34,074
'fons hund mined blo(!k coal. ............................. ,
730.426
'rOllS machine mined block coal. .. , ................. , . . . . . .
144,807
Total tons block coal ........................ , .......,.,....
875,23.'1
Number of tons hand lliined bitulllinous coal .....•........
11,200,408
Number of tOllS lllllchine miued bituminous coal ... '., ... '..
0,175.074
'rotal tons of bitUllllnous coal ..... . . . . . . . . . . . • . . . . . . . • • . . .
12,375,48~
'rotnl tons of aJl kinds of coal produced. .. . . . . . . . . . . . . . . . .
13,250.711:;
'rons of coal shipped outside the State .......,............
6,138,3-3fl
'rous of coal consumed In Indillua .........................
7,112,376
Total wages paid to block .nilne employes .............. ' .. $1,230,199 2i'~
'1'otal wages paId to bituminous mine employes ........... $10,487,623 31
Grand total wages p!lld to mine employes .•.............. , .. $11,717,822 54
Total' nmount of money expended 011 Improvements .... ,... $1]2,982 54
Xnniber of fntnl u<'CldentR .......... ,...... ..,...........
53
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Number of permnnent accidents '" . . . . . . . . . . . . . . . . . . . . . . • .
Number of serious accidents ..............................
Number of minor nccldents . ...... ........ ......... .......
'l'otal nllmbel' of accidents tp mine employes. . . . . . . . . . . . . . . .
Number of accidents to mine property. . . . . . . . . . . . . . . . . . . . . .
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GENERAL REVIEW OF COAL 'rRADE FOR 1907 .
.Conditions of mining and coal trade during the past year were
except.ionally good.. The production for the year was 12,375,482.
tons of bituminous coal, an irIcrease of 1,700,125 tons, or a frac
tion over 15;9 per cent over 1906, and 875,233 tons of block coal,
an increase of 128,563 tons,' or a fraction over 17 per cent in block
coal over 1906. The total production for the State was 13,250,715
tons, a gain of 1,828,688·tons over 1906. Of this tonnage 7,112,376 .
tons was consumed. in Indiana and 6,138,339 tons were shipped
outside the State. The total wages reported from the' bituminous
mines was $10,487,623.31, a cost of 84.7+ cents per ton of coal pro
duced.
'.[lhe total wages reported from the block coal field was $1,230,- ,
199.23, or a cost in wages for production of $1.40 per ton. Selling
prjces during a greater portion of the year were fair, ranging from
a minimum of 88 cents to $1.54 per ton f. o. b. cars at the mine
ror bitumino1L'l mine run coal. A fair average for the year would
probably be $1.20 per ton. 'rhe prices of block coal' ranged from
$2.25 to $3.00 per ton for screened coal f. o. b. cars at the mine,
$2.60 being a probable average for the year.
There are two important factors which, in addition to a strong
demand for coal during a greater portion of. the year, played an
important part in the large increase in the output, viz., the car
service on all the railroads was much bet~r than in former years,
and strikes and labor, troubles of consequence were comparatIvely
few. These conditions enabled the mines to be operated more days
than in former years, .resulting not only in an increase in produc
tion but a large increase in the total wages earned by mine em~
ployes., This report shows. a total of 19,009 employes in 1907,' a
decrease of 453, or a fraction over 2.3 percent under 1906,.and an
aggregate of $11,717,822.54 in wages, or $616.43 per mine employe,
an increase of $107.05, .or a fraction over 24 per cent over the
average wages in 1906, showing a higher average earning per em
ploye than ever before in the history of the State. '
Considering all of the above conditions and figures, i. e.,' the
strong demand for coal, the large increase in tonnage, the cost per
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ton for wages, the average selling price and the extraordinary high
average earnings per mine employe, both miners and operators evi
dently enjoye/l a more prosperous year in 1907 than they have ex
perienced for several preceding years.
LEGISLA'l'ION ENACTED IN 1907.
The legislature adjourning March 8, 1907, enacted the follow
ing new mining laws and amendments, all of which were signed
by the Governor and went into effect' April II':
Section 1. A statute regulating the use of high explosives, dy
namite, dynamite caps, etc., in coal mines.
Section 2. A statute regulating the preparation of shots, drill
ing holes, charging shots, opening powder kegs, preparing drill bits
and prohibiting the use of high explosives in conjunction with
black powder.
'
'
Section 3. Prohibiting drilling past the, cutting or loose end,
except in the block coal field.
Section 4. Establishing prima facie' evidence in case of viola
tions.
Section 5. Regulating the manner of lighting shots.
Section 6. Pertaining to stairways in escape shllfts.
Section 7. Regulating the number of persons permitted to ride
on cages.
Section 8. Prohibiting the use of inflammable materials in
tamping shots.
Section 9. Relating to employment of shot-firers.
Section 10. Relating to Inspector of Mines assistants, duties,
pay, etc.
Section 11. Police power conferred on Inspector of Mines and
assistants.
Section 12. Relating to sprinkling roads.
Section 13. Abolishing the issuance of certificates of service.
Section 14. Relating to penalties for violation of statute.
Section 15. Rel~ting to Inspector:S failure to perform duties,
penalty, number of inspections to be made each year. etQ. .
Sections 16, 17, 18, 20. Relating to examinations for eligibles
and appointment as Inspector of Mines or assistants.
Section 19. Relating to Assistant Inspector of Miites.
Section 21. Defining provisions of laws on coal mining.
Several of the above l'aws were most strenuously opposed by the
miners, chief among which was the statute prohibiting shots from
IJping drilled past the cutting or loese end and limiting the size of
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drill bits to two and one-half inches in diameter. Notwithstand
ing the fact that these laws were enacted for the protection and
safety of miners, and that under former conditions fatal and seri
ous accidents resulting from smoke explosions and windy or blown
out shots were of dsily occurrence, the feeling against their en
forcement was extremely bitter. It may be said on behalf of the
miners that the changes made in mining cond~tions under the new
laws were so radical as compared with former conditions they
could hardly be expected to accept the changes without opposition
until they had become accustomed to them. There are a large per
cent of the miners in Indiana who are non-English speaking peo
ple, who with many of the English speaking did not understand
or appreciate the full importance of the changed laws nor that they
were \he beneficiaries. For these reasons I instructed each of my
assistants on their first round of inspections after the new laws
went into effect not to file prosecutions but to instruct miners as
to the new laws and to warn them that the same would be strictly
enforced in the fUture. ' I regret to say in this connection that the
officials of the miners' organization in District No. 11, from the
District President down to the members of the executive board
and a few mine superintendents and mine operators (the latter
were but few), men who were in position to know and appreciate
the full importance attached to the new laws enacted, and who
shoUld have aided us in securing a peacefUl conformance to the
statute on the part of the mine employes, used their efforts in· the
opposite direction and encouraged the opposition in every way
possible. 'fhis action, coming from such sources, naturally served
to increase the bitter feeling.
.
A special convention was called in District No. 11 on the 8th of
July ~which was attended by a delegation from District No. 8) and
a committee selected to wait on Governor Hanly with a view to se
cure his aid in the abrogation of the objectionable mining laws.
This committee met the· Governor on July 16th, President Van
Horn. acting as -spokesman for- the miners of DiStrict No; 11.
Among the many allegations made in explaining their reasons
for wishing the annUlment of these laws was the fact tl}atmore
blown-out and windy shots, smoke explosions and accidents to mine
employe~ had occurred since the eI.1forcement of the new laws than
before the changes were ~ade; that more powder was required to
blast the coal, and that the earning capacity of the miners. had
been reduced at least one dollar per day. These statements were
made without foundation or evidence of any kind tending to show
their trpthfulnf'ss, and were made in some instances by persons
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who, to say the least, were in position to know the true conditions
existing, and who also knew they were not trne. A reference to
onr'tables of accidents, tables of powde1" and the average wage
table included in this report discloses the fact· that since the en
forcement of these laws, beginning in April, not a single accident
from windy and blown-out shots or smoke explosions occurred; also
that more tons of coal per keg of powder were mined in 1907 than
in 1906, and' that the total average earnings per pick miner in
District No. 11 in 1907 was $627.55, as against $495.92 in 1906.
which shows a difference of $131.63, or a fraction over 26 per cent
gain per each pick miner in 1907 over 1906. The total average
earnings of the block coal pick :ininers for 1907 was $606.64, as
against $484.85 in 1906, a 'difference of $121.79, or ~ fraction over
25 per cent gain per each miner in 1907 over 1906. The Governor
took no action in the matter other than to inform the committee
he had no authority to ,change' the laws, and that the same must
be conformed to. Our efforts to secure a conformance to law on
the part of the miners, mine bosses, mfue superintendents. and mine
operators without resorting to the courts met with such. poor re
sults we were compelled to begin making prosecutions during the
month of May.
•
The following exhibits the number of prosecutions made by this
department during the year, and the different causes thereof :
Com'panies for failure to provide sign boards pointing to manway . . . . .
1
Engineers for serving without certificRte. • . . . . . . . . . . . . . . . . . . . . . . . . •
1
Mine bosses for failure to have break·througbs'made ......•........ 19
Mine bosses for failure to report accidents •......... . . . • . . . . . . . . . . . 25
Mine bosses for failure to proYide trnppers 'at mine door .••.........
Mine bosses for failure to conform to orders given by Inspector of
Mines .......•........•............. ; ....... :..................
5
~ .o.. •
3
Mine bosses for failure to split nir currents * ••
Companies for failure to provide fire bosses .....................•.. 10
4
Companies for failure to provide lamps on shaft bottom ....•.......
Superintendents for fallure to provide places of refuge on haulage
roads •.... _..••.............................. :.................
1
Mine bosses for failure to visit working places as required by law .. : .. ' 4
2
Companies for failure to provide bospltal supplles .•.•.......... '. .....
Blacksmiths for violating statute relating to size of drlll bltts... . . . . . .
8
Miners for opening powder kegs with piCks....................... ... 37
Miners for preparing shots over tbe mmdulUm thickness providftd by
law ..........•......• : ...•...•...........•............... ;...
G
Miners for tamping shots with drill dust:. . . . . . . . . . . . . . . . . . . . . . . . . . . 11
Miners for drilling past cutting or loose end, . , ............ , .... , .... 115
'.0 . . . . . . . . . . . . . . . . . . . . . .

•

Total prosecutions made ...........•................... ,....... 253
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In each of the above cases, with one exception, a decision was
rendered in favor of the State, fines and costs assessed and col
lected. The exception referred to was the prosecution of the Lower
\Tein Coal Company for failure to provide a fire boss. The com
. t,any stood trial, and Mr. Clement Richards, general manager,
while admitting the fact that he had operated his mine for about
three months without a fire boss, claimed he had tried to employ
one ( three mine~ were burned by fire damp during this time), yet
he was able to prOCUl'a one within a few hours after charges were
filed against him. Justice of the Peace Brown, before whom the
CRuse was tried, decided in favor of the company.
RECOMMENDED LEGISL.A TION.
On the matter of future mine legislation we recommend the
enactment of the following laws and amendments:
1. Making provision for the better protection of drivers. Pro
viding that each driv~r shall be" furnished with a portable seat.
which can be attached to either end of a mine car, and prohibiting
drivers, miners or other persons from riding on .loaded mine cars
in any other :rri.anner than that which shall be provided by law.
2. .Amending the present statute relating to the use of ex
plosives. Providing that all powder kegs, cans or packages con
taining powder or other explosives shall be stored in boxes, which
shall be kept securely closed at all times except when miners are
preparing cartridges or charging blasts, and such powder boxes
shall not be kept closer than within one hundred feet of any work
ing face. "
3. Providing that the statute Telating to break-throughs shall
be amended to read aH follows, to wit: "Break-throughs or air
ways shall be made in each pillar between rooms and entries. Such
hreak-throughs must be made not less than six feet wide, unless
the conditions of roof, etc., are such as will not permit this Width.
It shall be the duty of the mine boss to see that at all times the
last break-through between rooms or entries is clear of powder
boxes, kegs, timbers, slate or other debris. "
4. .Amending the present statute relatilfg to the examination
of mines for fire damp. Providing that the time elapsing from the
time a fire boss has examined a working place and the regular hour
for the mine to commence work shall not be more than four hours.
'rhe fire boss shall keep a record of a}.l the working places examined
by him, which shall be entered in a book kept for that purpose, the

490

REPORT OF STATE GEOLOGI81.

said book to be open for the inspection of the Inspector of Mines
and the miners working in such mine.
.
, 5. Amending the present statute relating to oils used for illum
inating purposes in coal mines. Providing a smoke test and equip
ping the office of supervisors of oils with appliances for making
:ouch tesm.
.
Ll\.BOR CONDITIONS.
Labor conditions in 1907, taking the State as a whole, were
generally satisfactory to all-concerned. No strikes of serious con
sequence occurred, and notwithstanding the fact the year was pro
lific of many local disputes between operators and miners, result
ing in millers being idle, they usually involved only the employes
at individual mines and covered periods ranging from but two to
ten days, and even these short stoppages of work by reason of
strikes were of l~s frequent occurrence than in former years. It
might be well before discussing this subject at length to call atten
tion to a certain factor which has had much to do with the elimina
tion of strikes in coal mines, as well as curtailing the time of their
duration. The factor referred to is a clause in the Terre Haute
agreement jointly entered into by .and between the United Mine
Workers of America, District 11, and the Indiana Bituminous Coal
Operators' Association and signed by the officials of both organi
zations. This clause or contract reads as follows: "It is agreed
that when miners come out or stay out of the mine for the pur
pose of redressing a grievance, real or supposed, thus entirely or
partially shutting down mine or mines contrary to agreement, each
employe so ceasing or refraining from work shall_ be fined in the
sum of one dollar per day during such shut down. The fine thus
assessed shall be -deducted from each person so offending through
the payroll, and this agreement is the company's authority for
making such deduction. All money collected as fines shall be di
vided equally between District 11 U. M. W. of A. and the Indiana
Bituminous Coal Operators' Association." Prior to 1906 mines
were shut down by employes with impunity, wh\'lther their cause
was just or not, and the result was a large loss in tonnage pro
duced, days worked and wages earned by employes.
This fact probllcbly renders the above contract one of the most
'effective ever entered into between the two associations, and the
results obtained by a strict enforcement of the same have un
doubtedly been gratifying to the conservative p1iners as wf>ll as the

MfNINli LABOR CONDITIONS IN

1907.

491

operators. This opinion is confirmed by an increase 'in tonnage
produced, an increase in the number of days worked' and a large
increase in the average yearly earnings of mine employes as indi
cated by this report.
'l'he following are some of the strikes olCurring and, a brief
statement as to their cause and the manner in which each was ad
jnsted.
During the month of February a strike of three days occnrred
at the Shirley Hill No.2 mine, Sullivan County, oyer the discharge
of an employe. The strike ,,;,as in violation of contract and was
settled in favor of the company, and each employe fined one dollar
per day for the time the mine was idle.
_
The employes of the Queen mine, Greene County, were called
on strike in February by the, state president oyer the refusal of
the company to blow the mine whistle at night ,as provided by con
tract. After six days' idleness the matter was adjusted in favor of
the miners.
About March 1 the employes at the Fauvre No. 2 mine, Vigo
Couuty, went on strike oyer the company's refusal to make pro
visions for lowering or J:lOisting the shot firers into or out of the
mine. 'l'he matter waR adjusted after about eight weeks' idleness,
tllc compa-qy and W. D. Van Horn, state president of the U. M. W.
of A., District 11, agreeing to permit the night watchman to hoist
the 6hot firers.
During the month of April the drivers at the Forrest Mine,
Vigo County, brought on a strike of two days oyer' a division of
work on idle days. The strike was in violation of contr'act, and
the matter was settled in favor of the company. The drivers were
fined two dollars each.
During the month of June a dispnte arose, between Vandalia
No. 316 employes and the company oyer the payment for the
blackjack which underlies the coal seam. A strike of about one
month resulted, and the matter was finally adjusted in favor of the
company.
During the same month a dispute oyer the employment of a
driver and a blacksmith came up between the employes of the Citi
zens Mine, Sullivan County, and the mine management, which re,
suited in a strike of about seven weeks. The matter was amicably
settled.
The employes in . the Muren Mine, Pike County, in July, de
manded the discharge of the mine boss, and on the company's

REPORT OF S'l'.A'l'E GEOLOGIS1',

refusal to conform to the request went on strike. After being idle
four months the matteI' was settled in favor of t,he miners by the
company acceding to the demand.
During the month of July the miners at the Victor Mine went
on strike, refusing to handle a certain amount of falling slate
without pay. The strike lasted five weeks and was finally settled
'
in favor of the company.
August 5th the miners at the Vandalia No. 67 Mine, Vigo
County, weut on strike "ostensibly': on account of the poor con
dition of the ventilation in the mine, A request was made of this
department to inspect the mine and the same was made on the 6th
by Assistant Inspecto'r O'Connor, and the mine was found in con
formance to statute in all respects" the ventilation especially good.
This strike was in violation of the contract and the mine resumed
operation after' an idleness of two days. The miners were fined
two dollars each. Thi:> money was deducted from the payroll as
per contract and twenty-nine of the miners refused to accept pay
ment on pay day and sued the company for payment in full. The
matter was ,referred to P. H. Penna, Secretary of the Indiana
Bituminoos CoalOpel'ators' Association, an~ W. D .. Van Horn,
President of District No. 11, U. M. W. of A., and the executive
committees of the two associations, the operators contending for
an enforcement of contract and the miners' officials contending, for
an abrogation of the fine. 'After much controversy and failure on
part of the two committees to agree, the matter was finally re
ferred io National President Mitchell, who confirmed the contract
and sustained the position of the company in collecting the fine"
and informed the Vandalia Coal Company that they would be re
imbursed from the furids in the treasury organization of District
11, U. 'M. W. of A., for any expense caused by the lawsuits, and
that District 11 would collect such expense from the members' who
brought the suits. Notwithstanding this decision the members
bringing suits refused to recede from the position they had taken
and persisted in pushing their cause. Last account arrangement."!
were on foot to expel them from the organization.
About the middle of September the miners of the Lattas Creek
Mine, Greene County, went on strike refusing to handle a certain
amount of falling draw slate 'without pay. This strike was also
in violation of contract and lasted abont thirty days. The canse
was finally settled in favor' of the company and the miners wert'
fined one dollar each.
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In October the miners at the Ohandler Mine, in Warrick Ooun
ty, went on strike against the fire boss for' holding two positions,
i. e., he was mining,eoal during. the day and serving as fire boss
iu the morning before the miners entered the mine. After twenty
days' idleness the Platter was settled by the company employing a
rire boss.
.
On October 10th (pay day), on account of the stringency in
money matters, the Vandalia Ooal. Company proffered to pay their
(,mpJoyes partially in currency and partially in clearing-house
I.'hr:dm. 'l'he employes refused -to accept the checks and went on
strike. demanding payment hi full in United States currency.
Some of th'1 miners were idle six days before the company could
meet their demandS. On the 25th, following, the same conditions
obtained at all of the Dering Mines, a greater portiou of the Van
dalia J\Iin:es and all of the Consolidated Indiana l\lines, the miners
refusing to accept part of their pay in checks, and a majority of
the mines of each c0I¥pany were idle about five or six days.
In the latter part of November the miners of the Summit No.
iMine, in Greene Oounty, went on strike and demanded the dis
charge of the mine superintendent. The company refused to grant
the demand and work was resumed after an idleness of eight days,
the miners each being fined eight dollars for violation of contract,
some of whom sued the company for payment in full.
TABLE SHOWING BY MOl\'TRS AND BY COUXTIES THE NUMBER OF TONS lIIINED AND
WA6ES PAID TO EMPLOYES FOR THE YEAR 1007 AT MINES EMPLOYING
.\fORE THAN TEN ME~.

!

CLAY CoU~'TY.

DAvllISS COUNTY.

FOUNT.U N CoUNTY.

MONTHS.
Tonnage.

'fonnage.

W.ges

Wages

Tonnage. . ! _

Wages.

~-

January..........
Febrooy........

March.. ......

..

Apr" ..........

May...........

J1me....

,

..... ,

July.... , .......

August. .........
September........
<'l1ltober' .........
November.........
Deoomber . .....
TotaL .......

109,435
114,272
00,176
81,501
. 91,094

87,500

$125,716 00

125,1t29 01
14,6~

00,849
94,787
<112,447
119,007
125,41tS
142,741
136,668
129,744
114,669

62
65
48
64
38
ItS

7,505
6,367
5,929
6,662
4,855

2,209

liB

60
42
49

1,566
5,848
10,610
11,%50
17,334
7,260

1,230,872 .$1. 338, 727 58

87,385

100,607
112,ros
113,744
124,594
100,841
92,800

$7,743
10,114
7,003
8,268
5,588
2,008
2,348
2,001
8,787
9,629
10,131
8,405

10
40
72
23
ItS
47
07
20
18
40
63
35

7,174
4,010
1,008
2,740
2,41l8
2,488
2,469

2,940
3,277
3,503
3,637

$4,897 39
3,433 60
2,234 40
3,122 01
2,442 32
2,682 06
3,518 17
2,825 23
3,077 52
4,192 75
3,597 48
3,71000

$83,109 70

40,099

$39,733 1t7

3.455
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TABLE SHOWING THE NUMBER OF TONS MINED-Continued.
GIllSON CoUNTY.

GREENS COlJl'!TY.

KNOX COUNTY.

MONTH.
.Tonnage.

I

Tonnage.

WIllre5.

I

Wllfes.

----
January......
FebruBlY... , .......
MBleh ...... ....
April ........ ...
May....... ...

14,162
19,501
17,928
18,898
19.101
17.035
19,.16,
20,600
16.788
24,605
21,047
17,911 I

Juue.............
July.............

Auguot..... .,<,.
September.. ...
October..... ..
Noyember.... ..
December ...
TolaL ..

227,688

PA.BKE

anuBly..... ....
February ...
M8leh ...... .....
April ....... '.,.
May.............
J nne.............
J u1y... " .. '." ".
Auguot.. .. "."
September .......
Oetober" .......
NO\'ember" .... ,
Deeember.. ....

04,817
49,835
48,483
33,812
64,986
28,496

U,228
119.813
65,750
77,874
69,389
66,325

I

ThtsL .... ·1

257,1i65

$12.478 08
18.04939
15,897 00
15,612 65
17,315 56,
14.908 77
18,493 83
19,873 94
16.299 45
22,11006
21,736 79

263,9:18
247,650
239,1149

209,848 ro
2.704.408 $2,189.153 98

$209,599 17

CoUNTY.

PERRY

$70,89793
00.180 119
48,020 22
49,033 62
47.726 32
36,570 47
50,685 43 1
63,801 45
72,048 79
83,500 17 I
8S,1l3II 79
04.63301

!

..

ay......

"

.. ,.

June.............
July.............
A1JgU8t.........
September .. ....
Oetober.... .... ,
November... '"
December... .. ,.
TotaL. ......

926

574
578

284
'511

- - -----

6114, 808 1 $729,493 89 i

9, 567 1

$243,31007
31,899
281,863
32,256
219,787
198.788 28
20,923
.173,159
149.465 19
23.451
I71,M325
211,8114
104,77512
18.791
'201,808
16,422
'172,491
146.064 81
16,811
182,216
146,800 52
. 22,139
'193,368
181,459 94
26,1142
.224,457 I 210,286 25 ,.
35,952
'200,043
241,570 80
36,064
200,139 12M. 818 fi7 I
29,900
218,1149
175,311 04
2,660,333 1$2,263,994 114

-

il:m
~6,471

:\

375,082

I
I

3U,240

$314,819 71

P'KE CoUNTY.

$699 15
768 01 :.
78004
00296
1,140 .48
1.625 00
1.100 09
1,11703
62735 I
694 71
401 28 '
67307·1

53,703
48,333
36,047
• 32.756
36,760
28,010
26.204

$10,527 17 .1

427.932

$43,631 04
35,125 65
32,843 07
32,791 01
30 688 17
29:171 97
32.362 114
40.44066
42,830 41
M,250 17
M,007 36
.20,300 00

!!:m
37,480
33,971
30,651

VANDERBl.'RGH COUNTY.

SULLIVAN CoUNTY.

J""UBlY......
February .. " ..
M8leh .... ....
...
~ .....

825

1,035
1,440
1.221

SM 002 12
31:12801
26,871 36
27.631 00
25.644 95
22.047 63
20,467 71
22,98739
21,576 35
29,035 20
24,505 20
28,921 89

28,048
21.994
30,000
42,819
39,684

COUNTY.

043
706
8M

W!I!1'e5.

35,776
32,368
35,163
17,671

$218,452 02
203,778 13
174,36789
163,531 19
158.758 15
144,833 8S
142.038 28
170,052 00
172,014 89
219,049 53
212,429 72

210.278
203,:m
295,810
204,681
199. 3M
179,115
208.130
195.097

16,~.2~

Tonnage.

i

1

$398.44205

VlilII..'LLJON CoUNTY.

$29,858 15
24,47885
24,798 10
21,603 36
11,91672
18,263 23'
17,617 19
20,458 84
·26,288 32
45.302 97
27,246 63
33,586 09

123.837

ISI,IM

160.657
102.862
102,516
.122.369
114,761
120 200
127,932 :
736
145,
104.442 1
118,674

$300,288 46

1,485,091
1

.

$128.538 25
122,000 43
192,962 43
91,823 33
96.128 M
93,84257
96,194 81
101,306 56
105,203 30
127,132 73
95,222 58
108,126 47

I$1,267.531 80
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TABLE SHOWING THE NUMBER OF TONS MINED-Continued.
Vroo COUNTY.

W'URICK COUNTY.

MONTH.

Tonna~.'1
t~~Jy·.::::::::::::.:::::::::::::::::: ..... .
Match....................................... .

~~ :::::::::::.::::::::::::::.:::::::::::::

.•
June...................................... .

July........................................ .

August................................. ..

'CJ!'b:r~::::::::::: :::: .:::'::::: :: .... .

November.............................. .
December.. ........... .
.. ........... .

Tot..L ......... .

324.:&
183,325
161.720
264,362
167,428
163,724
157,Ii82
180. a24

188.566
223,659

:lIl4,151l:
201,100:

Wages.

Wages.

$288, 384
264, 42!
138.683
138,702
144,929
140,075
142,098
160,146

95
98
29
62

451 ,

51

16

to

166.261 13 •
263,86551
206,441 32
193,346 70

2.581.379 ~2,:

78

39,238
31,006

$23,794 76
31,465 19
18,722 47

31,222
30,496
35,839
33,671
40.349
61,188
36,868
00,375

26,209 43
.23,475 54
26,167 31
24,702 23
29,978 22
29,801 93
30,801 a5
37.34688

37,461
36,218

454.831

23,568 14

$all6.o~
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NEW DEVELOPMENT.
'{'he amount of capital invested in the development of new min
ing properties in 1907, as compared with the six preceding years.
was exceedingly small. The total development for the year .con
sists of eight shipping mines and five local mines, distributed in
the different localities as follows: Clay County, four blgck and
hand mines, two of which are shipping and two local mines. Da
viess County, one bituminous hand mine (local). Greene County,
one bituminous hand mine. Knox County, one bituminous, ,com
pressed air, punching machiue mine (shipping). Parke County,
two (local) block coal, hand mines. Pike County, one (shipping)
bituminous electric machine mine. Sullivan County, one (ship
ping) bituminous electric machine mine. Vermillion, one (ship
ping) bituminous, compressed air punching machine mine and
Vigo County, one (shipping) bituminous, hand mine. The follow
ing table exhibits the names of the companies owning these mines.
the names of the mines, the geological number of coal seam mined,
thickness of seam in feet and' inches, depth and size of hoisting
shaft; . character of coal, i. e.,. block or bituminous, whether hand
or machine mine, location of mine as to nearest town 01' city, th€.'
railroads on which the shipping mines are located and the date
of the first Shipment of coal: .

.~
i:!!"'..

TABLE OF NEW MINES.
CLAY CoUNTY•.

NAME OF COMPANY.

Name of Mine.

Grolog.

Depth
of,

:No. 'If
Seam.

Size
of

Sha.t.

Shaft

60
42
128
40

1:d4
8xI8
8x20
8x16

Pick or

MAchine.

Date of First

I

.

Looatlon of Mm..

Shipment.

•

1-------------1-----·1-----1
Nick Scheff.rman....... ..........
Hall &: Zlmmer!ll8ll............
Crawford Coal Co....
Sam Pyria..........

Schefferman.....
Wlz........ ........
Crawford No. 10..
Pyrla. .. . .. ..

III
III
IV'
IV

4'~'

I

Rlock
Block.
Blork.
Block.

3'6"

4'6'
4'

'Rallrood.

Pick. .. .

Sept.
Pick. ... Jan.
Pick ..... June
Pick. .. . Jan.

1.
I,
3,
I,

H miles So.",Knigbtovill•.... ;
2 mJlos N. " Rr...11 ."..... ..
4 mUes N. W. Brazn....;... ....
2 mil.. 8. Blinil..

1001
1001
1907
1001

Wagon min•.
C. &: 1.
C. &: E. I.
I.oeal.

~

o

;:r
o'-j

DAYIESS COUNTY.
Wm. Wlnterhol:tom.. . . . . . . . . . . . .

~
!;:.

Tlek.

I .... ·...... ·

.1 21 mlles S. Washington... . .
I

. ... 1 Local.
,

~

>~
t;j

GREENE COUNTY.

Q

t.r

Mooney, Donnelly &: Keers.. ... .. t Mooney ...

,

r. u",soh Coal Co................ 1 Tecum .eh.....

I

L &: V.

V

6'6'

I
f

art-t

KNOX COUNTY.

'

Bilum .. 1

156

I. & "..

9:d6

1
PARKE COUNTY.

Jam... Moore.
William Moor.... .

"..

o
t-+
o
o

3 m;!cs N. K Tangier. .
4 mil.. N. F~ Tangier. . .

Local.

LocaJ.

PIKE COUNTY.

~

~it=J

E.&!.

, ';' \1'

.9hlriey' Hill C<laI Co....... '.. " ..

Vl

C. &E.·J.

VERMILLION COUNTY.
Clinton C<laI cO., . :. . . . . . . .. .

...,;

>

.1 CroWn Hill No.

VI

~

6'

~
VlGO COUNTY.

. I

'

C<laI Bluff Mining Co•.. " . . . . . .... Min.ball.. ......... i

III

[{

Z
Big Foor.-.

~

I(

Z
~

fl'

Jo!o..
~

-}
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Note 1. The Dering Coal Oompany, in March, abandoned the
Workings in the No. VII coal seam, which they had exhausted in
their No. 8 Mj,ne, Vermillion County. The hoistil,lg shaft was
sunit during the summer months to a lower seam, claimed to be
No. IV, 'and shipment of coal resumed' in September. This seam
lies at a depth of .. ," feet below No. VII and carries from 4~
to 6 feet in thickness and has all the characteristics of No. IV.
'rhe coal is of excellent quality.
Note 2. On April 1st the Oak Hill Coal Company abandoned
the workings in the No. VII coal seam, which they had worked out
at their Prince Mine, Vermillion County. The hoisting shaft was
sunk during the fall months to the No. VI and shipment of coal
resumed in December. This seam has an average of 6 feet ill
thickness and lies at a depth of 330 feet from the surface.
Note 3. The Carlisle Coal and Clay Company (early in the
year) abandoned the No. VI coal seam at their Viola Mine; located
at Carlisle, Sullivan County, and sunk the hoisting shaft down to
No. V. Shipment of coal was resumed in the latter part of De
cember. No. V carries 5 feet in thickness and li~s 84 feet below
No. VI, which was so badly broken· with faults and horsebacks ~s to
render it unprofitable to mine.
.
CHANGES IN OWNERSIDP.
Changes in the ownership and oper~tion of~mining pboperties
were made during the year 1907 as follows:
• The Clover Leaf Mine, Sullivan County, formerly owned by
the Clover Leaf Coal Company, was purchased by the Shirley Hill
Coal Company,. who assumed control and operation of the property
April 16th.
'l'he Hartwell Mines, Nos. 1 and 2, formerly owned by the Pa
toka Valley Coal Company, Pike Co~ty, were ,transferred to'the
Binghampton Trust Company, who assumed control of the prop
erties in A u g u s t . '
.
The Keystone Mine, formerly owned by the A. H. Whitset Coal
Company, Sullivan County, went into the hands of a receiver in
July and has not been in operation since.that time.
The Chicago No.7 Mine,owned by the Racc(}on Coal a:nd Min
ing Company, went into the hands o~ a receiver in Auliust and
was idle the remainder of tlfe' y e a r . . : .
. 'rhe Cummins Mine, Sullivan County, owned by the Indiana
Southern Coal Company, ch!l:nged hands in .Jattnar,v..hci"Qg' trans.
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fel'red to Ralph Sharp, who operated the mine during the entire
year.
The Massey Coal Company was reorganized during the year
and the property is now operated under the name of the Peacock
Coal and Mining Company.
The Fort Branch nfine, Gibson County, was purchased by Wil
ll~m Jackson, who assumed control and operation of the mine in
June.
ABANDONED MINES.
Sixteen mines were abandoned during the year, one of which
hlock and fifteen were bituminous mines. The block coal mine
was located in Clay County and the fifteen bituminous mines were
located in the different counties as follows: Clay County, two,
hoth hand mines. Greene County, one machine and one hand
mine. Knox County, one machine and one hand mine. Parke
C01ll1ty, one hand mine. Sullivan. County, two machine mines.
YermillionCounty, four himd mines. Vigo County, one hand mine
<1n(l Warrick County, one machine mine. The following table
showi'l the names of the mines abandoned, the names of the differ
ent ('.ompanies owning them, the date of abandonment, the county
and railroad on which the mines are located.
was

TABLE.
NAME OF COMPANY.

Nameo! Mine.

Vandalia Co&! Co. .. .. ..... . .. Vandalia No. 63.... .
Deering Coal Co ... " " " .. . .. . .. DeerJ:ll No. 15...... .
Vandall.. Coal Co" ... ' ..... ,.
'34.. .
Col1llOlidated Indiana Coal Co...... . ~.oll~~~
J. Wooley Coal Co ............... . Big Vein No.8...... .
J. S. TUey ....................... . Sturm......... " ...
Vandalia Coal Co ... " ... " ...... . 'Vandalia No. 40..... .
Vandalia No. 316 .... .
Vandalia Coal Co .... " " ., "
Southern Indiaoa Coal Co ........ . Midland........ , . , , .
Deerbig No.8.. .
8:'~~<&.'.'.
Prince............. .
Stunkard Coal Co. " ...... , ...... . Stunkard... , .... '" .
Vlct()fia ........... ..
~':lerl'a~~~&:::
World'. Fair No.2... .
~H~ill~Co~ ........... . Prospect Hill .. , .... .
Shirfey Hill No.2 .. , . ,

ro:

:::: ::: :::::::.

:::::::::::

Date of
Abandonment.

Jan.. 15, 1907
.fan.. 30, 1907

Feb. 15, 1907
Feb. -,,1907

~%. ='r~~
Marcl. 3: '1907
Marcb 15, 1007
March 15, 1007
March 15, 1007
April 1, 1907
AprJl 1. 1007
AprJl - . 1907
May 29. 1907
Jilly -, 1907
N'ov. 8, 1907

County.

Railroad.

Clay...... . Vo.ndalla.
Vermillion.. C.&E.I.
Vandalia.
~~fli~;.;,::·: E.&T.H.
Warrick... . Southern.
Fountain .. . Clover Leaf.
Knox .... .. l.&V.

Parke..... .

Greene .... .
Vermillion ..
Vertl)lIlion ..
Clay..... ..
Greene .... .
Clay...... .
Knox.... ..
Sullivan..

a.

Local.

M'onDn.

Vandalia.
I.&V.
1.& V.

c.....

TABLE

8

ShOU:411g by Countits the Name of Mine, Number af Screened, Slack, Nut and Mine Run Coal, Total Ton.~ of All Gracks of Coal Proriuccc(
and the Distribution Thereof, the Production of Block and Bituminous Coal, Each Being Shown Separately, a.~ is the
Machine and Pick or Hand Mined Coal.

BLOCK COAL MACHINE ),UNES.
CLAY COUNTY.

P,CK.

MACHINE M'h"llD.

~INED.

~
t;j

WAO •.s PUD.

.DISTP.IBUTIO'.

o"=
NAME

QE' MI~E.

~

Total
Tons of Ton. of

tona <>f

..n kind.

slack
an~

of 00al
pro--

mine
rU11.

Indiana.

Otber

states.

. .
To m"d.

To mine",.

day men

To outside
day men.

Total

wages.

4, 922

2. 534

Total.

4,922

7, 456

cp

------.!------!,-------~.

t;j

o

7, 456

t"'

8

PARKF. COU:!l'TY.

Mary ..
TotaL.

iiJ

60,630

9.356

69,986

3,982

959

5,011

69,916

~.13,\nl

60,630

9.356

69,986

3,982

959

S,OIl

6l.91R

&,,3.461 85

!'3

I

s;, $25,707 it •
$2~,7{!;

11 :

1&'>,583 !II;
. 188,58385

VlGO COUNTY.
Domestic Block ...
TotaL..

.,.,
~
nil
'"'

ill

nu~.

duced.

M<>nar.,h.

o!,;l

52,089
$21.599 16
1---1----1----1----1 ---/·--1----,---11------' - - - - 1 1 - - - - - - - - , - - - - - - - - 52.089
$21,59~ 16

~;'{

BLOCK HAND OR PICK MINES.
CLAY COUN1Y.

II

NAME OF

~nNE

I

I

I

Tons of Tons of Tons of

seteencd
coaJ

.

slack

1 and
nut

1

mine

I

.

run

II'I

1

MACHINE Ml~ED.

Tot.}
tons 01

II

PWg MfNED.

I

I

Tons 01 TOM of ' Tons 01
s1aek 1 min.
"oal
a .. d
I run

l1li klndsllscreencdl

-----1-1--1.--1-

of coal

d~~

I ..
·1'· .......
I..... I'
"

Stunbrd.
. ... 1
.
,..
.
I
BrasilNo.l....
·1· ....
BI'8I~No.4....
.,' .............
Br...11 No.8.......... 1. '."'" ........ . . .
., ............
BnWl No. 7..: ..... I···
1. . . . . . . 1........
ContlnenI8INo.1.

1..
,.

1
. . . 11

-

1-

1

i tons
TOUlI I
01 I
1l1li kmda
of coal

I d:.oed

1.....

·I·.. .[.
"I' ... .

"I"I.. ".. ".... ·,,·

.
..--.I

"I'"

'1' ...... .......

1

~

:
Indiana

1

Otb.er

states.

To·in.ide
day men.

To miners.

1..........

1'

I ,

Total

W~lI'es.

~
...

t:"
..;;

:.

1-1- - ' 1. 4811
8.815
4.136
8'516j' 42,474
352
2,213
12,436
12,733
12,502,..........
21.144'1 20,667
47,870.. .......
5,410
8.640
25. 818
20,092
5.706
20,827
530
23,507
10,830
8,564
3,858
7,457
1,824 1....... ".
12,432 I 19.2.58
12,6691
2,695
22.616
802
28.334
15,923
15,220 ~35'514
2,984
7.590
!2,5If.
1,658

To o~t$!de
day men,'

til
t:"
t;j

$1.23701
12.337 03
48.49146
2,29741
24,86266
11.780 79
34,611 01
44,11878
11.913 65
39.57795
22,866 85
22,851 95
21,20390
11.47495
1,824 54
31,168 68
13,281 20
2O,\lO8 51
37,98650
46,21241
8.77664
14,57307

CtaW;::N~. 4:::: .. :I~I~ .j.. : : : : : : : . ':::.:::. ~~~:~·I·~~:~~·II:;,:~29~I~:~·II . ~~:~ ";~:.~ ~~:~~~.
I

P.I.l,f.

Z

1

........ ....... ' 1.4891 1.489
10·'1ll6 1 2.155 ........ 1 12.IM
42,340
8. 650 ....... 1 00.990
..
2,140
425.. ..... 2,565
.' 20,974 4,195 ........ 2;;,169
.11 ........ 1,.. · .... · 12,552.1 12 .552
Rebelo<'k............ ....... ..... ......
"1 32•691 1 0 ,020 ....... , 41,711
SnpeMorNo.4.. ...... i....... ,........ ........
.. 38,018 9,21lO
60247.870
C!1Iwlord No.8.....
.....
,.
110,970
3,080 ...... 14.050
CtawfordNo.9 ....
"1 36.910 l' 9.000 ....... 45.910.
'1'"
. 21.593
4.940
26.Ji33
Glenn No. 1.. ........ ,...
Plymouth No. 2. ... ·1·.. .
19,832
4.255" . .. ... 2t,087
Willard.............. ,.... .. ....
.,17,32511.805
264 19.391
Indian. Block. . . . . I...
.1....... .......
" , 7.092
767
3,456 11,315
Worlds Fait No.2 ... ·1' .... · ..
1.664
220
...... 1.824
C!1I~rd No.2...........
25,747 I 5,010
33 31.690
H..rlson No. 4...... '1' --.. .. .
.. .... :..
l1,7M
3.lil0 .. "... 15,264
17,832
6.086
. . . . 2S.41lS
'9'andaJla No. 56.... ......
Eureka NO.5......... 1
..
36,291
7,880
~ 44,257
-Crawford No.6.......
.. ..
40,234 10,.500........ 60,734
Treager............... ...... ........ ....... .... ....
8,910
1,459
205 10,574
Progrcs~l\'e.... ..... .....
.......................
11.647
817
1,742 14.206,

.

WAGES

DIB'l'Rl1mnON

S480 24

I

5,744 33
14,312 04
1,04322
6.683 97
4,001 78
13.461 12
14,870 75
4.583 99
17.939 12
. 6.510 30
5,740 50
3.714 10
3,571 59
46700
12.83;i 03
2.440 00
7,.548 66
10,188 20
16.617 70
1,270 54
4,540 43

o

"::

~

~g

~
Z

o

...Z

t:l

...:::E

>:l

t;j

V'

...... , . ..
1$158.564 21

I,

CJl

o

i-'

c.;,

o
t-:;

BLOCK HAND OR PICK MINES-Continued.
PARKE COUNTY.
MACHINE MINE.

..

, I Ton of

. NAME OF MINE. 'Tons of I
screenedl'
oal
e.

.1I.ck
a.nd'
nut.

PICK MiNED.

I

Total
Tons o1 tom of
..u klnds
m.lne
of ooal
run.
pro.
tfueed.

DlllTRIBUTION.

Total
Tona 01 Tons of TOM of tons of
""...,ned el""k
miDe..u kinds
oal
and
of ooal
c.
nut.
nm.
:w:o-_
... -duced.

Other

WAGl\1II PAID.

T~.·miners..

To Inside
day men.

To outalde
. day m.~ll'

Total
.~

~

--Bzazd No.9.... .. ...
Braoil No. 12... ....
Superior No. 1... ....
Superior No.2......
Superior No. 3.......
Superior No. 5......

33,735
6,075
16.557
25.267
33,837
38,294

Total...........

1153,765

6,855 ... , .... 4/),500
1,215 ......... 7,290
3,850
85 20,492
6,140
123 31,530
8.340 ........ 42.177
9,320 ·······I~ 1_ __

35,720

208 189,6\1.~

,

23.770 I
6,106
20,492
31,630
42,177
47,614
171,689

f:;j
l::i
fOj

$39,030
7,504
16.833
30:740
37,987
51,309

86

66
64

03

01
41

$183,406 11

S14,$O 54
4,378 84
6,912 39
12,617 69
12,55978
16,718 82

$7.295
2,473
3,665
6,668
6,371
7,593

$60,717 31
14,356 89
27,411 96
49,92705
56,917 81
74,621 51

91
39
93
83
02
28

$33,968 36

$66,578 Otl

$283,952 53

o

~

·W

~

fOj

t:l
Q

t:l

o

VIGO COUNTY.
PIYlOOilthNo.1.

..

9,487

2,693

12,180

8,732

3,448

Tota!........ ..

9,487

2,693

12,180

1>,732

3,448

8Q

I
$12,547 05\' $8,87450
$8,874 50
'12,54705

$4,740 45

'26,162 00

.....

$4,740 45

$26, H!2 00

~

--------~----~---,-----~----~----~----~----~--~~----~----~

RECAPITULATION.
Tot~1

i

I

pick mined block
ooal............... .......
Total machine mined
block ooal ......... 100,646

15.429

2,534

32,003

112,804

Totalblockcoo.l .. l06,646

15,429

;,534

332,592

542,641

..............

300,589

429,837

$677,799 66 112.34,016 77 ISW,876 071$1,039,692.50

117,507 51

I 53,9S7 67 I

$795,307 171$288,004 44

19,011 M

I

'I00JiOO 73

~146,887 621$1,230,199 23

w

BITUMINOUS MACHINE MINES.
CLAY COUNTY
MAmm'E MINE!),

NAME OF MINE,

I

I

TolBI
tons of
all kinds
of coal

--1-Tons of Tons
screened
slackof Tons of
coal.

&.nd
nut.

mme
run

Tons of I Tons of
screened slack I Tons of
OOIIL

pr0

and
nut.

Indiana,

mme
run,

1,216 .. ,': .. ~,

Lewis............. , 17,681
Vivian No. 2... .. .. 20,568
Gold Knob..... .. .. 21,719

2,1147 ........
25,391 18.321
10,384. 48,003
11.984
2,488

Glfford No. 2.. ...... , 18,073

Total... ........

91.216

51.922

68,812

14,991
21,020
60.793

7S,1lM

86.191
211,950

Other

states,

To miners,

To inside
day men.

To outside
day mell,

Total
WlIl'le5,

~

~

1;

duc",:!.

duced,

Gilford No: L.. • .. :'la,7?/;

WAGES PAm.

DIsTRIBUTION.

PICK MINED.

>-3

1
1

13,168 5,215 
, ..... ' 18,:m
9,225
5,696 ........ 14,921
.... ' .. , """"
..... "" ........
3,466
1,1l17
5,640 10,623
5.749
3.119
fIZl
9,395 '

-

31.608

15,547

6.167

53,322

lrm
11:980
49. tl95
64,250
38,437

22';2f8'
23.961
11,098
25,368
7,179

175.483

89.789

$25;319'113 '114;912'1!!t
21.818
24,:144
40,992
19,437

58
46
47
18

$132,172 32

'$II

m

111 ' $4G, Il28 02

.6;
~

01
60
19
01

5: 377 06
10.1iOO 64
9,106 15
8.499 09

39,807 65
46,56970
68,58781
42,256 28

$71,098 69

$39,6'18 45

$243,849 46

12,612
11,664
18,489
14,320

~

~

c::

o

GREENE COUNTY.

>-3

lsiand Va.lIey No.4,.. 42,210
BlackCreek.......... 47.972

Glenburn............ 3.574
Vandalia No.2........... "..
Vandalia No.5.. ,.... 55,654
Vandalia No.8....... 62,361
Vandalia No."9. . . . . 45,245
Vandalia No. 21.. ... 46,062

Gilmour............
Hoosier No. 1..... "
Lattas Creek.. , .... ,
Summitt No.2.
,..
Green Valley.... ""
North West....

...

Twin No.4 ....... ".
Twin No.5........
Black Hawk. " .. . .. .

TotaL ...... " .. ,

22,397
24,003
2,040
........
29.222
35, ISO
21,7711
27,663

'''''''' .. " ....
1,292
644
\01,298 116,642
75,426 35,886
31,461 18,975
45,498 ' 27,151
21,030 10560
57,143 22,311
50
18

50,686
7.061
1,683
SO,641
12,914
70,265
54.907
44,019
101,497
7, 174
73,938
82,891
44,723
20,6114
14,642
37,977
57

1
--------

114.693
79.642
7.297
SO. 541

97. '/00

167.806
121,931
117,744
101,497
9,110
291,878
19i,203
95,159
93,343
46,232
117,431
125
1,736,422

122
48.489
12,171

66
26.099
6,446

'~7:800'

'i(337 ,

8,030
10.998

........

14.7B8

""""

40,181
60.628
,11,010
6.521
31,669
8,679
6,163
937
101,497

555
2,779
912

282
114
6,622 81,210
4,016 22,633
118.420 118,420
11,010 84,153
9,338 21,833
4,465
5,255 12,629 28,882

........

100.224
18.920
192.440
150.214
180.900
144.650
116,807

, ....... ....... ,
,',:i;is:i' ':i;3iii' .. 'iLi;Oi'
46,179
25,165 71,:144
........ ........ ........ .... " . "iri;4W'
..s;ilil(i' .. i;5i;O' .iO;5i:i' 70,696
79,670

,. "200'

1m'
6,168
1,849

188.810

2.909
13.076
6,198

42,639
113,155
4,368

363,222
16,'147
24,463
24,185
6,502
17,352
2,015

75,274 199,759 463,843

1,478,488

721,777

1,167
4,129
3,437

- -  -- --

$53,392 46
90,483 89
17,527 00
113,51838
168.453 13
99,74561
84,895 51
58,912 48
63,528 00
6,150 68
201,249 33
89,178 68
48,004 94
52,761 09
24,649 20
64,510 00
4,279 89

$16,11568
28,855 68
6,236 38
41,161 33
35.826 50
36,60247
25,78304
12,573 41
24.611 00
2,730 95
62,52389
42,917 10
14,168 05
21,124 22
11,470 85
17,218 05
1,482 08

$8,198 15
10.38311
3,194 25
11.01330
15,865 74

.1~'m~

10:328 07
7,752 00
2,118 66
20,167 38
13,307 01
8,091 85
7,406 68
3.555 70
9,197 85
80503

$71,706 89
129,722 68
26.95163
165,69901
160.145 37
147.722 71
120.158 15
81,813 96
95,891 00
10,999 69
283,940 60
.145,402 19
70,204 84
81,29199
39,675 75
00.92500
6,567 00

$1,181,239 07 $401,345 68 $152,239 61 $1,734,825 86

oZ

~
~

'<l

~

01

oc.;

<:,.....

~

BITUMINOUS MACHINE MINES-Continued,
KNOX COUNTY.
MACillNE MniED.

..

II

NAIlE OF l!IINE.

Ton. of Tons of I To.. of
screened slack I mine
_I
and
run
~ .
nut.
.

PUll< MINED.

Total
10.. of
alI kind.
of """I

DlsTRIBUTlON.

Ton. of Tons of
screened slack
.~l
a.nd
- .
nut.
•

pro

duood.

Indiana..

WAGES

Ot.bet

TO' miners.

states.

TO' lnaide
day men.

PAll>.

To outside
day men.

Total
Wltl(Q.i,

;:::
~

'6;:::
.-:l

Knox..
Lynn....
)'reeman...

Tecumseh...
Total.....

8,813
16,170
16,481
4,125

5,729
9,Ii06
6,139
1,436

44,589

22,810

30,248
27,133
81,100
26,170

",790
51,800
104,319
30,731

........ .......
1,306
684

1,3Oli

17,4<»
27,386
52,946
2,633
93,41310,1166
10,751
19,1)80

684

1,781

3,110

174,514

$20,478
25,Ii06
52,192
16,109

60,966

31

at

511
24
48

$9,009
10,286
14,288
3,458

44
81
59

89

$8,74727
7,14347
11,823 sa
4,393 sa

$27,1142 63

$33,108 54

$39,135 12 .
42,935 62
18,306 03
23,1161118
$184,327 66

'[

I

I

•

i

II

.I

Lyford No. L.......

Total..

$23,121 54
25,086 66
12,751 22

$6,356 42

$84,448 83

157,100 124,8251'17,862180,0351132,72211169,3891120,521111 '164,7511 87

$60,900 42

$24,447 74

$250,167 03

9,057 54
9,033 78

101,026 88
64,691 32

.. ,

.".

PIKE COUNTY.

Ayrshire No.5 ... "'jl 4,111
Total... .......

4,111

I>

t;l.
t""

"

24,.1081' $54,.117081
66,882 68
23,874 1
72,541 1 42,006 32

12,549 " 32,894 116,522 24, 256 1"73,612"
62,113
106,595 I........ 1........ 124,555 24,55511 101,2761
38,052 1 1,931
1,340 I 31,224 I 34,495 1...... ..I

>2;J

00
;-3,

o
~

PARKE COUNTY.

Mecca NO'. 3.. .
P""keNo 11.... ..

o

t'rJ'

3,319

4,117

12,207

2,92:1

2,588

10,105

I 1Ii,615

19,551

8,271

i

$15,685 251 $6,900 11

$4,381 1M

$27,06330

3,319

4,117

12,207

2,1122

2,588

10,105115,615

19,551

8,271J

$15,!l85 251 $6,900 11

$4,381IM

$27,06330

o
o
"""
00

;3

SULLIVAN COUNTY.

I

Rainbow.........
. ...... , ...... 66,190 1
PhoenlxNo.4.. ... :.i ............. 91.1821
Hocking ............. 1. . . . . . . . . . . . . . . 46,688 1
Citlxens............................. 13,318
Sun Flower.......... 56.326 21,034 .1,6111
Consolidated NO.2i) .. 1 35,1\66 17.121S 1 21 ,046
Co_lldat.d No. 26... , 10,006.
5,021... .....
eon..,lldatedNo.28... 1 2,2\16 ........ 5,848
~id.ted No. 30'•. 1 3'1',915 2IS,268 111,001
CoosolldatedNo.33... 1iS,161 22,662 31,741
CoosolldatedNo.3L. , 1,004 : ....... 1 16.81{\
J&eksoo Hill, No.2 ... 1 84,746 30,858' 87,450
... I91,380149,l64 ........
Der!ngNo.13........ 43,768 20,401 50,802
DerIng No. H........ 93,976 72,073 . 174
Mnmmoth Vein ...... 88,\186 58,668 113,712
ShirleyHillNo.l.. .. 60,720 23,46Ii 22,11l0
Shirley Hill No. 2.... 12,054 10,809 10,628 •
Shirley Rill No. 3.." 1,159
118
2,929
I.ittle Giant..... · .... 1 9,059
4,044 131,065
Kettle Creek......... 46,l!O3 23,642 20,198
Relhmre...... .. ... 40.722 27,642
2,546
Hamilton... , ........ 1 4,621 . 3,002 9,78+
Clover Le!l.f .......... 46,.172 25,149 17,723
Washington.......... ........ ........ 1,200

Jac~nHill,No.4

I!!

66,190 I1 ........... , , ... ,... ........
32,923
33,267
97,182 ...............................
22,050
75,132
46,688 ........ ................. ......
12,150
34,538
13;318............... 4.135 4,135
10,463
7,000
81,874..............................
4,821
77,050
73,736...............................
22,852
60,884
1.5,117 .........
.. ....... ~.. .. .....
3,952
H,IM
8,144
27 ...... , ........
27
674
1,497
74,000
.....
............. ........
21,M2
62,543
176,116118,174
91312,018 11,705
31,541
11!5,721
17,8191
117 ........ 2,01012,127
14,366
5,tIIll
203,054 ......
.....,............... .... ".. 203,054
140,1i44 .................... · ........ 1 . . . . . . . . . 140,541
114,974 ... ........... .... . . ...... .......... 114,974
1.116,923 ................ 1. . . . . . . . . . . . . . . I . .. ..... 166,223
181,366
279. .......
502
781 .... ...... 182,147
106.399 26,473 10,139 11,282 47,894
154.293 ..........
33,491
1,050
956
775
2,781
36,272.... .....
4,806............... ........ ........
4,806.........
144,168
5,628 _2,690 1 89,,5(4 97,862
242,038 .........
89,143........................ ........
73,479
15,664
70,900
1,596 ........
12
1,608 ..........
72,617
18,010 11,043 13,402 40,298 70,743
3,748. 86,010
88,044
2,376
677
828
3,880
71,006
21,428
1,200........ ........ ........ ........
600
600

.

$44,009 00 SI2,36200
$6,132 00
162.60300
60,\16500
23,66700
8,72800
'3,36000
27.005 73
11,931 116
.5,82572
46 42301
12,035 00 • 4,829 80
2,692 80
19:607 60
4li.127 62
9.607 32
11.261 92
65911676
43,600 79
17,891 74
8,101 32
69' 6lI3 85
8,538 43
4,9IlO 02
2,67340
16:061 85
4,54366
2.79408
1,12378
846162
39,18341
14,M2 34
9,12754
62'853 32
103,81206
39,51273
11,92376
lli5'JK8l14
8,80806
4,20958
1,75102
1~'/'6866
100,195 00
34,023 80
12,814 13
147,032: 93
72,84301
26,7812216,68884
106,21310
112,232 65 .32,336 40
8,499 37 . 9300842
11+,788 68· 4'1,106 lI&
13, m 118
146'&00 95
100,364 21
36,706 73
16,292 60
153'363 54
97,91549
28,550 93
10,91722
137'38364
26,378 19
12,88738
5,468 88
43:234 46
3,590 20
2,261 84
2,3:1518
8,17622
135,077 28
46,8Iil16
14,89724
196,82IS 67
43,338 86
21.179 61
9,74346
74,261 112
42,648 34
18,225 50 • 9,582 23
70,456 07
49,770 07
16.462 11
9,678 22
7480040
63,3/12 Ill!
19,801 94
10,2M 42
83:362 36
891 00
294 00
21500
1,400 00

~:!~:ra:;:;·J~:·82·:.: i~I~I .. ~'.~. ~~:~~5. ~:~ . . . ~::39 ... 3:~~ .. ~~:5~ ~,~~ ... 2~~:~~ .... 9:~ .... ~~:~.~ ...:6::~.62 ... ~2:~.~ ... ~~.~1 ~
-

, TotoL. ........ 9.'i6,193 472,18818-14,287

2,212,688

70,101

---

32,111 167,974 270;186 1,020,734 1,522,120 1$1,806,24775 $534,98969 $213,10161 $2,144,33905

8.999

2,911

4,033

Tot,\...........

8,999

2,971

4,pa3

16,003

~

~

~

~

j
~

I>

~

~

VERMILLlONoOUNTY.
Crown HiUNo. 3.....

~

4;095'

11,008

$10,160 S7

4,095

11.908

S10,160 87

$2,627 491 116,652 67
'$16,652
- -  67
$2,627 49

~

Vl

0.

§;

o::J.

o

0',

BITUMINOUS MACHINE MINES-Continued.
cVIGO COUNTY.
I

MAcmNII Kunin.

NAME OF MINE.

I

-"'I::,' -.

T~

nut.

I Tons of I
screened I and
coal.
nut.
':I~
pro-

run.

1

--·----1---:---58.062
111,344
91,910

~ot.I..,..... .. 131,313 16,4321~1

16l1.316

c

"

,I

of cooJ

mine
run.

WAGES PA]!).
l:;l

I' toll!!
Tot&!
of

to;j

Indiana.

pro

I

duced.

Athel'\oll."." ..
31,313 16,432 110.3171
Par'" No. 10.. " "" ." .... "",,. 111,344
Forrest..... .. ....... " .......... ' 111,1110

DIlITRIBtlTlON.

,~" I . . . 1-"1.."··

~ of

Tons of Tons of Tons of

eooJ.

.

l'ICK MINED.

I!:!'::.

>t:i

Tomm.....

To IMide
d&y Illen.

To outside
d"ymen.

Total
W&ge'3.

~

duced.

--,-----1-1
I

'

Ul

1,808 I 7,245

::::::::1:::::::: ~06:~·I~06:~·

4,451
108,6118
45,760

60,806
17,338
46,160

134,l1S 119\ 120,800 35
72,201 26
28,108 20
59,(117 00
17,389 00

!u3,im

158,909

124,344

$165,336 651 $Il6,297 55

3,063

'1,874

3,5631

1,874 108,500

~
,.,

c

17,022 8\1
11.106 52
8,303 00

161,941 63
111,415118
84,709 00

126,432 41

$258,000 61

;-;

~

to;j

C
t'l

o

t-<

o

WA.RRroK COUNTY.

I ;,~

176'M~ 113,461.
9!l'335II-I"-~1.. .

5,971
... 113,461
Dawoon. '. .. ,.. .. c....
.
. . \9,061
C.bandler ...................... 19,759
ErieCanaI..... ...........
'W,412
Menden ........... 4,720 _2.531
8,889
Big FOITl'. . . . . . . . "

Electric..

. .

Totlll ........ 12,540

.

9,001 I '
19,769 \ "
1
bIl,412...

. .

---.....\' '''11

1
16,7691-1112,<61241 $11,25328
2,lU
2,856
57,291
59,O?{) I
48,108 <II
21,098 87
.. . . ........
3,186
5,278 I
ll,b2! 23
2,48\1 22
12,18112,m
9,1>11
22,429,
15,al24D
4,76945
.. ..... :..
35,5110 1 14,862'
21,710 86 I 8,26~ 34
74902
_'11 .16,140
7,
2,188 09
1
15,037115,03711 195,850
118,&8 [I $138,969291 sro,061

I.· ..
.
·1
~I_·_·_I __.._
.. _._._,,_.,_._._.

8.bIl2!278,129! 299,171

.

ii" ...\.. !

c
t7l

73,066\"

.:.:..:.:.:.::.1:
I

1

i

$7'44988 1
7,031 38
1,00322
2,56594
4,3412S 1
1,32193'

I6t,00750
76,236 09
7,01667
22,84784
34,31548
11,259 04

761~ 1212,744 62

~

BITUMINOUS HAND OR PICK MINES.
CLAY COUNTY.

'0

NAME OF MINE.

Tons 01
screened

coaI_

Tons of
slack ....d
. nut coal.

~

Ton. 01

~

minerun
COlI\.

t;;
ttl

~
~
10,956

I,

429,591

l

300,008

39,583 '11S26ll,098 00

I $59,927

56

I $22,479 78 1$347,l'i05 39

IlAlrney....'..................... .......
Montgomery No.3.......................

'MutuaL......... ........... .........

Maodabach..... :.......................

Total... ....... ....................

3,442
800
.. ...... ...... .....
10,587
2,500
14,029

Idle.. ... . ....

3,300

L.......

20,827

14,961
38,520
33,914

14,961
1 $6,642 761 $1,692 76
38,1120 ............
6,660 60
13,982 96
23,168
10,746
33.71000
8,37325

69,966

87,385

76;639

10,619
38,520

....

10,746

$2,643 95
4,'11)3 92
4,797 50

$10,881 47
25,34748

$12,04737

$83,109 70

46,880 7&
. ............ :............... .. ....... .

$54.335 721 $16,726 61

..

Indio.. ........... ...................
SUverwood.. ............... ........

22,223

8,839
ail

4,471
4,536

35,533
4,566

36,533
4,5\16

$24,014 37
2.660 24

$6.734 90
ii88 90

Total... ............ ........... .....

22,223

8.869

9,007

40,099

40,099 ............

$211,67461

$7,423 80

i

~

~
~

~

FOUNTAIN COUNTY.•



~

§

DAVIEBSOOUNTY.

i

1Ii,100 29
535 27

$35,849 56
3,884 41

1Ii,635 56

$39,73397

<:.n

o-1

~,

;:)
'::.r~

BITUMINOUS HAND OR PICK MINES-Continued,
GmSON 'COUNTY,
PICK

NAME OF MINE.

Tonool
lICl"..... ed

coil!.

TOM 01
minerun
coa\,

TOIlllol
slack and
nut coal.

W"GES P"ID,

' DmmIJro'l'lON.

MIN"D.

I

I 01Total
tons
aU kinds
,

IndllmJ!..

of coal
proQmoo,

To inside
Daymim,

To miners,

Other stale.,

To outside
Day men.

Total
Wages paid.

~
"d
o

~

Oswald, ....... , . , ..
FOit BMlJlch .. , , , ....
.M....y....... ..
Total......... ..

' ...... I

49,509
. 3,950
22,928

.... ,. ,··,·1

76,387

I

114,380
2,684
11,092

55,926
340
26,879

68,156

83,145

\

159,815
. 6,974
60.899

169;815
6,974
'60,tl99

221,688

m,68S
.

.,. ..

.... "

..

$3'1,896 19
I,M3 82
10,864 98

$98,081 02
4,094 58
37,966 26
$140,141 86

$49,804 99

$lO,523,~
958
7,870
$19,652 32

$146,800 7II
6,096 60
~
56, 701 ~ 1
1200,599 I 7

.

I

...1

I

Midvale..

,..,

..

SpoJ\(Iler... , ' " .. , .. '"
Mooney. "....
,...
..

.

......

.....
..

!

12.765
9,037
27,362
33,741
23,801
21,262
1,380
7,110

5,2121
7,091

6,109
8,815

6,605
4,947
14,084
17,640
13,128
12,064
700
5,343 1
'5,1051
3,331
3,002
5,479

I

=':":":"='1"'"'''' I

_T_O_Ial_._,_,,_.._._._,,_,_ _ _ _ _.._._
..-'-.1_1_63_,_67_5--'.1_ _9_1_,5_18__1

!

'

43,375
62,745
40,597
23,148'1 $'12,07953
983
14,967
9,382
5,635
9,941 39
26,527
67,973.
116,925
1,048, 42,608 95
43,14.7
94,1>28
00,217
4,311
68,57255
25,26tl
62,179
80,604
• 1,575
40,393 f8
16,1161
49,977............
49,977· 31,385 72
11,100
13,180
13,180 ......... , 1 8,42030
1,935
14,388
14,388
........
8,562 83
19,707
30,024
29.,M9
675, 20,133 26
16,9812.7,4Q3
18,~5
9,328
17,221'37
7,838
17,039
6,i04
10,935
11,00899
34,346
-18,640
31,477,
17,163
30,311 90
1,100
,1,100
l,~OO " ..... "
875 50
1

504,143

.381,MB

.

$16,342 14
$7,783201 $66,1114 87
3,218 89
1,694 41
14,854 61l
13,61703
4,31898 , 60,544 96
12,155 63
4,200 44
75,01862
10,481 75
4,06788
114,94321
8,832 86
4,167'¥l 1i 44,386 55
l,81fi 41
2, 27756 1 12,51327
1,824 04
1,60373
11,900 60
-5,34615
3,809,04, 29,288 45
4.• ~1 63 '. 5,087 86!, 26,580 76
2,37806
1,608 11'1 15,046.22
~,260 71
4,234 al
41,806 92
i29 50 I'
195 50 i ' 1,200 50

Il
122,795$~,565~ 1 ~673 70

'I

248,950

o

'-.!

rn
I-l

?

t,1

GREENE COUNTY.
Antioch ................. , .... "' ...... 1
North Linton............... ............
V..ndaliaNo.3 ......... ,..
....
"i
V..ndalillNo.4..... , ......
..I
Vandalia No.6.............
Tower HtlL......."
...'
VulCH..
, ........ ,
.....
Vietoria.
, ..... " , . . . ,.. ' ...
Queen"
,..... .... . . . . . .
t.:tsinger ......... , ,,' .. , , .... ,

I-l

1

$45,089051 $464,328 (2

ot;j:
o

t+

o

o
.....
r:t>
~

KNOX COUNTY.
Pine Knot.........

4,467
11,668
. .. """"
8,732
6,861
. ... ....... .. ......... ............
Vandalia No. 40................... ,..... .
3,Ii07
2,880

BlolmeIL.......
F\'ospeet Hili. . ..

1,600
24,449
5,780

.....

r~~:::::::::::::::::::::::: .. : .~~:~:=~
Total.............. , ............. ,.

17,635
40,042
5,760
7,386

999

::::::::::.: .:::~::~: ::::.~:~:

16,700

21,409

101,488

H&rrieon ..... , .. ..

, ....

38,000

"I':':":":

Total: .... ..

4,893

24,085

$.5,3M
6,609
2,IM
1,'996
9, 'lV2

00
09
74
95
10

$2,14506
4,676 36
888 49
700 84
4,1'196 00

322,163
36,676
6,777
.7,022
57,842

t.O
12

59

02
78

;.

$25,686 88

$13,497 64

$180,482 00

6,910

32,392

100.270

92,731

5,195
2,344

$64,225 liS
5,088'49
4,.538 76

$20,70069
2,232 78
. 1,064 00

$7,252 20
95209
67500

$92,238 47

7,639

$73,852 82

$24,058 37

$8,87929

$100.70048

... ., ........

---~

i

9,567

1-9,M7

Total............ , ... ..

1

9,567

1

Z
t"

--,-8,273 36
6,278 M

9,567

$.5,740 51

'9,567

$6,740 51

~

O:l

~
o";j

-------

PERRY COUNTY.
Troy....... , ............... .

ct;!

~

COUNTY.
81,027
4,794
&,910

43
6,910

66
67
36
23
73

$91,297 M.

23,884

86,222
'1',138

2,202

.........

43.793

~~.

25,439

21,883

514,664
25,100
3,564
4,634
43,053
. ...

... , .... .. ..'.......... .. ... .. ........... .
........... ,.
- ......................

139,803

PARK~~

Vandalia No. 316... , .................. ..
Vandalia No. 317... . ........ ..

8,634
9,001
26,159
14,883
6,780 ............
7,386 ............
68,780 ............

am 95
am 95

~m17
~_17

~

§
~
?

. PIKE COUNTY.

Z

I:)

Muren....................

AyrsbireNo.3 ............ ,............
Ayrohire No. 4............ ..............

Rogers..................

100
32,145
78,253

151
19,298
55.964

16,634
10,775
11,889
515
8,739
12,782
11,362
5.406

.....................................

BlaCkburn No.1... . .. .. .. . .. . . ....... , ............ ............
Littles... ..... .................... .....
52,531
74,264
RartwenNo.1. ........................ ,
6,.538
2,7M
HartweU No.2................................................ :..

fi::Z:~~:( ::::::::::::: .........:::

WIn:~t&~~.. 5~::::: ::::.::~::::::::.:::

16'8851............
16,885
62,218
33,153
,:!9,OM,
146.100
73,058
'13,063
515
515 ............
8,739
7,743
006
139,567'
77,622
61,945
20,674
15-,376
5,298
5.406
5,400 ............

$9,68719
34,295 40
85,462 63
17425
5.186 00
80,329 72
15,71276
17.068 81

$4,74469
11,296 M
32,251.'i3
109 00
1,575 00
23-,51l8 32
9,09533
4,940 81

$2,62420
6,46641
14,562 24
. 52 68
. 1.486 49
7,197 48
2,00300
1,431 47

~

$17,06598
52,058 35
132,282 40
335 93
8,248 39
111,09552
26,87109
23,431 09

\fl

5371,m 75

Cl

t;!

It::::·::: :::::::::.:. ::::::::::: .. ,......... ::::::: :::>::::::.::::::::, ::: ::::::::: .: ::::.:.::: :: :::: :::::
Idle ...........

;~:~~;

' ...

.

1

~.;~ ...... ~:.;;~. · .. ·~;~:~t l~,~' ~~:~.~ .. ~~:~;.;~ .. ~:~.~

o

<0

c:n
,....

o

BITUMINOUS HAND OR PICK MINES-Continued.
SULLIVAN COUNTY.
II

PIC" MINED.

.

I

I

II

DIl!TIUBU'l'ION.

II

I

I

WAGES PA-ro.

i------~---

I
I 1°_t:lkin~"l'_ 'III Indiana. IIOther states. I To miners T Insille Tooutsi'de I' Total .
I
of coal I
II Day men. Day men. Wages pwd.
. I .'
produced. I
I
I'
I
II
. f
11
1
Semi Block............................. '1 IdIe........ 1
... 1.·· ..... I........... Ii ............:... ~ ..... III ........... 1............ 1........... .1. .......... .
Cummins............ : ............................... j .. ·· .. · .. ··1
18, 664 1
18,664 It
5,226
13,488 I $12,81500
$5,054 00 I $2,120 00 I $19, Il89 00
NAME OF MINE.

I1 soreened
Tons of
'coal
I'
----~-----I
. I

Der\ng No. 12..... · .. · .. · .. · .... · .... ·1
6,334
Superior.............. ........... .....
9,132 1
Keeley.... ....... ............... ........
19,1431
Ke;v.stone.. ...... ................... .....
11,342 ,
1---1
Total.. ...................... .......
52,1l5l [

Tons of
TOM 01
slack and . mine run
nut colli
coal

5,540
7,154 I
9,11691

9,355 1

31,728

'I
1

IiOII
10,260
2,jj()5
1,262

0

IOU

WI

0

I

I·

I'

I
33,200 I

---1

I... · ...... ,.

12,383
26,546
31,1111

............
19,150
7,392

I
27,969.
117,479

I

1

31,768

12,38311 6,81425
26,546
lS,7'39M
12,7,61 11 22,.51460
17,21321

20,571 II

1

4,234 97,
6,140'33
8,228 66'
5,406 1I9

I
85,mll'
$75,006 67 I $29,004 20

1,30143 'I
2,746 27
4,1187141
4,339 13

.
$15,494 5:

12,3ro6.5
24,626 16
35,73100

26,958 69
$119,6/l5 49

I:>:i
to;j

~

~
o

~

~

oto;j

.0
i:"
.0

S

VANDERBURGH COUNTY.

00

Flnlt Avenue.............................

Ingleside..

............................
.............

llunnYBIp~................

Crescent... ...... ......... ..... ...........
Dl&mond..........
Total.................

I 12,392
20,0921
6,398............
23,942
30,269
22,996

I

103,6971

18,909
24,936
14,207

70,444 [

I

7,141 r
40,949
7,179 I
75,1501
6,680

I

47,347
$,030
130,355
43,883

137,0991

311,240

39,625

I

115

$6,92Z 65

7;71368
9,029 82
10,738 85
6,880 54

840,823 61

$Ii8,428 70

$41,285 54

$300,28845

20

I
1

I

$7,352 41
9,959
9,028 a
23,768 40
8,320 55
21

51,446 03
47,175M
115,87500
44,368 36

t'"

VERMILLION COUNTY.
Dering No.5. .... . ............
56,531 •
Dering No.7.. " ............. .......... . ...........
Dering No.8... . . . . . . ....
11,817

=

Dering No. 15.. . • . . . . . .. .. .. . . . .. .. .. ... .............
Eureka.............................................
51,636
69,056
OakHIH.......................
24,304
17 010
4
30.94
15,266
Prince No.2 ...........................

I~ ~~: k::::::.:::::::::::::::::'

~}~~;:::::::: ::::::::::.:::::: ~:::
Total..............................

'34,400

. "s;i.ili
............
877

1
16,
22;552
14,400
10.980 ,
19,150 .
8,720

276,113

120,758
212,500
34,261
5,700
17,558
88,077
95,004
99,858
129.729
236,823
5,846
1,020

211,694
212,500
54,224

1,057,745

1,469,068

5,709

17,558
156,590
187,202
138,562
167,729
286,467
29,833
1,020

.•..•

':ri;486
45.664

............
..
.............
••.••

"t""

77,150

231 $171,552
167,447

211,694 '117,09504 146,7116 18
42,358 70
212,500 118,147 &Ii
54,224
38,682 81
15,7t1a 61
5,709
3,061 00
1,69227
17,558
11,77483
3,435 61
125,104 127,048 87
27,748 50
141,538 162.378 94
28,80154
138,562'
23,900 72
79,322 53
167,729
99,428 94
25,27906
166,471
16'
33,&52 O/J
286.467
29,833
6,116 O/J
IB,~.:
1,020
76965

",.,<

......... ,

'7,701
6,941 12
4,197 78
601 19
1,733 01
4,423 87
3,626 65
8,609 92
9.521:l1S
9,593 70
2,518 65
480 00

50,676
5,355
16,943
159.221
194.807
111.842
134,229
209,916
26,830
2,O/J7

92 1256,514 94

1,391,938

5

,7'
20
15
,5
24
03
17
35
91
40

Dering No.6... .. .. .

.. ... .........

..

t~2:::::::::.::::::::::::.:::::::

Grant No. 2............................
Vandtllia No. 66.. .. . . .. .. ...............

Vandalia No. 67: .......
Vandalia No. 68.......... : : : : : : : : : : : . : : : :
Vandalia No. 69.. .. .. .. . . . . .. . .. .. .. ... .
Vandalia No. 81.. ........................

~1ol~oi6:::::::::::::::::::::: ... :: :
Mil\lDl No. 2............................

~l3~.3i": .... :::::::::::::::::::: ::

Fauvre No. 2............................

~~~~~::::::
::::::::: ::::::::::::::
Wabal!h ...........................

lrIinaball. .. .. . . . . .. . .. .. .. . . . . .. .. ... :::
Total ..............................

37,620
59,705
37,149
122,019
4,696
94,063
136,18l1
753
74,188
34,613
301
88,580
51,964
102,562
26,426
17,254
36,522
4,161
62,719
11,662
3,549

19,307
23,~
19,0·
67,677
3,361
67,223
71,298
593
50,519
27,304
175
87,728
46,707
48,944
18.728
10,513
22,31;6
1,433
29,115
1,749

90,153
1,499
6,770
12
532
8,885
1,948
24,237
14,533
43,684
8,027
7,059
31,694
2,911
1,306
39,161
1,556

),006,591

634,997

581,934

7,381

28,530

307,056

61,852

529

8/),457
200,611

......

..,

3

G;

~
o

"!l

85,457' ...
...........

.m.....: ..

1,283,852

SIiIi,200 74
165,498 78

115,24960
50,477 38

17.042 48
11,216 82

177,492 82
224,184 98

OJ
34,67931i
11,355 75
28,94ii 80
10,42318
27,92542
8,204 73
30,437 67
9,ii96 111
484 99
56721
22,78760
7,372 40
12,305 27
7,46618
283 00
400 00
34,652 83 1 8,290 24
22,804 62
7,388 80
30,532 91
7,27559
14,77191
·5,913UI
1,269 82
5,!i85 93
13,646 59
8, 710 4.~
2,27358
2,369 68
10.988 66 I 6,400 05
13,432 80
6,79575
1,010 45
1,48165

166,698 35
100,67458
131,920 51
178,855 47
1',723 95
108,06192
60,82700
1,644 68
146,564 96
W,842 75
158,671 70
47,11027
30,281 65
83,387 47
10,051 11
74,37ii 95
$,192,55
9,234 70

m' .n.'" MD."''' 7.'" '''.n'..

~:
190,225
189,696
98,210
37,466'
162,785
157,785
214,2/i3
197.485
1,358
1,358 ...... "493'
12/i,229 '123,746
I,
45,464
25,238
10,102
2,424 ............
2,424
200,545 ...........
200,545
U3,204
113,204 ..........
195,190
...........
195,190
53,181
53,181 ............
34,826.
34,826 ...... :.....
90,572
67,584
22,988
8,505
8,505 ............
103,140
103,140............
58,204
54,003
4,201
6,854
6,119
735

2,223,522

~

1

VlGO COUN'l'Y.

Lower Vein..............................

~

.~

i

119,663 25
61,365 60
95,700 36
138,821 61
671 75
77,901 92
41,056 54
961· 68
103,621 89
69,64943
120,87320
26,42ii17
17,426 30
61,030 43
5,40790
56,982 2/i
lI7,964 00
.6,74260

939,670 $1,340,679 041$ll98,900 79

I

$~38,530'52

I

$1,878,01035

~

§
@

g
7:

~

1::1

~

P.

~

'fI'

~

"""'
"""'

0'

i:$

BITUMINOUS HAND OR PICK MIN.ES-Continued.
l:I:1

Wi\RRlCK COUNTY.

to;l

Dis'I'RmmnoN.

PICK MINED.

NAME m' KINE.

T_of

Tona of
slack and
nut oosl.

IJ.",e,,,Jd
~.

Tons of .
mine run
C--'
'"".

Totallons
of all kinds
of OO!I!
produced.

Indiana.

Other stat....

~

W4GES FAID.

I--~------------!I--------II-----'

-----._---

' "
To minas.
To inside
•
Day ml!lL,

I'

To outaide
Total
Day men. I W_ paid.
'

------------.- ----,
Bj~ Vein No.3.. ...................... ... .......
<;a.tIeG ...den.............. .............. .......

...
Burk..... ..... ....... ...............
12,660
Elberfield..... '" .................... . ...... ....
. Star No.1.. .. . . . . . . ..
.. . .. . .. . ... Idle......

Total. .......

.....

12,660

9,101
98.039
5,180

9,101
93,039
24,091

121,712

HO,023

14,8
6,251

"-~-~----

14,8

$5,633 45
59,47635
14,656 S8
9,089 85

$1,804
1,556
2,634
2,224

90 I
80
81
38

9.5

$006 6Ii
&,18690
1,6'!2 76
2,6460.5

$8,235 00
72,220 0.5
18,97450
13,859 28
. ......... .

$10,411:1S

$113,288 83

>-3

oI'lf

...

/Xl

~

~

g;j

§
.....

~

RECAPITULATION.

!

Showing Total Production and Wages of Indiana MiruM for 1907.
TOTAL PRODjJCTlON OF BLOCK COAL.

I

"11

MAcHINE MINED.

I

'I

1

I J::'~f I[I....

I '

II

PICK MINED.

J::.~f

1

1

['

I

I

, Toos of Tons of TOIl!! of I
TOIlll of II Tons of I TOIlll of
[I
<oreoned
alaek
mine run all kind.
_00, alaok mine run all kinds Indiana. I Other
I 00&1.
an!'l~ 1 '00&1.
of 00&1 . ooal. 1 an.!~~t I 00&1.
of coal II
1 states.
I
I
i produced. I
'
I
produced. I
!
- - - - 1 - - - 1 - - 1 - -1

I

T~~~~
.-I............
Total plok mined
blook coal...••

I
'I

I

100,646

'I

I
i

15,4291

106,6461

I"

15.4201

II To miners.
I
II

;

~

I" To inside

,I

I

I day men.

~

!

I

II To oulalde II" Total

I

d&y men:

WIIJ8S

paid,

i

2,534'1

1-,

1

132,337

1

124,00911 587, 737 [ 137,3281
. I ,

20,637

I

25,559

730,426
750,624

1

.

'I

~

300,589 _ 420. 837

! '
661I
234,016 771 127 ,876 07 1":"039,692 50

§

1

322,592j ,542,641 1, $795,307 17i $288,004 44 $146,887 621$1,230,100 23
I
Ii
i
'
!

~

1
1,

617,799

I
i
l
l'
I
I,
I
I
II
1
I
II
/is $1,234,466 83j $518,731 37, $5,072,045 75
To¥bit~lnoua
I
I
I
it
'I
'Iii
I ,.
I
PICk mmed coal ......... ,....... , .1"· ...........,," '11 2 ,220,684 1,398,441 2,575,2836,200,408 3,382,771 2,817,jJ37,.1 3,867,137 02 1 1,118,042 60 1, 430,397 9i, 5;415.577 56
Total
bltuminoua
I
,
I
'
I
'
I
II
i
I
'
"
ooal ......... , 1,798,590 980,1632,227,8891 5,106,64212,559,818.1,544, 381!3,164, 641',7,268,840 6,779,784 5,595,698',1 7,185,994 57,' 2,352.499 43, 949,129 31i 10,487,623 31

I

'I

'

1

1

'I

I

I

I

1

Total
I
,! 3,436,3/iS 061' 1,288,444 50
mined machine
coal.. ... 'I 1,905,236 995,59212,330,42315,231,251, 343,4191150.931 594,280ll,088,630,3,429,OI612,890,8liS11
Total pick mined
,
,
"
'
I
I
III
,
'
roaI........... '.... ,,· .. 1,· ...
,,1 2 ,804,136 1.530,7782.595,920!6,930,834'1 3,683,360 3,247,474, 1 4,544,936 68 ' 1,352,059 371

'"I······,,·!· .. ,····

'I

II

,

1 -1 - - - - - - ' - - 1 - -1- - ' - - , - - 1 - " .... ,,', ... ··,·1, ... ,.. -1- ... ," "li7,112,37616,l38,33911$7,981,301

Grand TotaI..15,052,79112;677,30115,520,623!13.250, 7151

",
i;o:I

C1

~

!
I
'I
!'
!
Ii
1
Totalbituminoua
'
I
machln.mlned
'I
I
I!
1
1
I
,
1
coal••....••..• 1,798,5901 980,1632,327,889 5,106,6421 I 332,134 145,940 58jl,358 1,068,422 13,397,0132,778,061,1$3,318,857

'I'

~

I

TOTAL PRODUCTION OF BITUMINOUS COAL.

I

C1
1-1

~

I

1

I

t':I

WAGE.

--1--1--1,--1-.-.111--1--11
I
1_ _
!
I
'
"
1
I
I
II
I
I
I
I
II
I
'
I
,!
2.5341 124,0091 10,2851 4.991 4,9221 20,1981 22.003 112,804'1 $117,507.$11 $53.987671 $19,011 /is) $190,1iOO 73
I

I I
'I
'1.:..:.:..:.:.:: .:..:.:..:.:.::1.:..:.:..:.:.::1.:..:..:..:.:..11
577,452,

Total blook coal

I

:xl

il'll-

DmmlBunoN,

11

7412,640,503
1

537,742921I 5,262,,'i52 48
1
558,2'14
6,455,270 00

§
~
rn~

1 - -Oi-l - - - 

871$1/~1693 $1l,717,822 54

<:;rt
;-t

""
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TABLE
Showing Number of Miners, Machine Runners and Helpers, Loaders, Imide Day
and Monthly Men, PerllDm EmplOyed Outside; Total Number of Employes at
Each Mine, Number of Days Worked and Number of Mules Used; Totals by

Countie$.
CLAY COUNTY.

.;

il

J!

~

NAME OF MINE.

llill
Sl .,.'"
~
:ij!l

""
Gifford No.1 ...........................
Gifford No.2...........................

>

•••

"

12
8
89
208

. . . . , , ... ..
...... , ... ,.
.....
..
"

.,

.... ......

24

21
37
26
37

66

\.

.,

,

Q

~

....

I:::

I"··
.....
. ::
...

OOi

13
12
16
14
29
47

5
'4

15
6

:.if

5
7
S
23
19
5
16
8
6
2
4
3
16

. . .. .

.

100

12
15
19
2
2
6

t
8

ril

]
~

'3
~
r,:;
Q
-~- - - - - 

..

22

3

..

13
11
15 . . . . .
33

-TotAl.. ..... ..... .............. .. 1,265 I
,

17
36
54
54
29

..

85
14
40
14
49
70
26
65
35
36
20

Treager ....•..............•...•......- .

Progressive ........................ " .
Wizard............. ...... , .... , ......
Raceoon (Idle) ......

I

...... ......
...... ......
.... ,
....

6
11
61'
20

•••••

.s II

4
8
16
12
10

3

Vivian No.2............... , ....... ..
Gold Knob ................
VandalIa No. 60.......
Vandalia No. 65........ : : : : ..
Fortner (Idle) ..............
Vivian No. 1.. .........
Stunkard
Kiondyke N~:2::::::::::'"
Brazil Block No.1.. ........
Lower Vein No.1 (Idle) ......
Brazll Block No. 4.. ......... ". '"
Brazil Block No.8.... " .... " . " ..
GartNo. 7.. " .......... "
Continental No.1.. ...
Rebstock............
Superior No.4......
Crawford No.8....... ..............
Crawford No. 9.......
Glen No.1 ........
Plymouth No.2 .... .................
Monarch........
Indiana Block.. ..•.
.. . . . ... . . .. . .
World. Fair No.2.
Crawford No.2..........
Harrison No.4..........
" .
Vandalia No. 50........... : : ...
Eureka No.5 ............ " ....
Crawford No.6.........

""
:s!::il

1!

.

~

~\i

~

~-----

25
25

Lewis .................................

;:;

1~

9
9
8
5'
9
12
16

68
100
.93
99
70
130
271

234
115
132

248

161
281
260

'''T ."i:.i "'49
2
5
4

17
81
30

41
275
304

3
6
5
7

22
53

46
249
183
269
253

.. .. "i20'
12
:iOi
6

4
5
5
4
2
4

3
7
3
5
1
7
1
1
4

24
79
95

35

86

48
46

24

32
21
60
32
54
88
99

14

18
43

235
277

221
258
295
197
69
263
203

260

236
254
265
182
199

.,,;

~

~

-!lI!l

'"

If

5
9
5
S
4
7
16
1
2
5
3

8
'2
3
2
7
5
2
6

4
2
1
2
1
4
2
3
5
9
1
1
3

" .... i •

384

181 12,070 6,695

138

1,507
1,051
675
1,498
867
3,728
8,271

'''00
llll

3,095
910
3,426
115
1,108
229
2,151
3,146
1,062
3,327
1,619
2,274
704
679
101
1,868
699
1,497
3,734
3,700
670
1,312
871

I
56,002

DAVIESS COUNTY.
Homey ............................. .
Montgomery No.3.. . . ... . ........... .
Mutual........... . ................ .
Mand&bach (Idle)....
Total ...

382
1,098
2,399

3,879

515

'fABLE OF EMPLOYES.

Table Showing Number of Miners, Machine Runners and Helpers; Etc.-()on.
FOUNTAIN COUNTY.

I

: ~ .1

.s~

~

1

~-.l
"lXl
.s~

~ 1~
p:; ':.;

TotaL. ......

.. , .....
.. "
, ...

"

...

.. - .. " ..
,

.;

:;j
~d
Ii:;j I

.; ,HI

NAME OF MINE.

Indio" ...... " .,
Sturm....... ..

I

001 "".

. ,.'
"

"

...

18 I......

....

571 .....

•

;0>>.

l.s
. ...

".
., ..

~:S

, ~
~

i~ : "
.1!!

0

~
-!il

,l

I]

i

~

>'l

rt:: i ~
1

12 i
21

6
2

57
22

141

8

79

I

~81

Ii

""
~

~

~

43

6
2

249

8

200

-

1,394
233
1,627

GIBSON COUNTY.

Oswald................ ..

Fort Br....ch .......................... .

94
8

Total....... ......................

176

74

Massey......... .

5,758
297
3,SOIi

...

9,800

GREENE COUNTY.
Island Valley No. 4.
Black Creek.. . . .. . ..
Glenburn..............
Vandalia No.2 ........
No.5............ :::.
No.8......
No.9.
No. 21.. .......
an
Gilmour ..........
HOOIier No. 1......
Lattaa Creek.....
2..

7

68
66

100

99
18
35

.....

"ai'
17

66

10

'if

as ,....... .....

Twin No.4 ....
Twin No. 5.
Antioch ..... :: : .

8

. ...........

11

3'.:::: .... ....... ....
0.4 ............ ............
,

.............. ·1

' '1
wean. .......... ............ ..... ..
No.6............
ill.....
.............

..

Victoria ..............................

fi'~::::::::::::::::::::::::::::::i

51
56
45
107
94

42
116
27
12
35

14
8
2
12
32
22
10
30

14
8
26
18
12

14

6
16

64.
35,
7
23
66
123

172
181
79
252
252
222
257
268
151
49
261
229

110
162
105.
254
2\l6
237
172
155
207
80
322
185

68

85

94

27
127
96

66

106

62
33
81

152

133
70
140
77
75
61
133
132
65
142
37
23
50

....
...... . . . .. .
.... ,. , .. , ..
..... , , .....

33
59

179

163

158
210
108
83
135
150
240
57
79
87
193
143
70

42

82

Total..................

7
15
8
21
16
16
14
6
14
4
18
22
8
11
6
9
9
8
6
13
9
5
5
3
2

1,150
3,935
921
6,404
3,972
2,333
2,894
1,371
2,929
214
5,696
1,822
999

1,273
436
1,253
4,052
2,026

1

821
2,611
3,785
2,647
2,098
674
300

4
3
3

1,755
901
736

265

60,098

KNOX COUNTY.

,'andalla No. 40............. ..
l{nOX ..•••••.••.••..••• , •.•.•.•••••••

, . . fl.. ·~·i

Lynn ................................. .
Pine 'Knot.......................... ..
60 .......... ..
12, 50
Freeman .............................. . ....
Tecumseh ............................. . .....
14
20
Bicknell.............................. .
48 .......... ..
l'roopoct Hill.......................... .
13 .......... ..
69 .......... ..
Wheattand.......... ..
Total. .. .... .. .. .. .. . .. .. .. .. . .. .. .

7
11
12
19
16

17
7
14

5
12
9
10·
11
10
9
5
7

110

78

7

1

37
641
57
89'
89
51
74
25
90

~I

227
56
192
144
121
86
211

3
4
5
7
5
2
9
2
'7

576 1,287

44

407

796
829
800
1,429

504
2,247
284

3,631

- - - - --,1--1--1-'''''- - - ' - - - - 

228

38

122

10,927

516

RIilPOUT 01" S'L'ATIil ONOT,O(1JS'l'.

Table Shuwing Number oll"liners, Machine Runners and Helpers, Etc.-Cnu.
PARKE COUNTY,

NAME OF MINE.

MeocaNo. 3......... , ..... ,'
Parke No.1!.. ........ , ....... , .. ,' ...

3,869
1,986
2,828
3,743
251

~~~J.3i6:::::::::'::::::::::: :

Vandalia No. 317....... " .... ,,' ,., ..
Harrison (no~ repor~d), .... ' . , , ....... .

"ii' .. i26' '242'

Mary............................... , .
Br...UBlock No.9...... , ... , .. , . , .... .

Bmzil Block No. 12... , .. , ... ' , ..... , , .
Superior No. 1...... , ... , ..... , , ...... .
Superior No. :1.. ............. , ,
Superior No.3...... , . , ........ , ....... ,

Total................ , , ' , , , .

100

198

3
7

2Il
64

264
260
231
267

~

101

<IS

7

~~;: N::;,!' (N~w' nili.e; ~o'trep;,rl.idi· :

James Moore (New mine, not reported) ... ,

8

I

gg

1

685
2,626

500
583
1,998
3,011
4,486

,---;---,I---·i----]----i----I----'--------

26,658

PERRY COUNTY.

308

Troy....

308

Total

PIKE COUNTY.
Carbon ........... , ........ , ........ .
Ayrshire No.3. . . .. .. . ............. '

£.~;~~:.;:::.:::::::::::::::::::::

Blackburn No.1... . . .. .. ........... .
Littles ............... ' ......... ..
Hartwell No. 1. ........... , .......... .
Hartwell No.2 .............. , ...... , .
Petersburg (Idle) ... .

Total .............. .

25
53
143
20

9

41

141

75
48
555

l()

16

40
78
205
13
79
12
1
6; 55
5

9

42
9
2
g
32

20

17

gi

9

3

185
1M

60

989

2,442

7,138
I,05Il
13

452

6,824

1,282

1,326

517

TABLE OF' EMPLOYES.

Table Showing Numbero! Miners, Machine Runners and Helpers, Etc.--Con.
SULLIVAN COUNTY.

!

]'

NAME OF MINE.

'"a
~
3

-----------

E-<

0

Rainbow ...........•................. '1'
2
Phrenlx No.4 ................ ,.... . ....... .
Hoeking...............................
10
CiU..,n.............. . . .. . . . . . . ... . . ... .
12

SunJlower............... ,..............
No. 25................
No. 26.............. '"....
No. 28. .

1

18
18
16
!O
12

10

12

I)

12

2

~:ted~~ ~:::::::::.......... "'ii"

4

12

Washington.. .. .. ..

'"

Vandalia No. 10...... .
Dering No. 12 .
Hudson.... ..
Keeley .... ..

Totol. ..

80
35

70
18
52

29
59:

31
46
4{)
17
18,
20
15
19
21

9

94

13

105
237

144
182

127
61
177
147
120

24
WI
204
211

13
12

49

87

49

343

14{)
96
129

240'
46

33

28
58

106

72
97

13

t~

167
176
169
83

111

9

1~

28

63

210

1
p

~

!
~ -:.I~- - -

10
12
13

24

10
29 ...
11
18

611

16
16
23

1~1.1..,~3 .... ~4.

22 ..
12
66

Consolidated No. B2 (Idle) ......... .
Consolidated No". 34.............. .
12
Keystone.. '" .. . . . .... .. . ..... .
4{) . 20'
Jackson Hill No.2 ........... .
Jackson Hill No.4.. ... . ... ..... . ... '" '"....
16
16
Dering No. 13 .. '" ............. ..
Dering No. 14 ......................... . ... ..
22
Semi Bloe!< (Idle).......... '" .............. ..
Mammoth Vein................... '" .... . .... .
Shirley Hill No. 1.. ... '" . .. .. . . . .. . . . . . .
47
Shirley HiH No.2... .. .. . . . . .. . .. . . . . . . .
4
Shirley Hili No.3........................ '1'0'5"
Little Giant... ............ .. ........ .
Kettle Creek........... " .............
4
Reliance......................... ..
67'
Diamond No.1... . . . ... . .......... .
Black Hawk......... . ........... .
31
Clover Leaf.. .. . . . .. ... .. ........... .
7

CUmmina................. ..

100
96

j

50

13
16
15
6

8
5

7
6
9
29

2,346
3,539
1,711
963

109

1.285
285
134

948
2,230

....s· · .. ·Ci
5
17
15

225

9

226

22

910
1,741
1,487
1,397
1,439

."iii' '''i)67
12
4
I
18
12
7

5

2

9
4

5

17

4,326
561
149
6,562
. 912
1,027
3,482
. 348
1.3~ .
898'
3,287

7

Ii
6

699
1,471
1,691

317

49,766

VANDERBURGH COUNTY;

Firat Avenue.... ................
Ingleside...............
Sunnysid!>. . .. .. . . . . ....
Crescent.. .
Diamond..
Total.

38

Ii

48

10

49

112
39

1----1--'
286

1,667

22

Ii

2,420
1,954
7,181
1,668

49

14;890

7

518
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Table Sho'wing Number 01 Miners, Machine Runners and Helpers, Etc - Con
VERMILLION COUNTY.

NAlliE OF MINE.

Dering No,/).. . . .
.. .......... .
Dering No.7 .... , .. " ............. .
Eureka................ " ..... , ...... ,
Crown Hill No.1 ..................... ..
Crown Hill No.2 ...................... .
Crown Hill No.3 ... .
Oak Hill.................... ..
Maple Valley.. .... . ............. , .... .

15.2
150
17
140
168

...

8

49
46
5
25
25
6
31
25
48
34
22
10
5

9

~~':yN~·i:: ::::: :::::::.:: ......... .

Dering No.8 ......
Dering No. 15
PrInce No.2 ...

245
262
199
236
267
298
175
259
200
00
143
21
25

13,309
12,562

693

10,419
14,434
190
9,056
10,124
18,965
2,192
3,166
412

20

Tots!. ...

95,531

\lIGO COUNTY.
Dering No.6 ...... : .. .
Plymouth No.1. .... .
Atherton ........ .
Parke No. 10..... .
Ray No. 2..•....
Fo.....!.. ........ ..
Lawton ........... ..
Grant No.2 ......... .
Vandalia No. 66 ......... .
Vandalia No. 67. , . . . . . . .... .
Vandalia No. 68 (Not reported) .... .
Chicago No.6..
....
.
Vandalia No. 69....
Vandalia No. 81.. .
Miami No. 1. .....
Miami No.2" ..
Miami No. 3.....
Fauvre No.1...
'Fauvre No.2 .. ..
Deep Vein..... .
Sugar Valley.. .
Vietor............ .
Wab..h•...........
MIns.hall........... .
Domestic Block...... .
Lower Veln No.1: ................. '" .

Total. ...................... ..

~ ....4· "'i2'
7
00
122

10
16

61
4
16

32
20

12

5
\I

36

15
9
17
15
12
16
15

27
37
51
41
42
52

54 "'22' . "!;i'

197
99
120
187

289
42
74
176
168
181
263
152
178

254

229
264
192

16,429
1,361
1,166
4,808
4,415
3,959
6,416
5,079
6,947
7,912
62

225

154

166
253

211

277
233

'''ii' ............ ''''3'
104
59
147
III
171
46
30
SO
10
105
44

~

2

12

5.2

3g
36

83
66

93

41
22
34
17
32
11
6
17
4
13
10

168

6,740
3,676
7,788

4,666
7,341
2,172
1,880

5,~

3,736

2'~i

I

1,366
5,033

1--1-

112,5.'0

643

WARRICK COUNTY.
Menden.. .. .. .. .. ..

~~~~·N~.3::::: ......... ::::::::::

4

10

'''20' ... 1:.... 37

Eloom"...............................
13
10
53
DawlIOn...... ... ..................... ......
10
24
Erie Canal.. .. .. ...... ........ ...... ...
3
B
37
Chandler.. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .
25
6
12
Castle Garden . ., .. . .. .. .. .. .. ... ......
61.. ..
~~j~o.l.(Idle) ..................
2B :::::: ::::::
.. ...... , 27 i............
Elberfeld.....

3

3

20

~g

1~

3S

11
120
5
48
7
71
5
66
8
79
5 ' "38'
I)
36

\I

16
7
10
5
4

~

182

2

266

24~

1~

1,1~

246
144
181
189
291

Hi
5
5
4
4

2,274
200
848
959
5,548
1,123
669

"iii!' .. '3'
146

3

: :~·-T-'ots-l-,-.-----:-::-:-·i::i~I~F~I~~I~i~::;

519

(iEXERAJJ l'ABLE OF EMPLOYES AXD WAGES.

TABLE
Exhibiting a Comparative Statement at Total Tom at Coal Produced, Total Number
at Employes, Total Wages Paid and Per Cent. Gain or L088 in Number of
Employe8, Tom 0/ Coal Produced and Wages Paid in the Block Coal Mines
tor each year from 1901 to 1907.
BLOCK COAL MINE
EmpJoves,

YEAR,

1901-1900 ..
1902.. .. "
1903 .... ,
19040. ....

ll101S .... "

..

1906 .. " .
1907 ..... . ..

Pet
Cent,
Gain

Pet
Cent.

r.m..

I Produced,
Tons

. I

.....
2.742 34
2,452 •• >, •• " 10.5
,06
2,293 . , .. , .. ,
.071
2,128 ........
1,966 .. ,.
.076
,014
1,994
.. ,:01'
1,85.'! .. "

II

Per
Cent,
Gain.

p~!

Cent.

Loss,

27,8
1,090,522
1,162,764 "'7"' ..
1,025,940 ' " ., .. 'iU'"
727,062 .....
29.1
6.58,735 ........
.005
746,670
13,3 ......
875,233
3,81 ......

..

Wag.. Paid,

$1,228,37272
1,356,008 45
1,402,935 99
1,085,056 33
917,501 22
974,549 ?l
1,230,199 23

I Cent.
Per

Per
Cent,

r...,...

G.b...

'i6X"
,34

. .......

.035

"

... , .

'29:+'

18.'2
"':662' . .......
2,62

. ....

"

.

TABLE
Showing a Comparative Statement at Total Numbers of Employes, Total Tom of Coal
Produced, Total Wages Paid, Per Cent. Gain or Loss in Number 0/ Employes
in the Bitumtnous Mines of the State from 1901 to 1.907.
BITUMINOUS MINES

YEAR.

Em
ployes.

P~

Cent.
Galn,

Per
Cent.
Lrus.

To""

Produced.

Per
Cent.

Gain.

P~

Cent.
Lou.

Wag.., Paid.

Per
Cent.
Gain.

Per
Cent.
Lou.

----:-----------------:----1----------
1901.." .
1902.. ..
1903", .
1904 ........
1905........
1906 .... " "
1907 ..... "

9,3M
10,687
12.835
15,710
16,643
17,568
17,156

19
14.8
20+
22
5.9
5.5

."

".,

'2:34'

5,928,681
7,600,433
8,966,613
9,145,332
10,337,237
10,675,357
12,375,482

24

18
17

. ... . ..
.. " ....
..... ,..
.02 .... " ..
.13 ... ", ..
.032 .. .. . ...
.159 , .... , ..

$4,452,167 14
5,722,81467
7,746,636 13
8,080,34806
8,436,39343
8,998,491 67
10,487,639 31

.35
.29
.37
..43

.044
.066
16.1i

TABLE

<:.11'

Exhi1.ritill{f the Number 0/ Miners, 'the Number of Inside Day and Monthly Men, the Nurriber 0/ Outside Day and Monthly Men, the Totnl
Wages Earned by Same and A l'emge Earnings Per Employe in the Block and Bituminous Mines, Each Exhibited Separately,

t.:)

0

BLOCK COAL MACHINE MINER.
of
Average Number
Outside
Total Wages.
Wages.
Employes.

li
A'
I-Nb
um er aITotal
Wages.
verage INumberof
Inside
Tota.! Wages.

COUNTY.

Mmers.

Wages.

Employes.

Average
Wages. ,

---

Clay .............
Parke ...........
Vigo ..

.............

~

....

Genersl average.

.

I~fal_ ~:~r~ HI'i~~'~q""'~~
160

117,507 51

$734 42

73

$6,681 :rI
25,707 14 . "694'78'
21,599 16
539 97
$53,987 67

$739 55

12
16
28

$2,082 01
9,411 86 ... $784' 32
7,517 68
469 65
$19,011 55

$678 98

::,;
t<J
>-0
0

::,;
>-3
0

~

BLOCK COAL PICK MINES.
Clay .......
Parke ...
Vigo ....

...............
..............

General average ,_ .

Total general average for block employes ..

rn
>-3
~

828
290
33

$481,846 50
183,406 11
12,54705

$581 94
63243
380 21

211
88
4

$158,564 21
66,578 06
8,87450

$751 48
756 56
221 87

107
36
5

189,167 26
33,968 36
4,74045

1833 33
94356
948 09

1,151

$677,799 66

158887

303

$234,016 77

$772 33

148

$127,876 07

$864 02

1,311

$795,307 17

$606 641

376

$288,004 44

$765 97

176

$146,887 62

1834 58

General

avera~e

..

.....................

............

$132,17232
398
1,792 1,181,239 07
114,286 48
173
314 •
164,759 87
57
15,685 25
2,428 1,396,24775
17
10,160 87
302
165,336 65
264
138,969 29
5,745

3,318,857 55

$332
659 091
11
660 61
52726
275 15
57506
59769
54747
526 39

I

577 52

Q

t<J
0
t-'
0

8rn
~

BITUMINOUS MACHINE MINES.
Clay ....
Greene .. .
Knox ..................
Parke .....
Pike .......
Sullivan ...
Vermillion ................
Vigo ...................
Warrick.....................

>-3
t<J

93
624
46
85
9
829
6
88
83

$71,998 69
401,346 68
:rI,942 63
60,95942
6,996 11
534,98969
3,864 31
66,29755
50,061 75

1,863 $1,234,456 83

$774 17
643 18
824 83
71716
777 34
64534
644 05
753 ()()
,603 15
1
1

49
207
42
31
13
365
4
41
43
--$662 61
795

$39,67845
152,239 61
32,108 54
24,447 74
4,381 94
213,101 61
2,62749
26,432 41
23,713 68

1809 76
735 45
764 48
788 63
33707
58383
59769
644 69
551 47

$518,731 37

$652 49

t

..,

BlTU.M.INOUS HAND MINES.

Total Wages.

~::,:e

INumber of

.

Inside
Total Wages.
Employes.

Average
Wages.

Total Wag....

Average
Wages.

~

o

"il

Clay.......................... .
Daviesa . ...... , , ............ r •••••
Fountain................ .. ...
Gibson ..... , ............ .
Green................ ..
Knox ................ .

Padre............ ..

~~::.::::::::::::

Sullivaa.......................... .

~:~~l:~:: :::.:::::.:.::::::: .. :

Vigo ...................... .
Warrrok.......................... .

$265,098 00
M,33,'i 72
26,674 61
140,141 86
321,565 87
91,297 M
73,86282
6,740.51
247,907 66
75,098 67
200,51421
934,41592
1,340,579 04
88,35653

$128 26
55444
46797
796 26
47498
42463
69568
61277
463 iIi .

29565

70130
635 23
67502
66335

96
24
14
68
162
64
52
3
136
100
80
325
515
29

$59,927 5.5
16,726 61
7,423 80
49,804 99
87,67370
25,686 88

24,068 37

2,22395
87,687 12
29,064 25
68,428 70
256,514 94
398,900 79
14,020 95

General average" ......... ..

02

$605 18

1,668 $1,118.04260

Total aV1l!'age for State ...•....

74

$6ii7 71

3,531 82,640,003 87

$624 24
69694
5111l 27
732 42
M119
401 35
46266
741 31
644 02
29064
7111l 35 •

34
16
8
21
81
36
18
2
68
49
49

789 21
77456
48348

190
24

$670 28

I

$661 17
,75283
70444
935 82
5.5665
iIi4 93
49329
527 70
78635
389 86
84256
611 71
72901
43380

$430,397 94

$628 31

98

l-ass

-1
$141 80

$22,47978
12,047·iIi
5,635 56
19,:562 32
45,089 05
13,497 64
8,87929
1,562 71
35,S8397
15,494 57
41.285 M
59,948 27
138,530 62
10,411;35

1,480 $1,098;01693
$1405.5
-----

. NOTE I.-The mine reported 8S a block eoaI machine mine In Clay County is not included In the above averages bec.... of the fact about ball the wages reported
NOTE 2..-J.lacbiue runners. helpers, loaders and miners lIle all reported together under miners.

w"" pa.id for miningClay.

o
'""
..,.

~
"It

~.
0
c:::

g

c

Z
:>

z

"~

~

<:,)~

I'.:)

......

522

REPORT OF STATE GEOLOGIST.

TABLE
Showing by Counties the Number oj Tons 01 Coal Mined, the Number 01 Kegs at
Powder Used and the A verag,e Number of Tons Produced Per Keg in the Block
Coal Mines of the State, the Pick and Machine Exhibited Separately; Also a
General Average of Tons Produced per Keg in the Pick and Machine Mines
. Combined.
BLOCK COAL MACHINE MINES.
Tons
produeed.

COUNTY.

~:~e:::::::.:::::·:::::::·
Vigo ..

General overage ..

I

Tons
per keg.

Kep

of powder.

7.456
74,927
62,424

685
1,360

704

10.5
109.3
45.7

13,735

2,050

67

528,5531
189,693

34,567

BLOCK COAL PICK MINES.

12, ISO i

15.2
14.2
9

13,294
1,361

General average..

718,246 i

49,222

Total general ayerage . ..

855, 597 1

51,272

i

14.~

16.6

NOT>: 1. The total number of keg. of powder used in the block (oal mines in 1007 was 61.976 kegs.
About one-half the powder reported from the Clay County Machine Mines was used in mining clay
and the powder reported from the Vlgo County Pick Mines was reportetj from a new mine and the greater portion
of the powder was used sinking the manway and completing the shaft bottom, etc. Neither 01 these amoUl,t,
h,ve been included in the 3bove general average.
NOTE 2.

TABLE
Showing the Number at Ton." at Coal Produ.ced, The Number of Kegs of Powder Used
and the Average Number at Tons Produced Per Keg in the Bituminous Mines
01 the State, the Pick and Machine Mines Each Shown Separately,
BITUMINOUS MACHINE MINES.

COUNTY.
Clay ....
Greene ..
Knox .. .

Parke... .
Pike ... ..

Sullivan..

Vermillion
Vigo ...
Warrlek ..

Tons
produced.

Kegs

01 powder.

2&.272
2,200,260
236,479

5,698
37,602

289,918
27,8211
2.042,854
16, QIl3c

44,097

. 314,llQ!j

9,918
.!S,713

283.U»

3,558
8,685
1,059

100

Ton.
keg.

per

47.11

~8.5

66.1
33.3
26.2
57.21
84.2
2U
65

~_G~ne,~~.v~~~~~_~____ ~._ _~_~ _·_·_"-,-1_6'_17_5_,0_7_._!_ __~6. 4~1= 53

.
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TABLE SIIOWING AMOUNT OF POWDER USED.

Table Showing the Number of Tons 01 Coal Produced, Etc.---Continued.
TABLE OF BITUMINOUS PICK MINES.
TOIlll
produced.

COUNTY.

Clay ....................................................... ..

Davles8..................................................... .
Fountain .................................................. ..

Gibson ...................................................... .
Greene ...................................................... ..

KnOl".....................

.. .................. ..

Parke....................................................... ..

~fk~~: :::.. ::::: ...::::::::::::::::::::::::::.:::::::::::::::

Sullivan..................................................... ..
Vanderburgh. . . . . .. . . . .. .. .. .. . . . ... . ...................... ..
Vetmilllon................................................ .
Vlgo ....................................................... .

Warrick..................................................... .
General average .................................. '" ..... ..

429,581
87,385
40,099

Ke~

of powder.

I

Tons
per keg.

31l,24Q
1,469.088
2,223,522
140,623

15,133
3,879
1,627
9,860
22,496
7,369
3,994
308
20,476
5,669
1',890
95,241
99,906
7,348

23.09
22.41
18.66
25.13
31 •
19.5
2.07
2.09
15.4
22.26
19.13

6.200,408

308,296

20.11

227,688
/i04,143

139,603
100,270
9.667
400,110

117,479

28.3
22.5
24.6

RECAPITULATION.

TOQIK~I
of powder.

produoed.

General average Bituminous Hand Mines .......................... 6,200,408
General average Bituminous Machine Mines...........•............ 6,175,074
General average of all Bituminous Mines.. .. .. ................ .... 12.315,482
General average of all Block Coal Mines ....... , , . . . , . . . . . . . . . . . . .
855,591

.

Total general average for the State .........

... ....... .....

13.231,079

Tons
per keg.

308,296
116,420
424,716
51,272

20.1
53.04
29.13

475,988

27.19

16.68

NOTE 1. The above averages represent mines only from which coal was reported.
NOTE 2. There were 704 kegs of powder reported frum the bituminous min... for which we have no coal re
ported and are not Included in th. above averages. Thla amount added to the powder mentioned In the foot
note under the block coal tables brlngs the total amount of powder used in 1007 up to 476,692 kel!llWd the coa
represented by the two block mines mentioned In the foot note brinp the total tonllil/!e for the year up to 13,250,715
tons.

TABLE
Showing a Comparison of the Cost per Ton tor Powder lor the Years 1906 and 1907.
Year.

KIND OF COAL.

Tons
produoed.

1906
1007
1006
1007
1006
1007
1006
1907

M""bIne block coal ............
MacbIne bloek coal ............
Pick mined bloek coal .........
Pick mined blook coal .........
Machine bituminous coal.... , ..
Machine bituminous coal.......
Pick mined bituminous coal. ....
Pick mined bltumlnons coal .....

114,869
137,351
631,801
718,246
5,051,627
6,175,074
5,623,830
6,200,408

K~

of powder.

1,691
2,000
41,135
49,222
97,230
116,420
286,919
308,296

Price
per keg.

$1 75
1 75
1 75
1 75
1 75
1 75
1 75
175

Total cost.

$2,95925
3,587 50
72,073 15
86,138 50
170,152 50
203,71500
502,108 25
539,51800

Cost

per ton.

$.O25~

.0261
.114
.1199
.0336
.0329
.0892
.087

NOTE: The above table shows the total prodUction for the state in 1007 to have coet 10.081 per ton or $0.0022
These ligures show a net gain or II'lvlng of $29.108.31 to the min.... of the' .tate for
powder used In mining In 1907.
.
per ton less than In 1006.

~

~

TABLE
Exhibiting the Names of Coo.l Companies, Names of Mines Operated by them, the Geologico'! Number of the Different Coal ,'ienm8 Mined,
the Thickness of Each Seam,the DepOI from Surface w Each Seam, Pick()r Machine Mines.

BLOCK COAL MINES.
CLAY CODNTY.
I

'\ .

NAME OF COMPANY.

BW;!lBIOCk-;::~--

i

i

.. - ..-.-.-_1

Brazil Block Coal Co .
Brazil Block Coal Co •
B"""il Block Coal Co...
SllperiorBlockCoalCo... ·"
Superior Block Coal C",.. '"

.Zellar-MrClcllan 00& \0.. " ..
~al Co.........
,lock Coal Co.
cal Co. ..
.
<Cra.wfard Coal C.o...... . . .
<Crawford Coal Co........
Crawford Coal Co... " .... "
Crawford Coal 00......... " .. " ..
Amerlca.nGlnyManufactmingCo. .
Indlilna Block Coal Co ... " .... "
Eureka Block Coal Co.. .
McLaughlin '" T""""",..
Vandalb Cool Co..... .
Coal B1ul! Mining Co..
Coal Eluff Mining Co..
Nick Scheferman"".

~~;l'C:ro,au::

Sam Pyria ..

-------_.

11

Name 01 Mine.

BrUll-No.l--~-.·

. Brazn No.4
Brazil No.7
"I Ilr",,,1 No.8. ....
'''1 Continent31.....
.. R.I,.tock. . . . . . .
... Superior No. 4.... .
'1 Superior No.7... .
. Hal',,,,,n No.4.. .
.. .. ... Cl'llwlord No. 4.. .
Crawford No.2.
Crawford No.6...

j'

Crawford Nu. 8...
Crawford No.9.
Monar~h" .. " ....
Y,ower Vein No. 1..
Eureka No.5.
TrcBger""" ..

Vandalia No. 50

menn No.1.."

Plymouth No.2..

Sohef.rma......

~~~;d'No:i(i"::.
Pyria ....... "

CleoIDg;csl

f

Railroad.

t

I' C.« F~----:--~ E. L.. .
Vandalia....
C. k K 1.
VandBlia. ..

C.

, C.« F.. L

I Yanrlalla....

'1 Vandalia.
. E.'\ L "
. 1 Vandalia..
. 1 Vandalia..
. Vandalia..
.. ", E. & 1. .. " ..
.". .\
r,. I." ..
.." .. C.&E.I.. "."..
IE.&; L .. "". ..
I' C. c. C. It St. I,.
I Wagon mine .. " ... "" "".
1 Genre, Point. Brancb Vandalia.
C. &; E, I." .. "...........
. 1 C. .It E. I." .. .. ".. .."..
. .. '1 l.oc81 mine...... ...... ".

c. '"

:1 ~~~i~d~n.:

I

... I"'''''L..........

'n mb",
coal

J

..am.

Thlcknl'S.
01 coal

seam.

IV

3'6"

III

3'9"

III
III
IV
IV
IV
IV
IV
IV
IV
III
III

3'1\'
3'(,'
4'6'
4 'ft'
3'9'
3'9'
4 '0'
4'
3'6'
3'6'
3'

IV

4'

IV
IV
III
IV

In

IV
III
HI

W
IV

3'6'
3'
3 '6'
4'
3'
4 '6'
3'3'
4 '6"

::~:

4'

DepHI

from
.tlrf"""
to coal

PicK or
machine
min.

•...

Mae1lioe.

~01

160

80
75
00
00
68
116
50

86

l'ick.

AS

81
58
116
flO

105
215
itO

60

Ig

-_ _-----'-
..

4Q

~

~

!:l:J

H

PiCK.
Pick.
Pick.
Piclt.
Pick
Pick..
Pick.
Pick.
Pick.
Pick.
Pick.
Pick.

75
S9
6S

::0

o

"'l
00

H

>
H
t>j

o

~

o
t"
o

e
00

:-l

PARKE COUNTY .

Bra.ll Block Coa.l Co........ .
Otter Creek Coa.I Co...... .
Brazil Blook Coal Co....... .
Zellat-MtClellan & Co.. , .. .
Zellar-McCIenan '" Co.
Ze1lar-MeClellan & Co. " .. .
Z-ellar-McClellan '" Co..... .
Plymouth Block Coal Co ... .

.1

'1'

B.....il No. 12.......

I

C. &I.C.. .
C. & I. C.. .
C. '" 1. C..... .
C. &; I. C... .

~1i·N';"9:."..·

Superior No.1 ...
No.2 ...

C. &; I. C..•....
C. '" I. C•.••...
C. C. C. & St. L ...

.
5...
Pan-American....

m

III
III-IV
III-IV

C.&LC.... .

a..

III
III

III
III

3'6"
4'10'
4'6"
5'
a'6'-8'8'
4'
3'6"
4'

1~ I ~hlne

120
108

135
40
145

70

Pi.k.
Pick.
Pick.
Pick.
Pick.
Pick.

~

~

1;1:1

po

Z

VIGO COmi·TY.

I::l
'"'l

Domestic Block Coal Co.. .. .

.. .. .. .. .

Domestic Blook No. 1..

C. &; E. I. .

tIl

.. .............. .

;;:;

~'"

BITUMINOUS COAL. MINES.
CLAY COUNTY.

o

";:

Vandalia Coa.l Co.•.
Vandalia Coal Co.. ..
Vandalia Coal Co.••.
Ideal Block Coa.l ('.(l ..
Conlna Coal Co.•.•.
CoUin. Coal Co ...... .
Big Vain Mining Co .. .
V!vIIIII Milling Co... .
Co.... .
Co ........ ..
Vein Coal Co .. .
C. Ehrllth Coa.I Co.....

Vandalia No. 00..
Vandalia No. 64..
Vanda.lla No. 65.
Fortner ......... .
Gifford No. 1.. ... ..

Gifford No. 2..... .
Lewis ............ .
No. 1. .. .
No. 2.... .
nob ............... .

Island Valley No.4 ..
K10ndyke No.2 •....

1
·j

Vlllldalia fMain Line) ..
· Vandalia Main fAne) ...
· Vlllldalia Main Line).
· Vandalia Main Linc).
C. &1. C........... ..
C. &1. C......... ..
Southern Indiana... .
Southren Indiana .... .
Southern Indiana ... .
Southern Indiana ........ .
Southern Indiana ..... .
Vandalia (Main Line).

VI
VI
VI
V
III
III
V
III
IV
III
IV
VI

7'
7'
7'
3'4'
4'4'
4'6"
8'
5'6"
5'

6'6'
5'6'"
7'

32

P'lCk.

90

Pick.

100

Pick.
Pick.

75
77
107

Pick.
Pick.
Pick.
Pick.

no
48

Piek.

c

~
t"

<l
t;::l

Z

~

Pick.
Pick.
Piek.

..:;,
t-:)

C1

(!.II

b.:l

0')

.. BlTUMTNOUS COAL MINES-Cont.inued.
DAVIESS COUNTY.

Name of Mine.

N,ufE OF COMPANY.

••,
GeoIo~
Thickn_
~~!ru
of coal

R&ilroad.

seam.

Depth
from
surf...e
1

Pick or.

tnachlne
mine.

:"'C:

scam.

~.

~

~

~

>-3

Stucky '"

Oehorn..................... .

.. . .. ........
B. Ai o. s. W........ , ...............
B, '" O. S. W.. .... ...... .. .. .... ... ..
W.gonmine............ ..............
Wagon mine. .. . .. . .. .. . . . . .. .. .. .

Stucky..•..............•..

DavlCll!! County Coal Co .............. .

Montgomery No.3......... .
MutuaL. ............... .
Mandabach....... .
Winterbottom........ .

Mutual Mining Co. .. . ................. .
Mandabach Bros. .. . ... . ............. .
Wm. Winterbottom................... ..

III
V
III
V
IV

I

3'8'
4'6' I
6'
4'

I

I

Pick.
Pick.
Pick.
Pick.
Pick.

100
100
Il6
40

I

i

'1

Iodo

... .. .. II Clover Leal...

ii:~c:t~:(b::::::"

.. ::: :::::::.::.'

. :::.:::::::: :::::::: ::::::

O.wald......... ......................

=:~ch

Southern..

[H:H.

~

t;:l

........····1!

III

~I

.

I

80

I

o

Pick.

§
.....
rn

~

GIBSON COUNTY.
Princeton"Coai '" Mining Co..................

';I

ot;:l

FOUNTAIN COUNTY.
Rush Coal Co.

o

..............

V
V
VI

6'10"\'

4 '6"
4'6'

I

4IlO
262
50

I

Picl<.
Pick.
Pick.

GREENE COUNTY.
UnitAld Fourth Vein Coal Co ................ .
UnitAld Fourth Vein Coal Co ........... .
UnitAld Fourth Vein Coal Co. . .
. ........ .
UnitAld Fourth Vein Coal Co .............. .
UnltAld Fourth Vein Coal Co. .. . .. . ......... .
Vandali\\ Coal Co......................... .
Vandalia Cool Co. . .
. . . . .. . .... .
Vandal.. Coal Co........ .
Vandalia Coal Co...
. .......... .
Vandalia Coal Co. . .. . ................. .
Vandali\\ Coal Co...... .
Vandali\\ Coal Co ..... " .... .. ..... .
Vandalia Coal Co.......... , ........... .
Midvale Coal Co. . . . . . . . ... .. .. .
ll\dIana Southern Coal Co. . . . . . . . .. .
Southern Indiana Coal Co .... .
Southern Indiana Coal Co..... .
Southern Indiana. Coal Co.... . ............ .
Southern Indlana'CoaI Co ... .
Summit Coal Co.................. .
Green V!illey Coal Co .............. .
Vulean Coal Co................... .
Queen Coal Co ............. .
Indiana Fairmount Coal Co........ .
Calon. Coal Co. . . . . . .. . ........ .
Coal Bluff Mining Co... .. ..
Coal Bluff )froing Co............. .
Moonev, Donnelly & Keers .......... .

Black Creek............ .
bland Valley No.3.. .
Glenburn............ .
Antioeh ............... .
North Linton ........... .
Vandalia No.2......... .
Vandalia No.3.... .
Vandalia No.4......... .
Vandalia No.5.. ... . ..
Vandalia No.6.... . ...... .
VandaU" No.8......... .
Vandalia No.9. .. . .. .
Vandalia No. 111.. •..
Midvale..... ..
Gilmour......... .
Hoosier No.1. .. .
Hoosier No.2 ..
Tow... Hill....
Lattaa Creek..
Summit No. 2....
Green Valley..
Vulcan.
Queen.•...

Letsinger. .

North West..
Twin No. 4.
Twin No.5 ..
Mooney ....

Southern Indiana ...................... .
Southern Indiana.. .. . . . . . . . ..
Southern Indiana.. . . . ......... .
Southern Indiana ............... .
Southern Indiana.. . . . . . .
I. & V. Branch Vandalia..... .
1. & V. Branch Vandalia ... .
I. & V. Branch Vandalia .... .
1. & V. Branch Vandalia ... .
1. & V. Br&neh Vandalia ....... .
1. & V. Branch Vandalia ....... ..
I. & V. Branch Vandalia.. .
I. & V. Branch Vandalia ..... ..
Southern Indiana ........... .
Southern Indiana ........... .
Southern WIana......... .
Southern Indiana ......... .
Southern Indiana ........ .
Southern Indiana ............. .
I. &: V. Branch Vandalia ..... .
Southern Indiana.. . . .. . .... .
Indianapolis Southern .. .
Southern Indiana........... .
Southern Indiana ........ .
Southern Indiana .......... .
Southern Indiana .......... .
Southern Indiana ............. ..
I. &: V. Branch Vandalia......... .

IV
IV
IV
IV
IV
IV
IV
IV
IV
IV
IV
IV
IV
III
IV
IV

V
III .

4~

5~

4~
4~
4~

5'
~

5'
5'
~

5~·

~

5'

7~'

5~-

3~

l'

r

IV
IV
IV
V
IV
III
IV

~
5~'
5~*

IV
IV

4'

V

r

4~
7~'

5'
6'

5'

811
47
102

176

Machine.
Pick.

Maehtoe.
Pick.

68. Pick.
66. Pick.
Pick.
55 Pick.

81

95 Machine.
72 . Machtoe.
132 . Machine.
128 Maehtoe.
95 Machine.
217 Pick.
152 Machine.
133 Pick.
46 Pick.
132 Machine.
153 Machin•.
150 Machine.
1111 Machin•.
Pick.
Pick.
Pick.
Pick.
Machine.
Machine.
Pick.

z

q

;s:

~

:;0:1

;.

Z

o

~

~Z
l':1

g5

~
C

~

t"'

~

KNOX COUNTY.
Knox Coal Co.......
Bicknell Coal Co.. .. .. . .... ..
Big Muddy Coal Co.......... .
Freeman Coal Co ................. .
Washington-Wheatland Coal Co ... .
Lynn Coal Co ............................ ..
Tooumaeh Coal Co ... .

Knox .... .
Bicknell .. .
Pine Knot .... .
Freeman ... .
Wheatland .. .
Lynn ....... ..
Teoumaeh ..

1. & V.
I. &: V.
I. & V.
I. & V.

(Vandalia)...... .
(Vandalia).. . . .. . ... .
(Vandalia)... . . . ... .. ......... ..
(Vandalia)...... .. . .... ..

&&naw......................... .

1. & V. (Vandalia) ..................... .
I. & V. (Vandalia) ..................... .

V
VI
VI
V

VII

V
V

7'
4'4"

4'6'
7'
5'
6'

6'6'

)11

.... ·92·
111O
234

100

200

156

Machine.

Pick.

Machine.
Machine.
Pick.

Machille.
Machine.
1;,)1
t>:)

-'I

C;,

I'>?

BITUMINOUS COAL MINES-Continued.

00

PARKE COUNTY.

_,

.~~

Geological Thlckne..
number
of coal
of coal
seam.

;t~{

NAME OF COMPANY..

Narne of Mine.

Railroad.

seam.

Unitel Coal & Mining Co...... , ......... , .. ., :Mecca No. 3...... , ..................... C. & I. 0 .. , ......................... ..

CoaI&~~~'.'.:.:::::::::::::::.:
tl•••.•••.. , •••.•

Parke County Coal Co.. . ... ,'
BI'Id~ Mining Co.. .. .... . ........... ", ..
James Moore......... , .... '
Wm. Moore.. ,." .......... ,'

~~t.~1:/ I~~H<

III
VI
III
IV
VI
IV
IV
IV

5'
6'6'
6'
4'
6'6'
2'6'
4'
5'

Depth
from
surface
to coal
seam.

166

Drift.. . .

Plek or

maehiD.
mine.

Machine.
Piek.
Pick.
Piek.
Machine.
Pick.

Pick.

Piek,

~

t'O
'tI

o

~

o

~

r:Jl

~

>-3
t'O

PERRY COUNTY.

Q
t>;j

Bergenroth Bros.. .. .. .. . .. . .. .. .. .. .. .. . .. ... Troy ...

, .......... " .. .. . . • . .. •

o

Ohio River tnmaportatlon ... , ..•........

8

e
00

PIKE COUNTY.

Muren Coal Co. ....

:-'l

..1I

.. .... " .. " .. .. ... . ... Muren................................. . Southern............. " ..............
Ayrshire No.3. .. .. .. .. . ... . ......... .. Southern." ....... " ..... " .......... "

~: ~:&:l g:•• ::::..:::::.::::::::::::::::

B. W. Little Coal Co.. , ' ., ,....... ... . ... , ...
D. Ingle Coal Co.......................... , ...
B. W. Little Coal Co... ... ......... .. ...... .
s. W. LittleCoalCO.... " ............... , .. ",
Pokato Valley Coal Co .. , .... , ...... " .. " .. ..
Pokato Valley Coal Co.:. " ...... "" ...... ".
W. S. Little Coal Co......... , ............... .

:::::::::::::
. . :.. ::::::::::.::::::::: ~i§:::::::.:~:::::::.:::~:::::::::.::.

i='~. ~~'.~:::::::::::::
~ur:.~ ~::
Littles.. ........

.. ................. .. E.&I. ....... "" ....... " ...... .

Hartwell No.1......................... . Southern. . . .. . .. . . . .. . .. ......... ..
Hartwell No. 2......................... . Southern......................... ..
Bogue No.2........................... . E.&1..............
.. ......... ..

V
V

V
V
V

V
V
V
V

V

4'6'
5'

4'S*

7'
5'

6'6'"
6'6'

5'
5'
7'

I
43
22
....... ..

Pick.

Piek.

Pick•
Pick.
Pick.
Slope..... Pick.

~Bt::.
Drift..

~.I ~~t

DrifL ... [ Pick.
80 Machin•.

!

SULLIVAN COUNTY.
CoaICO ................. ..
Coal Co............. ..
Cool Co.............. ..
Cool Co................. .
Cool Co.................. .
em Cool Co................. ..
ICO ....................... .
Consolidated Indiana Coal Co. . . . . . . .. . .. .
Consolidated Indiana Coal Co ............. .
Consolidated Indiana Coal Co ........... .
Consolidated Indiana Coal Co ........... .
Consolidated Indiana Coal Co. . . . . . . .. . ..
Consolidated ln$ilana Coal Co .......... .
ConsoUda~\Indlana Coal Co. . . . . .. .
Vandalia U>al Co.................... ..
Jackson Hill Coal Co.......... .
Jackson Hill Coal Co................ .
A. B. Whitsett Coal Co.. .. .... . ...
Sullivan County Coal Co................ .

"I

Bunker Hill.. . . . . . . . . . . . . . . . . .. .. .... .
Caledonia. .......................... .
l'bl:enlx No.4 .......... '" ............ .

SunJlow;"::.::::::
:::: :::.: :::: :::: :..
Consolidated No. 25.................. .

Consolldated{No. 26................. ..
Consoltdated'No. 28 .................... .
Consolidated No. 29.................... .
Consolidated No. 30.................... .
Consolidated No. 31.. .................. .
Consolidated No. 32•....... " .......... .
Vandalia Na 10....................... .
JacksonJHIU·No. 2...............
.. .
J acksonlHilI!No. 4.. . .. .. .. . . .. .. .... ..

Shelburn............... .. ..... .
Freeman...... .. ....... . ... ..

.

............... ....... . =R~:iL:::::::::::: ........ .
"c;,;,m;:::.-.-.::":::
.... .. ~l~.t~::·:::::::::::::::::. ::: ..
Coal Co............ .. .'... . Mammoth Vein............... .

Co......................... . Shirley Hill No. L . . . . . .. . ..
Co........................ .. Little Giant.. .............. ..
Hudton Coal Co.............. , ............. .. Superior............. ..
Kettle Creek Mining Co ...... _•.........
Kettle Creek.............. .
_

Peah!>dy-A1wart Coal..Mining Co..... .
Coal & Mining Co......... .
'oorth Vein Coal Co........ .
leaf Coal Co ......... : ....... .
I Cool &: Clay Co ............. .
Shirley Hill Cool Co................ .

Re!iIlollM.......... ..

HamUton.............. ..
BlackHawk......... ..
Cloverleaf ...... ..

.. , Carlisle ........... ..

Shirley Hill No.3... .. .. .. .. .... .. ..

VI
VI
VI
VII
VI
VI
VI
VI
,.01 • • • • • • • • • •

VI
VI
VI
V
V
IV
VI
VI
V
VI
VII
VI
VI
ill

VI
VI
VI
VII
VI
VI
III
III
IV
V
VI

4'6*
6'S'
6'6'
6'
5'6'
5'
6'
5'6'
5'
6'
5'6'
5'6'
6'
7'
5'6'
5'8'
6'
6'
5'
5'6 1'
5'
5'6·
6'6"

6'
6'6
5'6#
5'6'
5'3'
5'
6'6'
6'4'
4'7'
5'
5'6'"

72
106

.si~p.;:. :
liO

165
235

no

200

120
197
53
105
260
104
155
317
100
SO
144
10:-1
235
173

no

... "ii2'
152

237
255
240
307
391
100

Machine.
Machine.
Machine.

&~ine.

Machine.
Machine.
Machine.
Machine.
Machine.
Machine.
Machine.
Pick.
Marhine.
r,ck.
Machine.
Machine.
Machine.
Piek.
Pick.
Maehine.
Maehine.
M,..,hine.
Machine.
M,..,hine.
Machine.
Pick.
Machine.
Machine.
Maehine.
Machine.
Maohine.
Maohlne.
Machine

Z
Ii!:
I:J:;

q

I?:l

;>;

>
=-:

>::I

>-3
jo,.;

...

c:;
~

Z

i:':l

Ul

rll

0

"::
(")

0

>

r

<:

!rE
Z

Ul

<:on
t>:>

<:C

<:':1

w
o

BITUMINOUS COAL MINES---{)ontinued.
VANDERBURGH COUNTY.

Geolo~ical

Name of Mine.

NAME {)F COMPANY.

Railroad.

number
of coal
seam.'

Depth
from
surface
to coal

Thickness
of coal
seam.

Pick or
machine
mine.

seam.

p,
i:'j

::5
p,
Wagon mine...
WagOD mine.
L. & N.. .
L. & N... .. .. .
Wagon mine.
L. & N....

Diamond....
Avenue.....
Ingleside.. ..
Sunnyside. ..
Union..... ..
Unit.y.......

Co.......
......." Coal Co... .. .
Sunnyside Coal Co... .....
Union Coal Co..............
Crescent Coal Co.... ..... ............

V
V
V
V
V
V

4'
4'
4'
4'
4'
4'

256
265
230
2M
. 230
225

Pick.
Pick.
Pick.
Pick.
Pick.
Pick.

1-3

o

"'l

w

;-j

iJ..

;-j

:;j

Q
tel

VERMILLION COUNTY.
I

Dering Coal Co :..... .. . . . [
Coal Co ... ... ...
1
Dering Coal Co ......... . .. .. .. .. .. .. .. .. ....
O&YU&& Brick & Coal Co.. . .. .. .. .. .... .......
Clinton Coal Co..... .. .. .. .. . .... .. .. . ....
Clint"" Cool Co............. ...........
Oak HiU Coal & MIning Co.. .. .. .. .. ..
Oak·HiIl Co",l &: MIning Co.... .. .....
Oak lim Coal &: Mining Co.. .. .. .
Oak Bill Coal &: Mining Co. ..................
Clinton Coal Co......................... .
Dering

1

Dering No. II
Dering No. 7
Dering No. 8
Eureka......
Crown Hill No. 1..
Crown Hill No.2 ..
Oak HiD............. .
Maple Valley No.1 ... .
Buckeye No.2 ........ .
Prince................. ..
Crown HUl No.3... "

... 1

VII

C.&E.I.. ..

':[2:U:L:
:::::! g~~:i::

. . . "1 Consumed at brick yard ...

• • :.:.::::.::

··IC.&E.!...
.[C.&:E.I..
..
...
C.&E.I.......

. ..

.... \ C.U.I... .......... .

VI
IV
VI

VII
VII
VII
VII
VII
VI
VI

I

4'10,1
5 '6' I

5'6'
5'6'
5'
4'10'
N

I

I

6'6

4'8' I..
4'lONI

6'
6'

'

8Il [ Piek.
265 .[ Pick.
200 Pick .
llO Pick.
164 ' Pick.
151 Pick.
40 Pick.
.. ... Pick.
no . Pick.
330 [ Pick.
340 \ Me.chine

I
[

o

t-<

oC)

,...
en

:-'

VIGO COUNTY.
Dering 000J

Dering No.6. . . . . . . . . . . . .. ..... . .... .
Atherton ........................... .
Diamond............................ .
Peerl................................... .
Lawton................................ .
GnmtNo.2............................ .
.. . . . . . . • . .. . .. .. .. .. .. .. .. ... Dering No.9.. . ... .. ................ ..

Co ............................ ..
Chaa. F. Keelt11' 000J Co..................... ..
Coa.l Bluff Mining Co....................•.....
Coal Bluff Mining Co......................... .
Coa.l Bluff MIning Co... . .. ............... ..
Grant 000J &; Mining Co................... .

0;,::::::::: ::::::::::::::::::::

000J
000J Co. ............................
Vandalia Coal Co. .. . . ....... . ...... . ... .. ....
Vandalia Coal Co. .. .. .. .. . . .. . .. . .. .... . . . ....
Vand&lla 000J Co.. ..........................
Vandalia 000J Co.... ........ . .. . ... .... . . ....

~::~:~~~66:::::::::::::::::::::::::

Vandalia No. 67........................ .
Vandalia No. 69............... , ...... ..
Vand&lla No. 80.. . . .. . . .. .. ... .. .... ..
Vandalia No. 81.. .. . .. .... ....... . .. ..
Vanda.lla No. 82.. ...................... .

f::~:I~M~~~:::::::::: :::::::: ... ::::: ~~~V~u:.·No: ·c::::::::::::::::::::::

C.<ltE.I. .......................... ..
C.<ltE.I. ........................ ..
C. C. C. & St. L ..................... .
C. &I.C............................ .
C. C. C. <It St. L ....................... .
C. & E. I. ............................ ..
C. & I. C. .......... ., ............... ..

C. &L C.............................. .
Vandalia.............................. .
Vandalia.............................. .
Vandalia .............................. .
Vandalia.. .............................. .
Vand&lla .............................. .
Vand&lla................ , ............. .
C. C. C. <It St. L........................ .
C. C. C. &St. L ...................... ..

Miami 000J Co.. . .. . .. .. .. .. .. .. .. .. . .. . ... Miami No.1..... .. .. .. .. . .. ... .. ... C. <It E.l............................. ..
M.l&mi 000J Co... . .. . .. ... . . ........ ..... . ... MIami No.2... ... ... . . . . . .. . . . . ... . ... C.&E.I. ............................ ..
MIami 000J Co.... .......... .............. .. .. Miami No.3 .......................... . C.&E.r. ............................. .
Logansport (Vanda.lla) .................. .
~:,~~~~. ~::
~J:eN~o~t:
VandaUa............................... .
'Domestlc Block 000J Co. .. .. .. . . . . . .. . . ... Domestic Block No.1.... ... . ........ .. C.<ltE.r. ............................ .
C. c. C. <It st. L....................... ..
Vand&lla.............................. .

:::::::::::::::::::::::

. . . :::::::::::::::::.::::

~~~7:r~:~::::::;:::::::::::::: ~~o~~:.~.:.:.:::::::::::::::::::::::
~<l:t~g:~~.:.:.:.:.:.::::::: ::::::::: tL~~~::::::::::::::::::::::::::::::

000J Bluff

Ml:~~~:::::::: :::::::::::::::::: i ~~~;Y.N~: :1.:':':':':::::::::::'::::::

&Bt: 'i: ::::: ::::::: :: ......... .
~~8.~lnst L::::::: :::::::.:::::::::
C.C. C.

Big FOUf............: .............. .

VI
VI
VI
VI
VI
VI
VI
VI
VI
VI
VI
VI
VI
V
IV
V
VI
VI
VI
VI
VI
IV
III
V
VII
VI

vi

VI
V
VI
III

110 i Pick.
'165 i MachlDe.
M Pick.
7'
101 Pick.
6'6'
110 Pick.
6'6'
120 PIck.
6'6'
Pick.
6'6' Slope. .... Piek.
6'
103 i Pick.
6'
110 I Pick.
120 PIck.
6'
.
.... Pick.
.. .. '4;4;'
86 Pick.
6'
105 Machine.
300 Pick.
201 Pick.
'6'
7'
82 Pick.
5Q Pick.
6'
8& Pick.
7'
100 Maehlne.
6'6'
90 Pick.
6'
4'
110 Pick.
211l Pick .
... "4;6 6'
228 Pick.
4'8'
110 Pick.
170 Pick.
6'
7'4:'
91l PIck.
6'5'
150 Machine.
18& Pick.
50 Pick.
5'
186 Pick.
4'8"
6'9'.
6'

..

~

Ill'

~;~: I

John Mchiba.ld Coa.l Co ...................... .
T. D. Sca.les 000J Co ........................ ..
Wonmam Coa.l Co............................ .
Caladonia 000J Co........................... .
Erie Canal 000J Co........................... .
ChandlOf 000J Co........... '. ................ .
Coati. Gafden 000J Co..................... ..
Elberfeld 000J Co ........................... ..

Big FOUf............................... Southern................
.. ......... .
D.~'orrest. . ........... ........
....... Southern ............... ..
Star No.1............................. Southern.............. ..
Electric...... . ...................... Southern.
.. ..................... .
BUI"ke..... .. ............... .. ...... Southern...
.. ..................... ..
Dawson. .... . . . . . . .. .... .... .......... Southern...
... ...... ...... .. .. .... .
Ef!e Canal.................... .. ...... Southern .............................. .
Chandlt11' ............................... Southern.............................. .
Coati. Gafden.. . .. .. .. . . . ... ........ Southt11'n .............................. .
Elberfeld .. .. .. .. .. .. .. . .. ... . .. .. • . . .. . E. <It I.. ............................... .

~

;

i>

Z

..,1:1
t:I:i
......

c

~

t;j

g:j

~
C

o

i>
t"'

<

WARRICK COUNTY.

~."~~enCo~Co&~:::::::::: ... :::::::::: :

z

c:;

V
V

V
V·

V
V
V
V
V

V

7'

Slope..... Machine.
65 Machine.
100 Pick.
ID Machine.
4'4"
110 Pick.
4'
87 Pick.
lID Machine.
5'
.
. .. · .... 96· Machine
Pick.
175 Pick.

~

fJ:l

7'
4-'4"
7'

01
<:;:>
~

'-,

532

REPORT OF STATE GEOLOGIST.

EXAMINA'l'IONS.
l~xllminations
LossE'~. fire bosses

of applicants of competency to serve as mine
and hoisting engineers, were held at three differ
ent times during the year of i907. Each of the examinations were
held in Terre Haute. The following table exhibits the date on
which the examinations were held, the total number of candidates
examined, the number passing a successful examination and the
number who failed.
P....d.

Total Applicants.

Failed.

DATE.

M,B.

May 16.. ............
August 15 and 16 ......

DeCember 5 and 6 .....

25
31
30

TotaL ...........

86

H. E.

H.E.

29

59

21

19

15
17

25

20

12

73

52

43

10

The above table shows 60%+ of the applicants for mine boss,
64%+ fire boss and 41'10+ applicants for hoisting engineers, passed
a successful examination and received certificates.
The following is a list of the names and addresses of the sue·
ce.'!Sful candidates and the number and per cent. grade of each
certificate issued:
MINE BOSS.
Examination held In 'l.'erre Haute, May 16 and 17, 1007.
Total candidates, 25. 'rotal number passed, Hi.
Oertifi·
cate No.

Name and Address.

Per Oent.

1. William F. Brouse, Clinton..... . . . . . . . . . . . . . . . ..
2. Thomas Connely, 'Clinton ............... "......
3. Austin G. Wilson, Edwards ....................
4. Seth Powell, Fontanet .........................
5. Fred Wiggs, Muren ................... ,........
G. John Dawson, Dugger .. ,.,',.".".,." ... ,.'.
7. Carry LittleJohn, Hymel'a ' .. ' ... " .. , ... ,.,.,'.
8. Thomas Craig, Jasonville ., ....... , .. , ..•......
9. Edward W. Church, Linton '." ... ' ......... , ..
10. Thomas Frankland, Sullivan ., ... ' .. ' .. " .... '.
·11. Julian O'COnIlO1', Stanton ............... , .. , ...
]2. James Bennett. Cloverland ...... , ..............
13. Bert Bndders, Linton ...... ' ......... ,.........
14. Chm'les M. Maliase, Sullivllll ............... :~...
15. Hnmilton )1. Irving, Cayuga ............... ,.,.

78
78
77
80
78
83
80
80
80
76
84
78
78
76
85
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_ FIRE BOSS.
Examination held in 'l'erre Haute, May 16 and 17, 1907.
Total number of candidates, 1 L Total number passed, 10.
CtJrti/i·
cate No.

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

Name and AdttTess.

Per Cent.

John Gillespie, Bicknell ........................
William C. Keller, Linton ......................
J. A. Crabb, l.'erre Haute ......................
William 'I.'homson, Bicknell ....................
A. J. Barrick, Jasonville .......................
Edward G. Lewis, Sullivan ....................
Arthur Debarge, Farnsworth ...................
Charles Burris, Jasonvil.le ......................
Alex. Hunter, l!'armersburg ....................
W. 1\1. Brown, Chandler ................. "....

83
84
76
T5
80
82
77
79
88
76

HOISTING ENGINEER.
EX!lmina,tion held in 'l'erre Haute, May 16 and 17, 1907.
'rotal nuruber of candidates, 29. Total passed, 8.
Certifi
cate No . .. Name and Addre.~s.
Per Cent.
1. Henry Carpenter, Linton ........ , .. , ... , .......
2. A. J. MarShall, Sullivan ... . ...................
3. James L. Murer, Linton ........................
4. J. L. Uland, Linton ............................
5. Hugh Vanlien, Clinton .........................
0. Andy A. Corlett. Linton ................... :....
7. H. H. Gudtin, Sullivan .........................
8. Frank Kimble, Princeton .......................

79
83
79
80
78
78
77
76

MINE BOSS.
Examination held in Ten'e Haute, August 15 and 16, 1007.
l.'otal number candidates, 31. Total number passed, 17.
Certifi
oate No.
Name and Andress.
Per Cent.

16.
17.
18.
19.
20.
21.
22.
23.
24..
25.
26.

A. L. Rogers, Boonville. . . . . . . . . . . . . . . . . . . . . . . ..
George Carty, Boonville ........................
Charles 'Burris, Jasonville ......................
Benjamin Mills, Edwards ......................
William J. Roberts. Burnett .... '" .............
Robert Hughs, Seeleyville ......................
James C. Bennett, F·ontanet ....................
Neil O. Gray. Indianapolis ......................
Harry Moore, Clinton ....".....................
W. H. Taylor, Shelburn ........................
Philip Badenbarger, Brazil .....................

76
83
76
86
81
84
81
87
82
86
80
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CerU{t
cate No.

27.
28.
29.
30.
31.
32.

Name and Ade/ress.

Per Cent.

James Callaway, Linton .......................•
William Stull, Linton ..........................
Charles W. Kirk, Jasonville ....................
Ricbard Anderson, Clinton .....................
Cbarles Clayton, Fontanet .....................
J. E. Cocbran, Sullivan ........................

80
87
81
76
76
80

FIRE BOSS.
Examination held in Terre Haute, August 15 and 16, In07.
Total numbel' of candidates, 23. '£otal number passed, 15.
Ce1'tifi
eate No.

Name and Address.

Per Cent.

11. WIlliam Babbitt, Sbelburn .. , ..................
12. James Robertson, Bicknell .....................
13. Lon Sbaw, Boonville ..... . . . . . . . . . . . . . . . . . . . • ..
14. W. W. pean, Chandler .........................
15. Rice ~f. Hughes, Burnett ...................... ,
16. William Ross, Fontanet ........................
17. William Brown, Cbandler ......................
18. Henry Noeus, Jr., Linton .......................
19. Henry Nocus, Sr., Unton .......................
20. Charles Troye, Linton ..........................
21. 'L. M. McDonald, Jasonville ....................
22. Dun '£homas, SeeleY"il!e .......................
23. :\Iorgan Russel', Rosedale ......................
24. Jno. W. Miller, Chandler .......................
25. Hamilton M. Irving, Cayuga ....................

83
88
75
80
80
77
87
83
78
80
76
80
78
76
88

HOIS'l'ING ENGINEER.
Examination held at Terre Haute, August 15 and 16, 1907.
Total number of candidates, 19. 'l'otal number passed, 9.
Certifi
cate No.

9.
10.
11.
12.
13.
14.
15.
16.
17.

IV ame and Add1·ess.

Per Cent.

Daniel Page, Linton ...........................
Samuel Dugger, Clinton ......•....... '" .......
C. B. Seeley, Fontanet .........................
Lewis W. Boles, Sullivan ..•....................
H. Mitchell Bradford, Linton ...................
Jobn T. Bennett, Linton .......................
Jeff '£bompson, Center Point ...................
Frank Earle, Linton .... : .. '....................
William Combs, Coalmont ......................

79
76
80
80
85
82
85
81
79

535

MINE AND FIRE BOSSES.

MINE BOSS.
Examination hel(l at Terre Haute, Decembet· 5 and 6, 1907.
Total number of candidates. 3('"

Total number paslIed, 20.

Oet·tifi
Per Ownt.
cate No.
Name and Addre88.

33. Solomon Deeble, Carlisle .......................
34. W. J. Williams, Carlisle .......................
35. Joe Robertson, Clinton ..................... ~ ...
36. .Jesse Hamilton, TJinton .....•.....•............
37.. John James, Jasonville ........................
38. Preston Usrey, Linton ............. " ...........
39. William Wills, Linton ......... .•..............
40. George Fick, Terre Haute ......................
41. Clifford Hoffman, Brazil .......................
42. John Edward Haag, Bicknell ........•..........
43. Herbert Massie, Chandler ............. " .......
44. John William Moss, West Terre Haute ...........
45. John Patton, Boonville .........................
46. John Smith, Jackson Hill ......................
47:. Wm. Steinsberger, Brazil .......................
48. Alex. Davidson, Shelburn .......................
49. J. E. Mason; Brazil ............................
50. Walter W. Wills, Linton .......................
51. William Huntley, West Terre Haute ............
52. Henry Horn, Princeton .........................

82
80
77
80
77
7tl
81
90
83
79
85
75
78
80
76
82
7(',
82
76
80

FIRE BOSS.
El(amination held In Terre Haute, December 5 and 6. ]DO•.
Total number of candidates, 19. 'rotal number passed, 13.
()ertifi
cate No.
Name and. Ad(i1'CS8.
Pe?' Oent .

.26.
·27.
28.
29.
30.
31.
32.
33.
M.
35.
36.
37.
:38.

George Epperson, West Terre Haute ............
Hugh Walker, Jasonville .......................
James W. Mason, Boonville ....................
John Walters, Coalmont .......................
Herbert Massie, Chandler .................•....
James }!ahat'fey, Boonville ................•....
Jno. W. Cooper, Linton ............... '. .........
William Sams::m, Linton .......................
Jesse Hamilton, Linton ........•.........•.....
Charles F. Hill, West Terre HRute ...............
In!>. Gardner, Jasonville .......................
Ebert Hammack, Chandler .....................
Emellell Lt'('oeg, Antioch ......... , ... ,..

89
76
89
78
80
80
80
80
80
87
77
80
S2
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HOISTING ENGINEER.
Examination held at Terre Haute, December 5 and 6, 1907.
Total number of candidates, 23. Total number passed, 13.
Gertift
£late No.
Name ana Aaaress.
Per Gent.
18. Charles Good, Carlisle .................•....... 81
19. W. F. Deeble, Carlisle .......................... 79
20. John L. Rector, Sullivan ....................... 83
21. W. A. Haworth, Caledonia ..................... 79
22. David Shepard, Evansville ..................... 82.
23. James H. Haseman, Linton ................... ;. 81
24. Pearl O. Dunn, Linton ......................... 78
25. Martin Shnble, Linton .............. :.......... 79
26. Albert' Robinson, Carbon ....................... 77
27. Leon Coons, Montgomery' ....................... 82
28. Frank Dew, JasoI\viIIe ..':" ..................... 76
29. Joseph McPherson, Carlisle .... ',: .............. 77
30. Milton C. Griffith, Carlisle ........... : .......... 81
'I

CASUALITIES TO MINE EM;PLOYES.

It is the duty of this department, under the statutes of In-'
diana, to investigate each accident to mine employes, where the
attendance of a physician or surgeon is requir~d. Under the
same statute, the person in charge of each mine is required to no
tify the Inspector of Mines of such accidents, without delay. A
strict compliance with the statute has been a serious problem with
the department in the past, and because of the following reasons
we have been unable to give a complete account of all such acci
deuts, in our former reports:
Owing to the large number of new mines opened during the six
years preceding 1907 and the increased number of inspections to
be made, with other duties incident thereto, and an insufficient'
number of assistants in the department to perform these increased
duties and inspections. This caused us to be unable to make suf
ficient inquiries concerning accidents. And because of the fact
that several days' attendance in the courts is usually required of
us, in each prosecution, We were unable to file prosecutions and
follow them up against coal companies or mine bosses for failure to
. report. For these reasons we were able to secure' reports of only
about one-half of th,e, accidents to mine employes. The increase in
our force of two additional assistants, made by the last Legisla
lature (the same taking effect April 10, 1907), hasrenabled us
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to give the matter closer attention during that year and compel
companies and mine bosses to report all accidents required by law.
As a result the number of accidents shown in the report would in
dicate to persons not conversant with the situation,' a large in
crease in the number occurring over former years. Through our
inspections and prosecutions made and the reports of mine bosses
we show an aggregate of five hundred and four (504) accidents
to employes classed as follows:
Fatal, fifty-three (53) ; persons permanently disabled, nine (9) ;
serious accidents, two hundred seventy-one (271), and minor, one
hundred ~eventy-one (171). The different causes of these accidents
are shown in the annexed table.
TABLE
Exhibiting theNurriber of Fatal, Permanent, Seri()'lJ,8 and Minor Accident8 Occurring
in Indiana Mines During the Year 1907, and the Different Ca,U868 of Such
Accidents.
NATURE OF ACCIDENT.

Falling coal. • , .. /, .... , , ... , . , ... , ..... " ,
Falling slate .•..•.. , ., . , ... ,' , .... , .•... , ...

Kicked by mule........... ,'" ...... , .. ,",.,"
Injured by mine cars.... , , .... , , .. , , ... , , , , , .. ,
IllJured by mining machines.... , , .... ' , ..... " "
Smoke explosions............ , ..... , , , ..... , .. '
EXplosion. of blasting powder. , , , .... , , , . , , , .. , .

...... '3'
1

ExplosiolUl of fire damp.............. , ......... .
Premature shots. , ... " . , ... .... .. ....... ' .. .
Delayed shots.. ', . , . .. .. .. .. ., ...... ' .. , ..... ,.
Shots blowing through pillars, , . , ........ " ..... ,
Misplaced, windy or blownout shots. .. . .... " .. .
Ascending cage .• , ........... , ......... ,

25
71
11

40

88

73

11

13
6
11
7
1

2

1

3

~:!ei~; ::~~!d0=:'::

14

9

6

Total.

40

129

21
170
17

16

21
18
8
8

2
2

4
4
1
6

::::::::::::::::::::::

Ii

Ii

33

Miscellaneous ... " . " . , , , .. " ..... ..

Grand total. " .... " ...... , ......... , .....

i

Mlnor.

Fatal.

53

9

504

DESCRIPTION OF FATAL ACCIDEN'l'S.
Each of the above fatal accidents have been investigated by this
department, acting in conjunction with the Coroner of the county
wlJerein the accident occurred. We have also investigated each of
the accidents to persons permanently disabled and all other seri
ous accidents, as far as possible.
'1'he following brief description of fatal accidents, sets forth by
months and"by counties, a detailed statement of facts and circum
stances brtl;)llght forth at such iuvestigations.
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Sixteen deaths are recorded during this month, the first of
which was the death or Otto Saxeburgh, shot firer, 33 years of
age, single, who was killed on the 5th inst., in an explosion caused
by a windy shot, in the Maple Valley Mine, Vermillion County.
From evidence adduced at the investigation of the accident, and
an examination of the mine, made by Assistant Inspector Robert
Irving and myself, we learned the following: Saxeburgh and one
ether person were employed to do the shot firing after the mim~rs
and other workmen had left the mine, and that all the shots in the
mine were tamped on fuse; also, that in firing the shots it was cus
tomary for the shot firers each to begin at a given point and con
tinue lighting shots, one after the other, as long as there was any
to light, not waiting for those previously lighted to explode. On
examination; we found a number of shots in violation of the law,
some of which were drilled three feet or more past the cutting or
loose end; some over the maximum thickness, measured' at right
angles to the drill-hole and others heavily overcharged. One of
the first-named, located in a narrow' room-neck, on the fourth south
m'oss-entry, was drilled three feet past the cutting or loose end, and
had seamed or .blown out and was evidently the cause of the ex
plosion. The two men had commenced the shot firing at about 4
o'clock p. m., and at about 7 :30 o'clock had nearly completed their
work, Having fired probably 150 shots. This large number of·shots
fired in so short a tim,~ filled the mine with a dense body of heated
powder~smoke. Added to this, a large quantity of fine coal dust,
thrown into the atmosphere from the drill holes, where it had been
used for tamping, created a deadly mixture, ripe for the results
which followed.
At the time of the accident, deceased was lighting the shots
near the head of the entry, and his buddy a number of rooms fur
ther down, toward the mouth Qf the entry. When the shot was
fired in the room-neck above ref~rred to, it resulted in a blown-out
shot, the flame of which was pr~jected into the mixture just men
tioned and a heavy explosion took place, the ferce of which ex
tended down the entry about 1,000 feet from the face. Saxeburgh
was found a short time later by a searching party, in the second
room outside the room-neck, dead, having succumbed to the after
damp. His buddy, though soniewhat affected by the smoke and
after-damp, suffered no serious injury.
January 8th, Samuel Ad~s, top laborer, 60 years of age,
was killed by falling down the hoisting shaft of the Vandalia No.
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:il6 Mine, Parke County. Decedent was employed to do general
work around the top of the mine, i. e., to look after the railroad
cars, send timbers into the mine, unload dirt cars, etc. On the
morning of his accident, wishing to return an empty dirt car into
the mine, which had been hoisted the previous night, he opened the
gate to the east compartment of the hoisting shaft at the surface
landing and called to the cager in the bottom, asking for an empty
cage. The cager called back, saying he would send up the west
cage, which was then on the bottom. Adams then opened the west
gate and leaving both gates standing open, walked back to where
the empty car was standing, just outside the points of the two
switches leading one to each compartment of the shaft and placing
his back against the car, began pushing it, as he supposed, in on
the west switch. The car, however, took the east switch, and hav
ing his back toward the shaft, this fact was :qot noticed by decedent
until he pushed it over into the east compartment, which was then
empty. Losing his balance, he fell with the car down to the top
of the e~teage, a distance of about 100 feet, killing him instantly.
Long and constant association with one particular class of work,
no matter how hazardous, usually renders workmen careless and
indifferent to attending dangers, which fact is evident in this in
stance. Had deceased closed the east gate before leaving the shaft,
or had he pushed the {'ar, with his face toward the shaft, this ac
cident would not have occurred. He leaves a dependent wife.
January 9th Peter Gebhart, German, timberman, 39 years of
age, was killed by falling slate and timbers in the Oswald mine.
Gibson County. Gebhart and a number of other workmen were
engaged, on the evening of above date, removing some cross-bars
and loose slate for the purpose of making room for a siding or
double parting. Owing to the extreme weight on the cross-bars,
it was necessary to cut the bars, or It;lgs, under them partially in
two, thus weakeriing them so they would break of the weight on
them or could be knocked out easily. At about 6 o'clock p.m.
Gebhart was cutting one of the legs under a bar with an axe, and
had weakened it sufficiently, as the mine boss thought, to render it
dangerous,
he ordered Gebhart to quit chopping. Decedent.
however, persisted in striking a few more blows with the axe, when
suddenly, without warning, the leg gave way, causing the bar and
the slate overhanging it to fallon him, killing him instantly. A
conformance on the part of deceased to orders given him by the
person in cbarge would have saved his life. Gebhart leaves a wift'
and three children.

and
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January 12th George Howard, American, driver, aged 18 years,
single, was killed by being run over with a mine car in the Hudson
mine, Sullivan County. From evidence adduced at the investiga
tion of the accident, it was learned that Howard was not an ex
perienced driver, having 'driven but a very short time, and was
not thoroughly familiar with such work. It further developed
that there was a short hill or grade in favor of the loaded cars,
on one of the entries from which he was hauling coal; also, that
when coming down this gr~de with a loaded trip it was necessary
to use spraggs in the cars, although some of the drivers did not
do 'so. At about 2 :30 0 'clock p. m. decedent was coming down
this grade with one loaded car, riding in the manner drivers
usually ride, i. e., by standing with one foot on the draw-bar of
the car and one on the tail chain. Acting under the precedent
set by other drivers, he used no spraggs, and when about 10 feet
from the top of the hill, by which time the car was traveling very
fast, he in some way lost his footing, falling under the car, and
was dragged about 60 feet. When found he was lying under the
car dead. He' leaves a dependent father and mother.
January 14th marks the date of one of the most disastrous
mine accidents occurring in the history of the State. Between
the hours of 6 and 7 o'clock a. m. of this date, just at a time when
the workmen were entering the mine preparatory to begiIfning' the
day's work (fortunately few had reached their working places,
otherwise the loss of life would have been appalling), an explosion
of unusual violence occurred in the south workings of the Dering
No. 7 Mine, Vermillion County. This explosion resulted in the
death of seven persons, five of whom were taken out of the mine
dead and two so badly injured that they died a short time later.
Robert M. Irving and Jonathan Thomas, my two assistants! and
myself arrived at the mine at about 1 o'clock a. m. of the 15th,
and together with the mine boss, mine committee and a number
of other persons, made a careful examination of the mine for the
purpose of ascertaining the cause and character of the explosion,
i. e., whether it was an explosion of fire-damp, powder or coal dust,
or a combination of the three elements, and also to'learn, if possi
ble, at what point the explosion originated. Ail of the dead bodies
and the injured, as well as the uninjured, had been removed from
the mine before this time. In addition to the inspection made by
us, a most careful inquiry and examination was made ·for the same
purpose the following day by Messrs. James Taylor, Inspector of
Mines, Peoria, Illinois; Geo. M. Rice, Mining Expert, Ohi
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eago, Illinois; Evan D. John, Ex-Inspector of Mines, Car
bondale, Illinois, and the following named superintendents of In
diana mines: John A. Templeton, superintendent Coal Bluff Min
ing Company; P. J. Mooney, superintendent Brazil Block Coal
Company; Herbert Woolley, superintendent Dering Coal Com
pany, and Henry Payne, superintendent Charles F. Keeler Coal
Company. Beyond the fact that the explosiou took place some
where in the south workings, and affected a considerable area of
both the main south entry and air course, we were unable to deter
mine the exact cause or character of the explosion nor its point
of origin. It was the general opinion of both examining parties
(the mine committee excepted) that powdet was the chief if not
the sole agent in the explosion. The mine committee and a num
ber of miners contended that the explosion was due to coal dust
and fire-damp. While it is true an exceedingly small per cent of
gas was occasionally noticed in the mine, coming from drill holes,
old powder cracks, etc., such as is found in numerous so-called non
gaseous mines, and the mine was very dry, with considerable dust
on the roadways, yet this dust was so highly impregnated with fire
clay from the mine floor it would scarcely burn when thrown on a
fire, much less explode. Again, referring to the gas, it must be
remembered that all of the brattices between the main entry and
air course, as well as the doors and a part of the brattices on the
cross-entries, were destroyed in the explosion, thus shutting off the
ventilating current from all the working places in that part of
the mine, and that this condition prevailed' from the time of the
explosion until we made our examination on the morning of the
15th, a lapse of some 18 hours. Notwithstanding these facts, we
found not the slightest tract; of gas,. except in the faces of two of
the most remote working places in that part of the mine, and the
quantity there found was so small as to be barely perceptible in
the safety lamp. The debris in these places was thrown t.oward
• the faces, indicl}ting that the force came from the outside. There
was a total absence of soot or charred particles of coal usually
found adhering to the roof or sides of the entries or to the thn
bers, where coal dust has been prominent in an explosion. This
combination of facts would indicate that neither fire-damp nor
coal dust served as active agents in this explosion. On the other
hand, in support of the contention that the explosion was due to
blasting pO"ljl!d.er, we will consider the following : First, the debris
was swept im different directions at different points on the same
entry; for instance, on the main south, beginning at the mouth
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of 7 and 8 east, everything was swept. toward the mouth of' the
entry, witile farther up the entry a few hundred feet it was swept
toward the face. At the face of the entry the debris was thrown
outward. This same feature was true of the bl"attices between
the two entries, i. e., some were blown in one direction and some
another, indicating that several explosions, each independent of
the others, had occurred at different points. Second, the un
usually large number of kegs of powder nseddaily in the mine,
each miner having from one to two fnll kegs in his working place,
which would mean anywhere from 75 to 100 kegs in that section
of the mine on the morning of the explosion. Third, these kegs
are usually placed aiong the roadway,- frequently with a large
pick-hole, open, in the top of the keg. Fourth, very few kegs
containing powder were found after the explosion. Fifth, an un
usually large nnmber of empty kegs, bursted from the inside, were
found scattered throughout the entire affected district. Sixth,
a fact not proven, but fairly well established, is that miners fre
quently carried powder into the mine in cloth sacks, in dinner
pails and in their pockets, also that dynamite and dynamite caps
were smuggled into the mine at times, to be nsed in conjunction
with the blasting powder. Seventh, there was undisputable evi
dence that a large quantity of powder had heen exploded at sev
eral points. Eighth, the dense volume of smoke said to have fol
lowed the explosion. Combining all of the above with the utter
disregard displayed by miners for all law, either common or statu
tory, in handling and using powder, should be evidence prepon
derant to au uuprejudiced mind that blasting pOWder, exploded
in some unknown manner, was the prime, jf not the sole agent
in this explosion. The folloyving are the mrines and nationality
of those killed, also the number of dependents left by each:
Name.
NaUonaHtll.
Dependents..
Ed Wulf ........•...•• ,. Polisb ................... Mother.
J. Phasto .. , ......... '.' • Polish ................... WiJe.
•T. Joseph ...•.•.....••• ,. Polisb ................... Wife and 3 children.
'I.', Halenk .. , .••• , ••••••• Polisb , .. , ... , ........... Wife and 1 child.
J. Brugus .... " .....•..• German ................. UnlrnoVl'1l.
H. Shonen .... " ...... ,. Finlander ............... Mother.
f..eo I;'ike ...........•... , Polish ................... Wife.

On the same date as above, Robert Johnson, miner, 30 years
of age, was killed almost instantly by a blast in t4e .Twin No.4
~lfine, Greene County. This accident occurred at 3 :30 o'clock p.
1l1. (firing time), and was due to what might be termed a prem8
l
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ture shot. Johnson at the time he met with his accident was as
sIsting a neighbor miner, Nat Sewell, in firing his shots, two
!lumber. The shots were both tamped on fuse, one on the right
and one on the left side of the room, and each man was to light
a shot. The fuse on the left lighted readily, but the one on the
right was slow to ignite and apparently did not catch. When
thpy had waited until they thought they would be in danger from
the shot first lighted, they ran to a place of safety, where they
waited until it had exploded, immediately after which they ran
back to light the remaining one, and when within eight or ten feet
of the shot it exploded, the flying pieces of coal striking Johnson,
injuring him so that he died within a few minutes. Sewell was
also seriously injured. Decedent leaves a wife and one child.
rfhe use of fuse in. shot firing has been so thoroughly condemned
in our past reports that comments on this accident are not neces
sary.
January 115th Stephen Sacery, miner, 40 years of age, single,
was instantly killed by an ascending cage in the Buckeye Mine,
Vermillion County. From evidence adduced at the investigation
of the accident it was learned that at about 3 :45 0 'clock p. m.
decedent and three other persons came to the bottom of the shaft
and gave the engineer two bells, notifying him they wished to come
up out of the mine. On receiving the return signal, three bells,
from the engineer, the four men got on the cage and gave one
bell to hoist. When the cage reached the surface it was discov
ered Sacery was missing, and on returning to the shaft bottom a
searching party found him lying in the sump, his head almost sev
ered from the body. The three men who were with him testified
he got on the cage with them and that they did not see him get
off the cage or fall, and the first they knew of his absence was
when the cage reached. the surface. The general opinion of those
present was that decedent had forgotten something and stepped
off the cage to get it, and was in the act of stepping back on the
cage just when the engineer started to hoist, he being but partially
on the cage, was caught against the brow timber with the above
result.
January 16th William Metealf, miner, 22 years 0'1' age, single,
was killed by falling slate in the Cummins Mine, Sullivan County_
About 9 :30 o'clock a. m. decedent was engaged in mining off a
loose shot, when suddenly, without warning, a large piece of slate
of roll formation, measuring 9 feet in length, 4 feet wide, 18 inches
thick in the center, gave way, faIling on him and killing him in

in
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stantly. Deceased was considered a very careful miner, and his
working place was timbered securely to within a few feet of the
face. 'l'wo props had been set under the slate which fell on him.
These props had been set under the thin edge, however, and the
extra thickness and weight in the center of the piece of slate
crowded the props out, permitting it to break off near the coal.
January 22d two shot firers, Mike Lyynskie, 39 years of age,
wife and one child, and John Paska, 26 years of age, wife and
three children, were killed by after-damp, resulting from a smoke
explosion in the Dering No. 15 Mine. On investigating this acci
dent it was learned an explosion occurred in this mine early in the
evening of the 21st which did considerable damage. Luckily the
shot firers were in a place of safety when it took place and es
caped without injury. The mine was in such condition after the
explosion, however, that they were compelled to leave it with their
work about half completed, about one-half the shots not having
been fired. On the afterlloon of the day following' the two men
had gone into the mine for the purpose of firing the rJlmaining
shots, commencing the work about 3 :20 o'clock p. m., and had fired
some dozen or fifteen of the shots when a second explosion of ter
rific force took place. Unfortunately, the same precautions had
not been taken as on the previous occasion, that is, the shot firers
had not secured themselves in a safe place, and when found about
5 o'clock p. m. by a searching party both were dead, having suc
cumbed to after-damp. It developed on inspecting the mine after
the latter explooion that some sixty or seventy shots had been fired,
and two-thirds at least of them were illegaL Some of them were
drilled four feet and over, past the cutting or loose end. Some
were six feet and more in thickness, measured at right angles to
the drill hole, and others were excessively overcharged with pow
der. The latter generated large volumes of heated powder smoke,
and the former not only added to this, both in volume and in
tensity of heat, but in many instances seamed or blew out the
tamping, thus adding a variable quantity of fine heated coal dust
to the smoke, and the flame from one of the blown out shots being
projected into this mixture, but one result could possibly follow,
viz., an explosion which resulted in the loss of two more lives,
added to the long list of those sacrificed to the lawless methods of
miners in using powder and drilling and placing shots.
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FEBRUARY.

One fatality occurred in this month. Charles Harting,.a tim
berman, 57 years of age, was killed by falling slate on the 6th
iust. in the Vandalia No. 40 Mine, Knox Connty. Decedent was
last seen aJiv(' a few minutes after 1 o'clock p. m. At that time
he was engaged in examining and testing a piece of loose slate
overlying a room parting on one of the cross-entries. At this
time a fellow-workman by the name of Lawton was standing by,
and after warning deceased to be careful, that the slate was dan
gerOll.S, and deceased replying that he knew it was, he (Lawton)
continued on his way to another part of the mine. Some little
time had elapsed, and no one having seen Harting, a search was
made, and when found he was lying dead under a piece of slate
3 feet wide, 12 feet long and 6 inches thick, his neck broken. No
eyewitness being present, it was not known just at what time the
accident occurred. He leaves a dependent wife.
MAROH.

Five fatalities is the record for this month. The first two
were the result of the same accident, which occurred on the 12th
inst. in the Brazil Block No.4 Mine, Clay County. David Hill,
miner, aged 23 years, single, and Thomas Roberts, 19 years of age,
single, miner, were fatally burned in an explosion of powder.
Edwin Roberts, brother to deceased, was seriously burned in the
same explosion. From evidence brought out at the investigation
of the accident it was learned that the three men were working
in adjoining places and kept their powder, paper and other sup
plies in the saine place. About 3 :10 o'clock p. m. of above date
they were mu,king up their powder, preparatory to tamping their
shots, and wishing to open a fresh keg of powder whic4 was set
ting near by, Hill struck a hole in the top of the keg with a pick.
i\.. spark generating from the contact of the. steel and iron, ex
ploded the powder, burning Hill so badly that he died the follow
ing day at the St. Anthony Hospital in Terre Haute, where he
had been taken for treatment. Thomas Roberts died on the 19th
following from injuries received.
On March 19th Francis Padget, flat trimmer, 37 years of age,
married, who leaves a dependent wife and fonr children, was fatal
ly injured by being crushed between two railroad cars in the yards
of the Little Giant Mine, Sullivan County.. At"the time of· his
accident (11 :30 a. m), Padget was standing partially between. two
[35]
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flat cars, one of which was empty and the other under the dump
being loaded. The two cars stood but a few inches apart, and
decedent was attending to some trivial repair on the drawbar of
One of them and did not notice a third empty car being brought
down to the tipple on the same track as the ones he was standing
between. His buddy, Jonathan Price, who was in the first car,
noticed it, however, just as the two cars were about to strike, and
called to him to get out of the way. In his excitement -and not
knowing which track the third empty was coming on, he jumped
between the first and second cars just as they were driven together
by the third, and was caught between the two drawbars and
crushed so badly that he died three hours later.
March 28th Matto Gentile, miner, 35 years of age, single, was
killed almost instantly by an ascending cage at the bottom of the
hoisting shaft of the Crown Hill Mine, Vermillion County.
At 3 :30 o'clock p. m., quitting time for all labor in or about the
mine' ex~ept the hoisting engineer, the miners and {)ther workmen
had congregated at the bottom of the shaft as usual, waiting to be
hoisted out of the mine. The State law at that time prohibited
more than six persons from riding on a cage at one time, and in
order that the statute be complied with, as well as for the general
safety of employes, the mine m!1nagement required the cagers to
remain on duty to see that only the proper number of persons
wonld attempt to ride on the cages and to give the proper signals
to the hoisting engineer until all men were hoisted out of the mine.
This custom was being observed as usual on the evening of ,the ac
cident, and several cage loads of men had been hoisted by 3 :45 p.
m. At this time the east cage was on the bottom 'and the cager,
Elmer Thomas, had given the engineer the proper. signal (two
bells) signifying men were coming up, and at the same time
warned the men to keep back and not attempt to get on the cage
until the return signal. (three bells) from the engineer was given,
indicating that he was in readiness to hoist. Decedent, in his
hurry to get out of the mine, gave no heed to the cager's warning,
and not waiting for the return signal from the engineer, attempted
to get on the cage. The engineer, through some error, started to
hoist the cage without giving the return signal. JUgt as Gentile
had gotten partially on the cage it was hoisted up, catching him
between the brow timbfilrsand the bottom of the cage, crushing
his skull and otherwise injuring him so that he died about fifty
minutes later. Conformance to statute and obedience to orders
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given by the proper person in charge would have prevented this
accident.
March 30th Harry Smith, driver, 25 years of age, who leaves a
wife and one child, was killed by falling slate in the Oak Hill Coal
Company's Mine No. 50, also in Vermillion County. Decedent
and his two brothers, William and J. L. Smith, were engaged on
the evening of the aboye date cleaning up a heavy fall which oc
curred on one of the main haulage roads. About 4 o'clock p. m.,
while they were loading a car of dirt, a large piece of slate eight
feet long, three and one-half feet wide and eight inches thick sud
denly gave way, falling on and catching decedent's head against
the side of the car, killing him instantly. His two brothers were
also struck by the slate and painful~y injured, although both were
able to walk home.
. APRIL.

One fatal accident occurred in this month, that of Daniel
O'Donnell, driver, 25 ye~rs of age, single, who was killed instantly
by being run over with a loaded mine car on the 25th inst. in the
Lattas Creek :l\line, Greene County. At the time he met with his
death deceased was coming out of a cross-entry with a spike team
(two mules) aud one loaded car, riding with one foot on the tail
chain, the other on the car bumper, and ,,;hile coming down a short
grade of abont one per cent, his mules traveling in a slow trot, he
in some way lost his footing and fell under the rapidly moving
car, which dragged him a short distance and ran almost completely
over him. When found he was lying dead with about half his
body protruding from under the rear end of the car. He leaves
a dependent mother in the State of Ohio.

M.AY.
One fatal accident is the record for this month. Leo Huff, top
man, 28 years of age, leaving a dependent wife and three children,
was killed on the 27th inst. by a railroad car in the yards of the
T. D. Seales Coal Company's electric mine, Warrick County.
Decedent was -employed at general work around the top of the
mine, and on the above date was bringing an empty flat ear to the
tipple. When he attempted to apply the brake to stop the ear
the chain connecting the' brake rod and beam either gave way or
had been previously broken, causing him to lose his balance and
fall down on the rail in front of the car, whieh ran over him,
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mangling both legs and one arm and inflicting injuries of which
he died a short time later.
Note.-Thls casualty, together with that of Thomas Padget, shouhl
be reported as railroad aCCidents, but owing to the fact that they were

mine employes we Include them in tbe list of mine casualties.

JUNE.
Two fatal accidents occurred in this month. The first one on
the 17th inst., when George Wyrick, miner, 62 years of age, was
killed by falling coal in the Vandalia No. 50 Mine, Clay County.
At the time he met his death decedent was engaged in under-cut
ting a standing shot, and had nearly completed his work when a
]argemass of top coal overhanging his place suddenly gave way,
falling on him, crushing his head almost into a pulp. There were
no eyewitnesses to the accident, but it is supposed it was due to
the fact that decedent was partially deaf and did not hear the
noise of the coal breaking prior to falling. He leaves a dependent
wife and one child.
June 22d Hiram Miller, loader, aged 64 years, leaving a de
pendent wife, was fatally injured by falling draw slate in the Iu
diana Southern Coal Company's Forest Mine, Vigo County. At
about 12 :45 0 'clock, noon, decedent was preparing some dummies
for the purpose of tamping a shot, and while so engaged he was
sitting directly under the slate which caused his death and which
he knew to be loose. Suddenly, without warning, the slate gave
way and a large piece, measuring ten feet in length, five feet wide
and six inches thick, fell on him, crushing his chest and· breaking
both legs in several places. His injuries were so serious that he
died ten minutes later. There were a number of props and cap
pieces available near the scene of the accident, and considering
the length, breadth ~d thickness of the slate, two or more of them
should have been set under it. Had this been done the accident in
all probability would not have occurred.
JULY.

Seven fatalities is the record for this month. On the first day
of the month two Italian miners, whose names were Pietro Barta
Ionia, 22 years of age, single, and Silvib Senlensky, 27 years of
age, who leaves a wife and .two children, were fatally burned in an
explosion of powder in the Dering No.5 Mine, Vermillion County.
There were no eyewitnesses to this accident, and in addition to the
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fact neither of the men could speak the English language intelli
gently, they were both in such condition they could give no ex
planation whatever concerning the accident before their death.
On investigation it was learned that the two were working bud
dies, having two adjoining rooms, Nos. 4 and 5, on the sixth south
west cross-entry, and that on the morning of the day of the acci
dent they had taken into the mine two fresh kegs of powder. The
accident occurred about 12 :30 O'clock, noon, this hour being usual
ly employed by miners in making up their cartridges, charging and
tamping shots, etc. On inspecting their respective working places
we found one of the powder kegs empty and two shots ready to
fire in room No.4. In room No. 5 we found a shot on the east
side of the room which had evidently been fired since any other
work had been done in the room. A shot was drilled ready to
tamp on the w~t side of the room, and lying on the floor near the
mouth of the drill hole we found their tamping tools and a quart
can, such as miners use in filling cartridges, and au empty powder
keg, burst from the inside, indicating that they were engaged in
charging this shot when a spark from a lamp or .other cause ex
ploded the powder either in the quart can or the keg, more than
likely the former, this in turn exploding the keg. Although known
to be seriously burned, it was not thought at the time either of the
men were fatally injured. Senlensky was taken to his home in
Clinton, where he died at 10 o'clock p. m. of the same date. Bar
talonia was taken to the St. Anthony Hospital in Terre Haute,
where he died at 4 o'clock p. m. of the following day. An ob
servance of the statute requiring a lamp or any other thing con
taining fire to be kept no nearer than six feet to powder when
making up cartridges or charging shots would have prevented this
accident.
July 5th James Donahay,road man, 45 years of age, who leaves
a wife and five children, was killed by falling draw slate and coal.
in the Miami No.2 Mine, Vfgo County. Decedent was engaged
about 10 o'clock a. m. laying, a room parting on one of the cross
entries, and in order to make room for the parting ties, found it
necessary to under-cut the coal seam at the corner of the room pil
lar. A shot had been previously placed behind this corner, and a
portion of the lower bench of the coal seam had been mined off
and loaded out by the miner who turned the room, leaving a ledge
of the upper bench, together with some loose draw slate, hanging
out over the point where the ties were to be placed. Before com
mencing to mine, Donahay sounded this overhanging ledge with a
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pick, and thinking it safe, proce;ded to mine oft' the lower portion
of the seam. The coal and slate were evidently much looser than
he supposed, as he had struck but a few blows with the pick when
the entire mass gave way, falling on him and killing him instantly.
On the same date as above accident Archie Hunter, a top la
borer, 18 years of age, single, was killed instantly by a descending
cage at the surface landing of the Tecumseh :Mine, Knox County.
This shaft was sunk but recently and little had been done in the
way of development. The signal bells, speaking tube, gates and
other detail of equipment were not yet complete, and but five per
sons were employed on each shift, two at the top of the mine and
three in the bottom, who were driving entries, sinking the sump
and other work incident to opening, equipping and developing a
new mine. The signal bells not being in position; Hunter was em
ployed to take the place of this part of the equipment, i. e., he
would transmit by word of mouth or by gesture, to and from the
men in the bottom of the hoisting shaft and the engineer, the neces
. sary signals to hoist or lower the cages, the same as is nsually done
at all new mines when breaking away from the bottom. It was
cnstomary, when about to fire a blast in the bottom, for the miners
to get everything in readiness and notify the top signal man, who
in turn would notify and have the engineer at bis post and call
back to those in the bottom when all was ready, after which they
would light their shot, get on the cage and call "hoist away." At
about 8:30 o'clock p. m. a blast had been made ready to fire, and
David Gibson, one of the miners, stepped on the west cage, which
was then on the bottom, and called up to Hunter, asking if he was
ready. Hunter, seeing the engineer at his post, replied in the af
firmative, but at this point seems to have become confnsed, as he
gave the engineer the signal to hoist without first having had word
from those below to do so. The engineer, immediately upon receiv
ing the signal, hoisted the cage to the surface, Gibson still remain
ing aboard, and when he stepped oft' the cage found Hlmter lying
dead by the side of the east hoisting compartment, his head
crushed. It is presumed decedent discovered his error jnst about
the time the engineer began to i}l)ist, and in his excitement, wishing
to ascertain if any damage was being done those below, unthought
edly leaned out over the shaft under the east cage, which was then
above him, and was struck by it in descending. He leaves a father
and mother partially dependent on him for the support of younger
brothers and sisters.
July 8th Homer Trueblood, loader, 18 years of age, single, was
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killed by falling slate in the Mammoth Vein Mine, Sullivan Coun
ty. On investigating this accident it was learned that decedent
and a fellow-miner by the name of Mack Smith were working bud
dies, loading coal together, having two working places, rooms 1
and 2, on the third northeast cross~entry. On the day of the acci
dent they were loading in room No.2, and had loaded nine cars of
coal, working under slate, which they knew to be loose and which
in fact they tried to pull down, at about 11 :30 o'clock a. m. On
failing to get the slate down, Smith then advised Trueblood to set
some props under it. Trueblood, replying it would not fall for a
while, continued with his other work. Smith. had gone into room
No.1 for the purpose of drilling some holes, leaving Trueblood at
work mining off some loose coal. Wllile so engaged, a few minutes
after 1 o'clock p. m. a large piece of the slate 8 feet in length, 6
feet wide, ranging from 3 to 10 inches in thickness, gave way, fall
ing on him, crushing his skull, breaking his neck, killing him in
stantly. He leaves a father, mother and three younger brothers
who were pra,cticaUy dependent on him for support.
July 19th Will Richardson, driver, 25 years of age, single, who
leaves a dependent mother, was fatally injured in the Lattas Creek
Mine, Greene County. Decedent was going into one of the cross
entries at about 9 :30 o'clock a. m. with an empty mine car and a
mule. At the time he was riding on the front end of the car. Ac
cording to his statement the mule kicked him in the side, knocking
him over between the car and the entry-rib, where he was caught
and crushed through the hips. Confirming this statement, a large
discoloration, made by the imprint of the mule's foot,was found
on his side, while his badly torn clothes, as well as severe bruises
on his limbs and body, were evidence of his having been dragged
between the car and the side of the entry. The space between the
entry-rib and the side of the car at this point was about 12 inches,
and had he been caught in the right position in the space he could
easily have sustained a fatal injury, yet which injury caused liis
death, i. e., the injury received from being kicked by the mule or
from being caught between the car and entry-rib, an autopsy alone
could determine. Shortly after being injured he ]apsed into un
consciousness, in which state he remained until his death, which oc
curred at 1 :05 p. m. of the same date.
July 24th· Joso Bieam, miner, 34 years of age, Austrian, was
killed by falling slate in the Dering Mine No.7, Vermillion Coun
ty. From evidence elicited at the investigation and an inspection
of decedent's working place it was learned that the mine boss had
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visited Bieam on the morning of the above date, and had noticed
some very loose dra.w slate, which he ordered him to timber and
which Bieam agreed to do, after which the boss continued on his
way through the mine. This conversation occurred at about 8 :30
a. m., and was the last seen of Bieam by the mine boss until his
death. About 11 :30 a. m., while he was loading a car, a piece of
the slate 6 feet long, 6 feet wide and 5 inches thick fell on him
and killed him instantly. At the time of the accident Luke Surlos,
Austrian, was working with him. An examination of the room
where the accident occurred was made by Assistant O'Connor, and
it was found to be very poorly timbered. The props were not set
closer than within 30 feet of the face, except those which had been
set under the edge of the slate which· fell, and those which were
set in many instances had no cap pieces over them, indicating that
deceased was not a practical miner nor timberman. This fact was
also evidently noticed by the mine boss, and knowing this and that
neither the decedent nor his buddy could understand but very
little English, 'probably did not understand his order to set the
timbers, he (the mine boss) was negligent in not remaining with
them until he knew the place was made safe, or he should have
ordered them out of the place and caused it to be timbered by one
of the regular timbermen. Deceased leaves Ii wife and four chil
dren.
AUGUST.

Four fatalities is the record for this month, two occurring at
the same time on the 6th inst. in the Keystone Mine, Sullivan
County. Frank Delshmut, the superintendent of the mine, and
George Anderson, mine boss, lost their lives in an.explosion of fire
damp. The facts brought forth at the investigation of this acci
dent disclose carelessness on the part of the two men killed, aston
ishing to say the least. The A. H. Whitset Coal Company, former
owner of the mine, failed in the latter part of July and the mine
went into the hands of a receiver. July 25th was the last day on
which coal was hoisted. A number of miners brought out their
tools on the morning of the 29th. The fire boss on this occasion
examined the mine prior to the miners going into it. These were
the last persons in the mine fro~ that date Until the day of the
explosion, except the mine boss, who had gone down on the morn
ing of Augu!'t 2d to start the pumps, which are located near the
shaft bottom. During this idle time Delshmut was made receiver
for the company, also mine superintendent, and it was while ex
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amining the 'mille with reference to timbers needed, pumps and
other repairs necessary to start the mine he and Anderson met
their death. Both men were practical miners, Delshmut having
had a number of years' experience as mine superintendent and
mine foreman at mines in various parts of the State, and Ander
son for several months prior to his death had been serving as mine
boss of this mine. Both knew the mine generated large quantities.
of fire-damp, and in addition to one heavy explosion, in which no
one was injured, several accidents of a serious nature had occurred
from the same source. In fact, one or two men were badly burned
during the time Anderson had been bossing the mine. Knowing
these facts, wishing to make the experiments above stated, they
went into the mine about 9 :30 o'clock a. m. on the 5th with open
lamps and no safeguard whatever against fire-damp, and the ex
plosion occurred about fifteen :minutes later. The alarm was given
at once, the fan speeded to full capacity and a searching party
organized, who by entering the mine with and following the intake
air current, were enabled to rescue the unfortunates. Delshmut
was found badly mangled, dead, having been killed instantly.
And Anderson, though alive, was semiconscious, in which state he
remained until about 10 o'clock a. m. of the following day, when
he died. He leaves a wife and one child. Delshmut was unmar
ried, but leaves a dependent father.
August 19th August Waldon, driver, 32 years of age, single,
was crushed to death by loaded mine cars in the Dering Mine, No.
7, Vermillion County. About 12:30 o'clock p. m. Waldon was
bringing a trip of two loaded cars out of the fifth southwest cross
entry, riding in the manner drivers usually do, with one foot on
the drawbar of the car and one on the tail-chain. While coming
down a hill near the mouth of the entry he either lost his footing
or was crowded off the tail-chain by the mule, falling on the side
of the entry, and was caught and dragged between the car and
the rib. When found a few minutes later by a trapper and an
other driver he was lying unconscious between the cars ahd the
entry side with one leg between the wheels under the' rear car, in
dicating that in addition to having dragged him, the cars had
partially run over him. He was crushed through the shoulders,
chest and hips, and also received internal injuries, from the effects
of which he died at 4:30 o'clock a. m. of the following day. He
leaves a dependent father.
August 26th .John Sharpless, miner, 36 years of age, single,
was killed hy falling slate in the Vandalia Mine No. 50, Clay Coun
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ty. From evidence adduced at the investigation of this accident
it was learned at the time he met his death Sharpless was employed
drawing pillars, and during the interim from Saturday night of
the 24th and Monday morning of the 26th his working place had
caved in back to the end of the pillar which he was drawing.
About 9 :45 o'clock a. m. of the latter date decedent, who was a
. thoroughly practical miner, after having, as he supposed, made
the place safe, was engaged in loading a car of coal, when sud
denly a large piece of slate 6 feet in length, ranging from 3 to 5
feet wide and 14 inches thick, gave. way, falling on him, killing
him instantly.
SEPTEMBER.

Three fatal accidents occurred in this month. The first of
occurred on the 16th inst. in the Vandalia No.9 Mine, Ver
million County, At 3:30 o'clock p. m. of this date James Mur
dock, a lad but 16 years of age, working in the mine with his
father, was fatally injured by falling slate. At the time of the
accident he and his father, George Murdock, were on their way
out of the mine and had reached a point about 139 feet from the
face of the second south cross-entry off the fourth southwest, their
working place, when a large piece of draw slate 7 feet square and
7 inches thick gave way and fell, catching decedent, breaking a
leg and three ribs and otherwise injuring him. He died the fol
lowing day. The father at the time was some four or five feet in
advance of the boy, and he was also struck by the slate and pain
fully injured. From the evidence of several witnesses testifying
.at the investigation of this accident, among whom were the father
and two brothers of deceased, it was learned that the slate which
caused the a~cident was known to be loose and in a dangerous con
dition for several days prior to the accident, and that the mine
boss had full knowledge of this fact, having been notified of the
same by George Murdock, and that he (the mine boss) examined
and sounded the slate on the morning of the day of the accident
and promised to attend to it. In addition to having made no ef
fort either to secure the slate with timbers or take it down, he per
mitted both miners, drivers and mules to pass to and fro under it
during the day's work until it fell with the above result. All of
which being true, but one conclusion could be reached, i. e., that
the mine boss was criminally negligent of his 'duty. George Mur
dock testified that his son had been working in the mine but about
five months prior to his death; he further stated that he had known
t~ese
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the slate which caused his death was loose and dangerous a week
before it felL John Murdock, 21 years of age, testified that he
had heard his father complain to the mine boss that the slate was
loose; also had heard his father warn other persons not to come
in the entry because the slate was dangerous, and that he (John
Murdock) had examined the slate about 10 minutes prior to the
accident, and that he was afraid it would fall. Possessing a full
knowledge of these facts, both he and his father continued passing
to and from their work under this slate, which apparently was
extremely loose and liable to fall at any moment; also permitting
or causing the younger inexperienced brother to do likewise. One
of the following safeguards could have been adopted jn this in
stance: When leaving the mine, some road should have been used
other than the one over which the loose slate wa."! hanging. Fail
ing in this, as a matter of precaution for their own safety, they
should have stood one or more props under the slate to steady it
before passing under it, or one of them could have examined and
watched for any movement of the slate, placing his hand against
it, while the other two passed under it, they in turn to do likewise
while he passed through. Anyone of these precautionary meas
ures would have prevented this accident, yet none of them seem
to have been adopted. A summing up of all the facts tends to
show George and John Murdock, bther and son, were equally
guilty with the mine boss of negligence in their duty to decedent.
September 26th Addison Sheets, miner, 37 years of age, wife
and three children, was killed by a delayed shot in the Fauvre
No. 1 Mine, Vigo County. There were no eyewitnesses to this ac
cident. An examination of the premises and evidence brought
forth at the investigation developed the following facts: On the
afternoon of the above date decedent had two shots in the face
of his working place, the sixth northeast cross-entry. The shots
had been tamped on fuse and both had been fired; also, that dece
dent was found at about 3 :30 o'clock p. m., a few minutes after
the shot firing in the' mine had commenced,· unconscious, with his
skull crushed. He was lying about 31 feet from the face of his
working place, while near and around him were several pieces of
coal which had evidently been thrown and struck him from one of
the shots. He also sustained several other cuts and bruises in ad
dition to internal injuries, from the effects of which he died while
being taken to his home. One of the two shots above referred to
was a snubber and one a back sh:ot. . It is presumed decedent
lighted both shots; or attempted to do so, before leaving the place,

556

REPORT OF BTATE GEOLOGIST.

the snubber having the shorter fuse, exploded first, and the back
shot having the longer and possibly a faulty fuse, may have burned
so long before reaching the powder that decedent thought he had
failed to light it and was returning to do so, when, while within a
few feet of the shot, it exploded. One more death charged to the
use of fuse in shot firing.
September 27th James Black, timberman, 48 years of age, wife
and 3 children, was fatally injured by falling slate in the Coal
Bluff Mining Company's Lawton Mine, Vigo County. This acci
dent occurred at about 12 0 'clock, noon, on the eleventh southwest
cross-entry. 'l'here was no one present at the time, and the first
knowledge obtained of the accident was by Leonard Stapleton at
12 :20 o'clock, while passing through the entry, found Black lying
under a piece of slate 9 feet in length, 5 'feet wide and 4'12 inches
thick. Stapleton procured assistance at once and removed the
slate, when it was found decedent suffered from a broken shoulder
and six broken ribs in addition to internal injuries, from which he
died at 11 :30 a. m. of the 30th following. It was supposed by
some that he was examining the slate which caused his death, pre
paratory to replacing a cross-bar which had been knocked out from
under it two days previous by a mine car, and that while so en
gaged the slate fell on him. Considering the fact the accident
took place just at 12 o'clock, the hour all employes stop for lunch,
also the location of his dinner pail and tools, the former being at
the face of the eleventh south entry and the latter some distance
outside the fall, it is probable he was on his way to lunch when
the slate caught him.
OOTOBER.

Four deaths is the record for this month. On the 2d in st.
Claude Luzader, cager, 29 years of age, single, was crushed to
death by an ascending cage at the bottom of the hoisting shaft of
the Indiana Consolidated Coal Company's No. 30 Mine, Sullivan
County. On the afte1:'noon of above date (the hoist being over)
rails and track material we,re being lowered into the mine. At 3
o 'clock Luzader had just finished unloading a cage load of such
material when a number of persons came to the shaft bottom, wish
ing to go out of the mine. The north cage, the one on which the
rails were being lowered, was then on the bottom, empty, the east
bonnet was raised, however, to permit the rails being placed on the
cage. Luzader rang three bells to the engineer, and stepping on
the cage, started to walk across it when the enginee:, without wait·
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ing for any other .signal, hoisted the cage, catching the decedent
between the brow timber and the bottom of the cage, crushing him
to death instantly. Three bells is the signal at this mine used by
persons at the bottom when wishing to stop the cage at the surface
landing for the purpose of taking off picks, etc., and decedent
being new at the work, having served but one day as extra cager,
it is presumed thought the same signal would apply to the bottom,
and unconsciously gave the three bells, intending to hold the cage
stationary at the bottom until he could cross it and let the east
bonnet down. The engineer, thinking he wished the cage stopped
at the surface landing, hoisted it up with the above results.
October 7th Lewis Butler, machine helper; 35 years of age, who
leaves a wife and one child, was injured by falling draw slate and
coal in the Summit No. 2 Mine, Greene County. On the morn
ing of the above date Butler and the machine runner, William
Asher, were under-cutting room No. 21 on the fifth southwest cross
entry with an electric chain mining machine. At 10 o~clock they
had just finished an under cut and the machine was backing out,
when suddenly a large mass of coal and draw slate, which had
evidently been broken by a previous shot, gave way. falling on But
ler, breaking his right leg in two places, also injuring him inter
nally. He was taken to his home and a physician called, who
gave his opinion that the injuries were not fatal. He died, how
ever, on the 14th inst. following from uremic poisoning.
October 15th Fred Harden, pump man, 25 years of age, single,
was fatally injured in the Dering No. '5 Mine, Vermillion County.
At 10 o'clock a. m. while working around an electric pump he
slipped and fell, catching his hand in one of the cog wheels, lacerat
ing his fingers badly. Blood poisoning set up later, resulting in
his death on the 24th following.
October 28th Peter Papovicin, miner, 22 years of age, single,
was fatally burned in au explosion of powder in the Buckeye Mine,
Vermillion County. On the afternoon of above date Papovincin
had drilled a hole behind a shot in his room, and in doing so struck
and drilled through a piece of sulphur. At 2 0 'clock he was charg-.
ing the hole and had placed two charges, about two quat:ts of pow
der, in the hole, which he was trying to push back with his scraper.
The button on the end of his seraper was too large to pass through
the point where the sulphur lay. He then tried to force the pow
der through this space with an iron tamping bar, and in doing so
struck the edge of the sulphur with the bar, which emitted a spark,
exploding the powder in the hole, this in turn exploding an almost
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full keg setting near by, burning him so that he died at 1 :25 p. m.
of the following day at the St. Antho~y 's Hospital in Terre Haute.
A copper tamping bar, such as is called for by statute, would have
prevented thiS accident.
NOVEMBER.

Six fatalities occurred in this month. On the 4th inst. Carl
Myers, driver, aged 18 years, single, was crushed to death between
a car and mine door in the Tower Hill 1\1ine, Greene County. .At
8 o'clock a. m. decedent was coming out of the mine with a loaded
trip and was riding on the front end of the car, standing with one
foot on the dra wbar and one on the tail chain. He was riding
with his face partially toward the car. While passing through a
mine door which had prevIously been propped open to permit him
to pass through, the door in some way became loose from its fasten
ing and swung to just as the driver was entering it. The edge of
the. door caught him against the end of the car, crushing him to
death instantly. He leaves a dependent mother aud four youri,ger
brothers and sisters.
November 7th Bernard Kurthoff, miner, 52 years of age, was
killed instantly by falling slate in the Vandalia No.6 Mine, Greene
County. He leaves a dependent wife. At 9 :10 a. m. decedent
was at work loading a car within a few feet of the face of his
ro~m.. He had the car about bedded (level full) and was reaching
out over it placing small pieces of coal around the sides of the car.
While so engaged a large piece of slate 13% feet in length, 6%
feet wide and 12 inches thick suddenly gave way, falling on him,
pinning him down on the edge of the ear and coal. When found
a few minutes later he was lying in this position under the slate,
his neck broken and otherwise mutilated. The room in which
decedent was working wlis recently driven through a fanlt, on
which account it had been':parrowed down to 10 feet in width. At
the time he met with his accident he was renecking it. A large
roll, comprising a part of the fault, lay directly across the place,
with a slip extending up over it. A shot had been made under
the heavy end of the roll on the evening of the 6th and a portion
of the coai loaded out on the morning of the 7th, and the support
thus removed'caused the slate to fall.
November 12th records two fatalities occurring in the Vandalia
No. 10 Mine, Sullivan County. -At 9 :30 0 'clock a. m..Horace Mc
Intire, loader, 18 years of age, single, was, caught between an empty
mine car and a prop and injured so he died on the 'evening of th~
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20th following. From evidence adduced at the investigation of
this accident it was learned that decedent, when not engaged in
loading coal at his working place, was in the habit of spending his
time with the drivers, making trips for them, etc. At the hour
above named he was sitting at one of the double partings when one
of the drivers came in with a loaded trip. The driver hitched his
mule to an empty car and walked around to uncouple it from the
trip when McIntire stepped on the drawbar of the car and tail
chain and struck the mule several sharp blows with a stick, caus
ing it to leave the parting in a run. He had traveled but a short
distance, however, when the car took the points of a cross-entry
switch and jumped the track. :Mclntire, instead of jumping off
the car, as he should and could have done, remained on the tail
chain and was dragged up against a post which stood on the side
of the road, injuring him as above stated.
At 10 :30 a. m. of this same date Archie Aikman, motorman, 25
years of age, was fatally injured by being caught between a loose
cross-bar and the motor on one of the cross-entrics. At the hour
above namcd decedent was taking a trip of empty cars into the
cross-entry and was riding on the front end of the motor at the
time and was driving it at a speed of about 6 milcs an hour. A
cross-uar which had evidently been kuoel,ed ant of place by the
loaded trip last made was lying directly across, the entry, one end
resting at the roof on a prop and the other about 21h feet from
the fioor. Aikman did not see the timber until within a few feet
of it, and was driven up against it by the motor and so injured
he died about two hours later. He leaves a wife and two children.
November 12th Jules Vonzamilute, miner, 30 years of age, was
killed by a blast in the Vandalia No.5 l\Iine, Greene County. At
firing time (3 :30 p. m.) of above date Vonzamilute, having three
sl18ts tamped ready to fire, requested a fellow miner by the name
of Gribbe, who was working in an adjoining room, to assist him in
lighting them. 'l'he three shots were located one on each, rib and
one in the center of the room, and all of them tamped on fuse.
GribLe, after lighting his own shot, went over into Vonzamilute's
room to assist him as requested, decedent at the time was standing
about the center of the room nearly 10 feet back from the face,
and motioned Gribbe to light the shot on the right hand rib. Just
as the latter was about to apply his light to the fuse the shot in
the center of the room exploded, hurling large pieces of coal back
a distance of 25 feet from the face, some o£ which struck decedent.
crushing his skull and injuring him otherwise so he died a few
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hours later. Deceased was unconscious from the time of his acci
dent until his death, and could give no reason why he lighted the
shot and remainediiJ. the room, also permitting a fellow mirier to
come into the room, thus endangering his life. This being true,
there can be but one explanation, viz., decedent was not a practical
miner,lillew nothing about the use of explosives and did not realize
the danger to which he was exposing himself and Gribbe.
November 14th Dell Brock, driver, 18 years of age, single, was
run over by loaded mine cars and' instantly killed in the Summit
No.2 Mine, Greene County. Brock was employed as a spike team
driver, hauling coal from a double parting to the shaft bottom, a
distance of 706 feet. There. were no eyewitnesses to the accident,
and when last seen alive (9 :30 a. m.) decedent was leaving the
double parting with a loaded trip of cars for the shaft bottom, and
when found a few minutes later his trip was standing 141 feet
from the siding, the two front cars in the trip off the track and
Brock lying under the second car, his skull crushed and life ex
tinct. His cap and lamp were found on the roadway about 20
.feet inside the point where the trip was stopped, while above the
point was a 2x4-inch cross-bar. 'fhe entry at this point also has a
slight grade in favor of the loaded cars, and it is the general opin
'ion tl:~at decedent was coming down this grade at a fast rate of
speed, and striking his head against this bar, lost his balance, fall
ing under the trip and was dragged from that point to where his
body was found, the front car in the trip having passed over him.
DEOEMBER.

'fhree fatal accidents is the record for this month. The first
occurred on December 18th, when Louis Harmon, miner, 75 years
of age, single, was fatally injured by falling slate in the Superior
:No.5 Mine, Parke County. At 3 o'clock p. m., having completed
bis day's work, decedent had gone back to where he left his clothes
and powder box in a break-through, 70 feet from the face of his
working place, and was in the act of dressing. preparatory to go
-ing home, when a large piece of slate 19 feet in length, 7 feet wide
and 6 inches thick fell without warning, striking him and injuring
.him so that he died about one hour later while being taken home.
December 19th Frank Hawhee, driver, 26 years of age, wife and
;one child, was instantly killed by being run over with loaded mine
e.ars.in the Dering No.7 Mine, Vermillion County. From evidence
adduced at the investigation of this accident it was learned that at
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about 1 :40 p. m. decedent was coming out of the mine with a trip
'of two loaded cars, riding with one foot on the draw bar of the
ear and the other on the tail chain, and while coming down a slight
grade he was kicked by his mule, losing his balance and falling
under the rapidly moving trip. When help arrived he was found
doubled up under the first car in the trip, his head between the
wheels and life extinct.
December 31st Joe Karasave, loader, 46 years of age, wife and
7 children, was fatally injured by falling slate in the Vandalia
No.8 Mine, Greene County. At 11 :42 a. m. decedent was engaged
at the face of his working place working down some loose coal,
when a large piece of slate of a pot formation, measuring 6lh feet
in length, 5 feet 5 inches wide arid 3~ inches thick, gave way
without warning, falling on him, inflicting injuries of which he
died three and one-half hours later.
In the following table will be found a summary of fatal acci
dents, showing. the date on which each accident occurred, the name,
,occupation, age and nationality of persons killed, the number of
dependents left by each death, cause of accident and the name of
the mine wherein the accident occurred:
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TABLE

0:.
to.:)

Summary of Fatal A.ccwents.
Dependents.
Date.

NAME.

OccupatIDn.

CaUBe of aceid..t.

Mine.

County.

Nationality.

Maple VaUoy..•...
Vnndalia No. 316..

Yermlllion .. .
Parke.... .
Oihson .... .
Sullivan.•.. "
Vermillion ••..
Vermillion .....
VeI'Ulillion •....
Vermillion.....
'·crmlllion ..
Vermillion .... .
,'ernliIJion.... .
Greene...... "
Vermillion .... .
Sulllvan .•...
Vermillion .....
Vermillion ..
Knox .•. , ... .
Clay ........ .
Clay .... ..
Sullivan . . ..
Vermillion .. .
Vormlllion ..
Greene... , ...
Warrick.•...
Clay ...
Vizo .........
Vormlllion.•.
·Vermillion...
Vi2:o ..• ,_
Knox, .....
Sullivan.
.
Groene .•.••.

Flndlander.
American.

l:<i

American.
Polish.

o

l:<i
t;j

Jan.
Jan.
Jan.
Jan.
Jan.
Jan.
Jan.
Jan.
Jan.
Jan.
Jan.

5
8
9
12

14
14
14
14
14

14

14
Jan. 14
Jan. 15
Jan. 16
Jan. 22
Jan. 22
Feb. 6
Mar. 12
Mar. 12
Mar. 19
Mar. 28
Mar. 00
April 25
May 27

June
June
July
July
July

22
12
12
5

July

5

17

July 8
July 19

Otto Sancburgh.
Samnel Adalllll
Pcter Gebhart.....
Goon:e Howard ..
Edward Wolf.

J. Ph..to.... ..

J. Joseph..... .
T. Halenk .... .
J. Brews ...... .
H. Shonen... .

Leo Pike .. ·.......... .

Robt..Iohnson ...... .
S. 8a~ery ..... ",
William Meh·"II ...
Mike Lyy.kie ..
John Poska ...
Cb... Harling.
David Hill...... .
Thomas Roberts .. .
Frands Pad.et·..
Matto Gentile ..
Harry Smith ......
Daniel O·Donnell ..
Leo Huff ..... .
Goorge Myrick .. .
Riram Miller.., .. .
Pietro Bartalnoia .... .

Silvio Senl,ky .. .

J as. Dunabay .... .

Archie H linter ... .
Homer Trlleblood•..
Will Hichard80n...

Sbot-firar ........... 1 :J3
Top laborer.. . .
. flO
Ti~berman...

1)",·or. . .
Miner.
Miner... .
MI..r ... .
Miner .... .
Miner .... .
Miner ... ,

. '1' 39
. 18

Blow" Qut shot... ..
Fallin~ do.·n shaft ..

Falling slate. . ...
Mine .l\!'.......... .
Powder e"<plosion .....
rowder explosion. ,

Miner ...•

Powder explosion .. ,
Powder expl0.ion ..
Powder explosion, .
Powder explosion ..
Powder e'plosion.
Delayerl s~lOt ...
Asrcndin~ cage....

Siot-firer..

Smoke explosion.

Shot·firer .. "
Tlmherman.
Miner ..
Miner ...
Flat trimlllill' ..
Miner ...... .
Driver ..... .
Drl ,er.. . ..

Smoke ."plos;"n.

Top laborar.
Miner ... .

Railroad ear....
Falling coaL ...
Falliu .!ate..... .
Powder "1'I08lon .. .
Powder «plos;"n ..
Falling slate ..... .

Miner ..•..

Miner .... , '

Miner ..... .

1"",-1er ... .
Miner .... .
Miner .... .
lloaj man .. .
Top laoorer..
1.o,,-1or ...
Driver,

Falling slate.. .

Falling slate. .. .
Powder explosion ...

Powder explosion.
Railroad ears .....
~A.scending cage .. ,
Falling

.'"t•....

Mine ('ar ... ,

..

nes('enrtin~ ca~ .. .

falling ,late.... .
Kicked by mule. _

O...ald......... .

RuG.on ......... .
Doring No.7.... .
Dering No.7... .
Doring No.7..... .
Dering No.7... .
Dering No.7... .
Dering No.7 .... .
Derin. No.7 ...... .
T .. in No.4....... .
2.... :

_No. 15.•.•
Dering No. 15...
Vandalia No. 40..
Bra,iI No.4 ... .

BradJ Nn. 4..... .
Little Giant ....... .
Crown Hill No.1.
Oak Hill No. W.

LaU.. C'raok .. .
(electric .......... .
Vandalia No. W .. .
Forest. • .. .. .. .
Dering No.5... .Dering NO.5 .. .
Mianli No.2. "
Tecumseh .... .
Mammoth .... .
Latt.. Creek.

Gorman.
Polish.
Pollsb.
Polish.

Germa.n.
Findlander.
Polish.
Srotch.
Italian.

Amorlran.
Flndlander.
:Findlaner.

Germa.n.
American,
Amerlean.
American.
Italian.
Ameriran.
American.
American.

Wel~h.

American.
Italian.
Italian.
Iriah.
Srotch.

American.
American.

;:g
t-3

":I

~
~
Q

t;j

o

t->

o

...,Q

~

July
Aug.
Aug.
Aug.
Aug.

24
5
5

19

26

Sept. 10
Sept. 26
Sept. 21

Oct. 2
Oct.

7

Oct. 15
Oct. 28
Nov.
Nov.
Nov.
Nov.
Nov.
Nov.

4
7
12
12
12
14

Dec. 18
Dec. 19
Dec. 31

Joso Blea.m...... .
Frank lJelBhmut. .

George Anderson.

John Waldon ...
John Sh....pless .•
James Murdock.
Addison Sheets ..
James Black .....
Claude Luzader ..

Lewis Butler... .
Fred Kord!n ..... .
Pietro Popovin,L ... .

Carl Meyers... . ..

Miner .............. ! 34
Mine superintendent.
Mine boss. . . .
Driver. " ... , ... .
Miner.. .......... ,

Miner. ,

Miner ..... .
Timberman.

Cager...
Machine

Pumpman.

Miner .. .
Driver . .

Bernard K IIrthoff ..
Horaee Mcintire ..
Archie Aikman. .. . .
Jules Vonnunilutc ...
Uell Brock .....

Miner .. .

Louis Harmon, , .

Miner ....

Frank Kowhee ... .

Joe Knrasave.... .

Loader... .
Motorman.

Miner . . .
Driver.,. ,

Drlver..
Loader.

Falling slate ... " ..
Fire danll> explosion.
Fire damp explosion. . . . .
FeU under mine car......
Faj!ln~ .Iate. . .. .
Fallin~ .Iate.. ...
Delayed ahot..
Falling .iate. . .
A.cending cage. . . . . . . . . .
Fa!lin~ slate. band mashed..
Blood poisoning. .....
Powder explosion... . .
lletween car and mine
Falling slate. . .. .. .... '"
Between mine car and prop..
Motor and cross bar. ......
Premature blast...... ....
Run over by mine cars. . . .
Falling olate. . .
Mine c....... .. . .
Falling slate. .

Dering No.7....
Keystone.. ..
.
Keystone......... .
Dering No.7..... .
Vandatla No. W ..
Vandalia No.9..
Fauvre No.1 ..
Lawton ......... .
Con. Ind. No. 20 ..
Summit No.2... .
Dering No.5 ..... .
Buckeye.... .
Tower Hill..... .
Vandalia No.6 ..
Vandalia No. 10 ..
Vandalia No. 10... .
V8lIdaiia No.5... .
1lumJUit No.~ •.•.
Superior No.5 ..
Dering No.7.....
Vandalia No.8 ..

"ermillion. .. .,'

Sull!van ..... , .. .

~'~~~:"

4

Aust~1IIll.

"1

Clay ........ .
Green ...... ..
Vigo ........ ..
Vigo ...... ..
Sullivan...... . 1.

Green.......... I

Vermillion. "
Yermillion ...
Greene..

Greene .. .

Sulilvan ... .
Sullivan... .
Greene .. .

Greene .. ,

Parke.....
Vermillion ..
Greene .... _..

''4'

American.
l.uAU.h.
Arnerlcan.
American.
American.
American.
Scotch.
Arnerican.
American.
American.
Rnumanilm.
Arner1can.
German.

American.
American.
Freneb..
Awerican.
French.
AUlerican.
Poland.r.

U1

c:::
ill.:
I!::
;..

~
~

~

1-3

~
;..

o
o

~

rn

<:;n
0)

<»
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PERSONS PERMANENTLY INJURED.

Under this head we include only the accidents resulting in the
amputation of a limb, a broken back 01' other injuries unfitting
persons to perform the duties of their usual occupation.
The following table exhibits the date of accident, the name, age
and occupation of persons injured, the number of persons depend
ent on each for support, the nature and cause of the injury and
the name of the mine and the county where the accidents occul'l'ed:

.."

g;

TABLE OF PERMANENT lNJURIES.

r;:;

Dependents

Date.

NAME.

Age.

Occupation.

Injury.

c..UB. of

aooldent.

Mine:

County,

Wife. I Chil
dren.
Jan. 12
Jan. 12
Feb III
M"y 1
June 1
July 18
Sept. 14
Sept. 19
Oct.

5

Samuel Oldman
Oliver Kelly. , , .
WID-Hawton ....

Jam.. Douglas ..
Bert Griffin ..... .

Victor Brugman ..
Chari.. Johns, . , .....
Richard Creighton.
Wm. McClelland .. , ,

29

I

Shot firer..... 1
45 , Shot firer... .
LoM... , .....
Miner ........
Driver .....
J errym&n .. , ..
Miner .......
Miner ........
Motorman ... .

1
1
1

0
0
1

0
1
1

Arms, bands, faee burned.
,~ Face,
arms, hands burned.

0
0
0
0

0

0
0

Back dislocated ......... ,

Arms, hands, fooe burned.... , .

Leg amputated ............. , ,

Hands. arms, l'aee burned .....
Back broken .. , ,.. . .........
Leg crushed .... , ..
Leg amputated....

Powder explosion. ,....
Powder explosion..... , .
Falling !dote, ..........
Powder explosion........
Min.car..............
Expinsiou fire damp•...
FaJling !dob!.. ... .. ...
FaJllng slat., ..........
Fen under(motor. . . . •. .

Lower Vein...
Lower Vein.... , .
Gilmour..........
Lower Vein.......
Vandalia No. 316...
Vandelia No. 10....
Vandalia No. 66 ....
Vandalia No. 10....

Vigo.
Vlgo.
Greene.
Vigo.
Parke.
Sullivan.

J~.

Blaek Creek ... , ..... Greene.

~

I
z

c..

~

I:.l1

~
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TABLE
Showing the Nationality of Persons Killed Of' Permanently Inj1tred and
the Number of Dependents.
Perma- DependN ationaUty.
nent.
ents.
Fatal.

American ...... . . . . . . . . . . . . . . . . . . .. 27
Polish .............................

G

German ............ , ...............
Italian .......... ........ ....... .. . ..
Finlanders ...... : ~ . . . . . . . . . . • . . . . ..

4

7

50
17

4

6
4
7

3

Scotch ....... ;....................
'Velsh .............................
Irish ..............................

3

8

1

Englisb ............................

1

Austl1.an' ... , . . . . . . . . . . . . . . .. . . .. . ..
Roumanian ........................
FI:ench ............................

1
1

2
6
3
5

1
1

1

1

1

Totals ......................... 53

9

118

COMPARATIVE TABLE
Showing Number of Tons 0/ Coal Mined Each Year, the Number 0/ Persons Em
ployed and the Number of Tons of Coal Produced per Each Death Each Year
From January 1, 1898 to January 1, 1908.
Fat.l

YEAR.

1898.
1899, .
1900, "

1901 ...
19.)2, ..
1903. ,
1901.. ... .
19J5 ... "
BJ6. , .
19~1 .. ", ..

Employes.

5,146,920
5,861,975
6, 28l!, 063
7,019,203
8,763,197
" " ... i 9,002,563
' " .. i 9,812,404,
.. " 10, 91l1>, 912 I
., .: 1l,422,C27 I
" . . . j 13,200,715 ~

acci

I

Tons

,produCfd

dents.

i per death.

No report,
7,l!<6

22
15
18

233, geO

10,296

24

8,8t8

13,139
15,128

11,8,8
17,8(,6
19,562
19,f.09

24
55

84
47
31
[)3

;'90,~97

349,\19
292,,(6

,,&,1:3

,I'

181,(f3
290,
2,3,9.6
,68,410
!lt0,013

SERIOUS ACCIDENTS.
Under this head (as in our former reports) we include only
the accidents resulting in broken bones, internal and other injuries
such as we think are of a nature serious enough to call for special
mention. In the following summary we exhibit the number of seri
ous accidents occurring, the date of each accident, the name, age
and occupation of persons injured, the nature, cause and extent
of the injury, the number of persons dependent on each person
injured for support, the length of time they were idle by reason of
this injury (w~ere we were able to ascertain the same) and the
name of the mine and county wherein the accident occurred:

TABLE OF SERIOUS ACCIDENTS.
Depend.
ents.
Date.

NAME.

Occupation.

.E

Injury.

Cau,e of Accident.

~ :::::

:ll

a
Jan.
Jan.
Jan.
Jan.
Jan.
Feb.
Feb.
Feb.
Feb.
Feb.
Feb.
Feb.
Feb.
Feb.
}'eb.
Feb.
Feb.
Feb.
Feb.
Feb.
Feb.

1

Brook Cheek.
Ed. Price ..... .
14 Mat. Se",ell ...... .
23 George Ha.fI!ye ... .
24 ('...,orge Bennett... .
2 Woo. Gray ..•....
2 Everett lllair..
19 . Robert Pa.seve....
191' Robert MeKain ...
19' James Ruck .......
19 Geor.~e Zimmerman
III A. Balion ....... .
19 Em...h Roach.... .
19 John Roach ..... .
19 AI. Zimmerman... .
19 1 James Roach.. .. .
19 Lemuel Hailey .. .
19 J. A. Kelly. . .. .
19 W. I.Utlefage.... .
19 G. W. L1ttlef.~e.
26 J"", Bire. . '"
Mar. 12 Bay C'arte·.......
Mar. 7 Jam... C.I)ler..
M.ar. 12 };dwin r 0 ert8.
Mar. 23. .oscar GrrlL
Mar. 29 A. Mc:1rew ... .
April 3 Ch.... J.isdl!e .. .
April 4 Woo. Pentland.. .
April 6 Wall.'e Reid.. .
April 8 Albert Wri&ht .. .
April 13 J .... Faqin ..... .
April 16 Louie Clary. . . . . .. . .
,Aprll16 Newton Steadman ....

3

I

20
55

25
21

o
o
1

'0'

o

'-Motorman,

Miner.
Miner.
Mjner.

Miner ..
Miner . .
Miner . .
Miner,
Miner ...
Miner.
Miner ....
Miner. "
Miner ...
Top laborer... .
Top iaborer.. .
Driver.
Drl.er.. .
Miner .. .
Driver.. , . ,
Motorman.
Miner ....
Lo.der..
Loader..
Miner, ,
Miller.,
Miner.
Shot-firer ...

20
14

42

....
I:ack injured.. , , . . . . . . . ... 1 Fen under mine car.
Hips and back injured ...... 'j Falling slate ..
Faee and bands hurned .. ""
Premntuce ahot.
alate ...... .
. .... j
Ankle broken. . ..
Body burned.. ..
... .
on of powdcr

Foot crushed
.Fjn~ers cut off ...... ~ • '
<

••

•

•

•

•

•

•

•

••

o
o
O·
o
1

o
o

4' - - - . . . E>

" .._ .

Between rar and motor,

.. \
Face and bands burned. . ... j
Face and bands burned.. ...
Face and hands burnad.. "'.
Face and hands burned.
1
Fare and h.nds burned.
..
Face and hands burned.
..1
Fare and hands burned. .
Face and hands burned. . .,
Face and hands burned... . I
}'are and hands burned.. .. .. [
Fare and hands burnad.. . ..
Face and hands burned. .. . .[.
Fa('e and hands burned. . ..
Back Injured ..... , .. .
. "1
jnjured infernally
.
Face injured ............... ,
Fare. h\>nds and body burned"j'
..
Hips InJured .. ""'..

Smoke exploson ...
Sn oke explos;on ...
Smoke explos;on ..
Smoke explosion ..
Smoke explosion.
Smoke explosion.
Smoke explosion ..
Smoke explosion ..
Smoke explosion ..
Smoke expio,lon ..
Smoke explosion .. .
Smoke explosion .. .
Smoke e~pl08lon ..
Descending cage ......
Caught un'der mine <ar ..
Kick.d by mule ..... "
Explosion of powder.
Fell under mine car.

Hips injured. . .
Skull fractured..
Arm broken. . . . .
leg broken. ...
Foot broken ... , ...
Iniured In abdomen
Body burned.....

Fall of alate.
Fall of alaie,
Falling coal. .
Falling slate .. .
Falling slate ... .
Premnaturc .hol.

..1

1
I

County .

~

o m

Driver.
Loader ..
Miner.
Miner.
Miner, ,
Loader ...

Mine.

Arm broken. . . . . . .. .. ., . Between mine cars..
"1 Fal:ing safe.

.
..
"
..
.. I'
..

Miami No.!.
Gilmouc ..... .
Twin No.4 ..
Vulcan ..... .
First Avenue.
Mammoth ....
Ma.mmoth ..•.
Castle Garden ..
Castle Garden.
OIlisHe Barden
Castle Garden.
Castle Garden
C...tle Garden .. ""
Castle Garden ....
Ca.stle Garden ..
Caetle Garden ...
Castle Garden ..
Castle Garden. ..
Castle G....den. . ..
f\~~tle

Garden ... . , .

(d.mour . .. , ..... .

Cititens .. .. , ' .. .
Grea"e Valley .. .
Brali! Block No.
Littles. . .. ..
Mammoth .....
'Ayrshire No. a.

Oilmour.. , .

Mammoth .•
I.ewl•........
Summit No.2 .. .

Ex('e!sior, ...... ,
Vandalia No. 67.

\'igo.
Greene.

Greene.
Greene.
Vanderburgh.
Sullivan.
Sullivan.
Wacrick.
Warrick.
Warrick.
Warrick.
Warrick.
Warrick.
Warrick.
Warrick.
Warrick.
Warrick.
Warrick.
Warrick.
WalTlck.
Greene.
Sullivan.
Greene.
Clay,
Pike.
Sullivan.
Pike.

~

~
oI:!:
00

!
00

l>

a
a

~

1-3

fI2

Greene.
Sullivan.
Clay.
Greene.
Clay.
Vigo.

<:1l
CT:>
-::1

Q1

m

TABLE OF SERIOUS ACClDENTS-Continued.

00

Depend·
ents.

Date.

NAME.

Occupation.

~

Injury.

~

CaUBe of Aecident.

Mine.

Count),

~E5 ~

i------;..!....i---i--·i---------i--------
April 16
Aprill7
Aprill7
April20
April20
April22
April 23
May I
May 2
May 3
May 3
May 4
May 4
May 6
May 6
May 6
May 9
May II
May 12
May 13
May 14
May 16
May 16
May 19
May 20
May 20
May 21
May 21
May 23
May 25
May 20
May 31
J,me 3
June 10

Jolm Watkins. ,,','
Walt.. Redge.
Harry Monroe",.,
A. J. Daugh...ty. '."
Isrcal Blevins, '"
Wm. Collins.•. " '
C,Blevlns.,.""".,
Elbert Archfie1d. , . , , , , , ..

Chao. Bog..., " ......
EmU AdonreJ" .. "

'QrvU Aikis .... " ...
W. W. Burgess. , , .

Charles Wood, . ' .. ,' ,
Howard Goommer, . ,
Doni< Thom.... . . . .. ..
Charles Southwood.... .
George Bardsley..... ..
John Sills. . . . .. . ... ,
Charles Mask.. .
Marve City...
Jobn Easton.
Frank Lawson.......... ..
Thomas Ande:rson.... .
Tholllllll .Tones, .. .
Alesoa Barton ..... .
Chas. Noble..... .
Joha Boyd .• ·... " ..
Sam Murphy... ..
MOton Webster..
Harlem McKinon.
George Glast! ... ' .,
Allen Rogers ...... .
Steve Nasb. . .. . ..
Quiney Cardesty....

28 i Miner.. ..

Min...... .
Miner... .

Driver ..
Macblne
Driver .. .
Driver.... .
Driver.... .
Driver.... .
Miner .... ..
Driver ...... .
Shot firer ....... .
Miner ..
Driver .. , ..
Driver .... _..
Trip rider .. .
Driver..•.
Timberman
Shot firer... .
Loader.. .
Miner .... .
Driver.
Miner••.....
Driver . .... .
Miner., ..
Miner ....
Drive-r ..
Drlv....
Cager.
Miner ...... .•..
Miner ....

Driver ..•. , .
Jerryman ..
Miner .

Face and arms burned
Face and body burned,
Face and body burned,
Hips injured, .. ,
Foot crushed,." ' , ,
Hips injured .. " ..
Hips in/ured"" ... , ..
Hips inJured." .. ""
Fingers broken, ., , , , ., ,
Knee injured, ' •.
Head Injured". , , '
Face. hands burnerl
• '001 crushed.. , ,
I ~o Chest bruised. , , , ,
Ribs fractured. ' ,
o 210 Leg
broken, , . , .
o 6 Head fractured, .. .
6 1 18 Shoulders. ankle mjured
o I 7 Hands and face burned
1 40 1 Arm fractured . , .

",I""
I

fi
I

o

WI I!:tb~:~,;,i.'"
1
1
1

.

Back Injured .. "
Fool crusbed, . .. ,

6
90

2 1, ... 1 Crushed chest
Bodyinjured
burned,.
oI 12 'jI Hips
........ , ..

I'"

2

""I

41 . Foot injured ..... , .... ..
Skull fractured"",
.. ",
Thigh
and bips injured,
,.
2 I 18 Ribs broken."
'
o5 'I 137
...
Thigh injure<!, ... '
Back injured, ' .. , ,
I . 22 I Head crushed. , ..

o4 I 65

I

of fire damp .. " .. .
sbot exploded ... .
.
of fire damp ..... ,
Minecare: .... _, _, .. , ' .. .
Cau~bt under macbine ... .
Fell under mine .,.,..... .
Collision of mine ears ... .
Caught between mine.,.,.. ..
8prag and car wheel.
Falling coaL. ... , ..
Kicked by mule, .
Blown out shot ..... .
FaUingsmte... .. ..
Between mine cal'!!, , ., , , .
Kicked by mule, "'"
Car jutn\'led track. ' ,
Caught by mine ear",
Falling slate ..
Delayed sbot. . , , ' ,
Mine ear ...... .
FaUing slate .. " ... " ..
Run over by mine car . . , .
Falling'slate, ..... ,
Fell under mine car" ,.
Between mine car and prop, , .
Overcharged shot., ' , ,
Between mine cars, "
Falling coal... , .. , .. , ...
C<>sl faUing down shaft. , ,
FaUing slate., " "
Mining "",ohin•... , '
Falling alate. , ... , "
FaUing alate. .. . .. .. " ,
Between car mine and prop, '

Wabash ......... '
Ayrshire No, 4" .. '
Keystone.... , . .. .,
Lalt.. Creek .. , .. "
Jaclmon Hill No.2..
Jaclmon Hill No.2..
Jackson Hill No.2..
Gilmour ........ , '"
Lattas Creek. , ' .... '
VlII1.dalia No.5" .,,'
Twin No.4 ..... ,..
Oswald ........ " ..

Sullivan,
SuUivan,
Greene.
Greene
Greene,
Greene.
Gibson.

Gilmour.". , ... ,'
Mammoth ..... , . ,
Phoenix No.4.. •
SuperiorNu.2, , '"
Maple Valley.,.""
Vivian No.2, .... , ,
Vandalia No. 10"
Mammoth ....•• ,
Vandalia No.5.. .
Maple Valley,
F.Joctrie. , .. ," .,',
Castle Garden" ... ,

Greene,
Sullivan,
SuHlvan,
Parke,
Vermillion,
Clay.
Sullivan,
SuHlvan.
Greene.
Vermillion.
Warrick.
Warrick.

Victor.. .. . .. .. .. ..
Vandalia No.2.. , , .,
Mecca No.3. , , , , '
Vandalia No. 10".,
Vandalia No.6" .. ,
Vandalia No. 2.. , , "

Vigo.
Greene,
Parke,
Sullivan.
Greene.
Greene,

Vigo.
Pike,
Sullivan,
Greene.

Buill""",

~=tb::::: ::: ~van

~::~:ll: ~~: rJ:: ::, ~~an.

l:II
t;I;j

'l:f

~

o

~

tll

~

~
ot;I;j

8....o
~

June 10
June 11
June 18
Jundl
June 18
June 18
June 19
June 20
June 21
June 22
June 24
June 24
June 25
June 26
June 26
June 26
June 'J:l
July 1
July 2
July 2
July 2
July 3
July 8
July 9
July 10
July 16
July 17
July 18
July 19
July 22
July 26
July 27
July ao
July 20
Aug. 2
Aug. 3
Aug. 3
Aug. 3
Aug. 11
Aug. 5
Aug. 5
Aug. 7
Aug. 8
Aug. 10
Aug.12
Aug 12
Aug 12
Aug, 15 ,

Late Ganiner... .
Bert McIntyre. .. . .. . .. .
S. T. Bass.... .
•
Robert Roger .. ,
Wm. Drake.. .. .. .. .
JaJIleBJones........
Emery Hart... .. ..
!!:d. Colbert . .. .. ..
Herman Aclon....
Wm. TerreU..... '"
George Ro....burg. ..
TholL Damples.. .. ..
Alex. M.eNen..........
R. T. Grim.....

, ,. 21
32
48
'J:l
25
:rT
32
40
....
49
20
50
23
50
Frank Lenn... ......
37
George Hart. .. .... ..
24
Robert Hutchison .......... 45
Wm.Segsman.............. 55
ElyGreen .......................
John A. Roberts .............. 35
Chari... Sharp. ..... .... .. .... 23
Thos. SmaJI........... ...
21
Warren Fo.ter.... ..
24
James Scholtz.
24
JohnCl...ter............
17
Walter Broady. ..........
20
Joe Batt......
21
CecIlCraig..........
... 22
Robert BummeL .. ..
....
Wm. Kremer...
20
ZolaThorp.....
43
Thos. Hew.......
26
John Wilson.....
26
Steve Brown.. .
41
Geor,.reSmith.
..
JamesSoutb.... ...........
Loonls Barr...
.. ....
Chas.Barton..
25
Fred Vassey"..
19
Fred Hoffman..
"
55
John Black. Jr.......... . .. ... 26
D. Colli.....
..........'.
Chas. Roach.. .. .
35
John Crawley.
47
Ora Carty.........
Wm. TravaJIlan..
. ....
Tom Brantlinger.
.. .. 25
Har\e~ Bonnett.,.
... 25

Driver.. , " ,
1
O! 14
Night wateh.
1
5 12
Miner.....
I
4 25
Miner.....
I
0 ....
Driver....
I
I 18
Miner......
1
1 ....
Timberman.
0
0 21
Miner... . '
4 20
Gager......
1
0 18
Miner..
1
4 ....
Driver. . . ..
1
3 18
Loader. .. ..
1
1
Driver........... 1
0
7
Machine runner....l
2, 20
Shot firer.....
1
1'....
Dri\'er.. .
1
1 10
Miner .. ,
1
1 15
Miner......
1
9 18
Miner...
1
1 60
Miner.....
1
3 12
Jerryman.
0
0 50
Driver....
0
0 20
Miner.....
1
1 14
~iver...
1
1 17
MIner........
0
0 60
Driver.. . . . . .
0
0
6
Driver......
0
0 125
Driver.....
1
0 57
Miner.....
. ... .... 6
Driver.....
1
I
Miner......
1
3 75
Driver......
0
0 125
Loader......
1
2 54
Road man..
1
3 60
Driver..... .
Miner....... ....
0 12
Miner: .......... ,
.... 60
Machlnerunner...
0 i 50
eager............
0
5
Miner...........
5 10
Miner..... .. ... ..
0
FJectrlcian....
3 12
Machine helper... .
5 60
Jerryman...
4 50
Drlvo.r...
0 12
Driver........
1
~lver.......
0 . 31
Electrician.
4 ....

...1' ....

I

I....
114

Hand broken. . .
. .. ' Kicked by mule........
Ribs fractured. . . . . . . .
FeU o'l'er wheel barrow.. .. .
Back injured..........
Falling ooal............ ..
Foot crushed...
Falling 0001.................
Hips injured
.... .... ... Between .mne cars..... .. ....
Thumb brokeIl. ....
FaJling coal .................
Back injured..........
FaJllng slate.. ..............
Arm crushed .......
Between .mne car. .........
Hand masbed.. .. .. ..... .... Coal falling down shaft.... .
Arms burned ................ Premature shot .............
Hips injured....
Crushed between mine cars, .
Leg crushed. ...
FaJllng coal.. .
Back Injured.....
FaJling slate.
Collar bone broken...... .. Cause nol given ............
Arm and fare burned....
Premature .hot. ......
Teeth mocked out.....
Kicked by mule....
Back !'ti"'ed........... ..
Falling slate...............
Kneemlured ............
Fallingcoal.................
Crushedlnchesl........
F.Uingslate................
Face and arms burned..
Explosion of fire damp.......
Back injured.... .
FaJling slate. .... . .. ........
Hips erushed.....
Between mine cars.......
Foolbroken..
FalIing.late...........
Side ruptured.....
Mine ear.. ............
Ribsfractured.............. FaJllngslate..............
B.ck and hips injured..
Fell under mine cars.. . .
Hlp dislocated... ........... Fell under.mne ears....
Face,armsandhandsburned .. Gasexploslon ...............
Bndy bruised ........
Falling slate. ...... ........
Collar bone broken....
Fell under mine car.........
Legbrok.n.......
FaJlingslate..
Rib broken................ FaJlingslate..
Back injured.........
FaJling 0001....
.. ..
Face and body blll'lllld.
ExplosIon of fire
Foot erushed ... , ........... Mine car ..................
Back!niured................ Falling slate ...............
Back inJured...... . .. .. .. ... FaJling slate.. .. .... ......
SkaUfractured.............. Fallingslate...........
Armbroken................ ,Mine car...................
Back and hips injured ........ Shot througll pillar .........
Hlp dislocated. .. .......... FaJling slate. . ....... .. ...
Eye injured...... ... .... . Struck by fan blade.... ......
Ankle crushed............... Mining lIll\eblne.......
Arm broken. . . . . . . . . .
Falling slate. . .. .... . . . . ..
Arm broken.............
Mine ear.......... ......
Hip injured.......
Mine car.. .... ..........
Leg b~k~n.......
Between min~ c...........
Bre...t Injured. ...
Falling "ate. . ..

Vandalia No.2.....
Mary ........... , .
BrazU Block No. I.
Blackburn No.2...
Vandali& No. 60....
Eleetric ...........
Phoenix No.4.. ..
Vandalia No.9. .. ..
Lattas Creek..
Wabash........
Calndonia...... ..
Freeman ........ ..
Foresl......... ..
Parke No. 11......
Castle G.rden... ...
Oak roll.. . .. . ....
Dering.No. 7......
Vandal.. No.60....
CrawfordNo.2 ......
Mecca No.3.. .....
CUm.mns..........
Summit...........
Vandali.. No.6 ......
DeeingNo. 7........
B"",nBlockNo.1. ..
Gilmour........ " .
Vandalia No. 10....
V811daliaNo.lO....
Lattas Creek.. .
M.asaey...........
ParkeNo.ll...
O...ald........
Rainbow ...........
Wabash. . . . . . .
Deep Vein..........
Vandalia No. 21....
M,iami No.3.. .. .. .
Lit.tleGi.nt.. ......
Clo'l'... Leaf.........
Vandalia No.5.....
Lawton......... ..
Mary.............
C..tJe Garden ... '"
Parke No. 11. . . . . .
Buekeye..........
Buckeye...... '"
Buckeye.........
Hocking...•.. '"

Greene.
Parke.
Clay.

Pike.
Clay.
Waniek.
Sullivan.
Greene.
Greene.
Vigo.
Sullivan.
rarl<e.
Warrick.
Vermillion.
Vermillion.
Clay.
Clay.
Parke.
Sullivan.
Greene.
Greene.
Vermillion.
Clay.
Greene.
Sullivan.
Sullivan.
Greene.
Pike.
Park..
Gibson.
Sullivan.
Vigo.
Vigo.

Greene.

VIII'!'
Sullivan.
Sullivan.
Greene.
Vigo.
Parke.
Wanick.
Parke.
Vermillion.
Vermillion.
Vermillion.
Vl'I'mjUion

>3

>
til
~

0
~

g:j

:;.,
:::

d

1'Jl

>

C

~

0
Il'!I

Z
1:6
•

(')l

0':>
~

Ol

TABLE OF SERIOUS ACCIDENTS-Continued.

-:j

o

Depend
eDts.
D,,~

NAME.

Occupation.

~

Aug. 16 Oliver M. Davia ....
28 .
Aug. 16 ,Iamos yocum .....
.iii'
Aug. 16 Clay CaD ..........
Aug. 17 Dave Beverage .....
39
Aug. 17 JaB. flowe... .. ..
Aug. 20 Wm. Cowden ......
19
Aug. 20 J.ohn Burgen......... :::::::: 24
Allg.20 Newton Davi<l80ll.....•.•.... 33
Aug. 21 Oscar Phillips..............
Aug. 21 Fliza Coff man.. ., .......... 16
Aug. 21 Alex. Jon.................... 60
Aug. 22 Joseph S~out.......
Aug. 22 Jas. Goodman .....
2i
Aug. 22 WUliam ~arJ..er.
30
Aug. 23 r:r:,r~:;~i..
Aug. 23
. 35
Aug. 21 Ed. Haas'\! ....
. 19
Aug. 24 F. 'Wheeler ....
15
Aug. 27 George Walters ...
.29
Aug. 27 ,John Murphy ...
30
Aug. 27 Ray Miller ....
27
Aug. 28 Frank Birt .......
20
Aug. 28 Tom Doidge ....
35
Aug. 29 Eber PerreL . .
19
Aug.
Jaspsr Xiekason.
'52'
Sept. 1 Peter May ........
Sept. 3 Johnathl\n Johnsnn ..
37
Sept. 3 Wm. Wake ...
18
Sept. 5 A, Maxwell ......
27
Sept. 5 M. IInllingsworth.
29
Sept. 6 Will Sloan .....
26
Sept. 6 A. Harris ......
18
Sept. 6 D. Pirtle......
24
Sept. 9 D. Campbell.
21

I~

31 .

Driver ....
Min........
Driver. .
Jerryman
Dri~cr.

, ..

Loader...
Driver...
Ca!ter....
('a!!CC .....
Trapper ....
Jerryman., ,

Driver ....
IAlad........
Flatti-immer.
Miner .. ,
Driver .......

timber man ...
Trapper ...
Driver.....
Loader ....
DrIver. .
Driver .....
Mine boss.
D.h·er ...
Miner .... , .
Room boas..
Miner ...
Driver ..
Cager ..
Loader ..
DriYer ..
Driver.
IAlader..
r...der

···1

1
1
0
1
0
I
O.
1 .
I
0

r=<

1

31

2
3
0

0

'1 1

6

0

75

I':'
6
30
81
24
60

21
12

'1'"1 ....

1

6

91

11

60
50
12
I 12

10
0
1
2
1 .0

I 4246

o

1

3

o1
oI

X';~bb~:~~~' ." : .

3.45

o 0 30
1
!l 65
o1 I 03 I....
12
1
1

Leg broken ....
Four ribs broken.
Heail eut. ......
Head lO""hed....
Back injured.......

48

0

2
0
4
0
0
-1

0

i Head truslwd ...

36
6

()

0

(l

County .

2

t'5

..... 50

0
1
1
1

Mine.

~

g

1

Cause of Accident.

~

j

.i

Injury.

.£

Arm broken........
Back injured...
S',oulder di'leeated ..
Hip dlslooated ...
Leg broken ..
Foot crusbed ..
HiJ)F injured ...
Arm broken ........
Le~ broken .....
Head crushed ...
Hand masned ...
Back
Fmg..injured....
cut off ......
Foot mashed...
Foot maahed. . .
Hand lllllBhed
..
HIp, injured
Hips inJured ..
r..e~ hroken.
I Ribs broken .
Head !")!Shed
Bark Inlured..
Teeth
knor\red out.
Hips injured
.....
Pace and body burned
Rack injured...

"I

I' 34

'1

Il<>tween mine car,. . ... . ... Jackson HiIlINo.'2 ..
. Falling slate. : .............. Superior No.4 ..- ..
. Between mine cars. , ... _. , . , Dering No. !l....
. PaDing sl~te.. . .. .. .. ... .. Vandalia No.9.
Caught betlVeen car and prop. Pnoenh No.4 ..
('All' iumpin~ track ........... Clover Leaf ' ..
('aught un:ier minE' car" ... , Buckeye..........
Coa'! fallin~ down .",ft. . ... Pho.nb: No.4 ....
Coa! fa/lin g down "",rt...... Phoenix No.4 .....
Cauq;ht under mine ear •... , .. Yanda/i. No. 67 ....
Falling slate. . .. . .. . . ... . .. Br.,it Bleek No.1
Falling sl~te ................ Gilmour.........
Failing slate ............... Clover Loaf.
Railroad ear ............... P~oenb'No. i.
Palling sl.te......
Plack Creek..
I{icked by mule ............ Sponsl........
Between CB'Ze and mine car.. Dering No. II
Between mine enrs .•..•.... Dering No.6 .....
Between sprag and wneel ..
Latt.. Creek ....
Falling slate............... Gllmo ............ :.
While coupling ears........
M,,,y .........
Between mine cars and prop. Blark Creek. . .. .
Caught by mine car.......
Vandalia No.2!"
Between mine car and prop ..
Vandalia No. 0....
Falling siIlte .............. Domestic Block No.
Palling slate... "'" . " .... Vaudalla No.4.
Falling .h,re........
Mecca No.3 ..
o..ught under mine car. : : : : : Dering No.6 ....
('AlaI faJlin~ down shalt. .....
Dering No.6 ...
Fglling shte.......
Lawton .......
:::: I Kicked by mule ........ ".
Vandalia No.3 ..
Cangh t between oar and prop. Yanda!1A No.9..
. . .. Explosion of fire damp...... Clover I.e.f.
.. ., Falling slate. . . .. ........ Gilmour...

.. 'I

Sullivan.
Park•.
Vermillioll.

Greene·tJ
Sullivan ..{
Sullivan.
Vermillion.

Sullivan.
Sum,·an.
ViIlO.
Cb,y.
Greene.
S,dllvan

;d
t;I

.."
0
l="
..;!

..,
0

U>
~

,.,

t>

t;j

SuHivan.

Q

Vermillion.

0
t<
0
Q

Gr(:ene
Grren•.

vermillion.
Greene.
Greene.
Parke.
Greene.
Greene.
Greene.
Vigo.
Greene.
Parke.
Vermillion
Vermillion
"igo.
Greene.
Greene.

Sullivan.
Greene.

t;I

....

U>

:'

Sept. 9
Sept. 12
Sept. 16
Sept. 16
Sept. 17
Step. 18
Sept. 18
Sept. 19
Sept. 20
Sept. 20
Sept. 20
Sept. 23
Sept. 23
Sept. 24
Sept. 25
Sept. 27
Sept. 27
Sept. 30
Sept. 30
Sept. 30
Oct. 2
Oct. 2
Oct. 3
Oct. 3

Oct.
Oct.
Oct.
Oet.
Oet.

Oct,
Oct.
Oct.

Oct.
Oct.

Oct,

3
4

4
4

4
4
5
5
7
8
9

Oct. 9
Oct, 9
Oct. 10
Oct, 10
Oct. 14
Oct. 15
Oct. 16
Oct. 17

Oct. 17

Oct. 17
Oct. 18
Oct. 18

Albert Lee......... , ... ..
Jolln Loth ........ .
Chos. J"" kman ........... .
D. Hunce... .. . .. . ... . .... .
Ben P.... ey ............... .
Cha.. Reynold•........ , ... .

KPowm............ , ... ..
Cko. Turner............... .

26
27

as

22

24
18
22
63

Theo. Jamison ............... . 26
19

lt~~~:~~:::::::::::::::::: .

Fred Wort................. ..
Jsaac Hnnpgarne.r.•. ~ ........ .
Chas. Coleman.............. ..
C. Hauldson........ ..
J. Horas....... .. ........ ..
Dal1:!t.wart............... ..
Wm. navia ......•.. , . , .. , , ,
Henry McDonald .. , . , .... , .. .
Rubert Orne ... , .... '" .. .
Wm. Downer.............. ..
A. Carver.......... ,. . ...

17
21

34

26
20
21
27
26
28
26
50

24
!l8
L. Tlrld~w..ter ............. .. 54

Goo. CoJeman, ............ .
Chas. Riley, ..

.. ........ .

Driver...........
Machine helper... .

Miner............
Driver.. ... .....
Miner............
Driver..........

1
0
Blacksmith ....... i 1
Min.r...........
1
Driver...........
Driver...........
Driver... ........

\\~ln.

Bonner....... , , ,.

OIli.HulL ........... ..
10rn Clark, ............. ..
Fl'llnk Lenhenper ..... .
Peter Leseano ......... .
Enlcst Smith ........... .

Tho•.. P1eu.. . .. .. .... .
Joe Cottnlli. ....... .
l'i. Shepherd, ... .
Cbas. Mosby .... .
J.... Knowles...... , ...... , ..
M. Lesurey .... , ... ".
E. Lemmy......
.. ..
L. C. Gleason ............. .
J.... Jackson ........... .
John Micbal.. ........... .
John M. Sheeley ... .
John McXeely ....... .

24
20
27

1

0

Loader.. .........

0
0

Miner.. ...........
DrIver.. ........

0

Coger........ .....
Pumper..........

Loader...........

Miner............
Machine helper" "

Driver...........

Shot fircr.. .

.

1
I

0
1
1
1
0
1

Miller............

0
0
1
1
1

Miner............

1

Driver ...... " . ..

Miner.... ........

Thu•. !{iailley............. ,.
Martin HoI.her....... , , . , .. .. 34
Chas. Ward ................ . 30
Wm~ Spenter......... , .... .
20

1
1
1
1

Loader...........

Driver, .. .... .. ..
Miner............

!l8

Trip rider ... "...
I.oader. . .. .. . ..
Machine helper...

30

Miner...........

2iJ i MachIne runner. . .
42 I Loader...........
Miner........

1
0
1
0

1
0
1
0
1
I

Driver...........
Cager. ......
MIner............
L"'ider...........
Miner........

0
0
1
0
1

Loader.......
Driver.... ..

1
0

Driver.....
Driver..
Driver.

0
1
1

o
o
o
3
o
o

1
10
I

7
62
36
36
60
20

o
o
o
4
o
o
o
1

2
2

o
o
o

o
2
o
3

o 41
o 60
o 60
o 60
G 30
o
o 12.
2 50
o
1 +
o 42
o
o
"0'
J

2

o
o
1
J

Collar bone broken.. . . . . . . . .
Ankle dislocated. , .. ,
'lVrBt broken. . . . .. ,......
Hip dislocated ... , .. ".

Caught betwoon car and
Cau,ht In machine cboin .••
Falling mal ............... .
Callght between car and roof..
I,eg broken. . .. . . ... .. ...... }'alllng smte. , ............. .
Leg urok.n .. ,...........
Fnlllng .Iate .. , , " ..
.. .. .
Jaw dlslo"ated, . . . . . .. . . .. . Fell from sl-affold.......... , .
Face and bod~ burned. .•. .. ExplOSion of powder, ..
Back injured ............. , , Falling slate ............. ,
Hips Injured ....... ,......
Crushed between mine cars.. .
T'1es broken ...... "........ Run over by mine car.". , .. ,
Toe Lroken ............ ,.... Fnlling coal ............ ,"
Hip. injured .. ,., ,......... Fallinuhte.............. .
Hips inJured. . . . . . . . . . . . . . .. Caugbt between mine cam.
RILs Lroken. , ... , ....... ,
Desecnding "age.......... .
}'ingers cut off. . . . . . .
Caught by pump piston ... , .
Collar bone broken. . . . ... . .. Between mine c............. .
Body bruided... ........... Falling .mte. .. ......... .

By mining """'hine...... ..
Fell under mine car ........ .
Shot blowing through pillar.
Falling slate ....... , , .... .
Ankle broken .......... " . .. Fnlllng slate.............. ,

teg cut... ........... ......
Bruised............ , ..... ,.
Forearm fractured ... , .... , ..
Foot crushed ..... , ......... ,

.:: :::.:::::.l ~::i~t:li~t~e~l; .~!~~ :~.;... .
'''1

Fingersc'1.lt oJ!'....
Falling coal ............. .
teg broken.
.. .. .. .. . ... Caught by mine car .... .
Funt broken. . .. .. . ... ..
Leg br<'ken. .... .. . .. ..

Arm frn<tured. . . . .. ....
Ankle (r..,tured... . ....
H",k lIlJured ... :.........

Cau~ht between rome cars .. .

Fallmg slate..

...... ..

'.1 Caught
between mine cars ..
Falling slate. ..
..
..

. Falling slate ......... .
Leg broken. ...........
. }'nlling bowlder ..... ..
Arm broken .... , .... , . . . . .. Mining machine. , .. .
Back Injured.... . ..... ... .. Falling .Iate... ... ...
Foot crushed.... ........ . ... Caught In coil rope.. ..
Ankle crushed. . . . .. ... . . ... Between mine cars......... .
Leg broken. ..... ... . . . .. Between mine cars ....... ..
Ankle dislocated.. .......... Fall of roa.l...... , ....... .
Arm. and hand. burned.. . . .. Explosion of JJOwder...... ,
Back injured .......... , . . . . Descending ce~.". . ..... "
Face and hands burned... . . Explosion of fire domp., .. .
llnck injured... . . . . .. .. . . .. Mine cars... , , , . , . , ...... ..
Back and .ide Injured,. '.. FeU under mlile car........ .
~'ell under mine car....... ..
Rlbe broken..............
Rlbe broken. , ... '
FeU under mine CllT ••

Black Creek .. .
Vivian ......... .
Vandalia No. 16.
Derlag No.6. ..
Prlnee ....

SummIt No.2..
Electric....
Superior No.
Vandalia :i o.
Lawton .... , ..
Dering No.6..

Omene.

Clay.
Parke.
Vt:rwWion.
Ye!'million.
Greene.
Warrick.

Clay.
Parke.
V-lgo.
Vermillion.
Lewis ...... , .. " .. , Clay.
Hudaon .... , ...... . ~ull!\'an.
Con. J nd. r.o. No. 25. ;julhvUll.
LattllO Creek....... . Gr~e.
Vivian No.2 ....... .
Con. indo Co. No. 25..
Lattas Creek..... , .. Greene.

~~~fi~a.ri.

Green Valley.... , ...

Phoenix No.4.
Oswald.......... .
Freeman ....... ,
V&nd.llia•.• , ..••.
Lawt"n .... , . " .
Tower Hill, ..... .

Twin No.4. , ... .
Vandalia No.3.
Rainbow .... , ... .
Il.ainbow ........ .
Buckeye..... .
Vivian No.2..... , ..
Con. Ind. Co. No. 25 ..

Greene.
Sullivan.
GiLson.
Knox.

Parke.
Vigo.
Greene .
Gr.ene.
Greene.
Sullivan.
Sullivan.

VermjIJion.
Sullivan.
SulIivatl.

Mary........... ..
Buckeye.... , , ... ' ..

PllI'ke:
Vermillion.
Erie CanuL. , ...... . Warrick.
Con. Ind. Co. No. 25.. Sullivan.
Forest.. , . , , ..

'FreemM.... .
~·orC8t ....... ,. ,

~

~

I
.....

c

~
~

?l

Vigo.
Knox.

Vigo.

Atherton .......... . VIgo.
Jucksun Hili No.2.. . Sullivan.
\'andali~

No. 66 .... . Vlgo.

Con. Ind. Co. No. 25.. Sullivan.
Vermillion.

~~~~e?l~: '4: ' :::::::
Eri. Cana.!... , .
E.rie Ca.naL ,

Greene.
WarrIck.
Warrick.

01

-'I
I'"'"

01

TABLE OF SERIOUS ACCIDENTS-Continued.

t:2

Depend
entg.
Date.

Ocoupation.

NAME.

Injury.

. :e ~g

Cause of Accident.

Mine.

County.

.;

~

Oct.
Oct.
Oot.
Oct.
Oct.
Oct.
Oot.
Oct.
Oct.
Oct.
Oct.
Oct.
Oot.
Oct.
Oct.
Oct.
Nov.
Nov.
Nov.
Nov.
Nov.
Nov.
Nov.
Nov.
Nov.
Nov.
Nov.

19
20
21
21

23
25

25
26
26

26

26
26
28
30

24
24

1
1
4

Ii
6
6

7

8
8
9

10

Nov. 11
Nov. 11
Nov. 12
Nov. 13
Nov. 13

I L.iHat.bey.....
Fred Atkins .................
, .. " .. " ..

Jas. West ........ " .........
R. Small....................
S. Vasey ...................
W. P. WUlialllll.. . .. .......
Ben Wake. .................
John Wills.............
Claud. May.............. :::
JOB. Polidew ...............
Merl Wall.ms ...............

18

20
39
21
53
'IS
18
18
18

311

Wm. Weatherwax ........... 42
Sam·M..................... 30
Ed. Mass................... 41
Thoo. Ashcroft.............. 40
Whit Mattox ................ 31)
Clyde Websier............... 21
Cbtll'les Baker............... 30
James Dennis. . . .... .. ..... 30
J. Morris.................... 42
Wm. Thom..........~ ....... 30
Gabs House................ " 28
Clarence Aden ............... 19
20
Wm. Superman. .. . .. ..
T. Gardner ................... 25
Wm. Clenhall. .............. 17
31
Horace Melntiro .....
John Cruse.................
Wm. Kelley....... ........
D. McKelley .................
RobartTangan ... :.. .......
Allen Rogers. .. . .. .. . . .. .. ...

47
30
68
60
20

Driver..........
Driver... ""'"
Mine bose.......
Driver........ "
Lumberman .....
Loader.......
Driver.......
Driver.......
Driver........
Miner...
Driver..... "
Loader..........
Miner............
Track lay........
Louder.........
Loader..........
Driver..........
Loader..........
Dri_ .......... ,
Loader.......
Driver ......
MaehJne belper. : :
Driv........... '.
Miner ..........
Driver.........
MIner .........
Miner ..........
Loader.........
Miner ...........
Jerryman...
Trapper .........
Driver.........

0
0
1
0
1

1
0
0
0
J
1
0
1
1

0
0
1
1
0
0

Leglraetured ... , ...... '."
Wrist dislocated...... " .. ..
c"lIar bo!,~ broken.. .. .....
o 1 30 Int~rn.1 mlurlell.... ......
6140 Leg broken ........ "......
5
1 Thumb broken. ..... .......
o 1 1a Ribs broken. ............. ..
o
Backand.ld.lnjured........
o , .... Rend broken............ " .
6 119 1 Leg broken .. "............
2 , .... 1 Finger broken... " .. .. . .. ..
0140
o .. "
6 110

FalJ!ng .l1te. .. ..........
FeJJmg slate.............. .
FeJJing
Kicked by mule...... " .....
F.Uundermln.car.......... '
Betw,,",n min. oars.. " . " ...
Falling ooal ............ " ..
Caugbt between min. ear and
rib... ..... .. " .... " ...
o 20 Ribs broken.. ............. Falling
slate.. ..............
4 [.... SpillC injured. "............ FeJJing eoaI................
6 30 Body bn.ised....... .... Crushed bstween min' c.......
o [42 1 Eye Injured...... .......... Premature shot.. .........
o 42 Leg Injured............. . .. Premature shot... .. .. .....
2130 , Hand mashed........ .... Between car and machine. I "
1
Rib.broken ............... Fallingslate............... ·,
o 14 Ribs fractured. . . . ...... . .
Failing under mine ears. . ..
o
SkuU lraetured............. Premature shot.. . .........
... 60 1 Leg crusbed ............. '. Caught under mine car......
3 1. . . . 1 Foot crushed.... .. ... ...... By mining macblne.. ......
o .... 1 Rips and opine. . . ... .... . . . Fell1l1!der mine cars. . . . ....
o 1121 Leg and bend injured.. ..... Falling slate.. ............
1 .... Rips Injured.............. . By mine cars............
o
Fingers crushed.. . . ....... . Falling eoaI... . ........ . .
o .... Hips injured.. . .. . .. .. .. .. . Caught bstween mine
I '
Jt::,P........... ........
o .... [ Back ood hips.... ......... F
II bone eoaI..... .....
o 1 14 1 Leg mashed ..... :........ .. FeJJing eoaI... .. ..... .. . .. .
4 1 30 1 Back injured....... ....... FeJJing draw slate.. ... .....
o 1 20 Face and bands burned. .... By eaca.pings!eam.. ........
1 I.... Leg crushed.. .. ........
Falling under mine car.......

""I

I i
241

I""
I""

1
1
1

0
1

Betwecnmineears.. '"'''' Forest............. j Vlgo.

Car jum~1ng ~k.. .. ... ... LetlIlnger... ....... Greene.
Caught y descending esg.... Buckeye............ 1 Ver,:"illion.

i

_I.................

"I

Shlrl.y Hill No. I..
Dom..tl. Block.....
Phoenix No.4 ...... 1
BUCkeye""""""1
Green VeJJ.y.......
SpoIll!ier............
Superior No.5 ......

Ray No.2 ... ". ....
B' Vein..........
A~ertcn. ..........
Tower Hill ..........
Forest. .. . ... .. ....
Forest.......... ..
Domestic Block. . ...
Fore.t.............
Va.ndalla No.3.... ..
Reliance............
Vandalia No. 69..... 1
Jackson HUI No.2...
St. Clair.... .... ....
VandeJJa No. 60.....
Vandalia· No. 2....
Vandalia No. 65..
Vandalia No. 10....
Gilmour....
Forest............
Forest.............
For..t.... . ... .. .. .
Electric............

S~lVIm.

VIgO.
Sullivan.
VermU\ioo.
Greene.
Greene.
Clay.
VIgo.
Clay.
Vigo.
Greene.
Vigo . .

ViR<>.
Vigo.
Vigo.
Vim'
Su Ivan.
Vlgo.
Sullivan.
Sullivan.
Clay.

Green•.
Clay.
Sullivan.
Greene.
Vigo.
V~.

VIgO.
WlIITick.

~

t;i
~

0

~
~

0

b;1

w

~

l>

~

t;i
Q
t;j

0
t"'
0
Q

....

m

!'il

"
Nov. 14 Mail All. ... . ..........•....
1 381
Nov. 15 Arthur Sims................. .' 26
Nov: 15 John Houston ................ 35
Nov. 16 H~Thompson ............. 35'
Nov. 17 :Mike ate. . .. . .. .. .. . .. . . • ... 19
Nov. 18 ~cer Hall.....................
Nov.lQ
art\ey Bennett.. .. .. .. .. .... 35
Nov. 21 Wm. McClure................ 28
Nov. 22 Clamnee Jones................ 18
Nov. 23 Patrick Conway.............. 50
Nov. 23 Ernest Jones ................. 15
Nov. 23 W. T. JS!D<S ................. Ii5
Nov. 30 J..... Davte.................. Ii5
Dec. 2 Emery Maxwell............... 24
Dec. 5 Robert Mattinl!lY. .. .. .. .
. 22
Dec. 7 Fred HUton .................. 23
Dec. 9 John
24
Dec. 10 Wm. ttereon: ............ " 26
Dec.U Wealey Haeket............... 36
Dec. 12 L. Petti..................... 38
Dec. 12 All Henderson................ 45
Dec. 12 Clarence Ravs_ ............. ....
Dec. 16 Jaa. Currainll. . .. .. .. .. . .... . 28
Dec. 16 Jack Sutter ...........
.. 50
Dec. 17 Wm. Scott.. .. . .. .. .. . .. . .. .. 27
Dec. 18
Dec. 18
Dec. 19 Harvey Cashman.. .. . .. .... 20
Dec. 20 J. Thompson................. 42
Dec. 20 Silas Wagner...... : .. .. .. . ... 30
Dec. 22 Harry Gardner ............ _.. 22
Dec. 24 H. Siders..................... 28
Dee. 24 Robert Woodrnff...........
Dec. 30 Wm. Sours............ .... ... 22
Dec. C. Clemment... ... ......... 23

It;;n..................

rOi!GZ;:.'.::: ::::::::::::: ~

"128

Miner ............
Miner. . . . . . . . . .
Machln~rwmer ...
Miner..........
Driver...........

Caler............

E1ectrlel&n ........
Drlvtir...........
Miner ............
Miner ............

Trapper ..........
MIner............
MIner............
Miner............

Blacksmith.......

Oar coupler .......

Loader...........
Driver..........
DrIver...........
Timberman.......
MIner............
Drlvtir..........
Jerryman.........
Loader...........
Motorman.. .. . .. .
MlDer ......·......
Driver.. .........

2
0
3
1....
o 0 8
1:1
1 6 10
1
2
o 0
o 0....
o 0 43
o 0
1
2
1
1
1
1
o 0
oI 0
o 0
1
3
1
2
1
2
1
1
o 0
1 1 3
1
0
0 0
1
0 ....
1

o
1
1

Hand mashed.............. ;
Leg broken.................
Back injured.. . . .. . . •• • . . . ..
Back inJured................
Foot crushed. . .. . . .. .. .. ....
Back :kured.. .. . .. .. . .. . ...
Rib bro n.................
Back injured.... .. .. .. .. ....
Baek injured...............
Back ~ured.... .. .. .. . .. ..
Rib bro en.................
Back injured.... ..........
Finger of1...................
Hips brulaed................
Leg broken.............. ;..
breast eruabed.......... . ...
Foot broken................
Hip injured.. .. .. .. .. .. .. .. .
Back injured.... ............
Foot eruabed..... : ...... ....
Handa and faee burned... ....
Handa and faee burned.......
Hips injured................
broken. .............. .
Si e injured ....... _........
Nose broken. . .... ....... ..
Knee injured...............
Ribs broken. . .. .. .. .. .. . ...
Face and hands burned. . . . ..
Rib. frMtured. . .... ........
Face and hands burned...... _
Ankle broken. .. .. .. .. .. . .. .
Two ribs broken... . . ...•. . ..

I.... l:!.

f:~~;;::::::: "i' "3' ....

Driver .......... , 1
Timberman....... 1
MIner........ ... 1
MIner............ 1
Trip rider.. .. .. .. . 0
Driver..
1

Fingers cut off.. ...........

Leg broken. . . . . . . . . . . . . . . .

2
0
0
0
0
0

With milling llllIChine........
Falling ooa\.. . . . . . . . . . . • . . . .
Mining machine.............
FaDinll ooa\.................
Fallinll alate. . .. .. .. . .. . • ...
Caught by cage...........~..
Minlng ":1.lne. .. .. .. .. .. ..
Oar and
e door.. . . . .. ....
FlyIng ooa\ from shot. .......
FlyIng alate... .. .. .. .. .. ....
CaJt: between rotee ears....
F . alate. .. . .. .. .. .. .. ..
FaIIingelate............. '"
Falling alate.. ..............
Caught by cage..............
By mine car................
Falling elate.. ...... . .......
Between mine cars..... .... ..
By mmeear................
By f~s\ate.............. '
Falling te.. ..............
Between mine care.. .. ......
Gas exp\oeilm........ .. .....
Gas exploelon...............
Caught between motor and rib
Fa.lt:\alate................
K.,
by mule ............
Kicked by mule..........
Mine ear....................
Fell on iron rail. .. ...... ...
Gas exp\o'!ion...............
Force of expi""ion. . ........
Gas explosion....
Caught by mine care.........
Caught between cara and rib.

St.'Clair............
Knox.....•.....•. :
Domestic Block.. ...
Bra.U Sloe!< No.1...
Antioch....... • . . ..
Caladonla.:.........
Ind. HoelI1ing. . . .. ..
Union..............
Lyford No.1.. . . ...
CUmmings... .. . ....
Vandall&&. 115.....
Rebstook... . .. ....
Mecca NO.1. .. .. .. .
Vandalia No.9.... ..
Freeman...........
Consolidated No. 33..
North West... .. ....
Derinll No.6...... ..
Citlzene..........
Rebstock ... _... ..
Vandalia No. 10.....
Forest..............
Dering No. 13.... ...
Dering No. 13.......
Dering No. 13.... ...
Superior No.5. . . ...
Vandalia No. 69.....
Hamilton. . .. . .. . .
Knox..............
Bra.<iI Block No.!...
Vandalia No.9. . . . ..
Vandalia No.9.. ...
Vandalia No.9.. ....
Latta. Creek.. """
Dering No.7... . . . ..

Sullivan.
. Knox.
Clay.
Clay.
Greene.
Sullivan.
Sullivan.
Sullivan.
Vermllllon.
Sullivan.

ClaY.

CIa:t:.,

Par .
Greene.
Sullivan.
Sullivan.
Greene.
Vermillion.
SulUvan.
~

S . an.
V:,m.
S van.
Sullivan.
Sullivan.
Clay.
V~

S
an.
KnolL
Clay.
Greene.
Greene.
Greene.
Greene.
;Yermillion.

>-3

>-

~
0

"!l

!
q

00

>0
0

>-<

~

Z

>-3

rn

C.
-1

Co:!
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MINOR ACCIDENTS.
The aggregate of one hundred and seventy-one minor accidents
includes only persons suffering slight cuts and bruises, resulting in
. very little loss of time, hence no mention of them will be made,
other than that shown in the table of cauSes.
TABLE.
JANUARY.

INJURIES.

Fatal •.......
P.1rmlnent., .. .

Serious .. , ...... .
Minor...

Total. ..
FEBRlJARY.
FataL ...... .

1
1

Perma.nent.... .

Serious., '"
Minor...

17
2

Total.

21
MARCH.
1

FataL ................... .
Permanent .. , .. , ......... ,

Serioug, .. , , , .. ,' , .. .
Minor ..... , ... , ........ .

APRl'L.
FataL. ...... ..
Perm'inent ..... .

Serious ....... , ..
Minor...... .

TotaL. ....... .
MAY.
FataL ....... .
Perm""ent ... .
Serious" ...... .

Minor.•..

Total. ......

I

575

TABLE OF MINOR ACCIDENTS.

MINOR ACCIDENTS-Cont,inued.
JUNE.

!

~

..

..;

....;:

INJURIES.

-.i

8

:S'"
~

,;

~: ~

"0

'"c
~

~:

~'

~

~

.;

~ ,S<Ii
~
-ll

~... ~"S 1f ,S'"
11'

.0
"d

~

~ '"""
i2 -<fIi
"C

"0

j

~

.~

"0

..

"i ~

:il

~

~.

,S j;

...

.r:

~
~
,S

"0

II,
7! '1il

8 "
~

..;
0

.;:

"
~...
.si<

.."

~

!l

J1
m

t:'
El

P-

.I!l

Fatal... ."" ".

Perm:tnent...... .
Serious ..
Minor..

Total.

JULY.
Fatal.. .. " .

7

Permanent .. .

1
17
15

St!!'itlUd., •• , . .

Minor.. .""

Total.. ".

40

AUGUST.
FataL ....
Permanent, ,
St·rion~ ...

,.

Minur.... . ,
Total.

SEPTEMBER.

a

FataL ........... .

2
<0
38

Permanent . ....... ,
ScriHW....... , ....... .
Minor.. .

Total., .......... .

73
OcrOBER.

~~~;";~~i:::: :::: ::.: :::: II::.6

Scrln"........ " ....... " ..
Minor............

Total. ..

4
1

2

45
.. 24

8

.. 74
NOVEMBER.

FataL: ....... .
Perm.nent..
Serlou9......... .

Minor .... ..

Total. ........ .
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MINOR ACCIDENTS-Continued,
DECEMBER.

.sf

"a

~

]
.!il

oj

~

.f

.8

f ~"

i:<l ~

."

"

Note.-By referring to the above table it will be noticed that accidents
from falling slate were much more numerous during the hot 1i!'tlmmer
months than in the colder ones. The table exhibits an aggregate of one
hundred and twenty-nine accidents due to this cause, sixty-four, or a frac
tion over 49 per cent. of which occurred during the period intervening
from July 1st to September 31st. July shows a total of fifteen (15),
August twenty-five (25) and September, the greater portion of which was
as warm as In August, shows a total of twenty-four (24), an average of
twenty-one (21) accidents for each month, while the remaining nine
months show an average of but seven (7) each. The excessive number
of accidents occurring during these three months over -a,ny other period
In the year is due directly to atmosphelic changes. Mines operating the
No. IV and No. VI were more productive of accidents than any of the
other coal seams, No. IV ranking first. This Is due to the character of
the roof overlying these two seams. The roof over No. IV Is a gray shale,
very light in color, and carries a large per cent of lime and iron. The
roof over No. VI is a darker shale of a more close, compact texture. It
nlso carries considerable lime and 11'011, though not so large a per cent as
No. IV. The heated air, on entering the mine, cools and forms a vapor,
which settles on the roof. This Is termed by miners "sweating of the
roof." The lime contained in the roof is slaked by coming in contact
with the moisture thus formed, exposing the Iron to the increased heat,
under which it expands, causing the roof to cut and slab off in Pieces
l'anging In size from an ounce to several tons. and in addition to increas
ing the danger of accidents to employes, adds enormously to the operating
expense of the mine. Much of the danger and expense may be obviated
If the operator will prepare for this period by furnishing the mine with IIll
IIbundant SUPI)ly of timbers of proper kinds and instructing his mine boss
to timber securely his haulage and traveling roads. air-courses, etc., be
fore the hot season begins. 'l'he mine boss should also, during the hot
season, keep careful watch over the working faces which are advanced day
by'day and see that the miner is furnished a plentiful supply of props or
other timbers of proper length, and tolerate no negligence on his part to
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timber bis place properly. The miner, wbo notwithstanding tbe fact should
always be on the alert, may add to his own safety by using extra precau
tion during this period, by carefully examining the roof in his· working
place, setting props, cross-bars, etc., promptly when needed. Many fatali
ties and other injuries to workmen .would be averted and an immense
saving In expense lnnure to the operator by a strict observance of the
above rules.

TABLE
8/wwing the Total Number of Fatal, Permanent, Serious and MinQr Accidents and
the Different Occupations of Persons Injured.

! Fatal. I P:.~ IAerious. I Minor.

OCCUPATION.

24

Pick miners.... .

Loaders.. .... .
MachIne men .... .
Drivers...... :.

4
1
8

Timbermen ...... .

...

3
..
1 .

Trappers. . . ... .. .

3
1

".'

Pump men .... .

Cage.s.. . ... ..

1
1

Motormen .. .
Electric............. .

i

.. i'

Road men........ .

Trip riders.. . .. .. .. .•..

Cat couplers..
Shot firers .. ..
Mine boss.......... .
Fire boss......... .
Room boss.
.
Mine superintendent.. . .......... .
Boss driver.......... .
Top men .......... .

3
1

. "

...

",

86
33

as

151

86

66

25
161

13

1
1

2

TQtal.

12
4
1
10
3
3

14
11

52

19

36

2

4
14

3

4
1

2 "''''.,j,'
3
1
;;
2

1
1

..

7
6

3
7
3
1
10
3
1
1

t

J

16

Gro.nd Total..

COMMENTS ON CASUALTIES TO :JtIINE EMPLOYES.
Under this caption we make Some comments on such accidents
and causes thereof as we think demand recommended legislation.
A Gareful study of the foregoing tables, observing the numher ...
of accidents occurring, the dift'erj:lnt causes of same and the occu
pation of persons injured, etc., while they show mining in all its
many details an extremely hazardous calling, the fact is in evi
dence that there is no occupation more prolific of accidents to mine
employes than that of a mule driver. Fortunately this class of
employes represents approximately only about 10 per cent of the
total working force in' a mine. The greatest danger attending this
class of work arises from the manner in which drivers usually ride
a loaded trip, 1. e., by riding on the front end of the trip, standing
in an upright position, one foot on the drawbar or car-bumper,
which projects out about three inches, and the other on the tail
chain and one hand resting on the top of the coal in the car to
[87J
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steady himself. With no other support or protection than this,
the driver will drive his mule down a grade or. on a level, as the
case may be, at a fast trot, frequently at a gallop, and while riding
in this manner he is in great danger of his car striking a low joint
or an obstruction on the rail, causing it to rock up and down or
from side to side, jostling him so that he will frequently lose his
footing and fall under the rapidly moving trip, or 'of beiug kicked
off the tail chain by a vicious mule. There is also danger of the
car jumping the track and crushing the driver against the entry
rib or a prop and by colliding with mine cars, mine doors, slate
falls and other debris on the haulage road. Or if there is more
than one ear in his trip he will freq~ently ride between the cars
on the coupling, in a space ranging from fourteeu to eighteen
inches in width. This manner of riding a trip is probably more
dangerous than the former, by reason of the fact that should the
front car leave the track when traveling at even a moderate rate
of speed, there is practically no chance for the driver to escape
a serious if not a fatal injury by beiug crushed between the cars.
In addition to the above, a driver m~t face all the dangers en
countered by other employes. The table of causes and the table
showing the occupatiou of persons injured exhibits an aggregate
of five hundred and four (504) accidents occurring among twenty
classes of employes. Of this number, eighty-six (86) serious and
sixty-six (66) minor accidents, a total of one hundred and sixty·
one (161), or nearly 32 per cent. of the whole, occurred to drivers
alone. Of the eight (8) drivers fatally injured, five (5) were
killed instantly by falling under and being dragged by loaded cars,
one (1) by being kicked by a mule, one (1) by falling slate and one
(1) crushed to death by a loaded car and mine .door. The one
driver who was permanently injured was run over with a loaded
cal', which crushed a leg so badly that amputation was neces."!nry.
Of the eighty-six (86) drivers seriously injured, twenty-eight (28)
were injured by falling under. loaded cars, twenty-four (24) were
crushed between cars, one suffered a badly mangled hand· while
coupling cars, two were kicked by mules, one had a foot crushed
by coal falling off a car, one was seriously burned in an explosion
of fire damp, four were crushed between the tops of loaded cars
and the roof, nine were injured by falling slate, two crushed. be
tween cars and props.
The sixty-six minor accidents, representing slight cuts and
bruises, occurred from the same causes, conditions, etc., as the
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serious accidents. The above is one particular class of accidents
on which we will recommend legislation. .
Of the one hundred and twenty-nine (129) persons injured by
falling slate, the greater number were miners, injured at or near
the working faces. Many of the accidents, as shown by investiga
tion, would have been prevented had the persons injured exercised
even the most ordinary care incumbent on them for their own
safety. The number might also have been reduced materially.had
the faces of the working places been examined immediately before
each shift by a competent mine examiner.
ACCIDENTS TO MINE PROPERTY.
The year just ended has been prolific of accidents to mine prop
erty. Eight of the most notable of these accidents we deem worthy
of mention, four of which occurred in the inside workings of the
mines and four in the surface plants, entailing a financial loss of
$47,500. There were also nUmerous other minor accidents, such
as breaking of hoisting ropes and cages, loss of mules, mine :floods,
etc. The financial loss incurred at each was comparatively small,
however, hence we make no special mention of them. The follow
ing is a brief description of each of the eight accidents referred to
above.
FREEMAN MINE.

On the afternoon of July 11th ·the engine and boiler room at
the Freeman mine, Knox County, was struck and completely de
stroyed by a cyclone, entailing a financial loss of $3,500. The h~ist
ing engineer, who was at his engine when the storm struck the
building, was also seriously. injured.
KEYSTONE lVUNE.

About ten o'clock a. m. July 5th a terrific explosion of fire
damp occurred in the Keystone mine, Sullivan County, resulting
in the death of the mine boss and mine superintendent and much
damage to the interior of the mine. The financial loss was esti
mated to be about $1,000.
.KNox l\i(JNE.

The most destructive mine acciderit for the year occurred Sep
tember 26th at the Knox mine in Knox County. About 5 o'clock
a. m., at a time when no one was at the mine except the night
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watchman, fire broke out, presumably in the boiler room, and be
fore help could be summoned destroyed the entire surface plant,
consisting of the engine and boiler room, tipple, fan house, black
smith shop and mule barns, also doing much damage to the curb
ing in the hoisting shaft and manway. Two railroad cars which
were standing under the tipple were also destroyed. This is an
electric :r£!.achine mine and was well equipped with first-class ma
chinery, a greater portion of which was rendered useless by the
fire. The property loss was estimated at $25,000. The plant was
reconstructed and shipments of coal resumed November 20th. The
property was insured for $6,000.
TWIN MINE.

On the pIorning of October 8th the mnle barns at the Twin
Mine, Greene County, were destroyed by fire, resulting in the loss
of all the buildings and seventeen mnles. The financial loss was
$4,500.
OAK I!ILL.
On October 25th a most destructive fire, the origin of which is
unknown, occurred in the Oak Hill Mine, Vermillion County. The
fire broke out about 7 :30 o'clock a. m. in a break-through'between
two entries, shortly after all of the workmen had reauhed their
working places, some of whom were rescued with much difficulty.
Owing to the location of the fire it was found necessary to seal off
the hoisting shaft and manway in order to smother the fire. The
mine remained closed about thirty days, when it was reopened and
the fire was found to be extinct. The financial loss will probably
reach $10,000.
CONSOLIDATED No. 25.
On the evening of November 14th a mine fire, originating from
a gas feeder being lighted by a shot, occurred at the face of one
of the cross entries in the Consolidated No. 25 Mine, Sullivan
County. When discovered the fire had reached such proportions
it was found necessary to seal off that portion of the workings and
exclude the air. The stop pings were removed in about ten days,
when the fire was found to be extinct. The finan~ialloss was about
$500.
RELIANCE MmE.

About 9 o'clock a. m. November 27th, at which time a car of
coal was being hoisted at the Reliance Mine, Sullivan County, one
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of the batter-braces gave way, causing the shl'lave wheels to be
thrown out of place, one of which fell down the hoisting shaft,
wrecking it from top to bottom. Nine days were required to make
the necessary repairs, in addition to an expense of $500.
HUDSON MINE.

The engine room at the Hudson Mine, Sullivan County, was de- .
stroyed by fire in November, entailing a financial loss of about
$2,000.
. IMPROVEMENTS .
. One hundred and twelve thousand nine hundred and eighty-two
dollars and fifty-four cents ($112,982.54) was reported to this office
during the year 1907 as having been expended on improvements
and repairs of mines in different counties, as follows: Clay Coun
ty, $13,054.14; Daviess County, $1,520; Greene County, $11,298;
Parke County, $19,604; Pike County, $2,935.80; Sullivan County,
$17,230.30; Vanderburgh County, $1,625 j Vermillion County, $20,
502; Vigo County, $7,563; Warrick County, $5,809. The follow
ing sets out the most important improvements and repairs made:
The Jasonville Coal Company, Clay County, expended $5,144
in the purchase of an electric motor, wire, supplies and repair
work incident to installing motor haulage in their Gold Knob Mine.
The Eureka Block Coal Company, Clay County, report an ex
penditure of $5,899.~0 for improvements and general repair work
in the Eureka No.5 Mine, but do not state the nature of improve
ments or repairs.
The Mutual Coal Company, Daviess County, expended $1,470
building a new tipple at their Mutual Mine.
The Central Coal and Mining Company, Greene County, dur
ing the summer months installed motor haulage in their Colora
Mine ata cost of $9,693.47.
Note.-The Queen Coal Company installed electric mining machines
in their Fry Mine, Greene County, but we have been unable to learn the
cost of installation.

The Indiana Fairmount Co~l Company, Greene County, ex
pended $1,347 in general repair work in the Letsinger Mine.
The Tecumseh Coal Company, Knox County, sunk and equipped
with a stairway the manway and completed the equipment of their
Tecumseh Mine at a cost of $11,298.·
The United Coal Company, Parke County, expended $7,100

582

REPORT OF STATl~ GEOLOGIST.

sinking and equipping an air shaft and made other general repaira
at their Mecca No. 3 Mine.
The Lincoln Coal Company installed a compressed air punch
ing machine plant at their Lyford No. 1 Mine, Parke County, for
which they expended $10,000.
,
The Brazil Block Coal Company expended $2,504 on general
. repair work in their No. 12 Mine, Parke County.
The Central Indiana Coal Company, Pike. County, expended
$1,350 installing a gasoline motor haulage in their Muren Mine.
The Consolidated Indiana Coal Company installed motor haul
age at a costof $7,500 in their No. 33 Mine, Sullivan County.
The Dering Coal Comp~y installed a new Stevens ventilating
fan and motor haulage in the Dering No. 14 Mine, Sullivan Coun
ty, for which they expended $5,800.
The Hudson 'Coal Company, Sullivan County, expended $2,000
.in general repair work in their Hudson Mine.
The Sullivan County Coal Company, Sullivan County, recurbed
the hoisting shaft and made other general improvements at a cost
of $1,540.30 in their Freeman Mine.
The Banner Coal Company, Vanderburgh County, expended
$1,500 on general repair work in their First Avenue Mine.
The Clinton Coal Company, Vermillion County, expended $3,000
in the purchase of an electric motor, wire and other supplies neces
sary to install motor haulage in their Crown Hill No. 1 Mine, in
addition to $15,200 expended in the purchase of six new boilers,
compressors, fan, etc., at their Nos. 1 and 2 niines.
The Coal Bluff Mining Company expended $3,128 in sinking
and equipping a manway at their Wabash Mine, Vigo County.
The Lower Vein Coal Company, Vigo County, built a wash
house and made general repairs in their Lower Vein No. 1 Mine
at a cost of $2,956.
The Big Four Coal Company, Warrick County, expende!i $5,500
in the construction of a haulage road to their No. 2 Mine, which is
located about one mile from the railroad.
The Dering Coal, Company expended $1,700 in the purchase
of a new electric motor for their No.5 Mine in Vermillion County.
The Coal Bluff Mining Company installed an electric machine
plant at their Plymouth No.1 Mine, Vigo County, l;mt we have been
unable to learn the amount of capital invested.
The remainder of the above sum total was expended on im
provements of various kinds, such as mine buildings, haulage roads,
ropes, cages, etc., and improving the mines in general.
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MINE I DIRECTORY.
CLAY COUNTY.
ADDRESS

Brazil Block Coal Co.. "" .. ,
Brazil Block Coal Co .. , .... , '
Brazn Block Coal Co... , . , , , ,
Superior Block Coal Co.. , ' .
Vandall.. Coal Co....... " ' ... ,
Vandalia Coal Co.. , .. ",.",
Vandallll Coal Co.. '''''''''.
Z.n.,.·McCleUan Co.. , , , , , ' , , , , .
Crawford Coal Co... , .
Crawford Coal Co.
Crawford Coal Co '
Crawford Coal Co .. ,
Collins Coal Co,. " ,
ColUns Coal Co.. , . ' .
Coal Bluff Mining Co
Coal Bluff Mining Co .. " .... " ..
American Clay Manufacturing Co.

o~ CoMPANY,

NilIE OF MINE,

Brazil..
Brazil.,
B"""i1.. " " " . , " " . " " . " "

r:3t~~~poil~:si';i~ Lli~ Bl;rg': :: :

~:~J~!Co~~~:::::::::: '

TndllIllapolis. State Lif. Bldg.....
Indlan.polla, 8tate Lif. Bldg., , . "
"
Brazil.. "
" , .. ' " " ..
,'
Brazil" ,
Brazil,. ,
B.....il.. ,
B'aziL"
Brazil, .. ,
"",," ...
Brazil.. ' ' , , ' . , .. , ... "
,, "
Terre Haute .. "" ... "
Terre Haute, .. , . , , '
Brazil.... , ".
Terre Haute .. " ,
Chie,go, Ill. ' , , , ,

I!!~a~e~~~t~~l i).,

Bl'31.il...... , "
Jasonville .... ,
Brazil., ,
Brazil .. ,
Turner, .
Brazil" '
Brazil ..
Brazil ..

Vivian Colliers Co. , " . ' .. , .. , ,
Progressive ('oal &: Min ing Co
JOSODville Coal Co., ...
Eureka Block Coal Co .. ,
McJ",u~hlin .. Treager..
C. h'hrlicb Coal Co... " .
Tbe Clay Product Co.... .,,"

Chicago, Ill. , , . ,

::.

United Fourtb Vein Coal Co,.
Harrison Coal &: Mining Co..
Nick Scbefferman..
Hall &: Zimmerm.n ..
Crawford ('00) Co.. , ..
Sam Pyrah. ,," " " .
Raccoon Mining Co.

Brazil No, 1.
Brazil No.4,
Bra.i1 No.1,
Rebstock.
Vandalia No, 50,
Vandalla No. 60.
Vandalia No, 65,
Superior No.4,
~Cr.wford No, 2.
Crawford No.6,
Crawford No. 8.
Crawford No.9.
Gifford No. 1.
nil'ford No, 2.
Glenn No. 1.
Plymouth No. 2,
Monarcb.
Lewla:
Vivian No.1,
Vivian No.2,

l;~r~~~:

Eureka No, 5.

'I're3~er.

Klondyke No.2,
Fortner,

Continental,
Lower Vein No, 1,
Island Valley No, 4,
Harrison No.4,
Schefferman,
Wizard,
Crawford No, 10,
Pyrab,
Raccoon.

1.Inton", ,

Clay City ..
Brazn"
BroziL. '
Brazil", ,
Br.tIL .. , , '" " , .
West Terre H.ute.

DA VIESS COUNTY
Stucky &; Osborn.. , , . , ,
D..yl... County Coal Co"
Mutual Minlng Co, , , ,
Mlindaback Bros".", ., '
Overton Coal Co.. ,,,,, "
WInklepeck &; Overton, , , '

.. ",I
" ,"I'

Rwdesville.".
Mont11;Omery.
Cannelburg, , .
n,

, 'I

" ,I Stucky.
Montgomery No, 3,
'"

Mutual.

.::1. 'i W~=~~h
inldepeck

FOUNTA'IN COUNTY,
Rush Coal Co .. ,.,

Toledo .. ,,' ,

Indio.
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MINE DIRECTORY-Continued.
GREENE COUNTY.
NAME OF CoMPANY.

ADDIIIlSS OF CoMPANY.

United Fourth Vein Coal Co.. .
United Fourth Vein Coal Co... .
UnUed Fourth Vein Coal Co... .
United Fourth Vein Coal Co.... .
United Fourth Vein Coal Co... .
Vandalia Coal Co... , ........... .
Vandalia Coal Co......... .
Vandalia Coal Co .•... " ... .
Vandalia Coal Co.......... .
Vandalia ('001 Co ....... .
Vandalia Coal Co.......... , . ".
Vandall.. Coal Co.. " ............. .
Vandalia Coal Co........ .
Southem Indian. CoRl Co.
Southem Indiana Coal (,,,, ..
Southern Indiana r",al Co: ..
Indiana Southern Coal Co ... .
Vulcan Cna! Co." ..... " .. .
Summit Coal &; Mining Co..
Green VaIley Coal Co" ......... .
~ueen Coal &: Mining Co ........ .
Cetslnger Coa.I Co.... ". . ...... .

NAME OF MINE.

Linton.. .... .. ............... .. North Lin ton.
Linton ....... , ................. .
Linton ........................ .. ~ra~:IC~k.
Linton, ....................... . Dickarsnn.
Linton .......... , .. , ........... . Antloch.
Indlanapolfs, State Life Bldg.. .
Vandalia No.2.
Indianapolis, State life Bldg.. .
Vandalia No.3.
Indlo.ilapolis, State Life Bldg.. .
Vandalia No.4.
Vandl\lia No.5.
Indianapolis, Stale Life Bldg.. .
Indianapolis, State Life Bl~.... .
Vandalia No.6.
Indianapolis, 1Ita!e Life Bldg..
Vandalia No. S.
I ndianapoli., State Life Bldg...
Vandalia No. II
Indl..Mpolla, Rtste We Bldg..
Vandalia No.2!,
Chlrago, nt, Old r",lony Bldg
Hoosier No.1.
Chieago, III., Old Colony Bldg. .
Tower Hill.
Chicago, Ill, Old r"lony Rldg... .
lAttas Creek.
Gilmour. .
Ch!p&go, Ill., Old Colony Bldg
InnianapoUs.......... ..
Vuiean.
Bloom6e1d............... .
Summit No. 2.
Jaaonvflle.................. .
Groon VaHey.
Jaaonville...·............ ..
Queen.
Terre Haute......... ~ .......... . Letsinjrel'.
North West.
~~~n=t~·. :r~~~illA~ .Bldg.:: : : : : : Twin
No.4.
Terr. Haute ..... .
Twin No.5.
Midland ......... .
Minvale.
Linton.......... :
Mooney.

GIBSON COUNTY.
Princeton Coal &; Mining Co ..... .
Peacock Coal &; Mining Co....... .
Fort Branch Coal &; Mining Co... .

Princeton.... .
Oakland City.. .
Fort Branch ..

• •••• I

Oswald.
Massey.
Fort Branch.

K,\,OX COUNTY.

Bicknell Coal Co.............. .
Freeman Cod Co............ .
Knox Coal Co............. ..
Lynn Coal Co..... " ............ .
Washington-Wheatland Coal Co ... .
Chicago &: Big Muddy Co.l C-o .... .
Tecumseh Coal & Mining Co ..... .

"I

Bicknell. .
Bicknell ..... .
Bicknell. .
BicknelL ........ .
Washington...... .
Bicknell ... ..
Bicknell.. .

Bicknell.
Freeman.
Knox.
Lynn.
Wheatland.
Pine Knot.
Tecumseh.

PARKE COUNTY.

~~\i'lfl~~c!'Jg;~~~·:::::::::::::::: :

B....zll Block Coal Co.... .
United Coal I< Mining Co ......... .
Otter Creek Coal Co. .. .. . .... .. ..." .....
Zel1ar-MeClellan & Co...... .
ZelI",-McClelIan &; Co..... .
Zellar-McCIellan & Co...... .
Zellar-McClellan &: Co.... .
Vandalia Coa.I Co ......................... ..
Parke County Coal Co.... . ... , ..... .
W. P. Harrison .................. ,.
Vivian' CoUier!ed Co ....................... ..
James Moore....
.. ... . .... .
WID. Moore......................... ..

":ill:::":::::::: ....
B.....il.:::::: .. ·..... .
Br...U.......................... .
Indianspol!., State Life Bldg... , .. .
Rosedale.... .. .............. ..
Rockville...................... .

i"~:;;::::::::: :: .............

Kingman.... , ................... .

Bridgeton No. L
Brazil No.9.
Bradl No. 12.
Meres No.3.

MarY.

Suporior No. 1.
Suporior No.2.
Superior No.3.
Suporlor No.5.
Vandalia No. 316.
Parke No. n.
Harrison.
No.1.
Moore.

tl!:.d
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MINE DlRECTORY--Continued.
PERRY COUNTY.
NAME

011'

CoMPANY.

ADDRESS OJ' COMPANY.

Troy.....

Bergenroth Bros, ..... """'"'''''''' ..

NAME 011' MINE.

Troy.

PIKE COUNTY.
Ayrshire Coal Co........... .
Ayrshire Coal Co..... " . .
Ayrshire Coal Co.......... , ........ .
Central Indiana Coal .I: Mining Co.
S. W. Little Coal Co.... , ... '
S. W. Little Coal Co.... .
S. W. Little Coal Co......... ..
Muneie Coal &. Mining Cf), .. .
Winslow Gas Coal Co .. , ... .
Winslow Gas Coal Co ........... .
Central Indian" Coal &. Mining CA) .. .
S. W. Little Coal Co. .. .. .. .... .. .
Binghamton Trust Co..
Binghamton Trust Co........... .

Oakland City ....... .
Oakland City, ....... .
Oakland City, ... .
St Louis. MD.. ' ..... , ... ..
J<.vlIJlsvillc, ....... , ..... .
Evansville ....... .
Evansville, ,
Muncie." ... .
Winslow ... , ..
Winslow, .. ..
St Louis Mo ..
EVllllsville.. ' .. .
Hartwell, .......... .
Hartwell..... ' .. , ..

Ayrshire No.3.
Ayrshire No.4.
Ayrahire No.5.
Cwbon.

Rogers.
Blackburn.
Little..

~:r:~o.4.

Winslow No. b.
Aberdeen.
Blackburn No.2.
Hartwell No.1.
Hartwell No.2.

SULLIVAN COUNTY,
Indiana Southem Coal Co.
Indiana Southern Coal Co, . , . , , .
Indiana Southern Coal Co ..... .
Ind lana Souehtrn Coal Co, , , , ,
Indiana Southern Col\! Co,. ,. ,
Indian" Southern Coal Co .•..
Sunflower Coal Co...... , . , , .
Consolidated In1iana Coal Co, .
Consolidated Indiana Coal Co, , .
Consolidated Indiana Coal Co
Consolidated Indinu.. Coal Co, '
Consolidated Indian" Coal Co. ,
Consolidated Indiana Coal Co. , . ' .
Vandalia Coal Co.•...... ,
Vandalia Coal Co.. , , , . , , .... , ...
Jaekson Hill Coal Ie Cok. Co.
Jackson Hill Coal &; Coke Co
r.. C. Hei""n .. " ........... .
Sullivan County Coal Co.... .
Dering Coal Co ...... , .... '
Dering Coal Co ....... , ........... .
Dering Coal Co ................ .
Southern Indiana Coal Co ............ .
Southern Indiana Coal Co .......... ,
Shirley Hill Coal Co.......... , , .. , ,
Shirley Hill Coal Co.................. .
Hudson Coal &; Mining Co.......... " " .... .
Kettle Creek Coal C{).••.......•.... , •.•••...
Peabody·Alw"rt Coal & Mining Company.... .
Diamond Coal .I: Mining Co...... ".......... .
United Fourth Vein Coal Co ..... .
Hill Coal rA) ..... .
Hm Coal Co, ..... ..
Coo.! & Clay Co.... .

icago. m. Old Colony Bldg...
icago. In.• Old Colony Bldg. .' ..
IlL. Old Colony Bldg..... .
Ill.• Old Colony Bldg..... .
Ill•• Old Colony Bldg..... .
hieagn, IlL, Old Colony Bldg.••..

. iii:. Oid 'COI~~y' Bldg:: : : ::
m.. Old Colony Bldg..... .

Chicago. m., Old Colony Bldg.. .
Chicago, Ill.; Old Colony Bldg.. ,
Chicago, Ill, Old Colony Bldg.....
Chicago, Ill., Old Colony Bldg..
Indianapolis................. .
Indinuapolis ................ .
Terre Haute. Opera Block.... .
Terre Haute, Opera Block........ .
Shelburn................ ' ....... .
Terre Haute ................... ..
Chicago, Ill.. Old
Bldg...
III., Old
Bldg .... .
IIl.. Old
Bldg .... .
any Bldg ... .
Ill., Old
Chicago, Ill, Old Colony Bldg....•.
Indianapollll. Terminal Bldg....... .

~:::::~.!r~.:~~~ln~.BI.d~.:::::: .

Linton ......................... .
indianapolis, Terwino.! Bldg.... .
Indianapolis, Terminal Bldg.... .
Carli.b, Ind
' ........... ..

Washingli;ln.
Rainbow.
Phrenlx No.4.
Cummins.

Hocking.
CItizens.
Sunflower.
Consolidated No. 20.
Consolidated No. 26.
CorulOlId"ted No. 28.
Consolidated No. 30.
Consolidated No. 32.
Consolidated No. 33.
VBndalia No. iO.
West Linton.
Jackson Hill No.2.
Jackson Hill No.4.
Keystone.
Freeman.
D.dng No. 12.
Dering No. 13.

~~~1~~.14.

Mammoth Vein..
Silirley Hill No. 1.
Little Giant.
Hwtson.
Pearl.
Reliance.
Hamilton.
Black Hawk.
Clover Leaf.
Shirley Hill No.3.
Viola.

YANDERBURGH COUNTY.
Diamond Coal Co.... . ...... .
D. Ingle Coal Co .......... .
Sunnl_ide Coal Co..... .
Crescent Coal Co.. . ..
Banner Coal CA) . .•..•••

Evansville .. , ................. ..
Eva_me. . ................. ..
Evansville...................... .
Evansville... . . ... . .•....'. '." ..
Evansville .. '" " ...... , .

DialllOnc.
Ingleside.
Sunnyside.
Unity. "
First AVenue.
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MINE DIRECTORY-Continued.
VERMILLION COUNTY.

Chicago, In., Old ('.olony Bldg .. .
Chicago, I!l., Old Colony Bldg.... .
Chicago, Ill., Old Col<my Bldg.... .
Chicago, Ill., Old Colony Bldg .. .
Cayuga.... .
Clinton .... .
Clinton ..... .
Clinton.... .
Clinton
Clinton ..
Clinum

DerJng Coal Co ...... ..
Dering Coal Co ......... .
Dering Coal Q:, .•• _..
Dering o€ aI Q:, ..•........
Cayuga Brick &: Coal C.{l.•..
Clinton Coal Co.......•...
Clinton C.oaf Co........ .
Oak Hill Coal Co ...... ..
Oak Hill Coal {'o ..... ..
Oak Hill Coal Co..
Clinton Coal Co•.

Dering No.5.
Dering No.7.
Dering No. S.
Dering No. Ii).

Eureka.

Crown Hill No.1.
Crown Hill No.2.

OakHUI.

Maple Valley.
Buckeye No.2.
Crown Hill No.3

VIGO COUNTY.

•

Coal Bluff Mining Co ..... . .
Coal Blull Minmg Co. .
Coal Bluff Mining Co....
Coal Bluff Mining Co
LoWel' Vein Coal Co .... .
Vandalia Coal Co........ .
Vandalia Coal Co... . .. . .. . .......... ..
Miami Coal Co. .. .. . .. .. .
Miami Coal Co ............. .
Miami Coal Co............. .
. ..
Parke Couoty Coal Co..... .
Fauvre Coal Co.......... .
Fauy"" Cual Co ......... .
Weat Terr. Haute Coal Co
Deep Veill Coal Co....... .
Vi#o County Coal Co..... .
Indiana Southern Coal Co ..
Domestic Block Coal Co..
Ch.... F. Keeler Coal Co .. .
M. D. West Coal Co ........... .
. ..
Grant Coal &: Mining Co....... .
Sugar Valley Coal Co. . .. . ... .
Dering Coal Co .............. .
Coal Bluff Mining Co.......... .

Terre Haute .... .
Terre Haute .. .
Terre Haute ...... .
Terre Haute..... .
Terre Haute .. ..
Indianapolis.... .
lndla.napolis.) ..
BrazU....... .
Bra.il....... .
B""'U...... .
Rosedale... ..
Indianapolis... .
Indianawlis.......... .

W. Terre Haute .... .

Terre Haute...... .
.SeeleyvtUe..
Chicago, Ill..
Kokomo.....

&~;:x.;,~1I: :.

BurHett............ .
West Terre Haute .... .
Terre Haute ..
Terre Haute..

.. ..... ~ Lawton.

. .. Plymouth No. L
Victor
Wabash.
Lower Vein No. L
VandalIA No. 67.
Vanda.lIA No. 69.
Miami No. 1.
Miami No. 2.
Miami No. a.
Parh No. 10.
Fauvre No.1.
Fau'Te 'No.2.
L",llller.
Deep Vein.
Ray No.2.
Forest.
Domestic Block No. 1.
Atherton.
Cbleago No.6.
Grant No. 2.
Sugar Valley.

~:tnJINo. 6.

WARRICR COeNT:)!'.

. ...j Boom'ill•
..
Evansville. ..

Big Four Coal Co....... . . . . . .... .
....
Chandler Coal Co................ .
John Archibald Coal Co........... . . . . .
Chos. Mendon Coal ('.0............ .
T. D. Sral.. Coal Co.............. .
CaJadonia Coal Co: ......................... ..
Erie Canal Coal Co. . . . . . . . . . . . . . . . . . . . .. . ..
•1. Wooley Co... Co.......................... .
Worsham·Newburg Coal Co.... " . ...... .. ..
Elberfeld Oi~ Gao & Mining Co.............. .
Epwortb Coa! Co........................... .

EvansvlUe . .
Evansville.... .

Boo.. m..... .

Boonvllle.•.....
Boonville...... .
Boonville..... .

~ib:t,lt: ::
Newb 1'rg.

Big Four.
Chandler.
Star !'Io. 1.
DeForest.
EI..,trie.
Dawson.
Erie Canal.
Castle Garden.
Biciua.
Elberfeld.

REPORT OF THE STATE NATURAL GAS SUPER
VISOR FOR THE YEAR 1907.
BY

B. A. KINNEY.

(587)

Annual Report of the State Natural Gas
Supervisor.
OFFICE OF THE STATE NATURAL GAS SUPERVISOR,

MARION, INDIANA, February 1, 1908.

Prof. lV. S. Blatchley, State Geologist:
SIR-I have the honor to submit to you herewith my fifth an
nual report as State Ga!?Supervisor, for the year 1907, the same
being the sixteenth report from this department. In former re
ports I have endeavored "to call your attention to the waste of gas
resulting from the criminal negligence of operators and producers;
also of the evil results to the gas supply from pumping stations,
now mostly abandoned, &,nd of my efforts in seeking to prevent
such abuses. This report will contain a great deal of matter on
this line. I have sought, however, to eliminate all matter that has
been fully treated in former reports and has no special importance
at this time. I have dwelt largely in this report upon the im
provement in conditions in the gas fields of the State in general,
of the prospecting for new gas territory and the development of
the same, giving, I think, much information in detail that will be
valuable and instructive to the people of Indiana.
I trust that this report will receive your approval and the ap
proval of those who, from their interest and experience in the gas
field, are capable of judging of the same.
Respec,tfully yours,
B. A. KINNEY,
State Nat1~,ral Gas Supervisor.
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WELL PLUGGING.

In my last annual report I gave considerable space to the .ruin
effects upon the gas fields of the State resulting from the fail
ure or neglect of operators and producers to plug up the abandoned
wells. It is of such supreme importance to the people of Indiana
that this great natural resource be husbanded and saved for those
to whom it is such a blessing that I again wish to urge upon all
who read this, if they be engaged in the development of the gas
business, the necessity of complying with the State law upon the
above subject. A great majority of gas operators realize the im
portance of taking care of the gas fields, and I am happy to say
that the laws on this subject were more generally obeyed within
the last year than ever before.
There are, of course, m~ny operators who care only for their
own convenience and for their immediate profits, disregarding the
rights of the landowners and those of the public at large. This
class includes some gas companies, individuals drilling wells for
speculation and oil operators. The last two classes, in the event
of failure to obtain a good paying well in one territory and fore
seeing no good prospects ahead, sometimes abandon their lease.:>,
"pull" their wells and seek other gas fields which promise better
results, without having properly plugged the wells. Hence a great
deal of my time is taken up in seeking out these abandoned wells.
As I have said above, however, these law violations are growing less
in number, and I have had the co-operation and sympathy of most
of the producers, only a few of them having tried to obstruct me
in the discharge of my duties.
The law on the subject of plugging abandoned wells was
enacted by the General Assembly of 1903 and approved March 7,
1903, and I herewith give a brief synopsis of the same for the bene
fit of those interested who may read this report.
Section 1 provide,s: "That before the casing shall be drawn
from any well-to be abandoned-which has heendrilled into the
gas or oil bearing rock it shall be the duty of any person. firm or
corporation. having control of said well. as well as the owner of
the lands whereon such well is situated, to properly stop or plug
the same in the following manner: Such hole shllll first be solidly
0lIS'
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filled from the bottom thereof to a point at least 25 feet above such
gas or oil bearing rock }\lith sand, gravel or pulverized rock, imme
diately upon the top~f which filling shall be seated a dry 'pine
wood plug, not less than ~ feet in length, having a diameter-of
not less than one-fourth of an inch less than the inside diameter of
the casing in such wen; above such wooden plug such well shall be
solidly filled for at least 25 feet with the above mentioned filling
material, immediately upon which shall be seated ~nother wooden
plug of the same kind and size above provided, and such well shall
again be filled solidly for at least 25 feet above snch plug with
said filling materiaL After the casing has been drawn from such
well there shall immediately be seatea at the point where such cas
ing was seated a cast iron ball or a tapered wooden plug at least
two feet in length, the diameter of whiGh ball or the top of which
plug shall be greater than the hole below the point where such cas
ing was seated, and above such ball or plug such well shall be solid
ly filled with the aforesaid filling material for a distance of at least
fifty feet."
Section 2 provides: ." That an affidavit must be made by at
least two persons who assisted in the plugging of such well, which
is to be recorded in the recorder's office of the county where the
well is located; this to be filed within fifteen days after' such plug
ging, and shall set out in detail the manner in which the well is
plugged, following the law's instructions as above, giving the
depths below the surface of the plugs or iron ball."
Section 3 provides: "That in sinking wells into the gas or oil
bearing rock that the water be cased off from such well."
Section 4 provides: "A penalty for any violation of this act
the sum of $200 and $200 more for each ten days such violation
shall continue, to be recovered in a civil action in a court of com
petent jurisdiction, brought in the name of the State of Indiana,
for the use of the county where the violation occurred, and the
county may also recover attorney's fees in case of a recovery by it."
Section 5 repeals a former law p~ed in 1893.
Section 6 empowers the State Gas Supervisor to enter upon
any land at any time for the purpose of examining and testing
any such well or wells.
,
The Natural Gas Supervisor has endeavored to do his duty ac
cording to the above law, but he has no means of knowing when
wells, are to be abandoned, and can only act in cases of violations
of the law on information furnished him by outside parties. I be
lieve all good citizens should assist me in enforcing this law as a
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means of preserving this gas supply. ~romise in return to put
the law into motion, with~ut fear or favo'r." against any violators
brought to my knowledge.'
Among the most common violators of the law are the junk deal
ers, who buy the old iron and casing from defunct gas and oil
wells and leave them without any attention whatever. The land
owners then disclaim any responsibili~ for the plugging of the
wells, as do also the junk men, making it difficult to' locate the re
sponsible party.
It is a matter of common knowledge among gas and oil opera
tors that much of the oil and gas bearing rock is connected through
out the State, though in some localities it differs in porosity from
others. Therefore, if by reason' of a failure to properly plug an
abandoned well or to case off the 'water from the rock when a well
has been drilled, water is. introduced into the rock strata, an in
jurious effect is produced upon the gas bearing rock for many
miles in extent,' and affects good producing wells many miles away
from where the mischief was done.
While on the subject of well plugging I can do no better than
to reproduce the suggestions of Mr. Henry C. Zeigler, president
of the Hea,t, Light and Power Company of Muncie, the principal
gas company there, who wrote to me under date of February 7,
1908. The letter contains so many good ideas as well as valuable
information about the Delaware County gas field that I present it
herewith verbatim:
MUNOIE, IND., February 7, 1908.
Mr. B. A. Kinney, (Jare Deni80n Hotel, InaiafJapoliIJ, Ina.:

.Dear Sir-Replying to your esteemed favor of the 4th, and your in·
quiry therein contained as to the number of wells we have drilled in the
year 1007, we beg to state that the Heat, Light and Power Company has
not been obliged to drlll a well, and did not drill any during the. year 1007,
and we have a good volume, a p1entiful supply for our patrons. The gas
pressure is growing better gradually, and to such an extent that it is con
. vincing proof of a general betterment.
J<'our years since the pressure, as taken by a committee from the Com·
mon Council of the elty of Muncie during a three days' trip over the gas
field of Delaware County, which same is a matter of record, showed pres
sures running from 0 up tQ 6 pounds, but very few wells registered the
higher figure, the average being 1% pounds, 'where wells were feeding into
pipe lines and on which no pumps were connected. The six-pound pressure
wells were those that were not connected to feed lines. Our wells, since
the manufacturers' pumps ha,'e been abandoned, have shown a constant
increa.,e, and those on the {lumps, if the gate is closed, will register from
2 to 8 p(jllnds within five to seven minutes. We have a number that will
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run up to 10 pounds or better that have been on the pumps for the last
year. Wells that are not on the pumps, that were practically dead four
years ago, will register from 20 to 40 pounds. The writer Is not di8ap
pointed,as we maintained e~rly In the history of the gas field what the
l'esUlt would be when the mammoth pumps were dismantled.
In the meantime we are prone to give due credit to the State Gas In
spector's office, the good efforts of Mr, Blatchley, and his assistant, your
self, in the matter of adviSing the proper plugging of wells. We regret
the law is not a little more explicit and far-reaching. To one. who has
been engaged In the natural gas and oil business for better than thirty
years, we think it very Important that a law should be enacted making it
possible for the State Gas Inspector to appoint an assistant ill every dis
trict. to whom the owner of any well, when desiring to have the same
pulled, should report, .and that such assistant shoutd be at the well and
see that the well Is plugged in accordance with the law regulating the
plugging of wells. In this way only can we expect proper results from
the law as now enacted.
. We drop in these suggestions in the hope that you will lend your good
influence towards the enactment of such a law as will bring proper results,
and thus. s@.v~tQ the citizens within the gas producing territory of the
State the, vaJWlble fuel that the writer believes will be in abundance for
many years If water Is not allowed to flow into the gas producing strata.
Respectfully yours,
H. O. ZEIGLER.

I heartily endorse the suggestions of the writer of the above,
Mr. Zeigler, on whose opinion upon the question of gas preserva
tion I have learned long since to place a high value, His sugges
tion to have assistant gas supervisors appointed in each gas dis
trict to oversee the plugging or packing of wells, and to provide
that no well should be plugged or packed without the presence of
the Supervisor or an assistant on the ground, meets with my earn
s€ t approval. A law enacted following out the above ideas would
present the most practical and efficient method of preventing the
abandonment of wells without proper plugging or packing, and
would help to save the gas bearing porous rock strata from salt or
fresh water flowing in from abandoned wells.
PUMPING STATIONS.

In former reports the Natural Gas Supervisors have given con
siderable space to the subject or pumping stations. These stations,
intended to reinforce the natural rock pressure by pumping the
wells, have been the means of exhausting the gas supply years
earlier than would have resulted had the natural pressure been de
pended upop. Wherever pumps have been used to increase the
flow of gas from wells the gas bearing rock has been rapidly ex
[88]

•
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hansted, and in many cases, in gas territories where this artificial
means was applied;, thtJ gas bearing rock stratum has become satu
r'ated with water drawn in from below by: the suction of the pumps.
I find where these pumping stations have been abandoned and
have ceased to draw upon the gas bearing rock, that the gas wells
that formerly had a very feeble pressure have, sillce the stopping
of the pumps, shown an increased fiow of gas, and llew wells driUed
have given. promise of a long continued supply of the fuel.
About all of the pumping stations now in existence in Indiana
is the one at Anderson of the Hazelwood Gas Company, the sta·
tion at Richmond of the Richmond Natural Gas Company, the one
of J. M. Leach on, the east line of Howard County, the two sta
tions of the Indiana Natural Gas and Oil Company, one near Fair
mount, Grant County, the other at Greentown, Howard County, as
stated in another part of this report,. and the stations of the South
ern Indiana Gas Company, of Decatur County, and the Shelbyville
Gas Company, of Shelby County.
.
The Indiana Natural Gas and Oil Company, with a pipe line to
Chicago, is the only company which now pipes gas out of the State.
I will refer the reader to the letters of H. C. Zeigler, president
of the Heat, Light and Power Company of Muncie; of J. M. Leach,
of Kokomo, and of Thos. Wisehart, general superintendent of the
Lafayette Gas Company, made a part of this report, all of which
are pertinent on the subject of pumping stations.
THE OLD FIELD.

In Madison County the conditions are much improved within
the last year. The pumping stations that contributed to the ex~
haustion of this field have ben abandoned. The gas is no longer
used for manufacturing purposes, and the supply for domestic use
is increasing. What is said of Madison County is true also in
speaking of Delaware County, adjoining. A number of old wells
are still producing a fair fiow of gas.
.
In Grant County two pumping stations still exist. 1'he one
owned by the Indiana Gas and Oil Company east of Fairmount,
which supplied gas to Chicago, is still operating, pumping about
500 wells. They formerly pumped 3,000 wells. This pumping
station more than anything else has been the cause of exhausting
the Grant County field, as the gas is pumped from the gas bearing
rock by artificial suction into the mains,and is then by reinforced
pressure forced through the mains. It is evident fr.om the con~
stantly decreasing supply of gas in this territory that the field must
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soon be abandoned. This company still maintains a pumping sta
tion at Greentown.
The pumping station near Upland, Grant Connty, is still in nse,
being owned by the Huntington Light and Fnel Company of Hunt
ington, Indiana, .vhich supplies that city with gas. This station
is used to force the gas throngh the mains, and does not pump
from the wells direct. The Huntington Company has a chain of
wells along its pipe line, about 300 of which are in fair condition.
At Marion the Marion Gas Company still supplies the majority
of the citizens with gas. The gas supply is holding up well there.
No gas is used for manufacturing purposes. The Marion Gas Com
pany have drilled about forty wells within the last year. The
Marion company depends on natural pressure, having no pumping
station.
Jay County has a good supply of gas, a number of wells there
showing a moderate pressure. This field was revived into life
after the dismantling of the pumping stations which drew on this
county's gas territory. The pumping station located at Perkins
ville, belonging to the Fort Wayne Gas Company, has been dis
mantled and the pipe lines of the company have been taken up.
This company formerly supplied the city of Fort Wayne and inter
mediate cities with gas.
The Lafayette Gas Company, better known as the "Deitrich
Syndicate, " has practically gone out of business. This company
formerly supplied gas to the cities of Lafayette, Logansport, Peru
and Wabash. Independent companies furnish what gas is avail
able to these cities. A letter from Thos. Wisehart, the company's
superintendent, is made a part of this report.
The condition of the gas supply in Howard County is shown
by the following statement: The Plate Glass Company of Kokomo
has within the last two years drilled 256 wells with an average pres
sure of 200 pounds. John M. Leach, of Kokomo, has drilled fif
teen wells within the last year having about .the same pressure.
'l'hese wells are mostly in good condition.
In Hancock County conditions in the gas field are still good.
Many of the wells drilled by the Southern Indiana Gas Company,
which supplies Greenfield ·and other towns, are still producing.
Gas operations are being carried on vigorously here, many wells
being drilled in. A favorable report can be made also of the gas
field in Shelby County. Operations there are still active, many
new wells are· being drilled.
In Deca.tur County the people are enjoying the boon of cheap
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gas.. The citizens of Greensburg are bountifully supplied with
the best fuel on earth for fifteen cents per thousand cubic fe.et.
The farmers of Decatur County also share the privilege of using
cheap gas. In fact, it is a rare sight to see a wood or coal stove in
the county. In many localities every well-to-do farmer has his own
gas well, from which he uses .gas for heat and light for his house
and outbuildings, as well as for power for a gas engine. He then
supplies the needs of his neighbors, who are small farmers or ten
ants. The greater part of the gas supply of Decatur County come!!!
from the Trenton rock at a depth of 800 to 1,000 feet, though there
are many good wells that were drilled just into the "shale" that
lies just above the limestone. There are no especially strong wells
here, but the flow is strong and steady from all of them.
Many old wells that were filled up with water have been revived
by cleaning and packing so as to keep out the water and are now
good producers. Decatur County has never been considered in the
"gas belt," but her people have enjoyed the use of gas neceSsary
for domestic use ever since' the first discovery of gas in Indiana.
In the year 1907, in Decatur County, the gas companies of the
county drilled 115 wells. The Greensburg Natural Gas, Oil and
Water Company drilled 30 wells, the Greensburg Gas and Electric
Company 40 wells, the Muddy Fork Natural Gas Company drilled
45 wells. l'hese wells were drilled to an average depth of 900 feet;
average rock pressure, 200 pounds.
The letters contained in this report, from H. C. Zeigler, J. M.
Leach and Thos. Wisehart, are interesting, containing much inter
esting information regarding the old gas field of Indiana. The
letters of Mr. Leach and l\fr. Wisehart follow hereafter.
Mr. J. M. Leach writes the following letter:
KOKOMO, IND.,

February 11, 1008.

Mr. B. A. KinMlI, Marion, Ind.:

Dear Sir-Replying to your favor of the 4th, beg to advise that I have
drilled 15 wens in the past year, with an average capacity of 100,000 feet
for the first 24 hours, lind the average rock pressure is 225 pounds; with
the exception of one well, which was drilled just east of Kokomo, the rest
were drilled just north of Kokomo. Am running the pumping station in
the daytime only.
Yours very truly,
J. M. LEACH.
P. S.-We are using about 125,000,000 feet per year.

Mr. Leach is a prominent manufacturer and gas,producer of
Kokomo.
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Mr. Wisehart, Superintendent of the Lafayette Gas Company,
sends me the following interesting reply to an inquiring letter of
mme:
LAFAYETTE, IND.,

Mr. B. A. Kinney, State Gas

February 20, 1908.

I-nsluwtor:

Dear Sir-Complying with your request, I here hand you statement
of conditions of the various fields in my charge:
First, tbe Indiana field has been discontinued and abandoned. The
main line from and through Tipton County to Frnnkfort and Crawfords
ville is still intact but not in use. The pumping station at Kempton has
been removed and all machinery gone. The Curtisville station is still in
tact but not in use.
The Lafayette Gas Company's field has been discontinued and aban
doned. All field lines and wells have been removed and field generally
cleaned up except the main lines through the field,· and also main line to
Lafayette, which Is still intact, but not In use. The stations on the La
fayette plant, Kempton stution boilers have all been removed, but the com
llressors are still intact, but not in use.
'l'he Windfall station Is still intact, but not in use. Tbe Summitville
station still intact, but not in use.
The I..ogansport and "rabash Valley Company have abandoned Peru,
and the only towns now being furnished with gas are Converse, Swayzee,
Miers, Herbst, and Geneva (the last) in Adams County.
We have a number of small wells through the western part of Grant
County and the eastern part of Miami, which are furnishing gas to supply
a part of these towns. 'rhe pumping station at Converse has been discon
tinued and removed. Main line between Conv~se and Peru is still Intact.
We are furnishing gas to Geneva, Adams County, and purpose furnishing
to Decatur. We are not drilling any wells in that viCinity, however, as
we are purchasing our gas from. the Warren and Indiana Oil Company.
By the way, we have an especially good pressure in that portion of
Jay County and in the southern part of Adams County. Last week I
gauged one well that showed 320 pounds original rock pressure. The vol
ume, however, was not of much account.. We have four other wells from
which we are receiving gas belonging to the said Warren Company that
showed a pressure of 150 to 170 pounds, giving us ample supply for
Geneva.
.
In making estimate of four of these wells, we found that they meas
ured as against atmosphere about 6,000,000 feet per day of 24 hours.
Yours truly,
THOS. WISEHART,
General Superintendent of Lafayette Gas Oompanll.

THE SULLIVAN FIEJ.JD.
Brief mention only was made in my last annual report of the
gas developments in SUllivan and Vigo counties, which now promise
to become fair productive gas territory. This region is known
among oil and gas men as the "Sullivan Field."
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I give below much detailed information as to the wells recently
drilled in Sullivan County. There have been several wells de
veloped which produce more than 1,000,000 cubic feet of gas per
day, each. One of these is located on the Jamison farm one mile
west of Sullivan. Many wells are being drilled in the same locality
and throughout the county, and much activity prevails. Twelve
wells that have been drilled in the last year were unsatisfactory,
showing more oil than gas. Gas is plentiful here for heat and light
and the city of Sullivan is now bein~ piped for the purpose of
bringing the new fuel to the doors of its citizens.
From the records of wells drilled in the. Sullivan field I make
note of the following:
Three wells drilled on Hoseman farm, Section 9, Gill Township,
in 1904, first well drilled showing of oil at 865 feet, drilled to 900
feet; enough gas to run boilers. Second well came in in January,
1907, in Jamison sand; shot, water drowned, water flowing out
yet; fair gas. Third well came in in August, 1907; abandoned,
not shot.
On the P. Osborn lease, in section 12, Hamilton Township, one
well was drilled in July, 1907; oil was found at 527 feet, 15 feet in
the sand; well was drilled to 830 feet and shot, and abandoned.
On the Gill lease, in. section 10, Gill Township, one well was
drilled; showing of gas at 772 feet; drilled down to 840 feet and
abandoned.
The Deitrich Syndicate in 1906 drilled a well on the Krause
farm, in Turman Township. Some gas was obtained at 1,465 feet.
Drilled to 1,762 feet.
In July, 1907, a well was completed on the Brokaw lease in sec
tion 18, Hamilton Township; no gas obtained; streak of Jamison
sand at 760 feet; drilled to 870 feet. On the ~fason lease, section
17, Hamilton Township, a "well was drilled, reaching the sand at
. 745 feet; total depth drilled, 860 feet. A well drilled on the Hay
den farm, section ~6, Hamilton Township, 1,350 feet; slight show
ing of oil at 1,150 feet.
On the Coulson lease, section 31, Hamilton Township, a well is
being drilled Which has reached a depth of 775 feet; a flow of oil,
five barrels per day, was developed at 738 feet, sand was reached
at 734 feet. and after being shot the well flowed 10 barrels of oil
per day. This well was not pumped.
OIl the Scott farm, section 36, Turman Township,' a well was
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completed October, 1907, located on left side of the road. Drilled
850 feet; dry. In the same month and year a well was completed
cnright side of road; drilled to 900 feet; oil reached at 745 feet;
six-barrel oil well. Showing of oil at 480 to 500 feet, or 15 to 20
feet in the sand. This is found to be general over this field. On
the J. M. Springer,lease, section 2, Turman Township, a well now
being drilled is down to 1,100 feet; small showing of Jamison sand
at 800 feet; water flowed at 900 feet to present depth. A well
dl-illed and completed in June, 1907, on T. B. Springer lease, sec
tion 2, Turman Township, was abandoned at 900 feet, owing to
water. Signs of oil at 400 feet; Jamison sand at 795 feet; fair
showing of gas.
Three miles east of Paxton, on the Blakeman lease, section 21,
Haddon Township, a well now being drilled has reached a depth of
1,100 feet; showing of oil at 660 to 710 feet; not shot.
On Jamison farm, section 31, Hamilton Township, two good
gas wells were drilled and completed between April and September,
1907; gas reached at 700 feet; 30 feet drive pipe used; at 600 to
680 feet 6% inch casing used'; No. 1 well flows 1,250,000 cubic feet
of gas per day; No.2, 1,200,000 feet; pressure, 297 pounds. The
gas from these wells is being piped into the city of Sullivan.
The log of three wells drilled in the Sullivan County fleld is set
forth, as follows:
Record

of tlte Bailey McOonnell Well, Section 28, Ha,ddon Township,
Sullinlcn Oounty, Indiana.
Feet.

Conductor .......................................
8-inch pipe.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
6l;4-inch pipe ........ . . . . . .. . . . .. .. . .. ...........
4%-lnch pipe ..................... : ...............
5 feet coai and gus ... '........ '" ... .•.... . . .. ... ..
Salt sand ........ , .... ,.................. 925 to
Break ......................................... ~.
Salt sand ............ ................... 1027 to
Lime and slate ........................... 1225 to
Sand llme-sJate . . . . . . . . . . . . . . . . . . . . . . . . . .. 1300 to
Hole full water, oil ....................... 1:195 to
Salt sand ..... : .......................... 1435 to
Slate ............................ :....... 1445 to
Dry hole ..... ,'........................... 1470 to
Watel' .........•.................................
Good sand with oil ...............................
Oil at ...........................................
.Drilled In 1905. Abandoned.

28
38
91:10
·1470
271

1015
1027
1225
1300
1395
1435
1445
1470
1800
1800
870
1395
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Record 01

w.

R. (Jolvin Well, Section 81, Haddon
(Jounty, Indiana.

TOWt~8hip,

SUlliVaf!

Feet.

8-inch drive-pipe .......•.................•.......
40
6% casing ......•.......•...........••.......•..•. 550
Enough salt water to drill. . . . . . . . . . . . . . . .. 500 to 700
Slate •..•.....•......••........•.......... 700 to 842
Slate ..•.•..•.•.....•....•............... 842 to 881
Shells and sand oil at bottom. . . . . . . . . . . . . . 881 to 960
Shells-lime ...•....•...................... 900 to 995
Small shell sharp rock .................... 995 to 1040
Salt sand ..............•................. 1040 to 1085
Slate ...................................• 1085 to 1120
Salt sand ................................ 1120 to 1140
Slate and lime ........................... 1140 to 1300
4% caSing ..................................•.••. 1310
Sandy lime .• . . . . .. . .. . .. . . .. .. . . . . .. .. ... 1310 to 1370
Soft lime ........................... :.... 1370 to 1390
Sharp sand, show oil .. . . . . . . . . . . . . . . . . . . .. 1300 to 1440
Good drllUng ......... ~ ................... 1440 to 1510
Brown sand, small show of gas ...................... 1510
Brown sand, show of oil ................... 1565 to 1640
Good sand ............................... 1640 to 1660
Water ........................................... 1687
Drilled In 1005. Abandoned.
Record of Drilling 1'urman 1Town8hip Well, Section 8, on the Farm of John
H. Krause, in ,'fuUivan Gount?l.

Murdock Gas Company.
Feet.

Shale............................................
70
Sand............................................
80
Blue shale .........................•..•.......... 255
Coal, 3 feet ........•.......•..................... 260
Dark shale ......................•. ... . . . . . . . . . . .. 305
Coal .................•.........................• 310
White l.imestone .......................... 310 to 340
Gray shalo .. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 340 to 510
Sand (cased) ..................... ;...... 570 to 574
Shale .................................... 584 to 680
Gray sand ....................................... 910
Salt sand ..•...•................................. 900
Black sand (Roblnso:Q.) ........................... 985
Shale and salt .•...........•.................•..• 1075
Black sand ........................•............. 1140
Black sand and cave ...••.•.....................• 1210
Salt sand ......................................•. 1600
Blue lick water .......................•........ 'i!J' ,~720
Total depth .............•..••...........•..•..•.•.1762
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Casing.

Feet.
13-inch ..........................................
lO-lnch ...................................•..•...
8-inch ........... ,...............................
6% -inch .....................................•...
5-inch ................................•... , ... , •.
Oil .........•... , ....... , ............•.. , ....•...
Water .............................•...•. 1460 to
This well was drilled in 1906. Abandoned,

26
584
1181
1328
1746
1475
1510

GmSON COUNTY.

The operations in the Princeton field, Gibson County, in the
past year, show this territory to be a coming gas field of much im
portance. Considerable drilling for oil by the Ohio Oil Company
and other companies is being done. Each completed well shows a
fair flow of gas, and no well so far drilled has failed to furnish
enough gas for fuel for the boilers of the oil operators who are now
pumping the oil producing wells, many of which are now paying.
The following statement of the record of some of these wells oper
ated by the Ohio Oil Company and other companies, is herewith
submitted:
The No, 1 well on the 1. N. Montgomery lease, completed in
December, 1907, drilled to depth of 1,000 feet, sand struck at 845
feet, 87 feet of drive pipe used; dry welL On the Kendall lease,
well No. 16, completed in December, 1906, sand at 836 feet; drilled
30 feet in sand; drive pipe 75 feet, 10 inches; 5 to 6 barrel well.
No. 17, drilled total depth 862 feet, sand at 820 feet, drive pipe 80
feet 10 inches; 65 barrel well, completed March, 1907. No. 18,
completed April, 1907; total depth, 865 feet; sand at 820 feet,
80 feet drive pipe; 92 barrel well. No. 19, completed June, 1907;
depth 882 feet, sand at 842 feet, drive pipe 85 feet and 10 inches;
55 barrel welL No. 20, completed in December, 1907; total depth
858 feet, sand at 836 feet, drive pipe 82 feet and 10 inches; 15 bar
rel well.
On the M. Howard farm, No.8 well, completed in August, 1907;
was drilled to depth of 910 feet, sand was reached at 862 feet, the
drive pipe used was 62 feet long; salt water struck; dry well.
On the W. F. Knight lease, No.5 well, completed in September,
1907; sand at 892 feet, drilled 60 feet in tM sand, 80 feet and 10
inches drive pipe, 800 .feet of 6%,-inch casing used; 10 barrel welL
On Watkins's lease, No. 1 well, completed in September, 1907;
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t,?tal depth drilled 876 feet, sand at 836 feet, 81 feet and 10 inches
of drive pipe; 35 barrel well; salt water encountered. No.2 well,
completed in October, 1907; total depth 863 feet, sand at 823 feet,
drive pipe 78 feet and 10 inches; 80 barrel well. These wells were
all drilled by the Ohio Oil Company, which is at this time drilling
other wells in the same vicinity.
On Watson lease, R.Binkley farm, No.1 well, 812 feet to the
sand, drilled 52 feet in sand, '5 barrel oil well; No. 2 well, 840 feet
to sand, total depth drilled 880 feet, formation lowe,r in this well;
ligh: well. These two wells drilled by New York-Hudson Oil Com
pany.
The Bennedum-Trees CO,mpany has lately drilled a well 9n the
Skinner farm, near Oakland City, total depth 1,300 feet; encoun
tered salt water; dry well. Two wells now being drilled near Oats
ville, Pike County, one by the above named company, the other
by the Pure Oil Company. The Pure Oil Company drilled a well
on the Houchins farm, 1,300 feet in depth, salt water encountered;
dry well; gas came at 650 feet. Three miles south of Winslow,
Pike County, the Southern Oil Company completed not long ago
a well on Rev. Woods's farm to a depth of '1,185 feet; sand at
1,160 feet; well shot; initial production of oil 180 barrels in ten
days; produces some gas.
In my last report I stated that the gas field in Pike County,
around Petersburg, was wholly unproductive. I can add here that
all the lat~st drilling here for gas has resulted in "dry" wells.
On the C. Harding farm, northeast of Decker, in Knox County.
a well drilled to 1,660 feet is a failure, salt water encountered;
well is dry. One well being drilled west of Decker, on Jordan
farm, is 1,440 feet down; a crevice in the rock is encountered;
can not be filled. A dry well resulted on the Chas. Griffin lease,
the well drilled by the Farmers' Oil Company, completed in Oc
tober, 1907 i. depth 1,040 feet, sand at 1,005 feet.
For some time preceding the time of making this report the
leasing of lands for gas producing purposes has been carried on, in
the counties of Floyd, Scott, Clark, Harrison and Crawford. Be
fore another year, in my opinion, the entire south end of the State
will have been tested by seekers for the precious natural fnel.
A test well is bein'g drilled at the present time in Clark County;
another in Scott County. The American Car and Foundry Com
pany, of Jeffersonville, has already drilled a well 1,400 feet in
depth, and have stopped operations until they can obtain addi
tional gas leases. This company already has leases on 12,000 acres
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of land in the counties named in the preceding paragraph. Other
companies have, in the aggregate, double that number of acres
leased.
GENERAL SUMMARY.
There are twenty-six counties in the State of Indiana in which
gas is being produced and used, and in a number of these counties
natural gas is the common and most generally used fuel for do
mestic purposes. But in what has been known as the "gas belt,"
Delaware, Madison, Grant, Blackford, Wells, Jay and Howard
counties, many manufacturers have found the gas supply inade
quate for their needs as a fuel.
Adams, Wells, Huntington, Wabash, Miami, Howard, Grant,
Blackford, Jay, Randolph, Delaware, Madison, Tipton, Hamilton,
Henry, Hancock, Shelby, Rush, Decatur, Franklin, Sullivan, Green,
Martin, Pike, Gibson and Vigo counties are within the gas produc
ing territory of Indiana, being 26 counties in all.
At the time of making this report there is, speaking approxi
mately, being produced in the State of Indiana, 20,000,000 cubic
feet of gas per day. The average price of gas per thousand cubic
feet, over the State, is 30 cents. This represents a daily production
from the flow of gas of $6,000, or $1,800,000 in one year.
R.espectfully submitted;
B. A. KINNEY,
State Natural Gas Inspector.

-

THE STRATIGRAPHY AND PALEONTOLOGY OF
THE CINCINNATI SERIES OF INDIANA:
BY

E. ·R. CUMINGS.
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The Stratigraphy and Paleontology of the
Cincinnati Series of Indiana.
BY E. R. OUMINGS.

PART I: GENERAL INTRODUCTION AND STRATIGRAPHY.
The present report is the result of studies begun in the summer
of 1900, and continued with some more or less prolonged int13ITup
tions up to the present time. Parts of the field seasons of 1900,
1901, 1906 and 1907, have been spent, in conjunction with'students
of the Department of Geology of the Indiana University, in the
study of the sections herein described and in the collection of fos
sils. The sections haveb~en selected with a view to the elucidation
of the differences between the northern and southern portions of
the area studied, and with reference to their accessibility and, to
continuity of exposure. ' The last has presented more difficulties,
perhaps, than any other requirement of the work; since continuous
exposure is rare enough in any formation and especially so in a for
mation which, as is the case with the Cincinnati series, contains
much intercalated shale. Nevertheless, as will be seen by a refer
ence to the sections themselves, this requirement has been met with
a reasonable degree of success. Wherever possible exposures in the
beds of creeks have been sought, since' cliff sections or those in rail
road cuttings are usually so submerged in talus that it is a very
difficult matter to be sure that every specimen is exactly located as
to horizon-a requirement that has at all times been adhered to as
paramount.
The exigencies of the last requirement will explain to some de- .
gree the failure of mant ·rare forms to appear in the lists, and the
seeming meagreness of some of the lists of species in parts of the
series that in the Cincinnati region, as may be seen from the excel
lent paper of Nickles, have afforded a very large number. It must
be remembered, however, that the forms listed in that paper and
the various catalogues that have been published of the fossils of the
Cincinnati group, represent the gleanings of the past half century
from very numerous exposures, and by many collectors; and also
that very many of them are of the rarest sort. No attempt has
'(607)
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been made to secure rare forms. The main purpose of the work
has been to fix so far as possible the range of the commoner forms,
which after all are the only ones that can be of much use in strati
graphie work. I have also tried to collect in such a way as to elimi- .
nate the personal equation, in order to arrive at a more satisfactory
estimate of the relative abundance of the forms. To this end I
have avoided the practice of collecting large numbers of some par
ticular species just because it happens to be abundant or especially
well preserved. I have attempted in any given exposure to obtain
in their proper numerical ratio every species to be found in the
given exposure. One matter must be taken into consideration in
the comparison of the faunules of different zones in a: given sec
tion, namely, that some zones are of necessity much better exposed
for collecting than others, and on that account may have a larger
showing in the lists, although not really possessing a larger faunule.
This is one of the sources of error that only years of careful zonal
collecting can remedy; and the present report, it is hoped, will
stimulate much further work of this sort in the Ordovician rocka of
Indiana..
In many instances the section has been arbitrarily divided into
divisions of a few feet in thickness, in order that the analysis of the
section, foot by foot, might bring out the true relation of the faUn
ules. This haS been carried out in most detail in the upper part
of the Tanner's creek section, where a five-foot division (one lap of
the Locke level) was used, and in several cases even the top and
bottom portions of the division were kept separate. That this is
not an unnecessary refinement is shown by the fact that the faunule
may change radically within a few inches of rock, in some cases,
while in others the change comes on gradually, and is distributed
through many feet of rocks.
Not only has the exact level of the fossil been determined with
the utmost care, but the location of the section and any given di
vision of the section on the map has been determined with equal
care. In order to accomplish this a good large scale map was used
and each division of the section accurately located and its number
marked on the map. This gives the element of distribution equal·
precision with that of range. The system of nomenclature used for
the numbering of sections and their divisions is a modification of
that used by Prof. H. S. Williams, to whom all stratigraphers are
deeply indebted in so many ways. AccQrding to this system, used
at the Indiana University, a number is given to each State, Indiana
being No.1. Each town or locality at which collections are made
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then receives another number, which is written after the number
indicating the State, with the decimal point between. Thus, Tan
ner's creek, Indiana, is 1.34. Any given section at the locality re
ceives a letter. Thus the upper end of Tanner's creek is section A,
and would be written 1.34A. The division of the section is then
written after the letter as a number. Thus, 1.34A15, which would
then mean Tanner's creek, Indiana, section A, number 15. All this
is very compact and may be entered upon each specimen when the
latter is finally installed in the museum. These numbers are also
very convenient to enter upon the map or in the note-book, and
upon library cards, on slides containing thin .sections of the fossil,
etc. They convey a large amount of information in a very small
space.
In the description of the species I have, with very few excep
tions, given the original description of the species in the exact
words of the author. This has been done because of the great
number and variety of the publications in which these descriptions
have appeared, and because of the increasingly great difficulty of
obtaining many of them. . This report is not intended merely for
the specialist, but for the amateur and local collector as well. It
is intended to show what is known of the Ordovician fossils of In
diana and to serve as a stimulus to further work in the same direc
tion. In every case where the original description of a fossil is in
adequate, I have supplemented it with a further description, drawn
wherever possible from my own materiaL I have not, however,
used my own material when a better description could be gathered
from the literature, and in many of the rarer forms this has been
the case. I have made no attempt to revise the species and genera
described in this report, except in the case of a few of the Bryozoa
and Brachiopoda. Undoubtedly a great deal of revision is needed
in some of the groups; but I believe that such revision should
await the collection (If very much additional materiai.
The illustrating of this report has given me the greatest trouble.
,I have not possessed the means to hire the illustrations made, and I
have not had the time to draw them myself with pen and ink as I
should have liked to have done. The only thing left to me was the
method of retouched photographs, reproduced by the half tone pro
cess. This has the advantage of faithfulness to the original, but
suffers perhaps more than any other method from the carelessness
of the engraver and the printer. The making of the illustrations
has been an immense labor, even )Vith the potent aid of photog
raphy.
[39]
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By far the most abundant fossils of the Cincinnati group are
the Bryozoa. In the majority of exposures one-half or more of all
the spe()ies collected will be bryozoa, practically all belonging to the
one order of Trepostomata (Monticuliporidae of older authors).·
The extent ,to which these'fossils have 'been neglected heretofore by'
Indiana collectors is shown by, the fact that while about 150 species
of Bryozoa are listed in the present report, not more than thirty
are listed in Kindle's catalog of Indiana fossils (published in
1897). Undoubtedly it has been commonly known to the various
Cincinnati collectors who have made a special study of the Bryozoa,
that these forms occur in Indiana; but hitherto there has been no
published record of the fact. Probably the reason for the neglect
of these forms is to be found in the great difficulties in the way of
their study, and in the tendency of those who depend on surface
characters to throw them into a few well known species. While
it is possible for a specialist in the group to make a fairly sure
identification on the basis of external characters, even he will make
mistakes occasionally, unless assisted by thin sections, showing the
internal charMters. The preparation of such sections involves 'a
great amount of labor, but it should always be considereq as a
necessary part of the study of these forms. In the study of the
material for the present report, I have prepared over 1,500 slides
aggregating over 3,000 thin sections of Bryozoa. The method of
preparation of such sections is now pretty well known, and I shall
briefly describe it when we come to the consideration of that group
of fossils. I only wish at the present time to emphasize the neces
sity of their preparation.
Not only are the Bryozoa very abundant, but they are often
most excellent zone markers. Mr. Nickles even goes so far as to
subdivide the Eden and Lorraine formations into a series of bryo
zoan zones. 'l'heoretically this
. procedure has entire justification;
.
but as a matter of practice in the field in the hands of any but an,
experienced student of the Bryozoa, it is fraught with grave dif
ficulties, because of the uncertainty of identification of most of
these forms by such study' as can be given them in the field; and
every stratigrapher knows the value of easily recognizable forms in
field work. I have therefore, whenever possible, made use of the
Brachiopoda.as zone markers, and have found that some even of the
wide-ranging species may be thus used if due attention is paid to
their zonal variations and relative abundance.
*The controversy as to whether these fossils are to be referred to the Bryozoa
or to the corals may, I think, be consIdered as settled in favor of the former.
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For such purposes the Brachiopoda are almost ideal. They are
usually well preserved and abundant, and are reasonably suscepti
ble to changing conditions of environment, though not as quick in
their response to such changes as some other groups. If, however,
we learn to appreciate small variations we shall be in a position to
make a more extensive, and I believe, a safer use of these forms
than has been thought possible by some paleontologists. I have al
ready shown this to be the case in Platystropkia, and I shall try to
make it as clear in some' other genera. Even so long-lived and
ubiquitous a form as Rafinesquina alternata presents zonal varia
tions that can be utilized for our purposes. Not only can the small
variations of species that mark the transition from zone to zone. be
utilized by the stratigrapher, but the relative abundance of a given
form frequently serves the purpose of marking a zone with equal
certainty, and is much easier to use. For example, the sudden ap
pearance of Pledambonites sericeus in immense numbers in a cer
tain layer of the Richmond formation has furnished a ready and
reliable means of tracing the horizon of its occurrence allover the
Indiana region. Now Plectambonites sericeus is a very long-lived
and widely-distributed form, and presents exceedingly little varia
tion throughout its r.ange; nevertheless, for the reason stated, it
proves to be a most excellent· zone marker. On the other hand,
some of the Brachiopoda have a very limited range in the Cincin
nati rocks. This is true, lor example, of Dinortkis retrorsa and
Zygospira keadi, which make their appearance in some abundance
at one particular level and are not met with elsewhere. Hebertella
insculpta is a form of similarly though not so severely restricted
range. Dalmanella meeki and Rkynckotrema dentata .mark con
siderably thicker zones, but nevertheless zones of very homogeneous
faunal composition.
Doubtless the Pelecypoda would make very delicate zone
markers, but unfortunately they are scarcely ever abundant, and
are usually very poorly preserved. Much the same i& true also of
the Gasteropoda, while the Cephalopoda are in a- still worse plight,
being usually in such a state of preservation as to make their iden
tification largely a matter of guesswork.
Of other classes, the Crinoidea are almost never represented by
anything more than the segments of the stems and an occasional
plate of the calyx. Inchoate calices are extremely rare. Corals
have a very feeble representation throughout the greater part of
the Cincinnati group, although in the Richmond formation a few
species are abundant, and two, namely Oolumn(J,ria alveolata and
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Tetradium min'US are excellent zone markers. The Trilobites, ex
cepting the three species Calymene callicephala, Isotelus maximus
and 1. gigas, are rare and poorly preserved, and the species men
tioned are such widely ranging forms and present so little variation'
as to be of little use. The Ostracoda in the hands of a skillful stu
dent of the class would undobtedly prove excellent zone markers,
since they are nearly always present in numbers and· do not range
very widely. Their study is, ~owever, a matter of great difficulty
and some uncertainty, and they present the same difficulties to the
field geologist as the Bryozoa. Such forms as worms and problem
atica need not be considered in the present connection .
•Passing by the question of the usefulness of some particular
species as a zone marker, it is important to consider the value of the
general or total expression of the faunule.
It is perfectly possible for a given species or for several asso
ciated species to recur in several more or less .widely separated
zones, but it is mQre than unlikely that an association of many
species will ever recur in precisely the same association, that is,
with the same species present in the same relative numbers. The
expression of the faunule is therefore reliable within a given rather
limited area; for the faunule may change laterally as well as ver
tically. This last fact calls for great care in the endeavor to trace
zones over considerable areas; and makes: it safer in many instances
to correlate by means of a particular species or a particular few
species than by the faunal expression.
In what has been said so far no mention is made of the use of
lithology for purposes of the correlation of more or less widely
separated exposures. There is not much to say. The Cincinnati
series presents a succession of shales and limestones in which there
is not much that is distinctive for the purposes of correlation.
Certain major details may indeed be made out, such for example,
as that the Eden beds consist mainly of shale with an occasional
thin layer of limestone, while the Lorraine consists largely of lime
stone with intercalated shale. 'l'he lower Richmond CWaynesville)
formation is .more predominantly shale than the middle Richmond.
On the other hand the Saluda consists at Richmond almost entirely
of limestone, while at Madison it consists of massive calcareous
sandstones. To attempt to trace the smaller subdivisions of the
Cincinnati series by means of lithology would be futile. On the
whole I have considered it best to practically disregard lithology,
so far as the correlation of distant exposures is concerned. Within
small areas it will be found useful, if used with discretion. In one
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instance the lithological characters of a stratum have served in trac
ing it over the greater part of the region. This is the case of the
shale bed at the base of the Saluda formation. Even here, how
ever, the evidence of fossils has constantly been appealed to-in this
. ,.\ase the presence of the Corals, Golumnaria alveolata ~nd Tetra:.
dium minus. Farther east than the Indiana region, this shale bed
fails, and the faunal evidence weakens to such an extent that the
discrimination of the zone in question has remained up to the pres
ent time a matter of doubt.
The area of the outcrop of the Ordovician rocks in Indiana com
prises all of the counties of Switzerland, Ohio, and Dearborn, ex
cept a very small p,rea in the northwestern corner of Switzerland;
and the greater part of the Counties of Wayne, Franklin, Union,
and Fayette, together with the eastern half of Ripley and the
eastern edge of Jefferson. Besides' this area, which constitutes one
continuous tract extending from Richmond on the north to Madison
on the south, and having its western boundary nearly on a straight
line extending from Hagerstown, in Wayne County, to Madison, in
Jefferson County; there are several isolated, and very much
smaller areas, in the counties of Decatur, Ripley, Jennings and·
Clark..
The best known localities for the collection of fossils within this
area are Richmond, Versailles, Madison and Weisburg. Besides
these may be mentioned Lawrenceburg, Vevay, Moores Hill, Os
good, Laurel, Brookville, Liberty and especially the new cuts along
the Big Four R. R. between Weisburg and Guilford, where there is
now a continuously exposed section from the middle Utica to near
the top of the Ordovician. This last series of exposures has been
opened up since my collections were made from the Tanner's creek
section, and it is a matter of regret that I have not had the time
since to work up a new collection of material from this section. I
hope at some future time to publish a revised section of Tanner's
creek, based ort collections from these railroad cuts. I was unfor
tunately in the East during the time that these cuts were being ex
cavated and thus missed the rare opportunity to collect from the
dumps as the material was carried out of the cuts. It is still pos
sible, however, to make very full and detailed zonal collections from
this locality.
I cannot conclude this introductory sketch without gratefUlly
acknowledging the assistance that I have from time to time received
from my students and others in the preparation of this report.
During the first summer of my field work I was accompanied by
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four studeuts, 'V. P. Jenkins, A. V. Redmond, John Crowley, and
L. M. Moore; and during the second summer by A. V. Mauck,
James Frazer, Frank Buser, and W. F. Oesterle. l\fost of the col
lecting was done in these two seasons and was very greatly aided
by these gentlemen. During the summer of 1906, I was assisted in
the field by G. E. Burton and Albert W. Thompson, and during the
summer of 1907, by W. M. Tucker. To these men I am under es
pecial obligations. :Mr. 'rucker has rendered me assistance in the
preparation of the maps that accompany this report, without which
I could scarcely have brought the report to a qonclusion in the' time
at my disposal. Miss Maude Siebenthal has retouched most of the
photographs that illustrate the report, and has ip other ways been
of great service to me. The follOWIng libraries have loaned me
literature: State Library of New York, Congressional Library,
Library of Chicago University, t;rerar Library of Chicago, and the
State Library of Indiana. In addition, Professor Charles Schu
chert of Yale University lqaned me books and pamphlets from his
own library and the library of Yale University. Dr. Stuart Weller
of Chicago University very kindly sent me several of the types in
the James collection of Cincinnati fossils. To my colleague, Dr.
Beede, I am also under obligations for much advice and assistance
in the work. Finally, I wish to acknowledge most gratefully the
kindness of :!\t[r. W. S. Blatchley, the State Geologist, in making
possible the publication and proper mustration of this report, and
for many courtesies during its progress through the pres;:;.
HIS'l'ORICAL SKETCH.
The history of the investigation of the rocks of the Cincinnati
group during the past three-quarters of a century has been sum
marized by Nickles in his paper on the Geology of Cineinnatil and
the history of the various names of the larger subdivisions of these
rocks is also given by Prosser in Bulletin No. 7 of· the Ohio Geo
logical Survey.2 It will not be necessary, therefore, to go into the
details of this part of the discussion. I shall give very briefly the
history of the names, as it is outlined by Nickles, following this
with a chart showing these varioml names and their equivalence.
This series of rocks was first known as the Blue Limestones of
the :West, or simply the Blue Limestone. D'OrbigllY, for example,
in his Prodrome lists a number of fossils from the" Blue Lime" of
'Jour. Gin. Soc. Nat, Hist.. voL XX, No.2, 1902, pp. 52-60.
'Revised Nomenclature of the Ohio Geological formations. Geological Survey of Ohio,
Fourth series, BulL No.7, pp. 29-36.
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Ohio. These so-called Blue Limestones were at first supposed to
be equivalent to the Trenton limestone of New Yorks, an error that
was not corrected for many years. With the extension of the care
ful investigations of Hall and others to the western localities, this
mistake was gradually rectified. Hall in 1842 4 correlated the lime
stones exposed at low water in the banks of the Ohio River at New
port, Ky., with the Trenton, a correlatio,n that subsequent studies
have shown to be correct. This correlation lead to considering the
overlying series of rocks as the equivalent of the Hudson River
shales of New York. This latter correlation was definitely made by
Hall in 18435 • In 1862, however, he abandoned the term, consider
ing these rocks as younger than the New York series of shales
known as the Hudson River group; but in 18776 he returned to
the use of the term for the Ohio formations. In 1865 Meek and
Worthen proposed the term" Cincinnati group," to take the place
of the at that time discarded term Hudson River groUp.7 This term
was adopted by the second Geological Survey of Ohio. The term
did not, however, find general acceptance, and in 1879 a commit
tee of the Cincinnati Society of Natural History, with Mr. S. A.
Miller as chairman, was appointed to consider the question of the
names of this series of rocks. This committee reported in favor of
the term Hudson River group. Their report will be found pub
lished in the Journal of the Society 8. From this report Mr. U. P.
James dissented 9 • 'l'he term Cincinnati group still continued to be
used by some of the Cincinnati geologists. In 1888 Edward Orton,
Sr., State Geologist of Ohio, proposed, on the grounds of the reve
lations of well records, to discontinue the use of the term Cincin
nati group.'~ Walcott also in 1890 favol"ed the use of the term
Hudson Rivergroup for these ro<.'ksY Finally PI'. Rue"demann in
190012 showed that the series of !'lhales in the Hudson valley repre
sent beds ranging in age from the basal Trenton upward; and the
name Hudson River Group was quietly dropped from geological
nomenclature. By default of this older name, therefore, the very
appropriate name of Cincinnati group or Cincinnati series became
established.
3Vanuxem, Amer. Jour. SeL, vol. XVI, 1829, p. 256.
<Hall, Amer. Jour. Sci., vol. XLII, 1842, p. 61.
~Hall, Trans. Amer. Assoc. Gool and Nat., 1843. pp. 267':"293.
,"Hall, Proc. Amer. As.,oc. Adv. Sci.. 1877, vol. XXVI, pp. 25\}--265.
'Meek and Worthen, Proc. Acad. Nat. Sci.. Philadelphia, 1865, p. 55.
'Jour. Cin. Soc. Nat. Hi.t., I, 1879, pp. 193-4.
"The Paleontologi.t, No.4. 1879, pp. 27-28.
>oOrton. Gool. SUIT. Ohio. VI, 1888. p. 9.
IlBulI, Gaol. Soc. Amer., I, 1890, pp. 335--356.
1 ZRuedemann. Bull. New York State Museum, VIII, No. 42. 1900, pp. 564-568.
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. Subdivisions. In 1873 Dr. Edward Orton4, of the Ohio Survey,
subdivided the Cincinnati series into the Point Pleasant beds, ex
posed.in the north bank of the Ohio River about twenty-five miles
east of Cincinnati; the Cincinnati beds extending from the low
water mark at Cincinnati to the tops of the hills at that city; and
the Lebanon beds extending from the top of this division to the top
of the Ordovician system. The Cincinnati beds proper, he sub
divided into the River Quarry beds, 50 ft. thick, the Eden shales,
250 ft. thick, and the Hill Quarry beds, 150 ft. thick. The Point
Pleasant beds belong to the Trenton series, and the balance to the
Cincinnati series as now understood:
As far back as 1842, Hall had recognized the Utica shales in the
Cincinnati section5 • The rocks to which he applied the name were
in part the same as the Eden shales of Orton. These rocks were
also considered as equivalent to the Utica of New York by the com
mittee of the Cincinnati Society of Natural History, alluded to
above. In 1888 Mr. Ulrich correlated the beds No. XIb of his
paper on the Correlation of the Lower Silurian Horizons with the
black shales of the l<'indlay wells, which Orton correlated with the
Utica shales. These beds XIb of Ulrich are the same, practically,
as the Eden shales of Orton, and have, according to Ulrich, a thick
ness of 225 feet6. In volume VI of the Ohio Geological Survey,
Orton is disposed to doubt the presence of the Utica in the Cincin
nati section. In the Geology of Mimiesota (1897) Winchell and
Ulrich definitely correlate the Eden shales with the Utica shales
of the eastern province7 •
In 1902 Nickles published a paper on the Geology of Cincin
nati in which the term Utica is again used for these shales, and they
are subdivided into three divisions, the lower, middle and upper,
characterized by Bryozoas • These bryozoan zones are in ascending
order the Aspido,Pora newberryi beds, 80 ft. thick; the Batostoma
jamesi beds, 120 ft. thick; and the Dekayella ulricki beds, 6Q ft.
thick. This same subdivision of the Utica into lower, middle and
upper is repeated by Nickles in Bulletin No. 5 of the Kentucky
Geological Survey (1905). In this publication, however, he uses
the term Eden shale in preferenoo to Utica, and says in regard to
this usage, "as the sediments [of the New York and Ohio valley
'Orton. Geol. Surv. Ohio. vol. I, 1873, pp. 365-449.
•Amer. Jour Sci. XLII. 1842, p. 61.
'U1rich, Amer. Geologist. I, 1888. pp. 183-190, and p. 312.
'!Winchell and Ulrich. Geol. and Nat. rust. Burv. Minn., vol. Ill. pt. II, pp. ci-cil. and
ohart, p. Ixxxix.
"Nickles. Jour. Cin. Soc. Nat. Hist" XX. No.2, 1902. pp. 66-74.
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regions] were deposited in different basins and under very different
conditions, and as the faunas have scarcely anything in common, it
seems better th.,at they should bear different names; hence Orton's
name Eden is re"ived for the formation developed in the Ohio
valley. " This proposed revival of the name Eden is, however, due
to Foerste, who, in August, 1905, published the following opinion
in Science: "The name Eden, well defined by Orton in the first
volume of the 'Geology of Ohio' published in 1873, is revived for
the strata which in the' Geology of Cincinnati' [Nickles] are iden
tilled as Utica."9
.
Finally, in a paper on the James types of Lower Silurian Bry
ozoa, by Mr. Bassler (1906), is given a classillcation of the Cincin
nati series!, in which the term Eden is used for the greater part of
these shales, with the older term Utica standing for the lower 5 ft.,
immediately overlying the Point Pleasant beds. To this lower 5 ft.
the name Fulton is applied. In this classification the three sub
divisions of the Eden shales receive the names Economy, Southgate
and McMicken, in the ascending order. .
To the limestone beds overlying the Eden shales, Orton, as we
have seen, gave the name Hill Quarry beds, with a thickness of
about 150 ft. The top of this division was marked by the "lynx
beds, " seen on the highest hills in the city of Cincinnati. In
1842, Emmons had applied the name Lorraine to the series of are
naceous shales exposed about Lorraine in Jefferson. County, New
York, and overlying the Utica shales 2 • In the chapter on the cor
relation of the rocks of the Cincinnati group, in their report on the
Paleontology of Minnesota, Winchell and Ulrieh proposed to apply
this name (Lorraine) to the Hill Quarry beds of Orton3 • Since
that time the term has been more or less commonly employed. In
his paper on the Geology of Cincinnati (ante), Nickles uses the
term Lorraine group for these beds and subdivides the group into
six divisions, tiS follows, in the ascending order: (1) Mt. Hope, or
Amplexopora septosa beds, 50 ft.; (2) Fairmount, or Dekayia as
pera beds, 80 ft.; (3) Bellevue, or "llontic1tlipora molesta beds, 20
ft.; (4) Corryville, or Ckiloporella flabellata beds, 60 ft.; (5) Mt.
Auburn, or Platystropkia lynx beds, 20 ft.; (6) Warren, or Homo
trypa bassle1-i beds, 80 ft. (loc. cit., p. 75). This subdivision of the
Lorraine was adopted by Bassler in 1903, in his paper on the Genus
9Foerste, Science, N. S., XXII, Aug. 4, 1905, p. 150.
lBassler, Proc. U. S. National Museum, XXX, No. 1442, p. 8. This cla.saificatioll it is
stated is in course of publication by Ulrich.
'Emmons, Nat. Hist. of New York, pt. II, geology of the Second District, 1842, p. 119.
3Winchell and Ulrich, Goo!. and Nat,. Hi.t. Surv. Minn., vol. III, pt. II, 1897, p cli.
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Homotrypa 4 • Here, also, Bassler accepts the names Utica and Lor
raine. In 1905, however, Foerste" proposed to discaxd the name
Lorraine and suggested the name Maysville from Maysville, Ken
tucky, 'for this division. This latter name was adopted by Nickles
in his paper on the Upper Ordovician Rocks of Kentucky6. In
Prosser's paper on the Revised nomenclature of the Ohio forma
tions the name Lorraine is used 7• It mustbe stated, however, that
Prosser's manuscript was in the hands of the printer before- this
later suggestion of Foerste was publi~hed. Finally in the paper by
Bassler on the James Types (ante), in the classification proposed by
.Ulrich, neither of the names Lorraine or Maysville are used, but
the Utica, Eden and Lorraine (of other authors) are placed in a
new division of larger rank, the Covington group, named from
Covington, Kentucky (loc. cit., pp .. 8-10). In this classification the
Mt. Hope and Fairmount divisions of Nickles are bracketed to
gether as the Fairview division, and the Bellevue, Corryville, and
iVIt. Auburn divisions of Nickles are bracketed together as the Mc
Millan division. These two together, therefore, constitute what has
heretofore been known as the Lorraine division of the Cincinnati
group. Thus out of this kaleidoscopic shifting about of names
emerges a practically new set of names for this group of rocks.
For the upper division of the Cincinnati series Dr. Orton pro
posed the name Lebanon beds, with a thickness of nearly 300 ft.
(ante). This division is now universally known as the Richmond
formation, a name proposed by Winchell and Ulrich in the Geology
of Minnesota8 • The reason for the substitution of this name for
the older name of Orton was the fact that the name Lebanon had
previously been used by Safford for a member of the· Trenton for
'mation of Tennessee. In Nickles paper (ante), the Richmond is
divided into the low!:'!', middle and upper Richmond beds (loc. cit.,
pp. 88-95). Judging from the fauna given, the upp.er Richmond of
Nicklesis the same as the Madison beds of Foerste (Saluda), which
he named in 18969 , and to which he has devoted a very consider
able amount of study. In proposing this name, Foerste says: "In
some regions these richly fossiliferous limestones and clay beds [of
the upper part of the Cincinnati series] terminate quite abruptly
40 to 60 feet beneath the Clinton, and are overlaid by a very argil
'Bassler, Proeeedings of the U. S. National Museum, XXVI. 1003, p. 567. foot note.
sFoerste, Science N. S., vo!. XXII, 1005, pp. 149-152.
'Nickles, Bull. No.5, Kentucky Geological Survey, 1005, p. 17, and table, p. 15
'Prosser, Geological Survey of Ohlo, Fourth Series, Bul!. No.7, p. 3. But see remarks,
p.34.
"Winchell and Ulrich, Geo!. Nat. Rist. Surv. Minn., vol. III, pt. II, p. ciii.
9Foerste, Indiana Dept. Goo!. Nat. Resources, 21st annual Rept., 1896. p. 220.
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laceous rock, or very impure limestone, which is described in the
next section under the name of the Madison hed." In the discus
sion that follows Foerste says: "In the vicinity of Madison, the
top of the IJower Silurian is formed by a considerable thickness of
argillaceous limestones, weathering on long exposure from light
brown, more or less banded with darker brown, to even purplish
tinted layers..
. . The fossils in these argillaceous lime
stones are confined to a few layers, and by far the greater part of
the layers are without fossil remains. Beneath the banded lime
stones occur eight feet of the Favii~tella bed, which, near Madison
seems to form a well marked horizon." These banded limestones
form many picturesque waterfalls in the vicinity of Madison and
Hanover. The ]t'avistella stellata is the Columnaria alveolata of
the present report .. The typical :Madison bed, he further states, is
commonly overlaid by limestone or shaly limestone containing fos
sils, among which are chiefly Lophospira hammelli, H olopea hub
bardi, and Leperditia caecigena. Labechia and Tetradium minus
also occur in these upper limestones. Speaking of the northern
continuation of the Madison beds, Foerste says: "North and
northwest of the typical Madison bed, the top of the Lower Silurian
rapidly changes in charact€r. It is replaced by a series of blue,
often rather dark blue, very fine grained limestones. . .
Lithologically, this rock is similar to the dark blue, fine grained
layer forming part of the Murchisonia hammeli layer in more
. The fiue grained, dark blue limestone,
southern areas..
taking the place of the Madison beds, is interbedded with ordinary
limestones, and with clays containing ordinary limestone fossils.
Sections of this type begin to be exposed in northern J eft'erson
County, and are typically developed at Versailles, along the whole
length of Big Graham Creek, and for some distance n9rthwards.
The correspondence of this section is very well seen in the exposure
immediately north of Versailles, where 29 feet of this limestone,
with its intercalated beds of clay and shale, are underlaid by 11
feet of unfossiliferous brownish and bluish shales, corresponding to
the shales at the base of the Madison beds near Madison. Below
the shales are 12 feet of limestone and shale, containing Tetradium
m·inor at many levels, and Favistella stellata at the very base.
This is the characteristic horizon for Fav'istella in southern Indi
ana.
. From the Baltimore & Ohio Southwestern Rail
road northwards, all comparison with the Madison beds is lost.
The upper strata consist commonly of thin or shaly limestones, in
terbedded with clays, both usually abundantly fossiliferous. No
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demarkation can be made between these upper strata and the lower
horizons of the Lower Silurian, corresponding to the separation of
the Madison from the richly fossiliferous shales in southern Jeffer
son and Clark counties. This means that the Madison beds are re
placed northwestward by limeStones. . . . ."
For a complete discussion of the literature of the Madison (Sa
luda) beds, the reader is referred to the paper by Dr. Foerste in
the 24th annual report of the Indiana Geological Survey, pp. 45-68.
In this place I merely desire to indicate the general conception of
the Madison beds as set forth by the author of the name in his
original paper.
Finding that the name Madison beds was preoccupied, Foerste,
in 1902, proposed to substitute the name Saluda for these beds,
from Saluda Creek, six miles south of Hanover, Indiana. This
latter name is therefore used in the present report.
For the balance of the Richmond group-the lower and middle
Richmond of Nickles~the name Waynesville1 , has been proposed
for the lower division (for the most part); Liberty beds for the
next higher division (Nickles, loco cit., pp. 207.208); and White
water division for the beds next above the Liberty (Nickles, loco cit.,
pp. 208-209) . These beds are followed by the Saluda of Foerste.
Foerste, in 1905, recognizing the fact that the Whitewater division
of the Richmond section cannot be differentiated in the more south
erly sections, proposed the name Versailles for the two divisions,
Liberty and Whitewater. For the Warren division, referred to
the Lorraine by Nickles in his paper on the Geology of Cincinnati,
but considered by Bassler, apparently following an unpublished
view of Ulrich, as referable to the Richmond, rather than to the
Lorraine, Foerste also proposed the name Arnheim (from the small
town of that name near Georgetown, Ohio), because of the preoccu
pation of the name Warren. (Foerste, loco cit., p. 150.) Of these
names, Liberty is from Liberty, the county seat of Union County,
Indiana; and Waynesville, from the town of Waynesville, in Ohio;
while Whitewater is from the Whitewater River at Richmond, Indi
ana, along which through the city of Richmond these beds are well
exposed.
'Nickles, Amer. Geologist, XXXII, 1903, pp, 205-206.
aFoerste, Scienca. N. S. vol. XXII, 1906, p. 150.
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EXPLANATION OF SECTIONS.
The detailed sections are given in the following pages without
extensive comment, which is reserved till all the sections have been
presented seriatim, in order that the whole subject of stratigraphy
may be discussed in one place. While many sections have been
measured besides those given in the succeeding pages, many of
these have not yet been carefully collected from, or present nothing
in addition to the points elucidated by the sections that hl,j.ve been .
included. Some of the sections, especially those near the top of the
Richmond formation, along the line of contact of the Ordovician
and Silurian, have not been carefully collected from as yet, and
nevertheless are included because they bear upon the question of
the horizon, thickness and distribution of the Saluda formation.
rfhe fauna of this formation is not extensive, but is nevertheless of
very great interest, and I hope in a future paper to take it up in
detail. The species listed from some of the sections of this forma
tion were identified in the field (with the exception of the Bry
ozoa). In general this practice has not been followed, but the ma
terial has been removed to the laboratory and carefully studied
there. All of the locality numbers will be found carefully marked
in on the accompanying map.
It is necessary to explain thaf in a few cases the section numbers
in the sections that follow do not correspond to those given in the
body of the text where the localities are given after each species.
This occurs in the case of section A at Richmond, Indiana (1.41A).
The reason for this is that the section was measured at two differ
ent times, and that at the second measurement a somewhat different
plan was adopted. All the collections are labeled, howev-.er, accord
ing to the numbers first adopted, and hence it became necessary to
follow these original numbers in giving the localities after the
description of each species. The numbers of section 1.41A, given
on the chart, are those of the newer section. The equivalence of
the old and new numbers will be found stated in the description of
each section where such difference in numbering occurs. In the
case of the general section along the Whitewater River at Rich
mond, numbers are used that do not correspond to those of the sev
eral sections (B, D, E), from which collections were made. The
general section is a combination of these and bears its own numbers.
In the case of the detailed section at Vevay (1.38A) the numbers
are the original numbers, with the exception that I have added
pumbers 84 to 88 to include the portion of the section designated
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Ba-h in my paper on the Vevay section. This includes most of the
Platystropkia zone. Species given as coming from 1.38P were
found loose in association with Platystropkia lynx at Vevay. The
general section at Madison, Indiana, also has its own numbers,
which do not correspond to those of sections A, D and E, of which
it is made up.
.
No description of the Tanner's Creek section is given. The
chart and profile are considered as quite sufficient. The thickness
of the various divisions can be obtained from the chart, and the ele
1vation of any collecting station above datum can be obtained from
the profile.
Some slight explanation of the chart is perhaps needed. The
species, as will be noted, are given in alphabetical order at the left.
The occurrence of any given species is indicated by a straight line
drawn on the chart, the . weight of the line indicating the relative
abundance of the species. In cases where the species is very abund·
ant or dominant in the fauna the space is filled in solid black. At
the top of the chart the localities are indicated, and by brackets are
grouped into their respective sect~ons. Along the top margin is
also given a scale of feet, each space, reading across the chart,
equalling five feet. The datum taken is the low water level of the
Ohio River at Lawrenceburg, Indiana. In this section dip is disre·
garded. This does not introduce any considerable error, since the
dip in the direction of the section is slight.l The highest exposure
in the 'l'anner's Creek section is the Saluda division. For the re
mainder of the Richmond series that portion of the Richmond sec
tion coming above the Saluda, namely the Whitewater and Elkhorn
divisions, is taken and added on to the Tanner's Creek section.
'fhe whole, therefore, becomes a general section of the Cincinnati
series of Indiana.
LIST OF SECTIONS.
'l'he starred sections are described in detail in this report.
5.0A·-Section opposite the mouth of the Miami river, in the Kentucky
bank of the Ohio river. extendmg from the level of the river
to the top of the hill. Eden and Lorraine.
'Allowance for the dip should be made, however, fox section 5.9A, which is
nearly six miles removed from the balance of the section. The base of section
1.34C is in real1ty probably not far from 60 ft., stratigraphically, above the top
of section 1I.9A. This makes the Eden shales about ·220 ft. thick In this section, In
stead of 160 as the chart would seem to Indicate. 'l'hls discrepancy was reallzed
too late to re.-draw the chart. In the balance of the section the direction changes
from nearly west to northwest, or from that of the main·· dip toward that of the
str1ke; and ,he dip no longer introduces any serious error.
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1.33A·-Sectlon at the road metal quarry on the hill just west of Law
renceburg, Indiana. Middle Lorraine.
1.84C·-8ectlon along Tanner'!' creek from the level of the creek at Guil
ford to the top of the hill just east of Manchester Station,
Indiana. Eden and Lorraine.
l.84B·-Section along Tanner's creek from Manchester Station to the :ilrst
railroad bridge west of Harmon's station, Indiana. Upper·
Lorraine and Arnhelm.
l.34A·-Sectlon from the level of Tanner'S creek at the second railroad
bridge west of Harmon's station to the top of the first railroad
cut north of Welsburg. Richmond.
1.35A-Section of the hIgh hill in the south edge of Aurora, Indiana. Same
beds as 1.33A3.
1.35B-Section along Whitaker's branch from Dillsboro station to Moore's
HlII, IndIana. Shows all of Lorraine and Richmond to neal'
base of Saluda.
1.36--Laughery creek, Indiana.
1.3GB-Section of the north bluff of I,aughery creek, one mile west of Mil
ton, Indiana. Upper Utica.
1.36C--Section of the north bluff of Laughery creek, two miles southwest
cif Milton, Indiana. Upper Utica.
1.37A to H-All within a radial distance of four miles from' Rising Snn,
Indiana. Utica and Lorraine..
1.38A·-Sectlon of the hill back of Vevay, Indiana, beginning at the head
of Main Cross street. Utica and Lorraine.
l.38B*-Section along the old road (now closed) over the hill just back
of Vevay. Same as 1.38A..
1.38C, D, E-Along Indian creek below Bennington, Indiana. Lorraine and
Lower Richmond.
1.38F-On the east-and-west road one mile northwest of Bennington, In
diana. Liberty beds.
l.l~A·-Section In the gulley just north of the north end of the south cut
at Madison.
1.12B-Sectlon along Clifty creek two miles west of Madison, Indiana.
.
Top of Lorraine to top of Richmond.
1.l2C-Section of Clifty Fall, Indiana. Saluda and Niagara.
1.12D·-Sectlon of the North cut (Big cut) at Madison, Indiana. Liberty
to Niagara.
1.12E*-Sectian of the south cut, Madison, Indiana. Arnheim and Waynes
ville.
1.12F·-Sectlon in the north side of the highway a short distance below
the Hanging Rock, Madison, Indiana. Liberty.
1.12G"'-Section at the falls an Razor creek, one and one-half miles west
of China, Jefferson County, Indiana. Saluda.
1.12H·-Section at the falls on Crooked creek, three miles north of Madi
son, Indiana. Saluda.
1,5SA-Section on Indian Kentuck creek, half way between Canaan and
Barberville, Indiana.
1.58B·-Section In the north edge of the vili1l.ge of Canaan, Jefferson Ooun
ty, Indiana. Saluda.
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1.58lr---One mile southwest of Canaan. Saluda.
Ui9A-On Raccoon creek, ~)lle-half mile southeast of Olean, Ripley County.
1.59B-One-half mile southwest of Cross Plains, Jefferson County.
1.59C-One-half mile west flf Cross Plains. Saluda.
L59D*-One and one-half ~iles due west of Cross Plains. Saluda.
1.59E-Two miles due wesf of Cross Plains. Saluda.
1.59:b'-'l'hree and one-half :miles due west of Cross Plains. Saluda.
l.59G--Two mlles north of!Barbersville, Jefferson County. Saluda.
1.59H*-One mile north of :BarbersviIle. Saluda.
1.60C-Headwaters of Big: Graham cr('ek southwest of Versailles, Indiana.
Saluda.
1.00D-Two gulleys comiqg into Laughery creek from the west, one and
one-half miles southeast of Versailles. Saluda.
1.00E-East bluff of Laughery creek, two miles southeast of Versailles.'
Saluda.
.
l.60F*-Cooper's falls, fOu/r miles south of Versailles. Saluda.
l.00G*-North fork of Ce4ar creek, north of Versailles. Waynesville.
l.00H*-West forlt of Ced/ar creek from the base of the "Eighty-foot" cliff
to the crossi~g of the Osgood and Versailles pike. Liberty to
Whitewater. I
l.00I*-Wash bank sixty ~eet high at the junction of the North and West
forks of Cedilr creek. Waynesville llnd base of Liberty.
l.S1A·-On a small trlbu,ltary of Laughery creek, one and one-half miles
northeast of rSgOod, Ripley County, Indiana. Saluda.
1.6JB·-One and three-qu\irters miles northeast of Osgood. Saluda.
1.61C*-Two !liiles north (If Osgood. Saluda.
1.6lD and E-Three and! one-half miles northeast of Osgood, on a small
western tributary of Laughery creek. Saluda.
1.61F-Four miles north Of Osgood. Clinton and Niagara.
1.61G-Three and one-half miles north of Osgood. Ordovician, Cliutoll
contact,
1.62A to F·...:...Along the 't'est branch of' I.aughery creek, four miles south
west of Bat€lSVille, Ripley County, Indiana. Saluda.
l.68A-Section on Harpel"s branch, three-quarters of a mile north of Oldeu
burg, Frankl'n County, Indiana. Liberty beds.
l.68B.D-Headwaters of Fl small southern trlbutllry of Big Salt creek, one
mile northw4st of Oldenburg. Saluda.
l.68E*-On Big Salt cr~t, exactly four miles west of Oldenburg. Liberty
and Saluda.:
1.64A and B"'-On a nor~h tributary of Big Salt creek, two miles west of
Hamburg, Ftanklln County. Indiana. Saluda.
l.64C-On Bull Ifork, twq miles northwest of Hamburg. Saluda.
l.64D*-On western tributary of Big Salt creek, three miles north of Ham
burg. Saluda.
L14Al-East end of the 1'Mound," three-quarters of a mile south of Laurel,
Franklin Co~nty, Indiana. Top of Waynesville.
1..14A2--Railroad cut jUlh across the river from Laurel. Base of Liberty
beds.
1.l4B-Big Sains creek [from the junction with Little Salns creek (near
Laurel) to l.14G. Llbel'ty beds.
[40]
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1.140, D-'l'hl'ee and a half miles southwest of Laurel. Libm·ty.
1.14F*. G*---On Big Sains creek, two miles nOl·tlJwPst of Laurel. Saluda
and Whitewater.
1.615A"-Headwaters of Duclt creek, three miles northeast of Laurel. Salu
da, Whitewater, Liberty.
1.66A"-On a small eastern tributary of the east fork of Whitewater river.
two and a half miles southeast of Quakertown, Union County,
Indiana. Liberty and Saluda.
1.67A "-At the quarry and along the small stream near the quarry, one
mile west of the center of Liberty, Union County, Indiana.
Liberty and Saluda.
lAlA·-Section along Elkj:lOrn creek from the crOSSing of the I ..iberty pike
to the falls, at the Boston pike. Ba.se of Liberty to Clinton.
lAIB*-Small eastern tributary of Wliltewater river, one and one-half
miles south of Abington, Wayne County, Indiana. Base of
Uberty.
1.41C*-Small western tributary of Whitewatel' river, four miles south
west of the Main street bridge at Richmond, Wayne County,
Indiana. Base of Liberty.
1.41D*-At the quarries just south of the steel bridge, one and a IIalf miles
south of the Main street lwldge at Richmond, and along tlie
river to Main street. Liberty and Whitewater.
J.41E*-Along the West fork, Richmond, fl'om its junction with East fork,
to Thistlewaite E'alls. Wbitewater.

SECTIONS IN DETAIL.
Section in Kentucky opposite the mouth of the Miami River (5.911).

Ft.
51--Covered to top of hill .......•.......................... 1l~
50-Fragments of Strophomenoid shells .................... .
1
49-Shale ..•................................ , . , .......... .
48--Limestone. Fragments of Brachiopods ................ .
47-Shale ............... , ................................ .
1
46--Hard limestone with Rajinesqwina alternata ..... ........ .
2
45-Shnle ................................................ .
44-Limestone. Rajinesqulna abu,ndant .................. :.
43--Covered, probably shale ..•...................•..•..... 17
2
42-Shale ................................................ .
41-Limestone ..•..............................•..........
5
8
40-Shale with thin layers of sandstone....•.••.......... '"
39--Limestone with Bryozoa and Rajinesquina alteroata •.....
38--Mostly shale .•......•.................................. 10
97--Crystalline limestone. RajilleFlquina and Dalmanella mul
tisecta ....................................... '.' . " .

36--Shale ................................................. .
315-Thin layers of bryozoa I limestone ...................... .
34-Shale ................................................ .
33-Bryozoal limestone ........................ , .......... .
32-Shale ................................................ .

.9
2
1

6

In.
;

6
5
4
15
6
6
2

6
3
8

..
3
9
(}

7
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Ft.
31-Limestone, shale at top. Dalmanella (aa)..............
30-00vered .....•.•......................................
29-00mpact highly cr,ystalline limestone; few fosslls. . . . .. ..
28-Shale ... . . . . . . . . . . . . . . . • . . . . . • . . . . . . . • . . . . . . . . . . . . . . . .
27-Hlghly crystalline limestone containing \ fragments of

In.
7

42
1:1

2

Asaphtl-ll .......•.......... : ......•..•..•....••.•.•

26--Shale ................................................ .
2..~ompact limestone containing DalmaMlla multisecta. . . . .
24-Covered, probably some limestone. . . . . . . . . . . . . . . . . . . . . • . 16
23-Brachiopod limestone (?) .....................•........
22-00vered ....................................•.........
8
21-Limestone. Raftnesquina alternata and Trilobites.......
20-Shale ............. . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
6
19-0overed (probably shale) .............................. 16
IS-Limestone (in place'!) ...........................•....
I7-Shale .......... ..•....... ........... ..... . ............ 10
16-IJimestone. Bryozoa, Plecta.mlJonites serice/ls ...........
lo-Shale ......•..........................................
1
14--Limestone. Da./1naneUa, Plectmnbonites 8ericeu8 •.......
I3-Shale ................................................ .
12-Sandstone ........................................... .
I1-Shale ........ " . " ......................... " . . .. . . . . .
2
IO-Limestone with Dalma.nclla .... ,.......................
V-Shale, possibly some sandy layers.......................
5
8--Hard compact limestone, very few fossils. ........ ......
7-Shale .................................................
6
6-Layer of crystalline, crinoidaJ limestone ................ .
5-Purtly covered, mostly shale .......................... , 33
4-Sandy layer with Trinucleu8 conccniricul;...............
3:--Shale ...•.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
5
2-Liinestone containing Dalmanella mltltiseda (aa*), .. "..
2
I--Shale to level of Ohio river, , , , .. , .. , , ... , , ... , ... , ... , .
6

9
7
5
0

4
4
3
4
6
8
3
2
7
3

9
3
5

1

4
3
2

Total section "., ..... ', ...... " ......... ' .... ,... 361
Section of the hill 'on the Kentu.cky shore oppOsite the mouth of the Miami
Rivel·. 5.YB. (Near S.YA.)
Total
Thickness.
Ft. In.

No.

321
241

68
67

80
20

221

66

0

65

15
0

220
205

7
7

64

Thickness
of Bed.
Ft. In.

.'Nearly all covered to the top of the hill.
Partly covered, mostly limestone. Platystrophia
laticosta, Bryozoa (aa).
6 Layer of limestone with Callopora dalei (aaa),
Zygospira cincinnatiensis, etc.
Limestone and shale. CaUopora dalei (aaa).
7 Hard fossiliferous limestone. Below this is /1
layer with Callopora dalei (aaa).

*a. abundant; aa, very abllllodp,nt; e, common; r, rare.
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Total
Thickne&l.

Ft.

In.

Thickness
of Bed.
No.

Ft.

205

63

10

195

62

10

185

61

lOt

175

60

169

59

138
138
133

9
7
7

133
126

5

55

5

54

126
123

5

53

5

58

57
56

52

123

51

119
119

50
49

109

48

103
102 10
98 10

46

47

45
44
43
42
41

98
97

7
7

97
94

4
10

94

6

92
92

2
1

88

1

40
39
38
37

7

35
34

88
83
82

36

67

7

66

7

65
65

9
7

33
32
31
30

64

29

63 10
62 10
62
8

28
27
26

In.

Shale and limestone. Limestone layers not so
frequent as .In the dlvision below.
Limestone with shale partings. Dalmanella mul
tisecta (aaa). Dekayia ulrichi ( aa) in some
layers.
Covered.

SECTION JUST WEST OF LA. WRENCEBURG.
Total
Thickness.
Ft. In.

(l2

2

No.

3

25
24
23
22
21
20
19

56
56
52
52
48

7
5
5

18
17
16
15

48

8

61 10
00
59
59
59
58

7
5
2

58

14

9

13
12
11
10
9

46

8

'46
41

7
7

30

7

30
25

5
4

21
21

4
2

.1

2

6
5
4
3

1

2

2

8
7

629

Thickness
of Bed.
Ft. In.

0 4 Sandstone layer.
1 3 Shale.
1
2 Sandy loyer.
0 8 Shale.
0
2 Layer of sandstone.
0 10 Shale.
0
3 Very.fossillferous limestone. DaZmaneUa multi
soota '( aaa), Plootamoonites sericeus (c), Oalll
mene caZUcepnala, annelid jaws and crinoid
segments, both abundant.
1
5 Shale.
0
2 Blue, hard, crystalline, fine-grained limestone.
4
Shale.
0
5+ Crystalline barren limestone.
3
5 f:lhale with two thin sandstone layers.
0
1 'l'hin layer of sandstone.
2
Soft shale.
0
1 Thin laminated sandstone layer.
5
Shale.
11
Partly covered. SmalJ exposures of blue shale.
0
2 Thin layer of limestone.
5
Shale.
0
1 Crinoldal limestone.
Shale.
4
0
2 Layer of sandstone.
20
Shale with occasional thin layers of soft sand·
stone.
o 2 Layer of coarse grained limestone with Trmu·
cleu8 concentricU8, BlItnopora arct#)o1'a, and
DalmaneUa multisecta.

1

1

1

Shale to the level of the Ohio river.

Section of the High HiU just 'west of Lawrenceburu, Tndianu.
390

5

90

HOO

4

H2

1.3BA.

Covered to the top of the hill at the Bockhorst
house.
Upper heavy project;ing layers in the road metal
quarry. Ptatllstropnia z'aticosta, P. 11lnllJ, He
bertella sinuata, Oallopora ramosa, Oallopora
ruOOSlt, Bythopora oracilis. Same zone as 1MC

268

3

18

255

2

40

215

1

215

14b.
Exposed between the talus and the base of the
heavy layers. More shaly. Fauna same as
above.
Covered by the talus from the clift: above. Fos
slIs from the upper layers are very abundant
in the talus.
Nearly all covered to the level of the Tanner's
creek at the bridge across the Lawrenceburg
and Aurora pike.
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'l'he exposed portion of this section is all higher than any of the
exposed portion of the section opposite the mouth of the Miami
River. The two sections together show nearly 100 feet of the Lor
raine. The level of the creek at the base of this seetion is approxi
mately the level of the Ohio River. Fossils listed 1.33A3 are from
Nos. 3 and 4 of this section.
'l'he fauna of 1.33A3 is as follows: CalZopora ramosa, C. r1t
gosa, C. dalei (?), O. andrewsi, Bytkopom gracilis, Dekayia fron
dosa, D. injlecta, D. magna, Homotrypa curvata, H. obliqua, Pero
napora pavonia, 111onticulipora molesta, Atactop01'eUa mundula, A.
ortani, Petigopora gregaria, P. petechialis, Arthropora Schafferi,
Esckaropora sp., Aspidopora sp., Ceramop01'ella ohioensis, Stoma
topom injlata, Proboscina frandosa, P. auloporoides, Rafinesquina
alternata, R. fracta, R. ponderosa, R. nasuta, Platystrophia lati
costa, P. lynx, Hebertella sinuata, Zygospira modesta, Allonychia
.iamesi, Oyclonema sp., Ortkoceras sp., and several unidentifiable
species (ilf gastropods and crinoids.
Detailed, Section Of the Hill Back of Vevall, lrnliana. Beginning at the
Head of Main Oross Street, and, Extending t~p the Gulley to
Near the Top of the Hill. Nos. 86 to 88 are Along
the Old, Road Over the Top ot the Hill.
1.38 A and B.
Total
Thickness.
Ft. In.

aBO

No.

. 88
87

au;~

Thickness
of Bed.
Ft. In.

Heavy. compact limestone. Few fossils .
Thin, shaly limestone. Platystrophia lynx, P.

27
49

••

:3]3
303
303

291

10
6

6

291
200
287

7
4

86

n

85

()
12

84

4

Yellowish argillaceous sand1!tone.
'fhin bedded limestone, containing Platystrophia

latkosta, HeberteUa sinuata, Plectorthis plica
tella, Eschal'pora taloit01'mis, Oonstel/aria con
stellato,.
Thicker layer of Ilmestone. Platllstrophia lati
costa, Oonstellaria c01!stellata.

83

o

6

82
81

o

4 Yellow sandy layer.
3 Covered.
4 Argillaceous-arenaceous lImestone.
Some covered. Mostly thin layers of limestone.
5 Limestone. Rafinesquina alternata and Bryozoa,
8 Covered.
4 .Compact limestone.

3

80

o

287

79

14

273

78
77
76

o

272 6
268 10

laUoosta, HeberteUa sinuata, OaUopora ra
mosa, Oallopol'a rugosa, Montieulipora mammu
lata.
Shaly limestone same as that above. Hebertella
sinuata, Platystrophia latioosta.

o
3

Ai
8EO'fION BADK OF VE"LI. Y.
Total
ThicknesB
Ft
In.

2(;8
268

6

264

3

No.

631

Thickness
of Bed.
Ft. In.

75
74
73

0
3
1

6
8
3

Oovered.
Coarse grained limestone.
Limestone. Platllstrophia latkosta, Esoharopora

72

o

4

Ooarse grained crinoidal limestone. Rafinesquina

71

.3

pavonia.

263

altemata (c) •

262

9

259
259

9
6

70

o

3

69
68

o
o

6

5

67

1

I<

66

1

65

8

248

64

242

63

6
06

259
258
257

8

256

Covered.
Fine grained limestone.
Shale.
Coarse grained limestone. Rafinesquina alter
nata (aa).
Coyered.
'l'hicl, bedded. light gray limestone containing
fragments of Rafinesquina altemata in abund
anee.
Thin bedded bryozoal limestone. Vallopora aalei,
Dekayia ulric7vi. Platystrop}~ia latioosta very
small form. HeberteUa sVnuata.
Covered.
Bryozoal limestone. Dekayia ulriclu, ValZopoTa
dalei, Platystrophia laticosta very small form.
Covered.
Limestone. Vallopora. dalei, Dalmanella m1tUi
sec to,. Top of the DALMANELLA MULTISECTA

241
240

6
10

62
61

o

8

1

2

230
231

8
8

60
59

8

8 Covered.
4 Dark, drab limestone. Peronopora vera, Dekayia

ZONE.

o

ulrichi, VaUopora cmmnunis, Dalmanella multi
secta.

231

4

58

2

229
228

4
9

57
56

o

20:~

9

203

3

202
202
201

9
6
8

201
198

5
9

198
197
197

3
3

54
53
52
51
50

7

25

o

6

o
o

6
3

o 10

o

3

2

8
6

49

o

48
47

o

46

2

1

3

Covered.
Compact limestone. Dalmanella multiseota (aa).
Covered. (A recent restudy of this section re
vealed several exposed layers in this interval,
containing DalmtPnella multiseota in abund
ance.)
Coarse grained crystalline limestone. Frag
ments of Dalmanella multisecta and Ratines
quina alternata abundant.
Shale.
Limestone. Dalmanella emacerata (r) .
Shale.
G ray limestone. D ekayia ulrichi (c).
Shale.
Coarse grained limestone. .DalmaneUa multiseo
tao Ooelaolema sp. Vallopora.
Shale.
Yellowish limestone.
Sbale.
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Total

Thickness.

Ft.

In.

195

45

190

187
187
184

No.

8
2
2

Thickness
of Bed.
Ft. In.

Thin layers of limestone.

5

Ooeloclema, Pet'ono
para 'I-'era, Oalwpora communis, BlIthopora
arctipora, Dekayia ulric7l.i, Zygo8pira mnmn.
natien,si8, DalmaneUa muZtisecta.

44

2

3

43

0

6

42

3

41

o

2

Shale.
Layers of calcareous sandstone.
Shale.
Limestone. Batostoma sp., Dekayia

u~richi

(c),

OalZopora communis, Bythopora arctipora.

184

40

3

8

180

6

39

o

8

179
174

10
10

38

5
2

Shale.
Crinoidal limestone. Dekayia ulrichi, Oal/opora
communi8.

37

6

Shale.
Bryozoal limestone in thin layers. Dekayi ul
ricM (aa), Ooeloclema commune (a), Stigma
teUa c~a<vis, Oallopora communis, Bato8toma
implicatum, Zygospira mncinnatiensis.

172 4
169 10

36

164 10
162 10

34
33

35

2
5

6

Shale and thin limestones.
Bryozoal limestone. De1cayia 1tlrichi, Dalmanella
muZtisecta.

ltl2

2

o

Shale.
10 Hard limestone. Bythopora arctipora, Batostoma

32

2

4

implicatum, Dalmanella multisecta, Zyo8pira
cinctttnatien8is.
Thin limestone and shale. Oallopora onealli
sigUla1'oides, Bythopora arotipora, Dekayia ul
rwhi, BIl.tostom.a implicatum, DalmaneUa mul
tiseota.
Limestone. Ooeloolema IIp., OerarnoporeUa ohio
en8i8, Peronopora vera, Oallopora onealli var.,
Batostoma implicatum, Escharopora acumi
nata, Daltoonella multisecta, TrinucleU8 con
centric'us.

159

7

,31

o

4

159
157

3
7

30
29

1

8

o

7

Shale.
Limestone with argillaceous material in spots.
Oallopora communis', Ataotopof'ella sp., Dal

o
o

8
4
3
4
4

Shale.
Sandstone.
Shale with thin layers of limestone.
Dark crystalline limestone.
Shaly limestone. Oeramoporella distittwta, Oallo

manella multisecta, Retzia granulifera.

157

156
156

4

149

8

149

4

28
27
26
25
24

6

o
5

pora communis, Bythopora arctipora, Batos
toma implicatum, Peronopora vera, Dekayia
ulncM', Dalmanella emaoer-ata, Zygospira mn
cinnatiensis, Acidaspis ceralepta.

SECTION BACK OF VEVAY.

Total

Thieknees.
Ft. In.

No.

144

23

633

Thickness
of Bed.
Ft. In.

0

7 Crlnoldal limestone. OoelocZema commwne, Ba
tostoma implicatum, BlIthopora. arctipora,
Peronopora 'Vera., DalmaneUa emacerata, Zllg08
pira cincinnatiensis, DalmaneUa multisecta,
1'1'inucleus concentricus.

Shale.

148 4
]40 10

22

2' 6

21

o

3. Limestone,

140

20
19

o

7

7

140

Ooelclema commune (aaa), Gallo
para communis', BlIthopora arctipora, Dekayia
ult'ichi, DalmaneUa emacerata, Plectorthis sp.

1

Shale.
Thin layers of limestone with intercalated shale.
Peronopora vera, DaZ1nanella multisecta (aa),
ZllgQspira cincinnatiensis, DalmaneZZa emace
ra.ta.

139
132

18
17

7

o

3

Shale.
Limestone. Batostoma implicatum, Per.onopora
lIer.1J, . Byt1wpora arctipom, DalmaneU4 muUi

secta.

131 10
129 4

16

2

6

15

o

6

Shale.
Compact limestone. Batostoma implicatum, De
kallia. ooscura, D. ulrichi, Dalmanella multi
secta.

128 10
128 5

128
121

14

13

12

9

11

o
o

5 Shale.
5 Compact limestone.

6

4

o

Ooeloclema aZternatum (c);
Bythopora arctipora, Oallopora sigillaroides,
Dekayia uZrichi, Oallopora communis, Dalma
nella multisecta, Batostoma impUcatum.

3

Shale with occasional thin layers of limestone.
Limestone mottled with argillaceous material.
Oallopora onealli, O. 1Wdulosa, Batostoma im
pUcatum, Peronopora vera, Goeloclema alter
natum (a), BlIthopora arctipora (c), Dekayia
ulrichi, Dalmanella multisecta, Plectamoonites
sericeus, Proetus sp.

121

6

10

2

119

3

9

1

3

Shale with occasional thin even layers of lime
stone.
Thin layers of fine grained compact limestone.
Oallopora anealli, Batostoma implicatum, Dal
manella multisecta.

118

3

117

3

8
7

1

o

5

Shale.
Limestone mottled with argillaceous spots. Ba
t08toma implicatum, Per01Wpora vera, Dalma
nella multisecta.

116 10
112 10

6
5

4

o

10

112

4

4

6

Shale.
Dark blue limestone.

Goeloc:l:Jma alternatum,
Oallopora onealli, BlIthopora arctipora, Dalma
nella multisecta.

Shale.
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Total
Thickness.
Ft. In.

107

6

No.

Thiekn..""
of Bed.
Ft. In.

3

0

107

2

6

101

1

101

6 Dark blue limestonee containing DaZmanella mul.
tisecta (c), and Plectambonites sericeus (c).
So.ft blue shale expo.sed at the mo.uth o.f the
gully near the Orphan Asylum at the head
o.f Main Cro.ss street.
Covered to the level o.f the Ohio. river.

The top of the Eden shales in this section is considered to be
where the characteristic Dallnanella multisecta leaves off, namely,
at No. 61, although a few specimens of Dekayia ulricki are round
in the fifteen feet above this. Platystropkia laticosta comes in im
mediately above this, and HeberteUa sinuata within a few feet.
The top or the Platystropkia zone i~ apparently reached at the top
of No. 87, 123 ft. above the top of the Eden. The complete faunal
lists of' this. section are given in a paper by the writer, published
in the American Geologist, December, 1901.
Section of the Hill Above the Cemetery, One Mile Northeast of
Vevay. 1.38G.
390

272

..

247

80

..

5

40

4

78

3

25. .

2

167

1

80

Mostly covered to the extreme to.P o.f the hlll
at an o.ld Io.g ho.use.
Limesto.ne and shale co.ntaining numero.us specl·
mens o.f Platystrophia ly1l3J, and HeberteUa
sinuata. The fo.rmer more abundant in the
upper part 'and the latter in the Io.wer.
Several layers in this division contain' immense
numbers o.f Callopora comm,unis and C. dalei,
and o.ccasio.nal specimens o.f a small Platystro
phia allied to P. laticosta. The base o.f this
division Is fo.rmed by the Io.west layer co.ntain
ing the Callopora. ConsteZlaria c01/'stellata Is
ano.ther co.mmo.n fossil in this divisio.n. This
is the Io.west dlvisio.n o.f the Lo.rraine.
Mo.stly covered to. the level of the pike at the
foot o.f the hill. DalmaneZla multisecta is the
common fo.ssil.
Covered to. river level.

Section in the Gully that Heads at the Culvert 210 Peet North of tIle
North End of the South Cut on the P., C., C. dO St. L. E. E.,
Madison. 1.12A.

197

45

10

..

Soft, blue shale. '£he top o.f this division and
of the section is at the to.P o.f the stone but
ment of the CUlvert 210 feet north of the north
end o.f the south cut.

'
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Total
Thickness.
Ft. In.
11';7

No.

44

635

Thickness
of Bed.
Ft. In.

1

2

Several layers of limestone with Cyclonema,
Calymene callicepltala, Rafinesquina aUernata,

180
183
181

3
3

176

3

43
42
41
40
39
38

2
2
5

8

o

173
173

7
3

o

3
4
4

37

G

!)

Hit)

(I

36

o

35

5

]7(;

2

(l

1110
100

4

34

o

8
8

1m)

8

as

2

8

32

o

4

31

10

8
8

145
8
145[,

30

o

2!)

6

3
9

HIS

8

28

o

4

138

4

27

1

4
3

]57
156

1::17

13(;

8

]28

8

123

2

119
118
116

8
8

113

8

26

o

25
24
23

13
4.

6
2

22

o

3

21
20
19

2
S

18

11:l

101

o

08
12

17

;)

Hi
15

1

10

etc.
Shaly limestone.
Crinoidal limestone. Bryozoa, Rafinesquina.
Limestone and shale.
Compact, close grained limestone. Rafines{Juina.
Limestone and shale. ZY!lospira modesta.
Limestone. Ratinesquina (aaa) edgewise.
Argillaceoml compact limestone. Rafinesquin<l.
Limestone. Brywoa (a).
Shaly limestone.
Limestone.
Shaly limestone.
Llmestone. Rafi,nesqu'ina, Gastropoda, Bryozoa.
Shale with occasional 2 feet to 3 feet layers of
limestone.
Limestone. Ratinesq uina edgewise (aim).
Shaly limestone. Raf/,nesquina (aa), Modiolodoll
(aa), Zll!lOspira m,odesta (aa).
Blue fine, grained limestone. Zygospira modes/a
(aaa).
Shaly limestone.
Blue fine grained limestone. Zygospira modesta
(aaa).
Shaly limestone. Rafittesquina, etc.
Very compact, fine grained limestone. No fossils;
Shale and limestone with excellently preserved
specimens of Raf/,nesquina alternata (na).
Limestone with top layer composed of immense
numbers of Zygospira modesta.
Rather coarse shale.
Lumpy, shaly limestone.
Coarse to fine grained barren limestone.
Lumpy, shaly limestone. Ratinesquina alter
nata, ZlIIJospira lIwdesta, Calymene calUcepha
la, Bryoy..oa.
Limestone.
Rafinesquina, Zygospira modesta

14

o

13

o

(aa).
Shale with thin layers of limestone.
6 Very compact, fine grained, blue, barren lime
stone.
8 Shale.
5 Compact limestone. Oalyrnene calUcepnala, Zyg

6

12

1

3

Limestone.

3

11

3

8

Shale with thin layers of limestone.

1)5
04

2
2

1)3
O:l

8

92
91

o

osp-ira modesta.
Calymene calUcepnala (au), Ratt
nesquina, Bry(')Zoa.

Pi
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Total
Thickness.

Thickness
of Bed.
Ft. In.

Ft.

In.

No.

87

7

86
86

7

10
9
8

1
0
2

88

2

7

1

Thin argillaceous limestone. Bryozoa (au).
7 Massive blue limestone.
9 Limestone.
Rafinesqutna, ZY(Jospira modesta,
Bryozoa.
Thin, argillaceous, yellow-spotted limestone.

82

2

1

2

o

4

81
80

8

79
79

8
6

70

5
4
3
2a
2

1
0
0
20

Platystrophia latioosta, Hebertella smuata.
Hebertella (aa), Platllstrophia lynx,
Rafinesquma nasuta.

r~imestone.

Bryozoal limestone.
Shale.
2 Limestone.
G Coarse crystalline limestone. Hebertella sinuata.
Thin limestone and shale, very fossiliferous.

PlatystmpMa lyn$, P. latioosta, Hebertella
Dekayia trQndosa, Monticulipora marn
mulata, JJallopora ramosa, 0. rugosa are the
sit~uata,

59

••

159

..

common fossils. 'l'his division is exposed in
the creek into which the gully empties, at u
point several hundred feet down stream.
Covered to the low water level of the Ohio river.

The base of the exposed portion of this section represents the mid·
'dIe part of the Lorraine-apparently the equivalent of the Belle-.
vue beds of Nickles. These beds comprise Nos. 2 to 7 of the section,
a thickness of about 24 ft. The balance of the section, 114 ft. in
thickness, falls in the Rafi,nesquina zone of this report, which is
about equivalent to the Corryville, Mt. Auburn and Arnheim of
Nickles and Foerste. In the present section there is no representa
tive of the Mt. Auburn (Platystrophia lynx) beds. Very careful
search fails to reveal a single specimen of the gerontic P. lynx, or
any other form of that species above number 7 of the section. This
114 ft. does not represent the entire thickness of this division, in
this locality, since about 20 ft. of rock is exposed in the north end
of the south cut above this section, and below the Dalmanella meeki
zone. It appears, therefore, that the interval between the top of
the Platystrophia zone and the base of the DalmaneUa meeki zone
is at least 134 ft. This section, with the exception of numbers 1
and 2, was measured layer by layer with the tape.
The fauna. of No. 1.12A2 is as follows: OaUopora ramosa (0),
O. rugosa (0), Montic~IUpora mammulata,--Pronopora pavonia, De
kayia frondosa, Bythopora gracilis, AtactoporeUa ortoni, Oeram
oporella ohioensis, Stomatopora inftata, S. arachnoidea, Arthropora
schaffen, Platystrophia lynx (normal form aa), P, laticosta, P.
cypha, H ebertella sinuata (0), Rafi,nesquin:t ponderosa, R. nasuta,

~ ..
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Plectorthis sp., Zygospira modesta, Crania scabiosa, Byssonychia
cf. praecursa, Cyclora minuta, Orthoceras sp., Isotelus maximus,
Conchiolites jlexuosus, Acidaspis sp.
Section of the South Out at Madison, Indiana, BegVrvnf,ng at the Track
Level at the South End Of the Out and Tel'minating at the E!lJtreme
.
Top of the E!lJposed Rock in the Out. 1.1i2E.
ToW
Thickness.
Ft. In.

~s
No.

Ft

In.

83

..

3

53

..

2

. 37

6

15

6

1

15

6

30. .

Heavy brown-weathering layers seen at the top
of the west side of the cut. These layers con
taIn Dalmanella meeki In great abunc'ianL'C,
especially in the upper part.
Conspicuous brown-weathering layers seen In the
east side of the cut at the north end and un
derlying the layers of No. 3 in the west sIde
of the cut. Practically all of tnts divIsion is
repeated in the top of Section l.12A.
Shal.e and heavy layers of limestone, Practically
all covered by tah].s in the south end of the cut.

'I'he fauna of No. 1.12E3 is as follows: Datmanella meeki
(aaa), Rafinesquina alternata, Zygospira modesta, Leptaena rhom

boidalis, Strophomena planumbona, Platystrophia laticosta, Heber
tella sinuata, Plectambonites sericeus (r), Crania sp., Dicranopora
ernacerata, Arthropora schafferi, Peronopora pavonia, Dekayia pro
lifica, Homot?'ypa cf. austini, Batostomavarians, Elidotryp.a simu
latrix, Ceramoporella ohioensis, Rhombotrypa quad1·(lta, Prasopora
hospitalis, Bythopora delicatula, B. meeki, CaZlopora subnodosa,
Bernicea primitiva, f;tomatopora sp., Nicholsonella vaupeli, Tenta
culites richmondensis, Acidaspis sp., Isotelus sp., Cyclonema bilix,
Anomalodonta gigantea, Opisthoptera casei, Ctenodonta cingu
lata (n.
Section at the Sharp Bend of the Road a Little Way Below the Hanging
Rock, Madison. 1.12F.
55

4
3

35

20

2

20

1

Oolumnaria reef.
Limestone with shale partings. Contains a
typical Liberty fauna.
Shale and limestone. Nearly all covered by
talus from above.
Covered to river. fu\'el,- :'-about
260 feet.
;-:,

The fauna of No. 1.12F3 is as follows; Rkynchotrema capax,
Dinorthis subquadrata (c), Strophomena planumbona (c), Stropho
mena neglecta, Rafinesquina alternata, Hebertella occidentalis, H.

Fig. 2. View of. the Big (North) cut at Madison, Indiana. The heavy, overhanging layers in the upper part of
the right hand (west) side of the cut represent the massive sandstone bed of the base of the Saluda. The
base of this bed is the layer a. The layer b is the top of the fossiliferous limestones and shales.

\--------------------...........
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sinuata, H. Sp., Zygospira modesta, Plectambonites sericeus, Platy
stropkia acutilirata (rr), P. laticosta, Stropkomena subtenta (r),
Dicranopora emacerata, Artkropora scka/feri, Bytkopora delicatula,
B. meeki, B. striata, Oallopora subnodosa, O. sp. (with sharp monti
cules like O. ramosa), Oeramoporella okioensis, Prasopora kospitalis,
Homotrypa ramulosa (?), H. cf. cylindrica, Rkombotrypa quadrata,
Oonstellaria polystomella, Helopora sp., Isotelus sp., Oalymmene
callicepkala, Acidaspis sp., Protarea vetusta, Streptelasma rusticum,
Pterinea demissa, Isckyrodonta sp., Ot·tonella kainesi (Y?), Bys
sonychia suberecta, Oycloconcka milleri, Opistkoptera casei, Oonra
della dyeri, Poteriocrinites polydactylus, Glyptocrinus sp. (plates
of calyx), Orania laelia (rf)"
Section

of

the Big Out (North Out) Madison, Indiana.

1.UD.

Thickness
of Bed.
Ft. In.

Total
Thickuess.
Ft.. In.

No.

146

9

24

10

136

9

23

5

131
126
124

9
9
B

22
21
20

120

5

19

112
i09

2
8

18
17

Massive, hurd, whitish limestone with numerous
small cavities.
Mas.slve blue limestone, full of small cavities or
pits.

108

8

16

104

6

15

94

10

14

13

82

78

6

12

71

6

11

il

2

10

5
Thin layers similar to No. 23.
2 6 Blue shale.
3 10 White luas81ve limestone, somewhat argillaceous
at the top and more calcareous at the base.
8
3 Shale.
2 6 Massive white limestone. Base of the NIAGARA.
1+
Pink to salmon colored, coarse, crystalline lime
stone. 'This is the representative of the CLIN
TON formation.
4 2 Massive iight colored arenaceous limestone.
9 8 Thick-bedded, soft, argillaceous-arenaceous lime
stone. (Calcareous sandstone.)
12 10 Argillaceous-arenaceous, somewhat calcareous
thick bed. On the weathered surface streaked
or banded with various colors-ash gray, bufl'.
pink, etc. Ou fresh surface light brown.
S G One massive, conspicuous arenaceous layer. This
forms the base of the prominently overhanging
bed in the ujJper part of the cut.
7 . . Thin-bedded argillaceous-arenaceous, brownish
weathering layers with calcareous streaks con
taining bryozol,l.
o 4 Nothing to four inches of coarse limestone with
numerous fossils. HebertelZiJ" etc.
3
Arenaceous bed with Ienticles of limestone con
taining fossils, mostly bryozoa.
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Total

Ft.

In.

No.

Thickness
of Bed.
Ft. In.

68

2

9

2..

Thickness.

66

2

8

6

60

2

7

1

59

••

6

5

53

8

5

7

46

4

6

40

3

10

Limestone containing numerous large examples
of Oolumnaria alveolata. Upper Columnaria
leef. This layer runs under the tracks at the
extreme north end of the big cut.
Shale.
2 Limestone containing numerous large examples
of Ool'umnaria aZveoZata. Lower Columna ria
reef.
3 'rllin layers of limestone alternating with argIl
laceous and sandy layers. The limestone lay
ers contain numerous bryozoa and He1Jertella
occidentalis, and Rafinesquina aUernata.
8 Arenaceous-argillaceous bed, massive in appear
ance on fresh exposure.
Blue, fosslliferous limestone, shale and some
arenaceous layers.
Thin limestone layers with intercalated soft
shale. RhynchotrC'rna capa:IJ, Hebertella ocm.
dentalis, Strophomena planumbona, Btreptelas
ma rusticum, Dinorthis subquadrata, Btropho
mena neglecta, Platystrophia acutilirata (r)

30

2

8

22

1

22

are the characteristic fossils.
Similar to No.3, but with numerous specimens
of PZectambonites sericeu8 in some layers.
Probably mostly ahale with thin layers of Ume
stone. Obscured by the talus from the higher
layers. Base at the iron pipe on the west side
of the tracks at the extreme south end of the
cut.

The thickness of the Saluda beds in the present section, if the
lower Columnaria reef (which corresponds to the lower Tetradium
reef in the sections farther north) be. taken as the base, is 50 feet
(49 feet 8 inches). The thickness of the same division at Cooper's
falls near Versailles is 58 feet. One and three-quarters miles south
-of Versailles the thickness is 53 feet. Near Osgood the thickness is
between 60 and 70 feet.
The thickness of the Liberty division in the Madison section,
if the PZectambonites horizon in the above section be taken as the
base, is about 30 feet. It is also about 30 feet in the Versailles
section. If the first appearance of HeberteUa insculpta be taken
as the base of the Liberty, its thickness will be about 10 or 15 feet
more. In the Richmond section the Liberty division is 40 feet
thick and the Saluda, Whitewater and Elkhorn 130 feet. It is
evident, therefore, that the thinning of the upper Richmond beds
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in the Madison section is due to the absence of the Whitewater di
vision and not to thlj thinning of the other divisions, as has been
commonly supposed.
The fauna of No. 1.12Dl-6 is as follows: Strophomena planum
bona (c), S. neglecta (c), S. sulcata (r), H ebertella occidentalis
(c), Rafinesquina alternata, Z ygospira. modesta, Plectambonites
sericeus, Rhynchotrema capax (c), Dinorthis subquadrata (c) ,
Platystrophia laticosta, Hebertella sinuata, Crania scabiosa, Lep
taena rhomboidalis (r), Dalmanella meeki (rr), Platystrophia acu
tilirata, Dicranopora emacerata, Arthropora schaffen, Prasopora
hospitalis, Oallopora sp. (sharp monticules), Bythopora meeki, B.
striata, Batostoma varia bile, Stomatopora arachnoidea, Gonstellaria
sp., Oalymmene callicephala, lsatdus sp., pterinea demissa, Oonra
della dyeri, Streptelasma rUsticum, Byssonychia sp.
Section at the Hanging ROck. Madison.
Total

Thickness.
Ft. In.

No.
2

Thickness
of Bed.
Ft. In.

Upper argillac~us bed. The top'of this division
Is formed by the Clinton IImestone, and the
base by the calcareous layer that forms the
lower crest of the falls at the north end of the
big cut.
27 .. From the calcareous layer to the upper OoZum
27 ..
1
naria reef. A.rgillaceous sandstone with cal·
careous streaks.
The measurements here were made with the tape.
46

••

Section

ot

19

..

the Falls in the Small Gully West 01 the Railroad Tracks, ,Just
NQI'th 01 the Big Out, Madison, Indiana.

Clinton llmestone,
Mottled limestone forming upper crest of falls.
Mottled, rather soft, ash colored shaly sandstone,
15
Somewhat calcareous.
2 10 Strong calcareous layer. Forms the lower crest
24 10
3
of the falls.
22
2
Massive soft sandstone. Forms the conspicuous
15
overhanging rocks in the cut.
Soft. sandy shale with calcareOus streaks. This
1
7
7
bed is nnderlain by the upper OoZumnaria reef.
Measurements with the tape.
45
43

10
39 10

[4:1]

6

1

5
4

4

3
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General Section of the Outs on the P., 0., O. " St. L. R. R. at Madison,
Indiana. 1.1M, E and D.
Total

Thickness

Thiekn_.

Ft. In.
4H7

No.

8

107

7

45

H

65

250

5

54

196

4

11

$6()

315

..

),

ofBed.
Ft. In.

·.

185

..

3

47

·.

138

..

2

88

·.

50

..

50

·.

From the top of the Clinton limestone to the level
of the tracks at North Madison.
From the upper Oolumnaria reef at the extreme
north end of the north cut (big cut) to the
Clinton limestone.
From the level of the tracks at the south end
of the big cut to the level of the upper Oolum
naria reef at the north end of the big cut.
From the level of the top of Section A to the level
of the tracks at the south end of the big cut.
E'rom the lev~1 of the tracks at the north end
of the south cut to the top of Section A (level
of the top of the stone butment·of the culvert
210 feet nOl·th of the north end of the cut).
From the level of the tracks at the south. end
of the south cut to the level of the tracks at
the north end of the south cut.
From the level of the railroad tracks at the bot·
torn of the grade at lIadison to the level of
the tracks at the south end of the south cut.
From the low water level of the Ohio river at
Madison to the level of the railroad tracks at·
the foot of the grade.

'rhis section is made up from the data supplied by the engineer
of the P., C., C. & St. L. R. R., in regard to the per cent. of grade
and the distances through the cuts and between the cuts; and from
measurements of the distance from the beginning of the grade at
Madison to the south end of the south cut, and of the distance from
the north end of the big cut to the top of the grade at North Madi
son; and from the data given in. Gannett's dictionary of altitudes
(fourth edition) in regard to the elevation of the low water of the
Ohio river, elevation of the railroad at Madison and elevation of
the railroad at North Madison. 'Phe elevation of the Clinton lime
stone above the north end of the big cut was determined by meas
urement with a tape and the barometer. The data thus obtained
are as follows:
Low water level of the Ohio river 401 feet A:r.; elevation of
the railroad at Madison, 450 feet A. T. ; elevation of the railroad at
North Madison, 877 feet A.T.; per cent. of grade, 5.89 per cent.;
distance from the foot of the grade at Madison to the south end

GENERAL SEOTION NEAR MADISON.

643

of the south cut, IJ500 feet; distance through the south cut, 800
feet; distance from the north end of the south cut to the top of
section A (culvert· just north of the south cut), 210 feet; distance
from the top of section A to the south end of the big cut (north
cut), 890 feet; distance through the big cut, 1,100 feet; distance
from the north end of the big cut to the top of the grade at North
Madison, 2,580 feet. Total distance from the foot of the grade at
Madison to the top of the grade at North Madison, 7,080 feet.
Difference in elevation between Madison and North Madison ob
tained by multiplying this distance by the per cent. of grade
(70.8x5.89), 417 feet. Difference in elevation between Madison
and North Madison according to Gannett's dictionary of altitudes,
427 feet. Thjs small discrepancy. is probably due to slight inac
curacy in the determination of the top of the grade at North Madi
son and the bottom of the grade at Madison. With this section
the barometric measurements taken at several different times are
in fair agreement. The average of these barometric measurements
give' the difference in elevation between Madison and North Madi
son as approximately 400 feet. The elevation of the railroad at
North Madison above river level as obtained by Locke level in 1900
is 473 feet. This differs from the elevation according to Gannett's
figures by only 4 feet. The elevation of the south end of the south
cut above river level according to \ measurements with the Locke
level made in 1900 is 140 feet. This differs from the elevation ob
tained by computation from the per cent of grade by only 2 feet.
Sectkm Along the North Fork of Razor Oreek Five Miles North of
Madison. 1.12G.
Total
Thickness.
Ft. In.

Thieknees
of Bed.'
Ft. In.

50

8

No.
8

48

4

7

10

a8

4

6

4

28

8

5
4

5
2

26

ti

3

16

34

2

Pink, coarse grained Olinton limestone.
Mottled impure soft limestone, forming six ledges
with shale partings. Weathers gray, mottled
with dark specks and with a flaky surface.
4 Heavy, harder layers forming the crest of the
upper part of the falls. Mottled crystalline
limestone.
4 Arenaceous, shaly, soft, hlocky limestone.
2 Impure crystalline limestone, mottled with yel
low specks. Forms the crest of the lower part
of the falls.
Arenaceous shale. "Shale bed," The upper lay
"
er, 1 foot 3 inches thick, is especially arenace
ous,
4
,.
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Total
Thickness.

Thickness
of Bed.

Ft.

In.

No.

10

6

2

9

6

1

Ft.. In.
1

9

Hard, massive layer of limestone.
6 Blocky limestone with Tetradium throughou,t.
Co~umnaria occurs at the base ne ar ·the water
level.

Section in the North Edge ot the Village of Cana.an.

1.58B.

47

4

18
7

3
2

11
5

Ordovician-Clinton contact. Limestone becoming
shaly and arenaceous in the lower part;
"Shale bed." Base de<;idedly arenaceous.
Interval between the shale bed and the Te

2

1

2

tradi um reef.
Tetradium reef at the top; Columnaria reef at

the bottom. Between this locality and Osgood
the Cohiimnaria does not seem to be present, or
at least is very rare.
Section in an Eastern Tributary of the East Fork of indian Kentuck Creek,
Four Miles Southwest of Cross Plains. 1.59H.
67

13

6

Brownish, concretionary limestone. The Clinton
rests directly upon this division.

61

12
11

2

Tetradium.

4

10

9
8

1
1
0

52

7a

14

38

37

7
6

10

27

5

8

4
3

o

16

2

11

5

1

5

Hard, fine-grained limestone, thinner than Nos.
Sand 9.
'.rhick, wave-marked layer.
Same as No. 8, with shale partings.
Hard, dove colored, fine-grained, white weather
ing layer.
Thin, impure, lumpy layers of limestone, gray,
somewhat mottled; somewhat ripple marked.
ConspicUous hard limestone layer.
Soft, gray, mottled, uneven, lumpy l1mestone.
Few fossils.
Soft, bloclry, dark, jOinted shale, somewhat ripple
marked but not so arenaceous as the shale bed
below.
Hard layer of limestone.
A one-foot luyer of hard, blue limestone overlain
by shale.
Ripple-marked and snn-cracked shale. "Shale
bed." An arenaceous, heavy bed at the base.
MaSSive, hard layer of .limestone underlain by
soft shale. The base of this division is formed
by the lower Tetradium reef.

59
55
54

52

19
18

6

6

6
6

1

6
2· 6

~

Fig. 3.-Cooper's Falls, four miles south of Versailles. The top of the "shale bed" is at a and the base at b.
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Section in a Gully Entering the E(L8t Fork of Intjian Kentuclc Oreek fro'm,
the Ea.8t, FOl~r Miles Sonthwel.ft of CroS8 Plains. 1.59G.
Total
Thickness.
Ft. In,

58

H

No.

Thickness
of Bed.
Ft. In,

S

38

,~

4

15

5

6

4

10

3
2
1

0
1
8

20

8

I;imestone and shale. The layers immediately
under the Cllnton are hard and light colored.
Toward the lower part of the division the
rock Is more argillaceous, and somewhat in
clined to be ripple marked like the shale bed.
Ripple-marked and sun-cracked shale. "Shale
," bed." Somewhat arenaceous.
8 Hard limestone layer.
10 S~~,even light colored shale:
a!9cky f!hale and Umestone. Base formed by the
lower 'P"itradium reef.
'~<;"'.

~:

"

Section Three and One-Half Miles Southwest of Oloan (in the Gully
that Oros.~es the East-West Road Two Miles Due West, of,
Oross Plains).. 1.59D.

15

28

2

13

1

15

Limestone. Directly overlain by the Clinton
limestone.
'l'op of this division Is the upper Tetradium reef.
Mottled soft limestone and shale. More argll
laceous than the same division farther north.
The base of this division Is formed by the
massive hard limestone that commonly over
lies the shale bed.
8labby. sun-cracked and ripple·marked drab
shale. The "Shale bed." The base 113 formed
by a hard layer of limestone, and this is over
lain by about two feet thickness of more are
naceous rocit than is seen farther north at thlR
horizon.

Section Of Oooper's FaUs, Four MUes south of Versailles.

1.60F.

From the base of the Clinton to the crest of the
fails. Limestone.
From the crest of the falls to the top of the
28
3
5
shale bed. Limestone.
2
23
10
Sun-cracked lind ripple-marked shale. The
"Shale bed."
13
1
13
Upper eight feet soft shale underlain by a rather
hard, massive, impure limestone layer about
two feet thick. Underneath this the limestone
is blue, mottled and interspersed with are
naceous materIal. The Tetmdium reef forms
the base of this division.
Heifbt of the falls 35 feet, by tape.
58

4

80

Fig.4.-8hale bed on west fork of Cedar Creek, Versailles, upper massive
la.yer at top of exposure a.

Fig. 5.-Base of shale bed at 1.59D.
in~ ~uite

Here the base of the bed· is becolll
arenaceous1
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Section Along the West Fork 01 Oedar OrfllJk, VersaUles, Indiana, Irom the
Base 01 BO-Foot OUff to the Point Whe1'l~ the Osgood-Versaille8
Pike Or08ses the Oreek. 1.60H.
Total
Thioknesa.

Ft. In.
101

Thieknesa
of Bed.

No.

11

Ft. In.

9

Uneven, . thin-bedded, lumpy, yellow-weathering
limestone.
Platllstrophia acutilirata sene//).
(aa), Monticulipora epidermata (rr), Homo
trypella NMtiOO (c), H omotrypa 'Wortheni (a).
92 .
10
5
At bottom of rond metal quarry, near the pike,
mas~lve, hurd limestone layer.
87
9
18
Coarse ·grained rather soft gray limestone In
thI~k layers; thin-bedded in the top 4 feet.
Mostly unfossiUferous, fossils small and ob
scm·e. Some layers contain Pelecypods rather
commonly. This Is the "Mottled bed" of thIs
report.
69
8
4
Heavy, hard, tine-grained layers ImmedIately
overlying the "Shale bed." No fossIls.
65
7
8 6 Shale bed. '.rhis bed consists of thIn layers of
rather hard, calcareous drab shale, conspIcuous
ly rIpple-marked and sun-cracked. The layers
vary In thIckness from a fraction of an inch
to several inches. .The whole bed Is conspicu
ously jointed, the jOints (mnln system) run
ning N. 73° E.
56 6
6a
2
Base of the shale bed, consistIng of about 2 feet
of very hard, barren limestone.
6
9 6 Dark-colored limestone oontaining Tetradtum
54
6
(aaa), especIally at the base. Some of the
individuals measure as much as 4 feet 7 inches
In diruneter.
45
5
8
Dark-colored. uneven limestone, Bryozoa (aaa).
ThIs is the Bryozoa bed of thIs report.
37
4
5
Limestone; not very fossiliferous; top a hard,
thIck layer.
32 3
7
Limestone in rather thIck layers.
25
2
5
Exposure in bed of creek and also In the SO-foot
cUlT of the thiek layers of limestone contaIn
ing Plectamb01lUes sorice-us (aaa).
20 . .
1
20.. Lower 20 feet of the SO-foot cliff. 1\1ostly lime
stone. Platystrophia acutilirata, Rhllnchotre
ma capMJ, etc. Very fosslllferous.
Base of theseetion is the creek bed .at the base of the 8()..foot cliff.
This cliff Is one-half mile up stream from the junctIon of thenortb and
south forks of Cedar creek, in the north bank of the creek.

The fauna of No. nia &'l follows: Homotrypa worthem (a),
H. consteZZariformis,H. cf. austini, Homotrypella rustica (c), Mon-

,
i
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ticulipora epidermata, M. sp.· (very similar to M. mammulata) By
thopora meeki (c), Dekayia subramosa (c), Peronopora pavonia
var., Rhombotrypa quadrata (sm!lll ramose form with well de
veloped monticules), Callopora sp. (sharp mqnticules similar to C.
1'amosa), Ceramoporella ohioensis, Ptilodictya plumaria, Platystro
phia acutilirata senex, P. acutilirata, P. laticosta, Hebertella occi
dentalis (c), H. sinuata, Rafinesquina alternata, Zygospira modesta,
Streptelasma divaricans (c). S. rusticum (r), Protarea vetusia,
Byssonychia richmondensis, B. sp.(may be B. suberecta), Ischyro
donta elongata, Opisthoptera casei, Protowarthia subcompressa,
Schizolopha moorei, Lophospira tropidophora, Lophospira sp.
.
'I'he fauna of No. 5 is as follows: Hebertella occidentalis,
Platystrophia laticosta (large, very plump), Strophomena ap., Ra
jinesquina alternata, Zygospira modesta, Dicranopora emacerata
(c), Bythop01'a delicatula, B. meeki, Rhombotrypa quadrat a (aaa),
Monticulipora epidermata (rr), Dekayia subramosa (c), Callopora
subnodosa, Arthropora shafferi, Rhinidictya sp. (c), Homotrypa
cf. austini, HomotrY1Ja sp. (frondescent with well-developed monti
cules), Homotrypa ap. (frondescent, smooth), Calapoecia cribri
farmis (r), Streptelasma rusticum, Protarea vetusta (r), Stroma
topora sp., Isotelus maximus, Pterinea demissa, Lophospira cf.
ampla.
Section of the High Wa.~h Bank on the West Fork of Cedar Creek, ,lust
Abo1:e thc Jltnetion. wUh the North Fork. 1.601.
Thickness
of Bed.

Total
Thickness.

Ft.

In.

No.

60

..

2

Ft.

40. .

In.

20

..

1

20.. •

Highly fossiliferous limestone and shale.

Rhyn
chotrema capalC, Strophomena planumbona,
Heuertella occidentalis, protarea vetusta Strep
telasma rusticum, Batostoma, va,ria,n8, BI/tho
pora meeki, Leptaena rhombotdaUs (a), Platy
strophia laticosta (abundant in the lower five
feet), Rhombotrypa, quadrata.
Shale and limestone. Dalmanella meeki is the

charad:eristic

011

f08Sll.

To creek level.

This exposure is not adapted to the making of a detailed section
account of the amount of talus on the surface of the exposure.

Section Along the North Fork Of Cedar Creek, Just North of VersaUlell.
1.60G.

86

13

5

81

12

20

Fairly thick layers of limestone. Plectambonites
sericeull (aaa). Base of the Liberty beds.
Covered.
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No.

Thickness
of Bed.
Ft. In.

61

11

4

57
52

10

5
2

9

'l'hin limestone layers with shale partings. Bryo
zoa (aaa).
Covered.
Limestone. Leptaena rltomooidali8, Plat1lstro
phia .laticosta, Batostoma varians, Deka1lia
prolljWa, etc.

00

8

45

7

44

34

6
5

1'0
2

32

4

4

28
18

3
2

10

Hi

1

15

5

Covered.
Shale and limestone. Dalmanella meeki, Plat'11
strophia la.tWosta.•

3

Covered.

DaZm-anella mecki, Plestamoonites serieeus, Lep
taena rhomboidalkl, etc.
Thin l1mestone and shale. Dalmanella meeki

(aaa).
Covered.
Several thln layers of limestone separated by
bands of soft blue shale. Dalmanclla meeki
.. (aaa).
Covered to the level of Laughery creek at the
mouth of Cedar creek.

Seotion on a Small Westem Tributary ot Laltghery Greek, Two Miles
Northeast ot Osgood. I.BIA.

75

8

00

7

15

Top = base of the Glinton. Nearly all covered.
Several compact layers exposed neal' the top
in contact with the overlying CUnton.
Exposed at 1.61C near the Clinton -contact shown
at No. 8 of this section. Nodular limestone
and shale containing numerous fossilS. Platy

stmphia Zatieosta, P. lynm, Hcbertella occiden
talis,
~trophomena
sulcata, Stmphomena
neglecta, Streptelasma divarioans, Protarea ve
·tu8ta, Rhombotrypa quad.rata, Homotrypa
wortheni, Peronopora 1)avonia.

55

U

30
23

5
4

2fi
7
11

12

3

10

2

2

Partly covered. The exposed portions like No.7.
Soft, gray, mottled limestone. Few fossils.
Soft, gray, mottled limestones like No.5. The
top of this zone is formed· by a layer in which
Tet1·ad.ium is very abundant. Upper reef.
Ripple-marked and sun-cracked gray, slabby
shale. The Shale Bed. The upper part Is
formed by a strong, massive layer. Perfecttv
typical.

Massive layer of limestone. Forms the base of
the shale boo.
Several fpet of limestone containing Tetradium
tIl abundance. This is the 101ver Tetradi1l11l
ree.f.

i,
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Section on. the West Braneli.of Laughery Greek, Four Mites Southwes~
Of Batesville. 1.62D.
'
Total

Thickness.
Ft. In.

49

No.

13

2

6

6

;)

6

'l.'he

.

I .

Sl:taly, nodular limestone.· Il'osSUiferous.
8
Bard, tllin layers of limestone.
1
Shaly limestone. Sameas No.9.
Thicker luyers of limestone,
6
Soft limestone and shale, "Mottled bed."
5
Bard, massive limestone overlying the ·"Shale
4
bed." Ligbt .blue.
3
6
8 Ripple-marked. and sun-cracked, slabby shll\e;
The "Shale bed."
·l
2
1
Massive, drab, burren llmestone, somewhat shdly
in the upper part.. The massive layer und~r
lying the shale bed.
1
5 6 Somewhat arenaceous, much joInted shale, In
clined to be massive in the lower part.
base of the section Is creek level.
!)

43
42 5
36 7
35 4
17 10

Thickness
orBed.
Ft. In;

6+ ..
8
5 10
1
3
17 6
4 8

SecHon on the West Branch 'of Laughery Greek, Four Miles Southwe8t
Of Batesville. 1.(j2F.

63
23
22
21

3
3
3
7

9
8
7
6

40
1
0
5

16
15

7
7

5
4

1
10 10

4

9

3

1

3

3
1

6
6

2
1

2
1

6

8

Covered to the top of the hill.
Shale lik~ that of No.6.
Compac1: limestone layer.
Ripple-marked .and sun-craCked, slabby shale.
Nos. 6, 7 and 8 constitute the "Shale bed."
Massive layer at base of Shale bed.
Light colored, uneven limestone layers, varying
in thiclmess from 1 foot to 10 feet, with in
tercalated soft, dark colored shale. Some lay
ers contain a few specimens of Tetradium.
The uppet' few inches is a black, fine shale.
Massive gray llmestone. with pockets of calcite
and good specimens of Tetrad'um.
Spaly limestone and blue shale.
From water level to top of a layer containing
GoZ1~mnaria.

aZveolata.

Base of the section is the level of the creek.
Section One and One-Half Miles Northwest of Oldenburg.

81

4

11

3
2

70
3
7

1

1

8

.1.(J3D.

Covered to top ot hill.
Massive,. hard, gray, barren limestone layer.
Ripple-mai'kedand sun-craCked, slabby sha.le.
"Shale bed."
Massive layer below the shale bed.

Fig. 6.-8hale bed at 1.64B.
The man is standing on the lower massive
limestone layer a, with his head opposite the upper massive layer b.

Fig. 7.-"Massive (limestone) bed" at the quarries Ii miles south of Main.
street, Richmond (1.41D).

,,

,
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. SECTION WEST OF HAMBURG.

Section 00 Big Salt Greek, Four Miles West of Oldenburg.
Total
Thickness.
Ft. In.

No.

1.68E.

Thickness
of Bed.
Ft. In.

107

4

47

3

43

2

1

42

1

42

60

4+

'. Mostly covered to the top of the hill. Base a .
massive bed of limestOne a few feet in thick
ness.
"Shale bed;" perfectly typical, but thinner than
usual.
Massive, barren, gray limestone layer.
Well-defined limestone layers from 1 inch to 6
inches in thickness. The upper ten feet contains
Tetradium. P~ectambonUe8 sericeus occurs in
abuudance a few feet above the level of the
creek at the base of the section.

Sectioo 00 the North Fork of Big Salt Greek, Two Miles Wesl of
Hamburg. 1.61tB.

120

10

11

109

9

40

Pink, coarse-grained, crystalline, massive lime
. stone. Clinton.
Partly covered. The top layers consist of gray,
shaly limestone contaIning Platystrophia lati
costrt, P. ly1UV, Rhynchotrema capaiJJ, Heber
tella occidentalis, Strophomena Buleata, Homo
trypa w()rtheni, Streptelasma divarieanB. Some

of the layers present very much the same
lithological appearance as the upper beds con
taining P1atY8trophia 111m/} on Elkhorn creek,
south of Richmond. The layers exposed at the
base of this division at creek level contain
Rhynehotrema dentata (abundant in one lay
er), Stl'ophornena Bulcata, Monticulfpora epi

8

69

54
34

2

7
6

32

4

5

4

15

dermata, Rhombotrypa quadrata, Perooopora
pavonia, Platystrophia acutiUrata-BeneiJJ, P.
laticosta, Ba~ostoma varians, streptelasma
rusticum, Streptelasma divaricans, etc.
~tthe base of this division Tetradium occurs
. abundantly, about 9 feet below a bed of shale

that resembles to some extent the true "shale
bed," but entirely lacks its associated beds.
Limestone. and shale.
20
1 10 Very hard, gray, barren limestone. Upper mas
sive bed.
4 Drab to gray limestone with intercalated soft
shale. Probably this is the calcareous repre
• sentatlve of tM upper part of the Shale bed.
2
2 Typical sun-craeked and ripple-marked, alabby,
drab shale. The "Shale bed."
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Total

Thickn_.
Ft. In.
:.16
Ii

26

•.

21

No.

Thicknees
of Bed.
Ft. In.

S

1

2

4

1

21

\}

Very hard, calcareous layer. When considerably
weathered it splits up into thinner plates that
resemble the layers of the shale bed.
Light colored, nodular, arenaceous Hmestone,
separated from the ~verlying, massive layer
by a thin bed of black, grltless, carbonaceous
shale. At the base of this zone is a layer con
. taining Tetradium in abundance.
Limestone with intercalated shale exposed in the
bed of the creek for half a mile down stream
from the locality of No.2, and conto.inlng the
characteristic fauna of the Liberty beds.

•gectiolt Along the Western Branch, of Big Salt Creek, Three Miles North
of Hamburg. 1.6.t,D.
117

22

10

107

21
20-19

;:;
5

102
97

87
87

5

74

18

10

17
16

13

15

o

o

73
71

6
6

14
13

68

6

12

2
3
S

62

6

11

o

62

10

1

61

9-8

I')

7-6

15

41
40

35

o

6

('I

5

4

6

1

5
4
3

1

2

54

1

o

4+

6

Hard, brownish layers of nearly barren lime
stone. '.rop in contact with the Clinton.
Blue limestone and shale.
.Limestone and shale. The upper layer (No. 20)
contains bryozoa very abundantly.
Covered.
Rough, hard layer of limestone.
.....
Oovered except at the top, which consists of soft,
blue shale.
Irregularly jointed and cracked layer of lime
stone.
Limestone.
Slabby, brown to drab, sun-cracked shale.
Blocky, blue, much jointed, arenaceous shale.
The main joints are only a few inches apart
and run S. 20° W.
One layer of barren, arenaceous limestone.
Shale.
Blue mottled, coarse-grained, fossiliferous Hme
stone. The top a hard layer containing Strep
tCUlJtma rusticum in abundance.
Partly covered. Limestone and shale, contaiu
ing Tetradium at.the top (No. 7).
Hard, barren, blue, fine-grained limestone.
Shaly, somewhat calcareous bed.
Hard, bluish gray, ('oarse-grained, foss1Uferous
limestone. Oontains Tetradium.
Mostly fosslllfetous limestones with intercalated
soft, blue Shale. Some of the limestone layers
are. fine-grained, hard and barren. Typical
Liberty fauna.
Wave-marked, hard layer of Umestone with PZec
tambonites sericeus abundant.

.......
\

\
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B60tion in a Gulhl .Entering Big Bains Greek from the Northea8t, Two M6d
One-Qluwter Miles Northwest of Lalu'el. 1.1I,F. (No. 285 of
Foer8te'8 Paper.)
Total
Thiclmess.
Ft. In.

No.

Thickness
orBed.
Ft,. In.

91

18

5

86

17

15

71

16

8

63

15

7

56

14

5

51

13

10

41

12
11·10

10

[1'1

5

Pink, coarse-grained limestone. Olinton. Overlain
by the light-colored, hard limestones of the
Niagara formation.
Mostly strong layers of rathel' barren limestone
with some intercalated gray shale.
Brownish to yellowish, blue·mottled bed of are
naceous, soft limestone. Platystrophia and
HeberteUa common at the base.
Soft, gray, somewhat arenaceous shale, blocky
and much jOinted.
Three to five feet of overhanging layers of lime
stone.
Mostly soft, gray, blocky, somewhat arenaceous
shale. Some limestone layers contain Platt/
stl'ophia acutUirata-seneat and HeberteZla occi
dentalts, and numerous bryozoa.
Mostly like No. 13.
Combined thickness of Nos. 10 and 11 is 5 feet.
Upper part a massive, hard Umestone with
'l'etmdit~m at the top. Lower part soft, gray,
arenaceous shale. This Is probably the upper
Tetmdill.m l·ee/.

26
24

6

9
8

22

6

7

19

6

6

18
17

15

5
4
3

12

2-1

Thick ledge of limestone!
Heavy layer, weathering into thin, conspicuously
overhanging layers. Limestone.
Hard, nodular layers, projecting still more than
3
those above.
1
6 Softer shale and limestone. Shale dark and
somewhat carbonaceous.
1
Harder and somewhat arenaceous limestone.
2
Tetradill.m large and abundant.
Limestone projecting in breast of lower water
3+
fall. Underlain by very soft shale;
12
Shale and limestone with some thick ledges to
level of Saius creek.
2+
2

Section on Big Bains Greek One-Quarter Mile Up Stream from 1.1I,F. 1.14G.
27

6'

12
10
7
5

8
8
8

5
4
3
2

o

8

1

15

Soft, noClular limestone and shale. Rhyncho
trema dentata occurs at the top.
1+
Rather.massive limestone hiser.
3
Uneven, rather arenaceous shale and limestone.
2
Massive layer of limestone.
5
Limestone layers from two inches to 8 inches
th1ek, with dark, somewhat carbonaceous shale
partings.
o 8 Black, grltless, carbonaceous shale.
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Section Along the Headwaters 01 Little Duck Oreek, Three MileB
Northwest 01 Blooming Grove, Franklin Oounty. 1.65A.
Total
Thickness.

Ft.

In.

56

No.

Thickness
of Bed.
Ft. In.

1

55

4
3

4

51

2

1

50

1

50

Hard, thick layer of limestone.
Partly covered, uneven layers of limestone.
Hard, thick layer of limestone. Contains Tetra
dmm.

Partly covered limestone and shale, with the
typical Liberty fauna. Base a layer contain·
ing Plectambonites sericeus in abundance.

Section Along a Small Tributary of Whitewater River, Two and a Half
Miles Southeast 01 Quakertown, Union Oounty, India-na. 1.66A.

95
80

3
2

15
35

No rock exposed to top of hill.
Very little exposed rock except at the -top, wllel'e,
in about three feet of soft, nodular shale, the
following species were found: Streptelasma
aivaricans, S. rusticum, Rhynchotrema capax,
Strophomena sl~lcata, PlatY8trophia acutili
rata, P. latic08ta, Protat'ea vetu8ta, Ptiloaictya
plumaria, Homotrypa ttabellaris, Rhombotrypa
quaarata. At the base of this dIvision Tetro,
aium oceurs In great numbers, loose, but evi

45

1

dently not far out of place.
45. .• Nearly all well exposed limestone wIth shale
partings. At the base Plectambonites 8ericeu8
occurs in abundance.

Section at the Quarry and Along the Small Tributary 01 Sllver Oreek, One
Mile West of the Center of Liberty, Indiana. 1.6"IA.
6

40

28

5

10

18

4

2

16

3

1

15

2

10

5

1

5

68

..

..

Nearly all exposed, limestone with shale part·
ings. The top of this divIsion is formed by a
thick layer containing Tetradlum in abundance.
Rather even, hard layers of limestone exposed
in the quarry.
Limestone containing Plectambonite8 8ericeu8 in
abundance. Exposed in the ereek just across
the road from the quarry.
To level of th~ baSe of the quarry. At this level
in the creek Plectambonite8 is very abundant.
'l'hin layers of limestone with intercalated beds
of soft; blue shale. Plectambonite8 occurs at
the base of this division in a wave-marked
layer.
To the level of Silver creek.

(,
657

SEOTIONS NEAR RIOHMOND •

.8 cctioo Along Small EMtern Triautary of Whitewater River, One ana One
Half Miles South of Abington, Wayne COllntll. 1..UB.
Total
TlUckness.
Ft. In.

26

3

11

5

. No.

6

Thickness
of Bed.
Ft. In.

Shale and thin limestones, mostly loose pieces.

15

2

5

6

1

5

6

Rhllnehotrema capafl), Hebertella insculpta,
Strophornena planumbona, etc.
Shale and thin limestones. Platystrophia Zati
costa, 8trophomena planumbooa, Dalmanella
meeki, Batostoma varians, etc.
Shale and thin limestones. Dalmanella meeki,
PlatjJatrophia laticosta, Batostoma varians,
H omotrypa (tabellaris, etc.

Section of Elkhorn Creek, Four Miles South of Richmond.

1.41A.

(SectIon measured in 1907.)
180

18

lOt. .

17'

4i..

IGG

16

6

11)0

1511

25

135

15

1

134

14

5

129

13

10

119

12

20

170

•.

11 . 10

99
[42]

CUnton at Elkhorn Falls.

Ten to twelve teet
thick at the falls. Probably someWhat thicker
farther up stream.
VE'ry soft shale, weathering rapidly to a clay.
It Is the presence of this shale bed that causes
the Clinton ledge to overhang so conspicuously
at the falls and along the upper end of the
gorge. No.1 of 1901 section.
Hurd, brownish to greenish, coarse-grained, fair
ly even layers of limestone seen at creek leyel
just below the mill and at the top of the 30
foot cliff in the north side of the gorge about
one mile down stream from the falls. Con
tain Platystropltia lynx-moritura (aa), H eber
tella I$inuata ( a ) and H omotrypa wortheni
(0). No.2 and lOb of 1901 section.
Blocky, shaly, somewhat arenaceous limestone;
fairly massive at the bottom and more shaly
at the top. Fauna much the same as that of
No. 16. No. lOa of 1901 section.
Strong, granular, reddish layer. Fossils mostly
small and poorly preserved.
Soft, blue, untosslliferQus shale exposed at the
base of the 30-foot cliff, one mile below the
falls.
Soft, blue shale with a few thin limestone lay
ers exposed in the south bank of the creek
Ilbout one-half mile farther down stream. No.
9 of 1901 section.
Some heavy, hard layers; mostly covered. These
layers contnin Rhynchotrema dentata at the
base.
Mostly covered.

i
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Thickness
oiBed.
n. In.

89

10

5

84

9

Hi

69

8

66

7

3+ .•

25

J'\odular limestone with Rhynchotrema dentata
(aa) exposed along the creek in the open paS
ture just west of the road that runs straight
south from Richmond. No. 8 of 1901 sectIon.
Uneven, nodular, shaly, blue, highly fossHiferolls
limestone exposed In a long, low cllff In the
east bank of the creek about one-half mile
down stream from No. 10. Rhynchotrema
dentata occurs at the top of the exposure. At
the base occurs the form of Platllstrophta acu- .
tiUrata with very long cardinal angles. Strep
telasrrnl rusticum (aa) very large. No. 7 of
1901 section.
Same as No.9. This Is the Interval between
the top of the exposure at the spring and the
exposure of No.9.
At the spring near the crossing of the east-and
west road in Section 29, long cliff exposure 'of
nodular, very fossil1ferous limestone and shale.
Rhynchotrema oapalD (aaa ) • M onticuUpora
epidermata (a), Rhllnchotrerrnl dentata (r).

No.6 of 1901 section.
14+ Hard, strong. rather c'Qarse-gralned layer of
limestolIe seen at creek level in No.7, .and in
both banks of the creek for some distance
down stream. It contains numerous pockets
of calcite and an occasional small specImen of

6

o

5

10

Layers of IlmestolIe from two inches to 8 inches
thIck, with Intercalated shale.· Rhynchotrema
capalD large and abundant. Platllstrophia "taft

4
8

10
10

10

2

9

Covered.
Mostly fairly even layers of limestone. Exposed
In the south bank of tlie creek about a quar
ter oia mile east of the crossing' of the Lib
erty pIke. No. 5 of 1901 section.
About 200 feet up stream from the Liberty pike
brIdge. Mostly limestone (with shale part
ings). Dinorthis sUbquadrata, HeberteZla in

1

1

1

41

Tetradium.

costa, Strophomena n6glecta.

sculpta, Strophomena planumbona.

Thick limestone layers exposed at creek level
just above the Liberty pike bridge. Plectam
bonites sericeu8 (aa) occurs at creek level.
No.4 of 1901 section.

The base of this section is about 50 feet above the'level of the
Whitewater river at the mouth of Elk~orn creek. Occasional ex

•

Fig: S.-View of the cliff below the sewer at the west end of South G street, Rich
mond. This exposure shows the entire thickness of the Libel'ty beds. The Pl6c-
tambtmites layer is at X.

•
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posures of rock occur throughout some 30 feet of this distance.
Plectambonites occurs 25 feet below the base of this section.
Seotion

on Small Western
SQuth1vest of the Main

Total
Thickness.
Ft. In.

23

••

No.

Thickness
of Bed.
Ft. In.

1

16. .

Very fossiliferous thin limestone and shale.
Pleotambonites sericeus (aaa), Strophomena
planumbona (c), RhiJ/lwhotrema caparc (c),
Strophomena neglecta, Dmorthis subquaitrata,
Platystropkia acuUlirata (r), Rhombotrllpa
quaarata, Oallopora sfl,bnoaosG, etc.

7

..

2

5. .

TAmestone layers in creek bed just below No. :)..

Din,Orthis subquaarata (c), Strophomena pla
numbona (a), Plectambonites sericeus (rc).
H eberteUa insculpta (rr), Orania laelia, Fenes
tella sp., Rh'oPalbnaria ven'osa, etc.

2

<I

2. .

Limestone and shale. Same fauna as No.2.'

Section at the Quarries Just S,Outh uf the Stee~ Highway Briage, One ,ana
Oue-Balf Miles S,Outh 'of the National R'oaa, Richmonll, ana Along
the River tram the Briag'e'~'o the National Roaa. LUD.

40

No.2 of this section is the basal member of the section.
.. '
,1
20 . . Quarries just south of the steel bridge, one mile
south of the National road. Thin limestones
and shale, with thicker beds at the top. Rhyn

chotrema capaaJ (aall), Dinorthis subquaarata
(a), OonsteUar-ia lim-itaris, Ilnd O. P,Olystl}
mella.

20

..

2

20

'Exposure in the east bank of the river at the
mouth of a sewer 'nearly three-quarters of a
mile south of the National road., The, Plec
tanibonitcs sericeus layer Is here six feet above
river level. This is- the ,lowest exposure of
the Richmond beds in 'uie immediate viCinity
of Rlchmo~d.

,?

The' fauna of L41Dl is as follows:

Dinortkis subquadrata

(a), Ra{inesquina alter'nata (c), Rkynckotrema capax (aaa), Zy
gospira modesta (c), Platystropk'ia acutilirflta (e), H ebertella occi
d~ntalis (re), Strop/tomena neglecta (e), S. planumbona (e),
Streptelasrna rusticum (r), S. divaricans (rc), Protarea vetusta
(.c), Dicranopora emacerata (e), Artkropora skafferi (c), Bytko
pora striata (c),' B. delicatula' (re). B. meeki (re), Batostoma'
varians (rr), Rkombotrypa quadrata (aa), PrasQPora kospitalis
(re), Callopora subnodosa (a), Constellaria Umitaris (r), C. poly

; ,!QU!

;

Fig. 9.-Thist1ewaite Falls on West Fork, Richmond.
beds.

Rhynchotrema dentata

Fig. lO.-Sun-oracks in the "Shale Bed," on west fork of Cedar Cteek,
Versailles.
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stomella, HomotrypeUa rustica (r), Homotrypa ftabeUaris (r), H.
cf. austini (c), Amplexopora sp., Oeramoporella okioensis (rr),
Proboscina frondosa, Calymmene callicepkala (rr), Ortkoceras sp.,
Pterinea demissa, (]yclonema sp., Byssonyckia sp., Cornulites sp.
and several sp. of .ostracoda and Crinoids. This is the typical
Liberty fauna.
The fauna; of 1.41D2 is .the same, with the addition of Plec
tambonites sericeus (l1aa) , Stropkomena subte1,ta, Fenestella sp.,
H elopora elegans, and Anomalodonta gig ant ea.
Section Along the West Fork of WMtewater River at Richmond,
Indiana. 1.41E.

In this section No. 1 is at the top 1)f the section and No. 7 at the base.
Total
Thiokness.

Tlnckne.s
of Bed.

Ft.

In.

No.

41

8

1

8..

Exposures in the bank above Thistlewaite falls,
on the west fork of Whitewater river, about ,
one and one-quarter mlles north of the Na
'tional road bridge across Whitewater river.
Thin, lumpy limestone. Rhynchotrema den
tata (aa). Several species of Gastropods, in
cl udtngSalpingostoma richmondense (c), Stro

33

8

2

10..

Layers in the breast of the falls. Helivier lay
ers at the top. Limestone. MonticuHpora epl
dermata (c), PlatystropMa acutilirata var.,

23

8

3

5

18

S

4

5

13

8

5

4

Ft.

In.

phomena 8ulcata (r).

8fmea1 (c), Homotrypa wortheni.

5

9

,West side of creek just below the falls. Bryozoa,
(aaa), M onticulipora epidermata, etc.
Just north of 0., R. & M. R. R. bridge. 'l'h1n,
!!haly limestone. RhYfj,chotrema capaa1, high
est spec1mens. Plectam bonites sericeus (rr).
8 Just south of 0., R. & M. R. R. bridge. Rhyn
chotrema capo,I/) (aa).
About one-eighth mile north of the road bridge
across the west fork. Ptilodictya plumaria,

etc.
4
"

..

7

4

..

A short distance north of the junction of. the
east and west forks of the rIver. LImestone
and intercalated shale. Callopora very simIlar
to C. rugosa. No specimens of Rhynohotrema
aentata.

For the faunas of this section see the species chart.
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Section Along the Whilewatet· River at Riohmond, Indiana.

1.41D,1JJ.

Genera I Section.
Total
Thickness.
li't. In.

No.

of &4"""
Ft. In. ;

107

13

11

t5a.me as No. 12. Contains Rhllncnotrema den·

96

12

18

78

11

20

'Nodular lilllestone and shale. Many of the iay
ers are. several inches thick and fairly con
tinuous. Rhllnelwtrema dentata ( a ) , These
beds are seen along the top of the"gorge from
the National road to Thistlewaite falls. on
the west fork of the river, Il;bout a mile north·
west of Richmond. They form the falls and
the exposures ill the bank of the creek above
the falls.
'
Soft, nodular limestone and shale exposed along
the gorge from the quarries one mile south of
Richmond to the falls. Rh'll1tchotrema den·
tata occurs sparingly in the upper part of this
zone. The characteristic fossils are: Rh,JItIr
ohotrema caplIi» (except in 'the upper part),

Thic"!nees

,

tat,.

<

Platystrophia, acutilirata, Hebertella oocidenr
talis, Monticulipora epidermata, Homotrypella
,'ustica, Ptilodictya plumaria, Salpingostoma
1'ichmondensw.

5H

10

5

9

0

5

'\
52

5

8

51
50

5
3

7
6

1
2

2
3

o

0

5

4

1

48
.47

6

,,..

Same as No. 11. Forms the top layers of the
quarries on the east side of the river one mile
south of Richmond (at the steel bridge). Base
of the so-called Whitewater division.
Firm, hard layer of limestone. This and the five
divisions below are best seen at the quarries
in the east bank of the river just south of the
steel bridge, one mile south of Richmond.
'1'hick layer of hard limestone, separated frolll
No. 9 by a parting of shale.
Shale and thin limestone.
Massive llmestone layer that Is sometimes seen
in well weathered exposures to split into sev·
eral thinner layers. Coarse grained and with
occasional pockets of! Calcite crystals. Fossils
i do not readily weather out.
Dark, soft, gritless shale, apparently somewhat
carbonaceous.
Fairly firm layer of limestone that is seen on
weathering to split into several layers. Nos.
4 to 9 probably represent the interval of the
shale bed in the s(!Ctlons farther south, or tbe
massIve limestone layers associated w1th it.

....

"
i~
'~*,,_ ....,,4

•

...

i2
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Total
Thickness.
Ft. In.

Tbicknes•.
of Bed.

No.

46

6

3

()

6

2

\1

"

..

1

Ft. In.

Fairly even, compact layers of limestone from
an inch or less to six or eIght inches in thick
n,ess, with beds of illtercalated shale. Some
of the limestone layers are quite fine grained
and barren, 'while others, especially toward
the base,' are coarser grained and very highly
fossiliferous. Typical Liberty fa una. DinQT'
this subquadrata, Rhynahotrema capax and
Stl'ophomena planumbona are the common
brachiopods. Plectambonites' sericeus occurs
at the base. LIBERTY FORMATION.
o 6t Strong layer of limestone containing Plee
tambonites sericcus in such abulldance as to
completely fill the top of the layer.
6 .. Very fossiliferous limestone with shale partings.

40

..

Plectambonites sericcus, Hebertella Vnsculpta

and Strophomena planumbona are the common
fossils. River level.
Nos. 1 and 2 are best exposed at the mouth of a sewer near the slaugh
ter houses in the south edge of Richmolld. No. 3 is also beautifully ex
posed here and along the gorge to the National road. No beds lower than
the base of this section are shown in the near vicinity of Richmond.
DISCUSSION OF THE STRATIGRAPHY.
It has been seen that prior to the work of Messrs. Ulrich,
Nickles and Foerste, and the writer, practically nothing definite
was known regarding the detailed stratigraphy of the rocks of the
Cincinnati series. In 1900 the writer published a portion of his
field notes of that season and drew certain conclusions as to the
faunal zones into which he proposed to divide this series of forma
tions. These were as follows in the ascending order: Dalmanella
multisecta zone, Rafinesquina alternata zone (or lower Rafinesquina
zone), Platystrophia zone, Rafinesquina {meta zone, Dalmanella
meeki zone, Streptelasma zone, Strophomena zone, and Rhyncho
trema capax zone. Of these zones the further progress of the work
has resulted in the definite retention of the first, third, fourth, fifth
and seventh. The lower rafinesquina zone is a well characterized
zone, as can readily be seen froma study of the faunas. It is per
haps better characterized by the abundance of Callopora dalei than
of any other species. It is in part the Mount HQpe or Amplexo
pora septosa beds of Nickles. I have found, howev~lj" that the
Platyst1'ophia laticosta comes in sparingly well down in this zone,
and that on the lithological side it is characterized bya predomi

..~

4Ft £..

Fig. ll.-Cut No. I, Tanner's Creek. Just south of Guilford station.
' E d e n shales.

Fig. 12.--Out No. II, just north of Guilford. Upper Eden shales.
Lorraine at top of cut.

•

Upper

Base of
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nance of limestone, although the shale element is greater than in
the next zone. It has seemed best, therefore, to begin the Platy
strophia zone with the setting in of the limestones and the small
form of. P. laticosta. This carries the base of the Platystrophia
zone somewhat lower than in my former paper, and eliminates the
lower Rafinesquina zone. The Streptelasma zone is not feasible,
inasmuch it is now evident that this species (S. rusticum) is not re
stricted to any well characterized zone but is found in both the Lib
erty and Whitewater beds. The Strophomena (planumbona) zone
is extended in harmony with the ideas of Nickles and Foerate to
include all of the Liberty formation; and the Rhynchotrema capax
zone gives way for reasons similar to those that apply in the case
of the Streptelasma zone. Rhynchotrema capax zone might, how- .
ever, be retained as a general designation of the Liberty and White
water divisions of the Richmond formation, to which this species
is practically restricted.
Of the names that are retained in this report: The DalmaneUa
multisecta zone is a well marked and compact division, both litho
logically and faunally. As will be sool?- from the sections 5.9A,
1.340 and 1.38A, this is the zone of predominant shale (the Utica
or Eden shale of this and other reports) . It is about 240 feet thick
in Indiana. Nickles, as we hltve seen, has subdivided this zone on
faunal grounds into three divisions, which he called the lower, mid
dle and upper Utica, characterized by bryozoa, and these di
visions have now received formation names (Economy, Southgate,
McMicken). My study of the faunas of.the lower division is not
complete enough to warrant me in discussing the reality of this
faunal diVision. rrhe upper division is very well characterized, as
long ago pointed out by Ulrich, by the great abundance of Dekayia
ulrichi, and may well be called the Dekayia ulric hi zone. It is from
50 to 70 feet thick. Limestone layers are rather more numeroUs in
this zone than in the lower portions of the Dalmanella multisecta
zone, and the shale is somewhat lighter colored. The lithological
facts are presented by the columnar sections drawn to scale, much
better than is possible by desqription. (Sections 5.9A and 1.38A.)
The Platystrophia zone as the term is used in this report is the
greater part of the Lorraine as it has generally been understood.
It is about 100 feet thick, taking the base· where the Dalmanella
multisecta disappears and Plafystrophia laticosta (small form) be
gins, and the top where the PltJ,tystrophia lynx and P. laticosta dis
appear. As I have remarked under the description of P. lynx,
the gerontic (gibbous) form (jf that species that characterizes the

•

Fig. 13.-Cut No. V, Tanner's Creek. The man is standing at the base of
the Plati8trophia zone.

Fig. 14.-Cut No. VII, Tanner's Creek, showing the predominance of lime
stone in the typical Lorraine formation.
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Mount Auburn beds of Nickles at Cincinnati and other places in
Ohio is found very sI1aringly in Indiana, only an occasional speci
men being see in a thin zone some 50 feet or more above the top of
the Platystrophia zone, as the term' is used in this report. That
there is no bed of abundant specimens of this gerontic form of P.
lynx in Indiana is a certainty. On Tanner's creek every inch of
the Cincinnati series from the upper .Elden shales to the top of the
Liberty formation is now exp6sed' 'ihthe railroad cuts, as can be
seen from the profile' published in the present report. Any such
bed as caps the' highest hills at Cincinnati could not possibly be
'overlooked. The normal form of P. lynx is present in considerable
numbers in this section, though not by any means as abundant as
in the Vevay section. At Madison and Clifty Creek, west of Madi
son, Indiana, the upper part of the Platystrophia zone is well ex
posed, and there is none but the normal, large form of the species.
In section 1.12A every inch of the interval between the abundant
occurrence of this normal form of P. lynx and the base of the Dal
manella meeki zone is exposed, and I have hunted the rocks with
the greatest care without finding a single specimen of P. lynx in
this interval. For Indiana, therefore, the gerontic lynx is not ordi
narily available as a zone marker. The true top of the Platystro
phia zone is where the normal P. lynx disappears. I may remark
that on Straight Creek below Arnheim, Ohio, this horizon is some 60
or 80 feet below the point taken by Foerste as the base of the Arn
hei.m division. It is true that in that section there is a thin bed of
Platystrophia lynx at that elevation above what I should call the
termination of the true Platystrophia zone (Bellevue beds). At
the lower horizon on Straight Creek the Platystrophia lynx is pres
ent in immense numbers through a considerable thickness (50 feet)
of rock; and is associated with Hebertella sinuata, as in the Indiana
localities. This lower zone is, I am sure, the same as the zone of
. Platystrophia lynx at Vevay, Madison and elsewhere in Indiana.
The Platystrophia zone is characterized lIthologically by the pre
dominance of limestone. In the lower part the layers are rather'
Rtrong and hard, and have sometimes been quarried for found~
tions of houses, etc. The zone of these stronger limestone'olayers IS
the Hill Quarry beds of Orton. The' upper part of the Pto.tystro
phia zone is eharacterized by thinner and more nodular limestone,
especially where the P. lynx comes in abundantly. In the latter
zone the rock is quite soft and shaly. This zone is capped by lay
ers of hard, nearly barren limestone, in which the only common
fossils are Rafine.squina fracta and Cyclora min,uta.
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The Rafinesquina fracta zone (upper Rafinesquina zone) or
Rafinesquina zone, as I now propose to call it, is equivalent in
part to the Arnheim formation. It is characterized throughout
by the great abundance of Rafinesquina. alternata (several varie
ties), and at several levels by immense numbers of Zygospira mod
esta. This latte~ feature can perhaps be best seen in section 1.12A.
Prlt .
this entire zone, and no others, is exposed in cuts
NO's: .
XI on Tanner's Creek. On Tanner's Creek this zone
is about 110 feet thick. In the Madison section (1.12A) the same
zone is about 134 feet thick. Lithologically the zone is character
ized by the predominance of shale, although the limestone layers
are more frequent than in the Eden formation. Occasional thick,
strong layers are present. It is in this zone, about 30 feet below
the top, that the peculiar Dinorthis retrorsa occ)lrs. Faunally the
zone is marked by the coming in, toward the top, of a number of
species that are characteristic of the Richmond formation-for
example Batostoma varians, Homotrypa ftabellaris, Dalmanella
meeki (rare): At the same time it has a goodly number of Lor
i'aine species at the bottom. The upper 60 feet of this zone is the
Arnheim of Foerste. The lower 50 feet falls in the Corryville and
Mt. Auburn of Nickles. In Indiana, however, the zone of g~rontic
Platystropia lynx is, as pointed out above, practically lacking, and
the rocks from the top of the Platystrophia zone (of this report)
to the base of the Waynesville form a unit both faunally and lith- .
ologically. If a faunal designation of the lower 50 feet is desired
it might be called the Oallopora rugosa zone. In Ohio this portion
is said to be characterized by Ohiloporella ftabellata. The upper
part of the Rafinesquina zone (Arnheim) is said by Nickles to be
characterized by H omotrypa bassleri. According to present usage
the line between the Richmond and Lorraine will fall at about the
middle of the Rafinesquina zone. In cut No. X, on Tanner's Creek,
a layer 6 inches to 10 inches in thickness, containing oc'casional
specimens of the gerontic Platystrophia lynx, occurs eight and one
half feet above the level of the tracks at the north end of the cut.
This layer I have taken as the equivalent of the Mt. Auburn of the
Cincinnati section, and as, therefore, marking the boundary be
tween the Lorraine and Richmond.
The Dalmanella meelti zone is the Waynesville division of the
Richmond formation. It is an exceedingly homogeneous zone both
faunally and Lithologically. Dalmanella meeki (or Dalmanella
jugosa) is pr~sent throughout the zone, often in prodigious num
bers. Other common fossils are Bythopora meeki, B. delicatula,
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E"idotrypa simulatrix (in the upper part), Tentaculites richmond
ensis, Leptaena rhomboidalis (near the top). At abo.ut the mid
dle of the zone Calymmene caUicephala is very abundant. This
species is alSo. found rather commonly in most of the layers of
the zone. Platystrophia laticosta comes in abundantly near the
top of this zone. All of these facts are well exhibited on the chart
of the Tanner's Creek and Richmond sections. The zone is all
beautifully exposed in the cuts on the new line of the Big Four
Railroad along Tanner's Creek. Cut No. XIII exposes nearly the
entire zone, and no others. The base of the zone may be seen in
the small cut No. XII, just south of No. XIII, and the top may
be studied in cuts Nos. XIII, XIV, XV, and XVI. Lithologically
the zone consists of shale, for the most part, and thin, soft lime
stone layers, which are neady always highly fossiliferous. Often
the shells of Dalmanella meeki are present in immense numbers in
the shale just under or over a layer of limestone. In such situa
tions thousands of specimens of all stages of growth ean be ob
tained perfectly free from the matrix. The bryozoa 'also are fre
quently found preserved in the same manner in the calcareous
shale layers, and can then be obtained in great numbers and in the
highest" state of perfection.
This zone is not exposed at Richmond, but the extreme top of
it may be seen near the mouth of Elkhorn Creek, four miles south
of Richmond, and again about Abington, seven miles southwest of
~ichmond. It is well exposed along the north fork of Cedar Creek
north of Versailles (1.60G), though here the base is not shown.
In the high wash bank at the junction of the north and west forks
of Cedar Creek (1.601) the top of the zone is exposed, overlain
by the base of the Strophomena zone. In the south cut at :Madi
son, Indiana (1.12E), the lower part of the zone is exposed near
the top of the cut. Here the zone is considerably thinner than in
the Tanner's Creek section, namely, about 56 feet thick.. It is
extremely well exposed on Whita.ker's Branch, along the line of
the B. & O. S. W. R. R., between Cold Springs and Moore's Hill.
In Ohio, the best localities .are about Oregonia, Lebanon, and
Oxford.
The Strophomena or Strophomena planum bona zone, as it may
perhaps'with greater propriety be called, is not as definitely char
acterized by that fossil as the zone just described is by the Dal
manella meeki. Several o.ther species are present in equal or even
greater strength; for example Rhynchotrema capax, Bythopora
meeki, and Rhombotrypa q1tadrata. These latter species are not,
>
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however, restricted to the zone. The base of this zone is charac
terized by the presence of a number of brachiopods in enormOllS
numbers. These are H ebertella insculpta, Plectambonites sericeus,
Leptaena rhomboidalis and Platystrophia laticosta, the two last
barely overlapping from the zone below. H ebertella insculpta is
confined to about fifteen feet of rock and is abundant in only about
the middle five feet of this. The first appearance of this species
is taken by Foerste to mark the base of his Liberty formation.
As will be seen from the chart of the Tanner's Creek section, this
level is separated by only five feet from the horizon of the high
est specimens of Dalmanella meeki. The 8trophomena planum
bona comes in exactly· where Damanella leaves off, and Rhyncho
trema capax comes in in the same layers with H ebertella insculpta.
Plectambonites sericeus comes in in immense numbers in a wave
marked layer, about 18 feet above the top of the Dalmanella
meeki zone (in the Tanner's Creek section). The occurrence of
this species is perhaps more interesting than that of any otherR
of the species in the zone. This species is not uncommon in the
lower part of the Dalmanella multisectazone. It is totally absent
from the Platystrophia and Rafinesquina zones, and only a few
. specimens have been found in the Dalmanella meeki zone. It also
occurs only very sparingly above the base of the 8trophomena
planumbona zone. .An occasional specimen is seen in the White
water division. In the base of the 8trophomena zone, however, the
species is common through about fifteen feet of rock, and extremely
abundant in several (sometimes only one) layers. It usually, in
the sections seen by the writer, comes in in a wave-marked layer,
six to ten inches thick. The top of this layer is usually so filled
with the species that O:(1e can scarcely find a point on the rock that
is not occuped by a specimen. The specimens are nearly always
beautifully preserved, showing that they were not drifted, but
apparently were imbedded where they grew.
This lower part of the 8trophomena zone, characterized by the
above-named abundant brachiopods, might very well be separated
out as a distinct zone. Leptaena rhomboidalis extends nearly
throughout it, and could give its name to the zone: A glance at
the chart will show that with'Leptaena rhomboidalis appear a cOn
siderable number of other species. Chief of these are Platystro
phia latwosta, Hebertella sinuata, and Rafinesquina loxorhytis,
which all have about the same range in this part of the section.
Other species that appear or reappear at this same level are
Rhombotrypa quadrata,Prasopora hospitalis, and Dekayia pro
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lifi,ica, all of which are common in this (Leptaena) zone, though
extending beyond it. The Leptaena zone will also be found to be
persistent in the Indiana region.
Faunally the Stropkomena planumbona zone (Liberty beds) is
thus seen to be pre-eminently a brachiopod zone, although other
fossils are not wanting, and several of the bryozoa are abundant.
It is also interesting for the number of species that represent re
currences of species that are known from lower zones. Platystro
pkia laticosta and Hebertella sin~ata are Lorraine forms. Lep
taena rkomboidalis occurs in the Trenton; Plectambonites seri~
ceus in the Trenton and Eden formations. Rhynchotrema capax
is apparently a lineal descendant of the Trenton R. increbescens
(R.inaequivalve) ; and Prasopora kostyitalis, considered by Nichol
son as a variety of P. selwynii of the Trenton rocks, is at all events
more suggestive of the Trenton faunas than of anything else.
On the Lithological side this zone is characterized by predomi
nance of Limestone layers. Some of these layers attain a consid
erable thickeness (for the Cincinnati series), eight inches to a foot
not being unusual. Especially toward the top of the zone the
limestone layers are strong and frequently very fine-grained and
barren of fossils. The most striking thing about the Liberty beds,
next to their pronounced faunal characters, is the presence of
these well-defined layers of Limestone, separated by comparatively
. thin layers of shale. In the southern part of the Indiana area
the upper layers become more argillaceous, even slightly arena
ceous, and contain very few fossils. This phase can be seen be
tween Versailles and Madison.
Good exposures of this zone can be seen on Tanner's Creek,
especially in the new railroad cuts (Nos. XVI and XVII); at the
eighty-foot cliff on the west fork of Cedar Creek, north of Ver
sailles; at the south end of the Big cut, at Madison; on Big and
Little Sains Creeks near Laurel; along Elkhorn Creek south of
Richmond; in the quarries and 'along the gorge south of E.ich
mond (1.41D), and at the type locality near Liberty, Indiana.
'l'he Tetradium zone or Saluda formation immediately succeeds
the Strophomena zone, and presents the most peculiar set of lith
ological characters of any zone in the Cincinnati series. In the
southern part of the Indiana region nearly all of the zone is argil
laceous or arenaceous. The rock as it occurs at Madison and
Hanover has been variously described as argillaceous limestone,
arenaceous limestone, calcareous sandstone, calcareous shale, etc.
As a matter of fact, even the most arenaceous portions of this rook
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will usually be found to contain more or less lime carbonate; and
the more calcareous layers will usually contain more or! less argil
laceous or arenaceous material. The zone in this southern area
presents every evidence of shore-line deposition. Not only the
presence of the coarser terrigenous sediments, but the ripple marks
and sun-cracks that abound in the more shaly layers, and the
presence of reef-building corals (Tetradium and Columnaria) at
test this fact. In the northern portion of the Indiana area, on the
other hand, the Tetradium zone has been difficult to recognize, and
as I shall now show hag not heretofore been properly located in the
Richmond section. In order to elucidate this point I have pre
pared a series of carefully measured sections from Madison on
the south to Richmond on the north. These sections are plotted to
scale in PI. E. Iu the construction of this diagram the various
sections are set up on the horizon of the lowest Tetradium reef
which is a persistent layer in all of the sections. ,The sections
are spaced out along the diagram to the true seale of miles, which
is given on the heavy line that marks the horizon of the lower
Tetradium reef. The vertical seale of the sections is of necessity
much exaggerated, but is the same for all of the sections. This
scale is given on the left margin of the Madison section.
Beginning now at Madison, the section will be seen to contain
two layers characterized by Columnaria alveolata, separated from
each other by an interval of about six feet of argillaceous rock.
The upper one of these reefs, as can be seen from the sections
farther north, is the horizon of Tetradium, which does not seem
to occur at Madison. Seven feet above the upper Columnaria reef
is the base of the thick bed of calcareous sandstone that forms the
conspicuously overhanging layers in the Big cut and at the Hang
ing Rock, and in the Falls about. Hanover. This bed in the Madi
son section is 18 feet thick, and is arenaceous throughout. At the
top of this arenaceous bed and separating it from the more argil
laceous and calcareous beds above is a hard, strong layer of lime
stone (best seen in the falls in a small gully just north of the
Big cut). Between this limestone layer and the Clinton comes
about twenty feet of drab, mottled, argillaceous limestone.
We have, then, at Madison, the coral reefs overlain by a mas
sive ,bed of sandstone, and ·this in turn overlain by a bed of im
pure limestone. Now, if this series be traced northward, it will
be seen that the Colurnnaria of the upper reef is replaced by
Tetradiumj the massive bed of calcareous sandstone becomes thin
ner and more argillaceous) and the upper bed of ar~illaceous lime
(481
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stone becomes thicker and more varied in character, so that a
number of well-defined divisions can be made out. Even in sec
tion No.2, only five miles north of Madison, these latter characters
begin to appear. The comparison of these sections can be carried
out sufficiently well on the diagram, so that detailed discussion of
each section is unnecessary. In the Versailles section Columnaria
is absent, but the Tetradium is present in great numbers through
a thickness of about nine feet of rock, being especially abundant in
the lower part of this interval. Above this Tetradium reef comes
the" Shale bed" of this report. This, it will be seen, is the repre
sentative of the massive sandstone bed of the Madison section. In
the Versailles section this ,., shale bed" is eight and one-half feet
thick, and is overlain and underlain by a hard, thick, strong layer
of limestone. Above this "shale bed" come' 18 feet of mottled
argillaceous limestone, practically unfossiliferous. This bed is
overlain by five feet of massive, thick limestone, quarried, here and
at Osgood for road metal. Above this bed comes a zone of nodu
lar,shaly, highly fossiliferous limestone--the upper fossil bed ·of
this report. 'l'he fauna of this last zone is significant in containing
among other species J1onticulipora 'epidermata and Homotrypa
wortheni, two of the characteristic species of the Whitewater di
vision of the Richmond section. The most abundant brachiopod
of this bed is Platystrophia acutilirata senex, another Whitewater
species•
. The characters of the "shale bed" as they are exhibited in
the sections about Versailles must be carefully noted in order to
appreciate the extreme usefulness of this stratum in making out
the stratigraphy of the sections farther north. It consists of a
very sharply defined stratum of hard, slabby, calcareous, drab
shale, conspicuously ripple-marked and sun-cracked, and is always
overlain and underlain by firm, thick layers of hard, barren lime
stone, which sometimes on prolonged weathering tend to split into
laminae similar to those of the shale bed. Below this bed at an
interval of a few feet comes the Tetradium reef, and below the
latter, in some of the sections, a Columnana reef. Thus is formed
by the "shale bed" and its associates an unmistakable horizon.
Going farther north, the same features are presented at Os
good, in the bed of the stream along' the old right-of-way east of
. that town. Here the Columnaria is very abundant and beauti
fully preserved. Still far:ther north (Section No.8), two miles
north of Osgood, the "shale bed" may be seen in the bed of a
small western tributary of Laughery Creek, underlain by the usual
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associate.." the Tetradium and Oolumnari(l reefs. In this section
there is also a Tetradium reef 11 feet above the" shale bed." A
Tetradium layer is also present 15 feet above the "shale bed" in
section No.5, south of Versailles. Aside from the presence of this
upper Tetradium reef in this section there is very little departure
from the appearances p~esented in the Versailles section. About
23 feet abcve the shale bed in this section is the upper fossil bed,
which here contains Strophomena sulcata and Streptelasma divari~
cans, two more of the characteristic fossils of the Whitewater di
vision. This bed' is separated from the Clinton by 'an interlTal of
about 15 feet of apparently rather hard, barren limestone.
On West Laughery Creek, about a mile southwest of BaUs
town, are numerous fine exposures of these beds. Section No.9,.is
typical of these exposures. In this section the Tetradium reef,
underlain' by the Oolumnaria reef, is separated by an interval
of ··10 feet from the "shale bed." The latter is 6 feet 8 inches
thick, and is overlain and underlain a.s usual by massive layers of
limestone. The upper fossil bed is separated from the "shale
bed" by about 23 feet of mottled lim~stone, and here again Strep
telasma divaricans and Strophomena sulcata are common.
Two miles west of Hamburg, Franklin County, on a small
w(lstern tributary of Big Salt Creek, occur exceptionally fine ex
posures of these beds. Here the entire interval from the "shale
bed" to the Clinton is exposed. The "shale bed" is only two feet
thick in this section, but between it and the upper ma.ssive layer
of limesto{le is a stratum of three feet four inches of thin lime
stone layers, which undoubtedly is the calcareous representative
of the upper part of the "shale bed." In this section the lower
Tetradium reef is five feet below the "shale bed" and the upper
Tetradium reef is 20 feet above the "shale bed." Fifteen feet
above the upper Tetradil£m reef in, a layer of blue, nodular, soft
limestone, occur numerous typical examples of Rhynchotrema
dentata. Associated with this species are Monticulipom epider
mata, Streptelasma divaricans, Strophomena sulcata, and Platy
strophia acutilirata var. senex. This, it will be seen,is a typical
Whitewater fauna, occurring 40 feet above the H shale bed!' It
may be remarked in pa.ssing that the "shale bed" in this section in
everything but its lessened thickness is perfectly typical and ha.s
all of the usual associates.
.
1'he next section of interest is five and one-half miles south
west of Laurel on a small western tributary of Big Salt Creek.
In this section
the two Tetradium reefs are present and are sepa
,

I
676

REPORT OF STATE GEOLOGIST.

rated from each other by an interval of about 20 feet as in the
preceding section. At the horizon of the shale bed in this section
we have instead of the usual sun-cracked, slabby shale, four feet
of thin limestone, overlain and underlain by the usual massive,
hard, barren layers of limestone. In other words, the "shale bed"
has become completely calcareous, owing to the constantly increas
ing distance from the shore line as we go northward. The asso
ciates are there in this case, but not the shale bed. From now on,
therefore. we shall have to speak of the massive limestone bed, or
"massive bed." The Tetradium occurs in the usual abundance in
the lower part of this" massive bed." Oolumnaria is absent, as it
is in all sections north of this one. In the other sections about
Laurel the appearances are substantially as in the section just de
scribed, and can be sufficiently well made out in the diagram,
and in the detailed descriptions of the sections. One point needs
mention, namely, that in the sections on Big Sains Creek there
is associated with the massive bed more or less black carbonaceous
shale, of the same sort as that seen above the shale bed in the cut
north of the station at Weisburg, and in association with the
-massive bed in the Richmond section, as will be pointed out pres
ently. (See Figs. 7 and 16.)
East and north of Laurel, good sections are infrequent. On
the headwaters of Big Duck Creek, three miles northeast of Laurel,
there is, however, a very good section exposing nearly all of the
layers from the Pleetarribonites serieeus stratum to the "massive
bed. " Here the "massive bed" is separated from the --wave
marked Pleetambonites layer by an interval of 50 feet, occupied
by the typical rocks and fauna of the Liberty formation. The
Tetradiu-m is present in the usual abundance.
The next section is east of Whitewater River, about two and
a half miles southeast of Quakertown, in Union County. Here
the "massive bed" with the Tetradium is 45 feet above the Plee
talltbonites layer.
At Liberty there is an excellent exposure of the beds named
from that place, along a small stream emptying into Silver Creek
about a mile west of the center of the city. The "massive bed"
containing Tetradium is here also 45 feet above the Pleetambonites
layer.
The next section is' the exceptionally fine series of exposures
along Elkhorn Creek,' four miles south of Richmond. In this sec
tion nearly every layer is exposed from the -base of the Liberty
beds to the Clinton limestone. Here, also, as in the sections just

Fig. l&.-Upper fossil bed on creek along "Right-of-way," east of Osgood,
with a massive bed of limestone beneath.

Fig. I6.-Top of shale bed in Cut No. XVIII north of Weisburg station. The
hammer rests on the Tel:radium layer a. Just below this layer is the bed
of black carbonaceous shale b, and below this the "shale bed" c.
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described, is present, at an elevation of 40 feet above the Plec
tatnbonites layer, the "massive bed" of limestone containing Tetra
diunt. Her~, however, the Tetradi1tm is rare and consists of small
and imperfect specimens. About 40 feet above this massive bed
is' the base of the zone of Rkynckotrema dentata. The intel'val
is here occupied by: nodular limestone and shale in which there
is a fauna chiefly. char~cterized by the abundance of Rkyncko
trema capax and Platystropkia acutilirata. Above the Rkyncko
tr~ma{lentata zone,' which' is about 35 feet thick, come 15 feet of
very soft blue shale, and above this 25 feet .of blocky, argillaceous
calcareous shale, which is capped by six feet of hard, brown lime
stone. 'The 'latter stratum is separated from the Olin ton by four
feet of Clay. This upper zone, between the top of the Rkyncko
trema dentata zone a:{ld the Olinton, is characterized by the abun
dance of a variety ~fPlatystropkia lynx (P. lynx var. morit'lrtra),
and is named in this report the Elkkorn division of the Richtn{)nd
series. Faunally: it is to be known as the moritura zone. ·If we
go back for a moment to the sections about Osgood, it will be seen
that in the extreme top of these sections ocCurs a form of Platys
tropkia lynx, probably the same as that found in the Elkhorn
division. In the section (1.64B) west of Hamburg there occurs
directly·tff1derneath the ·Olinton a .bed:ohjat"k.:(lol{)l'e!'!, coa~e lime
stone, very similar ~ that in the upper' p~~toftheElkhorn divi
sion at Richmond, and containing the same species, Platystropkia
moritura and Hebertella sinuata. This association of species can
also be seen in the ..sections west of Laurel (1.14F, etc;) in a simie
lar limestone and .atthe sa,me horizon.. We evidently have here
in the more southern sections .the thinned representative of the
Elkhorn division, as we have just 'seen that these sections con
taill a thinned representative of the Whitewa.ter division.
~In the section eJ-posed along the Whitewater Ri;ver at Rich 7
mdnd thf~ "massive bed" is beautifully shown at .the quarries near
thlf',Steel bridge, south of the city. Here no specimens of ,T-.etra~
dium were found after a prolonged search. The other character
istics of the bed are typicaL One feature of this massive. lime-:
sto,n,e 'beil (which in the great thickness of the layers i~lf ii'!
unusual for·the Oincinnati group) that is seen in the morc'.north:
ern exposures is the presence of large pockets of calcite crystals,
This feature is well shown at the quarries.: Here, also, the dark
carbonaceous shale is seen associated with the bed as in the Laurel
and Weisburg sections. 'raking this aSsociation of lithological
characters in connection with the interval between this bed and
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the Plectambonites layer, and the fact that the bed can be traced
almost continuously from the region of Hamburg and Laurel,
where it is definitely and undeniably shown to be the same hori
zon as the "shale bed," and adding to this the fact that the fauna
of the Whitewater occurs well above the "shale bed" at Hamburg,
Osgood and Versailles, it seems to me certain that the massive bed
of the Richmond section is the northern representative of the shale
bed and the lower Tetradium reef.
What now is the general conclusion of this discussion of the
stratigraphy of the Tetradium zone? First of all, as stated above,
the "massive bed" of the Richmond section is the calcareous rep
resentative of the "shale bed" and the Tetradium reef. This bed
has a total thickness at Richmond of about six feet. Second, the
same zone in the Madison section is 30 feet thick (the shale bed
plus the two coral reefs). Third, the mottled bed of the Madison
section represents some portion of the Whitewater division, modi
fied lithologically and faunally by proximity to the shore-line.
Fourth, the rest of the.Whitewater division and probably all of
the Elkhorn division is lacking in the Madison section. This last
conclusion carries with it the further conclusion that, fifth, there
is au unconformity at tbe top of the Ordovicion system, and the
l\fadison region was above water while these upper beds 'at Rich
mond were being deposited.
In regard to this last 'point, it may be said that the presence of
an unconformity does not rest solely upon the facts presented
above. F'oerste has shoWn in his various papers on the Silurian
rocks of Indiana that the Clinton varies greatly in thickness,
being sometimes totally lacking; that it often contains fragments
of Ordovician limestone, 'sometimes amounting to. a veritable brec
cia; and that the surface of contact of the Ordovician and Silu
rian is far from uniform.
'l'hat the above interpretation of the racts shown by the sec
tions of the upper part of the Cincinnati group is very different
from pa"qt and current interpretations is very evident. To those
who may be inclined to question my view of the subject I may
say that the facts are mostly new; that our conclusions in regard
to the stratigraphy of t~e Richmond series have heretofore been
based upon very insufficient evidence; and that these sections
presented and discussed in the. present report are the first series
of carefully measured sections of this series of rocks ever pub
lished.
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·GENERAlvPROBLEM8.
The discussiol1 of the stratigraphy of the Cincinnati rocks cal)-'
not be concluded without some meution of the exceedingly' inte~
esting general problems presented by both the lithological and
faunal sequence rep-resented in this series of deposits. Noonewlfo
sees these rocks in !p.e fie~d can fail to be impressed first" of 'an
by ':the wond~rful succession of thin argillaceous limestones arid
"shales. Scarcely any of the limestone layers are pure; they nearij
alwaxs. coRtaii:\, 1IlOre or less terrigenous material. On the other' •.
hand, most of the shale is more or less calcareous. The phY9ic~1
conditions suggested are those of a ra.ther shallow epicontinent!tl·
sea receiving fine silt from a low-lying land surface on which a.'
moist climate afforded the .conditions for rather complete ~hemicaI
disintegration of the rocks.
.
-The interminable succession of limestone and shale la.yerS-h~
ordinarily been looked upon as suggesting >acontinual, .sJ.owoscii
lation of the sea level up and down. . While it may be necessary
tcr: call in this familiar process to account for some of the larg~r'
variations in the type of sediment, such, for example, as the c4-a.nge
from predominant shale in the Eden to predominant limestone in
the Lorraine; .and back to shale in the lower Richmond; I ani ,iii
clined to think tltat the possibilities in the 'way of alternative ex
planations of these changes in the type of sediment have not by
any means been exhausted.
.
First of all, for the minuter alternation 01 calcareous and ter
rigenous sediments, I think we may look to climatic rather than to..
epeirogenic changes; and these climatic changes need not, it seentS"
to me, be of great magnitude. It is well known that lime-secreting
organisms, such as make up the faunas of the Cincinnati serles
(bryozoa, brachiopodg, ete.), require, not deep, but merely elear
water of the favorable temperature, and with the ·proper food ~up
ply. For such organisms an influx of den a" 'small amount of .
mud is a prohibitive condition. It is then the cause of the alter.na-: ..
tion --of. comparatively clear and comparatively muddy water con-·.
ditioIDLthat we seek; and it is precisely here that changes in clF
matic conditions-in .the relative humidity-come in play. .If
is, of course, a., well-known fact that the greater part of the silt
supplied to the deltas of rivers is brought down during a compara
tively small portion of the year, that is, there is an annual varia
tion in the supply of silt. It is doubtful if this small-period fluctu
ation in t~e supply can be recognized in a geological fOl'Illation.
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It may account, as suggested by Gilbert, for some part of the
'lamination of shales. There are, however, certain more or less
definite variations of longer period, in the amount of rainfall, such,
'for example, as the ele;ven-year and the thirty-six-year cycle. In
addition to these there are still more pronounced climatic changes,
of unknown cause, extending over long periods of time, which
might account even for 'some of the .arger variations in the type of
sediment. It is thought th~t the v;riation in the amount of ter
rigenous sediment, necessary to produce the change from impure
limestone to calcareous shale, is not necessarily very great. The
influx of a small amount of mud may be sufficient to drive out
such organisms as the Trepostomata and many of the Brachiopoda
(some of the latter, for example Rafinesqu·ina alternata, !;leem to
have been able to accommodate themselves to a consider'ably in
creased supply of 'mud).; and since this cuts off the supply of .cal
careous ooze, it acts in a. two-fold way to cause the, accumulation
of a dep?sit of sediment comparatively free from lime. For, first,
since the limestones of the Cincinnati series are in general impure,
the indications are that some terrigenous material was accumu
lating over the sea bottom at all times, and if the ::tSfial supply
of lime from lime-secreting organisms was for any reason cut off,
there would arise, from this cause alone, a deposit of mud. What
iR needed, therefore, is a rather delicate adjustment of the major
ity of lime-secreting organisms to nearly clear water, and a rela
tively small variation in the climatic conditions on the land sur
face that is the source of supply of the silt: Both of these require
ments find ample illustration, it seems to me, in present-day con
ditions.
Another cause of the interleaving of calcareous and terrigenous
sediments that may 'legitimately be appealed to, I believe, is the
shifting position and strength of currents, especially shore cur
rents, undertow, and tidal currents; since it is these currents that
are chiefly instrumental in distributing the sediments to various
parts of the sea bottom. Now the rate and amount of change iIf
the strength of shore currents and of the undertow, are dependent
~pon the varying strength of the wind. In time of great !;jtorms,
Utlmparatively coarse sediment may be carried out to considerable
4istances from land. We may very likely have in the occasional
iery thin layers of saI).dstone in the Eden shales an illustration
tf this last phenomenon. To what extent the varying strength of
QUrrents, due to the vlJ,rying force of the wind, may have pro
duced successive layers of shale and limestone. is a question that
~
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h,as not received the attention that it merits. It would seem to
me that some of the thinner bands of shale intercalated with the
limestone layers may have been due to this cause.
The shifting of the position and direction of currents is ordi
narily due to changes in the contour of the coast line; and these
may be brought about by erosion and deposition along the
coast. Where the wind is variable in direction there is a contin
ual shifting of the position and direction of shore currents from
this cause. In some climates there is a seasonal change of the
direction of the wind that may produce marked shifting of the
position and direction of shore currents. Other changes of longer
period may correspond to the long period climatic changes al
ready mentioned. The changes in the direction, position and
force of currents due to the causes enumerated above must direct
the chief supply of silt, now to one part, and now to another part
of the sea bottom. Probably only the longer period changes of
this sort have had much to do with producing distinct beds of
limestone and shale, for lime-secreting organisms could not gain
a footing in a locality subject to very frequent influxes of muddy
water. That the arrangement of the layers of shale and limestone
in the Cincinnati' series is not adverse to the above interpretation
seems to me certain. Any measurement of two sections of the
same stratigraphic interval in two nearby localities will always
show considerable differences in the details, showing that the thin
ner beds are constantly pinching in and out. This indicates that
the limestone was accumulating in patches over the sea bottom.
While this may be due in part to the fact that organisms tend to
live in colonies, it may also very possibly be due to the shifting
about of the supply of terrigenous silt, in the manner above de
scribed. Another fact of frequent observation in the Cincinnati
rooks that bears upon the same question is the evidence that many
times great numbers of organisms were rather suddenly buried
where they grew. The presence of immense numbers of perfectly
preserved fossils along the plane of contact between a limestone
and a shale stratum indicates this. Some more or less sudden in
crease in the supply of material, or' change in the direction or
force of the transporting agent is indicated. The presence of
definite currents along the sea bottom is indicated by the rather
common occurrence of immense numbers. of flat shells, such as
those of Rafinesquina alternata, arranged edgewise like the "shin
gle" along the bed of a stream; and' a cousiderable agitation of
the water, at times, is proved by the wave-marked layers of lime
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stone that occur at several levels in the Cincinnati series. The
latter may be due to storms of exceptional violence, or possibly
to very exeeptional oscillations of the water generated by earth
quake shocks. 'Some of these wave-marked layers seem to have
very wide extent, as; for example, the layer in which Plectam
bonitessericeus occurs 'so abundantly, near the base of the Liberty
fOrmation.
To sum up this discussion: There seems to be no necessity, in
the case of the greater number of smaller alternations of shale'
and limestone in the Cincinnati rock&, to appeal to epeirogenic
causes, as has ordinarily been done. Tpese alternations may be
explained by calling into play only th~"'wen-known processes that
are going on on any sea bottom, not t~o deep or too far ~emoved
from the land. Even the larger variations in the type of sedi
ment may be due to the larger variations in the same set of causes.
Where a new falllla comes in suddenly, however, as in the base of
the Liberty, we may probably look to epeirogenic readjustments
to account for both the change in the fauna and the change in the
type of sediment.
The problems presented by the faunal succession in the Cin
cinnati series are still more interesting than those presented by
the lithological succession. In the paper by Nickles on the Geology
of Cincinnati (u,nte) , thirty-two species are listed, o'9-t of over 600
that occur in the Cincinnati region, aJl ranging throughout the
Cincinnati series. For a thickness of 700 feet of .rocks this is a
surprisingly small number. If these species be examined, it will
be seen that they also, for the most part, occur in the Trent~n
series, so that they represent a fauna inherited from the preced
ing epoch. It is interesting that only three of these widely rang
ing species are Bryozoa, and these three (Stomatopora arack
noidea, S. delicatula and Ceramoporella' okioensis) belong to the
most primitive type of that class, showing the persistence of un
specialized types. A few other species that are present in the
Trenton reappear here and there in the Cincinnati series but do
not extend through it. Such, for example, ru:e Plectambonites
sericeus, Platystropkia lynx, Leptaena rkomboidalis, etc.; the
first and last appearing in the Richmond formation where they are
associated with a number of other species more or less closely
related to Trenton forms (Rkynckotrema capax, D'inortkis sub
quadrata, Streptelasma rusticum, Protarea vetusta, Prasopora' kos
pitul:is, and a large number of Homotrypas, a genus that finds its
fullest representation in the Trenton).
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While, therefore, the aspect of the Cincinnati faunas is a con
stantly changing one, the changes seem to be due more to a rather
quiet evolution within the area of the epicontinental sea occupied
by these faunas, than to any pronounced irruptions of species from
other provinces, if we except the influx of outsiders in the
Richmond. Such facts as the reappearance of Plutystropkia lynx
in the Lorraine (it is quite lacking in the Eden) or the appearance
of the large group of H eterotrypidae in the same formation, may
be explained by the probability that these forms or their imme
diate ancestors were living in some portion of the same general .
province during Eden' time. The family of Bryozoa mentioned
has representatives in the Eden (Dekayia ulricki, etc.) as, well as
in the ·Trenton. In the Lorraine it deployed into a large group
of species, all of which are nearly enough related to represent an
intra-provincial evolution. If we take another group of Bryozoa,
the genus CaUopora, which is also well represented in the Trenton,
we find the Lorraine species related rather to the Eden than to
the Trenton forms. Callopora dalei of the lower Lorraine is re
lated to C. communis of the upper Eden and still more closely,
probably intimately, to C. nodulosa of the Eden. C. ramosa again
shows transitional forms to C. dalei, the latter being regarded as
'a variety of the former by Nicholson. Again C. rugosa of the
upper Lorraine is an undoubted variety of C. ramosa. Another
genus, Amplexopora, is represented in the upper Eden and lower
Lorraiue by the species A. septosa, and its variety multispinosa.
Later are produced in the middle and upper Lorraine A. cingulata
, and A. robustu, both close relatives of A. septosaj and in the very
top of the Lorraine, the species A. pustulosa (again closely related
to A. septosa), the latter species extending on. into the Richmond.
The genus' Homotrypa is represented in the Eden by a single
species (or variety), H. praecipta, a variety of the common H.
curvata of the Lorraine. The great depl{)yment of these genera
in the Lorraine seems to be sufficiently well explained by the more
favorable conditions represented by the clearer waters of that
epoch.
These favorable conditions of the Il{)rraine were terminated by
an influx of muddy wate:r, which gradually drove out the typical
Lorraine fauna, and evidently was accompanied or perhaps pro
duced by some more or less widespread epeirogenic disturbance.
This gave us the fauna of the Waynesville, which was developed
under similar conditions, and contains in some respects a similar
group of species to the Eden. 'For example, Dalmanella meeki (or
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jugosa) takes the place of D. multisecta of the Eden, Batostoma
varians is related rather closely to B. jamesi of the Eden, and
Bythopora delicatula suggests B. arctipora of the Eden.. There is
also a small species of Callopora quite similar to C. sigillaroides,
and what appears to be a species of Dekayia not unlike D. ulric hi
of the Eden. In the upper part of the Waynesville the incursions
of the outside species (Leptaena rhomboidatis, etc.) begin to be
felt. One interesting fact connected with the basal member of
the Richmond (Arnheim) is the presence, in a very thin zone, of
the foreign species Dinorthis retrorsa.
The chief faunal fact of the Richmond is, as has been several
times mentioned already, the coming in of a large number of
species that find their nearest relatives in the Trenton series. For
merly it was quite the custom to refer these species to well-known
Trenton forms. That this was a mistake has long ago been learned
by the more careful studies of these faunas, which we owe to Mr.
E. O. Ulrich more than to any other student of these rocks. The
fact remains, nevertheless, that these species of the Liberty and
Whitewater divisions of the Richmond find tbeir nearest relatives,
not in the Lorraine, but in the Trenton faunas. In my account
of the Liberty formation, given above, I have brought out the
leading facts bearing on this point. In the Richmond section the
fauna of the Whitewater division succeeds that of the Liberty
without break; but farther south in Indiana there is intercalated
between these two divisions a coral reef and finally in the Madi
son region the Whitewater fauna is entirely lacking, the fossilifer
ous portion of the Richmond formation practically terminating
at the base of the arenaceous Saluda beds. In the upper part of
the Saluda beds in the Madison region and for a short distance
northward, there is a meagre fauna (Lophospira hammeli and its
associates). What portion of the sections farther north this zone
corresponds to is not. certainly known, but judging from the
studies of Foerste, it should fall at about the level of my upper
fossil bed (No. 11 of section 1.60H) , and if this is the case, it
may be a representative of some portion of the Whitewater divi
sion.
In the Richmond section there is also, as may readily be seen
from the detailed section along Elkhorn Creek (1.41A)" a very
well-marked fauna above the Whitewater fauna, and separated
from it by a band of nearly barren shale. This ,latter fauna is
that of the Platystrophia moritura zone, or Elkhorn division of
the Richmond. It is a very interesting fauna in that it presents a
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reappearance of a number of typical middle Lorraine species, as
pointed out several years ago in my paper on the genus Platystro
phia. Most interesting of these species are Platystrophia lynx var.
moritura which differs very little from the large (normal) lynx
of the top of the Platystrophia zone (Bellevue beds), and H eber
tella sinuata, scarcely differing at all from the large Lorraine
form. In addition to these two fossils the beds in question con
tain Platystrophia laticosta, and a CaUopora not differing appre
ciably in external appearance from C. ramosa. On the other hand,
they contain at least one form that is characteristic of the White
water beds,· namely H omotrypa wortheni, and probably also the
common Richmond bryozoan, Prasopora hospitalis. The return
of these common Lorraine species of Platystrophia and Hebertella
after an absence from nearly 400 feet of rock is certainly an in
ttiresting fact. It may point to the extermination of the exten
sive brachiopod fauna of the Liberty and Whitewater by the· in
flux of terrigenous sediment at the begilllling of the Elkhorn stage,
thus leaving the field free, when the waters once again cleared,
near the close of Richmond time, for the return of these old and
long-lived inhabitants to their former haunts.
The presence of a coral reef separating the Liberty and White
water beds has already been mentioned. This zone of reef build
ers is best developed in the Madison region, probably because there
the water was shallowest and the coast line near at hand. . Trac
ing the coral zone northward, one of the genera, Columnaria,
soon disappears but comes in again between Versailles and Ham
burg, disappearing finally at the latter place. Tetradium can be
traced north as shown further back, to Richmond, where it is
very rare, and the specimens have the appearance of having been
drifted. The presence of these corals is in line with the other
evidences f)f the shoaling of the Richmond Sea, and the presence
of a coast line not far southwest of the Madison region; a con
dition due, no doubt, to the culmination of the epeirogenic re
adjustment that had begun in Waynesville time, and had resulted,
first in the lowering of some barrjer, admitting an outside fauna,
and finally, in Whitewater time, had probably brought the entire
southern Indiana region out of water.
As to the bearing of these facts and interpretations upon other
provinces, it seems to me, in the absence of equally detailed strati
graphic work in other places, to be rather too early to make any
definite. statements. The rocks called in this and other reports on
the Cincinnati· region,Lorraine, are, I am convinced, the homo
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taxial equivalents of the typical Lorraine of New York, or better,
they are in large part equivalent. If this be true, and if the
Richmond represents, as indicated above, a period of epeirogenic
disturbance and readjustment, I think we are to look upon the
Medina of New York as equivalent in part at least to the Rich
mond. Mr. Ulrich has already advanced this opinion, and I be
lieve it will turn out to be correct. The Medina and Oneida rep
resent the culmination of an elevatory movement and a readjust
ment of land and water relations that was undoubtedly wide
spread, and was followed by an equally widespread subsidence,
that culminated in the limestone forming epoch of the Niagara.
In the Indiana region there is no set of deposits that so well rep
rsents the culmination indicated by the Medina and Oneida 8edi
ments of the New York province as the later portions of the
Richmond.
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PART II: DESCRIPTION OF SPECIES.

COMPLETE LIST OF SPECIES REPORTED FROM THE
CINCINNATI SERIES OF INDIANA, WITH THEIR
HORIZON, SO FAR AS KNOWN.
COBALS AND SPONGES.

1.

2.
2a.
3.
4.
O.
6.

7.
8.
9.
10.

11.
12.
13.

14.
15.
16.

17.

Beatricea nodulata Billings:

See B. nodulosa Billings.
Beatrlcea nodulosa Billings. Saluda.
Beatricea undulata Billings. Saluda.
Calapoecia cribriformis :Nieholson. Lower Richmond.
Columnaria aJveolata Goldfnss. BAse of the Saluda.
Oolufnll.aria inaequalis Hall. :Not a Cincinnati group species.
Favistalla steliata Hall. See Columnarla alveolata.
Labechla montifera Ulrich. Upper part of the Richmond formation.
Protarea vetusta Hall. Liberty and. Whitewater divisions of t.he
Richmond formation.
Strephochetus rkhmondensis Miller. Upper part of the Richmond
formation. Whitewater.
Streptelasma crasllum Hall. :Not found in the Cincinnati group.
Streptelasma divaricans. Whitewater division of the Richmond for
mation.
Streptelasma par'Vulum Hall. Not a Cincinnati group species.
Streptelasfna raawa;ns Hall. Not a Cincinnati group species.
Streptelasma rusticum Billings. Liberty and Whitewater divisions
of the Richmond formation.
Strofnatooeriufn riohmondense Miller. See Strephochetus richmon
densls.
Tetraaiufn {tbrat1lfn Safford. The form that occnrs in the Cincinnati
group of Indiana is T. minus.
Tetradium minus Safford. Base of the Saluda and sparingly through
out the Saluda.
ElCHINollERMATA.

18.
19.
20.
21.
22.
23.
24.
25.
26.

27.
28.
29.
30.

Agelacrinus faberi Miller. Riclullond formation.
Anomalocrinus incurvus Meek and Worthen. Richmond (?).
Dendrocrinus caesi Meek. Richmond.
Dendrocrinus polydactylus Shumard. Richmond.
Ectenocrinus simplex Hall. Richmond.
Glyptocrinus decadactylus Hall. Richmond (?).
Glyptocrinus dyeri Meek. Richmond.
Heterocrinus juvenls Hall. Lower Richmond.
ldiocrinus 8ubcra8su8 Meek and Worthen. See Iocrinus subcrassus.
Iocrinus subcrassus Meek and Worthen. Lorraine. Richmond (?).
Lepadocrinus moore! Meek. Richmond.
Lepidodiscus faberi Miller. Richmond.
Lichenocrinus crateriformis Hall. Utica. Richmond (11).
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31.
32.
33.

34.
35.
36.

37.
38.
89.

. 40.
41.
42.
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Llchenocrlnus dyeri Hall. Richmond.
Lichenocrinus pattersoni Miller. Richmond.
Lichenocrinus tuberculatus Miller. RiChmond.
PaJeaster specwsa Miller and Dyer. See paleasterlna speciosa.
Paleaster wycotfi Miller and Gurley. Richmond.
Paleasterina speciosa Miller and Gurley. Richmond.
PoteriocrinU8 casei Meek. See Denilrocrinus casei.
Poteriocrinites pol1ld~t1llu8 Shumard. 'See Dendrocrlnus polydactyIus.
Protaster granuliferou6 Meek.' See Taeniaster granul1ferous •
Urasterella grand!s Meek. Richmond.
Taeniaster granullferous Meek. Richmond.
Xenocrinus baeri Meek. Richmond.
BRACHIOPODA.

43.
44.
45.
46.
47.
48.
49.
50.
5~.

52.
53.
54.
55.
56.
57.
58.

59.
60.
61.
62.
63.
64.
65.
66.
67.
68.

Oarnarotoechia ventricosa Hall. Not a Cincinnati group species.
Catazyga head! BlIlings. Richmond.
Crania laella Hall. Liberty division of the. Richmond formation.
Orania reticuZaris Miller. See 'J'rematls reticularls.
Crania scabiosa Hall. Lorraine and Richmond.
Dalmanella emacerata Hall. Upper Eden shales.
Dalmanella meek! Miller. Waynesville. The characteristic fossil of
this formation. (= D. jugosa James.)
Dalmanella llluitisecta Meek. Eden shales. The characteristic fossil
of this formation.
Dinorthis retrorsa Salter. About the middle of the Arnheim.
Dinorthls subquadratu' Hall. Middle portion of the Liberty.
Heber'tella bQ1'ealis Billings. Not a Cincinnati group fossil.
Hebertella insculpta Hilll. Base of the Liberty bedS. Characteristic
fossil of this horizon.
HebertelJa occidentaIis Hall. 1..ibel'ty and Whitewater divisions.
Hebertella sinuRta Hall. Lorraine, Liberty, Whitewater and Elk·
horn divisions.
Leptaena rhomboidalis WlIckens. Top of the Waynesville and base
of the Liberty. Very common at this horizon.
Leptaena tran8ver8ali8 Wahlen,berg. See Plectambonites transver·
salis.
Leptobolus lepis Hall.. Lorraine.
Lingula covingtonensis. Hall and Whitfield. Lower Eden.
Orthis borealis BiIllngs. See I:Iebertella borealis.
Orthis centm8a Miller. See Plutystrophia costata.
Orthis fissicosta Hall. Lorraine.
Orthis tricenarta Conrad. Not a Cincinnati group species.
Platystrophia ,acutilirata Conrad. Liberty and Whitewater divisions.
Platystrophia acutilrata val'. senex Cumings. Upper part of the
Whitewater division.
Platystrophia costata Pander. Lower Lorraine, and upper Eden (1).
Platystrophia lynx Eichwald. 1...orralne. '1'his is the characteristie
fossil of the middle and upper part of this formation.
[44]
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69. Platystrophia lynx var. latieosta Meek. Lorraine, Waynesville,
Whitewater, Liberty and Elkhorn. The characteristic fossil of
the lower and middle Lorraine.
70. Platystrophla lynx var. cypha James. Upper part of the Lorraine.
71. Platystrophia lynx var. moritura Cumings. Elkhorn division. This
is the characteristic fossil of this division. .
72. Platllstrophia unicostata. See P. cypha.
74. Plectambonites sericeus ·Sowerby. Eden shales, WaynesvlIle (rare),
base of Liberty (very abundant), Whitewater (rare). This is
one of the characteristic fossils of the base of the Liberty.
75. Plectamoonites transversaUs Wahlenberg. Not a Cincinnati groul'
species.

76.
77.
78.
79.
SO.
81.
82.
88.
84.
85.
86.

87.
88.
89.
90.
91.
92.

93.
94.
95.
96.
97.
98.

99.

100.
101.
102.
103.

104.

Plectorthis ella Hall. Lorraine.
Plectorthis plicatella Hall. Lower Lorraine.
Plectorthis triplicatella aleek. Lower Lorraine.
Ratinesquina alternata Enunons. Throughout the CincinnatI group.
Especially characteristic of the Arnhelm.
Raf/,ne8quina alternata var. alterni8triata. Same as n. alternnta.
Ratinesquina alternatll var. fracta Meek. Top of Lorraine.
Rll11nesquina alternata var. loxorhytis Meek. Top of Waynesville
and base of Liberty.
Ratinesquina altel'nuta var. nasuta Conrad. Upper Lorraine.
Ratlnesquina alternata val'. ponderosa Cumings. Upper Lorraine.
Retziu granulifera Meek. Upper Eden.
Rhllnchonella. ventricosa. naIl. See camal'otoechia ventricosa.
Rhynchotremu capax Conrad. Liberty and Whit.ewater divisions.
Rbynchotrema dentata Hall. Liberty (very rare). Whitewater.
This is the characteristic Brachiopod of the Whitewater division.
Schlzocrania tilosa Hall. Trenton to Lorraine.
8treptorhynchus elongatum James. See Strophomena planumbona.
8treptorhynchus vetustum James. See Strophomena vetustll;.:i
8trophornena incurvata Shepard. Not a Cincinnati group species.
Strophomena neglecta Meel,. Liberty and Whitewater dh'isions.
Strophomena planum bona Hall, Liberty (common), Whitewater.
This is the characteristic brachIopod of the Liherty division.
Strophomena planoconvexa Hall. Lorraine.
Strophomenu sinuatu Meek. Lower Lorraine.
Strophomena subtenta Hall. Liberty.
Strophomena sulcata Verneuil. Top of the Liberty ( rare). White
water division (common). This is one of the Characteristic fos
sils of the WhItewater division.
8trophomena tenuistriata Sowerby. See Leptaena rhomboidulis.
Strophomena vetusta James. Lower Richmond 0). (See S. neglec
ta Meek.)
Trematis millepunctatu Hall. Not comillon throughout the Cincin
nati series.
Tremutis reticularis Miller. Lorraine.
Triple8£a cuspidata Hall. Not a Cincinnati group species.
Zygospira clncinnatlensls Meek. Upper and middle Eden shales.
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105. Zygospira henm Billings. See Catllzyga bead!,
107. Zygospira modesta Hall. Tbroughout the Oincinnati group in nearly
every layer of limestone.
BRYOZOA.
108. Amplexopora cingv.lata Ulrich. Middle and upper Lorraine.
109. Amplexopora multispinosa CumIngs. Top of the Eden and base of
tbe Lorraine.
110. Amplexopora petasiformis (Nicholson). Eden.
111. Amplexopora pustuJosa Ulrich. Upper Lorraine and Lower Rich
mond.
112. Amplexopora robusta Ulrich. Middle Lorraine.
113. Amplexopora septosa (Ulrich). Lower Lorraine.
114. ArthrllPora cleavlandi (James). Upper Eden.
115. Arthropora shafferi (Meek). I,orraine and Richmond. A common
fossil.
116. Arthrostylns tenuis (James). Upper Eden.
117. Atactoporella llluitigranosa (Ulricb). Lower and middle Lorraine.
118. Atactoporella mundula (Ulrich). Middle Lorr,aine.
119. Atactoporella newportensis Ulrich. I~wer Eden.
120. Atactoporella ortoni (Nicholson). Middle Lorraine;
121. Atactoporella schuchert! Ulrich. Lorraine and Richmond.
122. Batostoma impUcatum (Nicholson). Middle and upper EdeIi. COlli'
mono
123. Batostoma jamesi (Nicholson), Middle and upper Eden.
124. .Batostoma variabile UlriCh. Upper Richmond.
125. Batostoma varians (James). Arnheim, Waynesville and Liberty di
visions of the Richmond. Common.
126. Bernicea primitiva Ulrich. Richmond.
127. Bythopora arctipora (Nicholson). Eden. Very common.
128. Bythopora delicatula (Nicholson). Richmond. Common.
129. Bythopora graciJis (Nicholson)'. Middle and upper Lorraine. Abund

art

130.
131.
132.
133.
134.
135.
136.
137.
138.
139.
140.
141.

.

Bythopora meekl (James). Waynesville,Llberty and Whitewater di
visions of the Richmond. Common.
Bythopora striata Ulrich. Waynesville, LIberty and Whitewater di
visions of the Richmond. Rare.
Callopora andrewsi (NIcholson). Upper Lorraine.
Callopora dalei (Edwards and Haime). Lower Lorraine. Very
common.
Callopora frondosa Cumings. Whitewater division.
Callopora nodulosa (Nicholson). Upper Eden.
Callopora onealll (James). Lower Eden.
Callopora onealli communis (JUDIe!:'). Upper Eden. Veryabull(lant.
Cullopora oneall! sigillaroides (Nicholson). Eden. C()mmon.
Callopora ralllosa (d'Orbigny). Middle and upper Lorraine. Very
common. A characteristic fOE!sll of this part of the Lorraine.
Callopora ralllosa rugosa (Edwards and Haime). Upper Lorraine.
Common.
Callopora cf: ranlosa. At several levels in the Richmond.
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142. CaUopora cf. rugosa. In the upper part of the Whitewater division.
143. Callopora subplana Ulrich. Lower Lorraine and upper Eden.
144. Callopora subnodosa Ulrich. Throughout the Richmond series. Com·
moD..
145. Calloporella circularis (James). Lower Richmond.
146. CeramoporeHa distincta Ulrich. Eden.
147. Ceramoporella granulosa Ulrich. Eden and Lorraine.
148. Ceramoporella ohioensis (Nicholson). Throughout the Cincinnati
series. Common.
149. Chlloporella 1iabellata Ulrich. Upper Lorraine.
150. Coeloclema alternatum (James). Middle and upper Eden.
151. Ooeloclema ooncentricum (James). See C. commune Ulrich.
152. Coeloclema commune Ulrich. Eden.
153. Coeloclema owen! (James)"'. Associated with the gerontic form of
PZat1l8trophia lll'lUI! in the upper part of the Lorraine.
154. Constellaria constellata (Vancleve) Dllna. Lower Lorraine.
155. Constellaria constellata prominens Ulrich. Base of Lorraine.
156. Constellaria limitaris (Ulrich). Liberty division.
157. Constenaria polystomella Nicholson. Liberty and Whitewater di
visions.
158. Dekayia appressa Uirich. Upper Lorraine.
159. Dekayia aspera (Edwards and Haime). Lower and middle Lorraine.
160. Delmyia cystata Qumings. Middle Lorraine.
161. Dekayia frondosa (d'Orblgny). Lorraine.
162. Dekayia in1iecta (Ulrich). Upper Lorraine.
163. Dekayia lobata Cumings. Middle Lorraine.
164. Dekayia magna Cumings. Middle Lorraine.
165. Dekayia obscura (Ulrich). Upper Eden.
166. Dekayia paupera (Ulrich). Upper Lorraine.
167. Dekayia pelllculata Ulrich. Upper I~orraine.
168. Dekayia prollfica (Ulrich). Waynesville, Liberty and Whitewater
diviSions of the Richmond. Especially abundant at the base of
the liberty.
169. Dekayia subfrondosa Cumings. Lower Lorraine.
170. Dekayia subpulch~lla (Nicholson). Lower Lorraine. Whitewater (1).
171. Dekayia subramosa (Ulrich). Whitewater.
172. Dekayla ulrichi (Nicholson). Upper Eden. This is the character
istic fossil of the upper Eden.
173. Dekayia ulrichi robusta (Foord). Upper Eden.
174. Dicranopora emacerata (Nicholson). Lorraine and Richmond. Com·
mono
175. Dicranopora fragilis (Billings). Lower Richmond (1).
176. Eridotrypa slmulatrix (Ulrich). Waynesville and Liberty divisions
of the Richmond.
177. Escharopora acuminata (James). Lower Eden.
178. Escharopora falc1formis (Nicholson). Lower Lorraine.
179. Escharopora pavonia (Edwards and Haime). Lower Lorraine.
180. Fenestella granulosa Whitfield. Liberty and Whitewater divisions.
-Tnl.,. species W8.I! collected on 'I'anner's creek, after the greater part of my
manuscript had gone to the printer.
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181.
182.
183.
184.
'185.
186.
187.
188.
189.
190.
191.
192.
193.
194.
100.
196.
197.
198.
199.
200.
'201.
202.
203.
204.
205.
206.

207.

208.

209.
210.

211.
212.
213.
214.

215.
21'6.
217.
218.
219.
220.
221.
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Graptodictya perelegans (Ulrich). Waynesville.
Helopora elegans Ulrich. Liberty, Whitewater.
Helopora harrlsi James. Lower RiChmond.
Homotrypa austini Bassler. ' Liberty, WhItewater.
Homotrypa communis Bassler. Waynesville. Common.
Homotrypa oonBtellariformls Cumings. Saluda and Whitewater (at
VersaUles). '
Homotrypa curvata Ulrich. Lower !,.orraine ('I), and upper Lor
raine.
Homotrypa cylIndrIca Bassler. WhItewater.
Homotrypa dawsoni' (NIcholson). Arnhelm, Whitewater (rare).
Homotrypa llabellaris Ulrich. Liberty and Whitewater. Common.
Homotrypa tiabellaris frondosa Cumings. Arnheim.
Homotrypa :ftabellarls spinifera Bassler. Whitewater.
Homotrypa nicklesi Bassler. Whitewater.
Homotrypa nitlda Bassler. Upper RIchmond.
Homotrypa obllqua Ulrich. Lorraine.
Homotrypa praecipta Bassler. Upper UtIca and lower Lorraine.
Homotrypa ramulosa Bassler. Liberty, Whitewater.
Homotrypa wortheni (James). Whitewater and Elkhorn. Common.
Homotrypa wortheni prominens Bassler. Extreme upper part of,the
Liberty and, Elkhorn.
Homotrypella rustica Ulrich. Whitewater. Common.
Leptotrypa calceola(MUler and Dyer). Lower Lorraine.
Leptotrypa clavaeoidea (James). Upper LorraIne.
Leptotrypa discoidea, (Nicholson). Upper Lorraine (?), lower Lor
raine.
Monotrypella aequalIs UlrIch. Lower and middle (?) Eden.
Monotrt/peZZa. quadrata (RomInger). See Rhombotrypa quadrata.
MonotrvpeZla s'ubquadrata Ulrich. ' See Rhombotrypa subquadrata.
Monticulipora epidermata UlrIch and Bassler. Whitewater. This is
one of the most abundant and characteristic bryozoa of the
Whitewater beds at Richmond.
Montwulipora lrreguZaris Ulrich. See Stigmatella Irregularis.
MonticulipoJ,'a mammulata d'OrbIgny. Upper LorraIne. Common and
characteristic.
MonticuUpora moZesta Nicholson. See M. mammulata.
Montlculipora parasitlca Ulrich. Liberty and Whitewater divisions.
Nicholsonella vaupeli (Ulrich). Upper Lorraine and base of Liberty,
and upper part of Whitewater.
Peronopora pavonla (d'Orbigny). Lorraine arid Richmond.
Peronopora deci¢ens (Rominger). See P. pavonia.
Peronopora vera Nickles. Eden.
Petigopora asperula Ulrich. Middle and upper Lorraine.
Petlgopora gregaria Ulrich. Upper Lorraine.
Petlgopora petechia lis (Nicholson). Lorraine, Richmond (1).
Prasopora hospltalls Nicholson. Throughout the Richmond. Com
mon.
Probosclna auloporoides (Nicholson), Lorraine and Richmond.
Proboscina frondosa (Nicholson). Lorraine and Richmond.
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222. Ptilodictya plumaria James. Whitewater.
223. Rhombotrypa crassimuralis'(Ulrich).' Upper part of the Whitewater.
224. Rhombotrypa quadrata (Rominger);
WaYnesville, Liberty and
Whitewater divisions of tht' Richmond. A very common fossil.'
225. Rhombotrypa Bubquadrata (Ulrich). Base of the Liberty (1).
226. Rhopalonaria venosa Ulrich. Upper part of the Waynesville and, base
of the Liberty.
.
227. Rhinidictya lata (Ulrich). Waynesville.
228. Rhinldictya parallela (James). Lower Eden.
229. Spatiopora maculosa Ulrich. Lower Lorraine. '.
230. Spatiopora tuberculata (Edwards and Haime). Lorraine and Rich·
mond.
231. Stictoporella f1exuosa (James). Lower and middle Eden.
232. Stigmatella clavis (Ulrich). Eden.
233. Stlgmatella crenulata Ulrich and nassler. WaYnesville.
284. Stigmatella irregularis (Ulrich). Lower Lorraine. Not certainly
known to occur in Indiana.
235~
Stigmatella personata Ulrich and Bassler. Elkhorn.
236. Stigmatella spinosa Ulrich and Bassler. Upper Richmond.
237. Stomatopora arachnoidea (Hall). Eden, Lorraine and Richmond.
23S~
Stomatopora inflata (Hall). Eden, Lorraine and Richmond.'
GASTEBOPODA AND PTEROPODA.

239.

240.
241.
242.
243.
244.

245.
246.
247.
248.
249.
250.
251.

252.
253.

BetUwophon oilooatus Sowerby.

See PJ;otowarthia bilobata.
Bellerophon gorbyiMiller. Lorraine ('I).
Bellerophon mohri Miller. Middle Richmond.
BellerophOn subangularIs Ulrich. Middle RiChmond.
Bucania craSSfl UlrIch. Uppermost beds of· the Richmond.
Bucania ell!pansa Hall. See Salpingostoma expansa.
Bucania simulatrix Ulrich. 'Whitewater.
Clathr9spira subconica ~IIall). Lorraine and Richmond.
Conradella dyeri (Hall). Richmond.
Oonraaella ayeri cellulo8aUlrich. Not found in the Cincinnati group.
Conularia formosa Miller and Dyer. Richmond.
Cyclonema bilix (Conrad). Richmond.
Oyclonema oilill! conicum Miller. See C. bilh:.
Cyclonema bilix f1.uctuatum (James). Richmond.
Cyclonema biIix humerosum Ulrich. Upper half of the Lorraine, and
Richmond~

254.
255.
256.
257.
21'\8.
259.
260.

261.
262.
263.

Cyclonema bilix mediale Ulrich. Lowe,r half of the Lorraine.
mono
Cyclora minuta Hall. Lorraine and Hicblllond.
Cyclora parvula Hall. Richmond.
Cyclora pulcella Miller. Liberty.
Oyrtolite8 ayeri Hall. See Conrudella dyerl.
Oyrtolite8 inornatu8 Hall. See Microceras inornatus.
Oyrtolltes magnu8 Mmer. See Oxydiscus magnus.
CyrtoUtes ornatus Conrad. Lorraine and Richmond.
Helicotoma marginata UI'rich. Elkhorn.
Holopea hubbard! Miller. Saluda.
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265.
266.

267.
268.
269.
270.
271.
272.
273.
273a.
274.

275.
276.

277.
278.
279.
280.·
281.
282.
283.

284.
285.
286.
287.

288.
289.
200.
291.

292.
293.
294.

295.

296.
297.
298.
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Hormotoma beZlWincta (Hall).

Not a Oincinnati group species.
Hormotoma gracilis (Hall). Utica. Probably does not occur in In
diana.
HQrmotoma trentonen8is Ulrich. Not a Oincinnati group species.
Hyolithes (1) dubius Miller and Faber. Richmond.
Hyolithes versaillesensis Miller and I"!'aber; Richmond.
Liospira vitruvia (Billings). All divisions of the Olncinnati gI·oup.
Lophospira acuminata Ulrich•. Middle Richmond.
Lophospira ampla Ulrich. Richmond.
Lophospira biclncta (Hall). Richmond.
Lophospira bowdeni (Safford). Lorraine.
Lophospira hammeli (Miller). Saluda.
LopMspira mllltigruma (Miller). See Lophospira tropidophora.
Lophospira tropidophora (Meek). Whitewater.
Loph08pira ventricosa (Hall). Not a Oincinnati group species.
Microceras inornatus Hall. Lorraine and Richmond.
illurchisonia bellicincta Hall. See Hormotoma bellic1ncta and H.
trentonensis.
illurchisonia graciliS Hall. See Iiormotoma gracilis.
iIlurchisonia hammeli Miller. See Lopbospira hammeli.
iIlurc1tisonia milwri Hall. See Lophospira bicincta.
iIlurchi80nia fnultigruma Mi1ler. See Lopbospira tropldophora.
iIlurchisonia venlricosa Hall. See Lopbospira ventricosa.
Oxydiscus magnus (Mlller). Richmond.
Pleurotomaria subconica Hall. See Olathrospira suhconica.
Pleurotomaria tropidophora Meek. See Lophospira tropidophora.
P1'otowarthia biZobat'Us (Sowerby). Not an American species.
Protowarthia canceilata (Hall). Eden, Lorraine and Richmond.
Protowarthla suhcompressa Ulrich. Lower Richmond.
Raphistoma richmondensis Ulrich. Middle Richmond.
Salpingo8toma ewp!msa (Hall). Not a Cincinnati group species.
SaIpingostoma rlchmondensls Ulrich. Whitewater, upper part.
Schizolopha moorei Ulrich. Upper part of the Richmond. Whit('
water.
Tentaculite8 richmonden8i8 Miller. See Oornulites richmondensis.
Tentaculites tenui8tri(!tu8 Meek and Worthen. See OornuUtes tenuis·
triatus.
Trochonema madisonense' Ulrich. Richmond.
'1 ryblldhim indianense Miller•. Richmond..
Tryblidium madlsonense Miller. Richmond.
PELEOYPODA.

200. .Allonychia jamesl (Meek). Upper Lorraine.
Ambonllchia amllgdalina Hall. Not a OincinnatI group species.
Ambonllchia amllgdaloi4ea. See A. amygdalina Hall.
Ambonllchia bellistriata Hall. Not found in theOinclnriatl region.
See Byssonychia radiata.
303. Ambonychia carinata (Goldfuss). Not an AmerIcan speCies.
304. Ambonllchia costata Meek. See Anomalodonta costata.
305. Ambonllchia jame8i Meek. See Allonychia jamesi.
300.
301.
302.
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306.

307.
308.
309.
310.
311.
812.
SIS.
S14.
S15.
S16.
SUi.
S16.
317.
Sl8.
S19.
320.
321.

S22.
S23.
324.
325.
326.
327.
S28.
329.
330.
331.
332.
333.
334.
335.
336.
337.
338.
339.

340.
341.
342.

343.
344.
345.
346.
347.

348.
349.
350.
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Angellum owneatum Miller. See Cyrtodonta cuneata.
Arwdontopsis (1) milleri Meek. See Orthodontiscus milleri.
Arwdontopris (1) 1mionoides Meek. See Ischyrodonta unionoides.
Anonlalo(Jonta casei Meek and Worthen. See Op!sthoptera casel.

Anomalodonta costata Meek. Lower Richmond.
.Anomalodonta gigantea Miller. Waynesvl1le and Whitewater.
Byssonychia alveolata Ulrich. Upper Lorraine and lower Richmond.
Byssonychia grandis Ulrich. Lower Richmond, Whitewater (1).
Byssonychia obesa Ulrich. Whitewater.
Byssonychia praecursa Ulrich. Upper Lorraine.
Byssonychla radiata Hall. Eden, Lorraine and Richmond.
Byssonychia richmondensis Ulrich. Whitewater.
Byssonychla suberecta Ulrich. Lower and middle Richmond.
Byssonychia tenuistriata Ulrich. Richmond.
Clidophorus tabula Hall. I,orraine.
Clionychia excavata Ulrich. Richmond.
Ctenodonta cingulata Ulrich. Waynesville.
Oycloooooha millen (Meek). See Orthodontiscus milleri.
Cymatonota typicaHs Ulrich. Waynesville, Whitewater (1).
Oypricardites sterlingensi8 Meek and Worthen. See Whitella ster·
Hngensis.
Cyrtodonta cuneata (Miller). Richmond.
Erldonychia crenata Ulrich. Whitewater (1), lower Richmond.
Ischyrodonta deciplens Ulrich. Whitewater.
Ischyrodonta elongata Ulrich. Middle Richmond.
Ischyrodonta miseneri Ulrich. Whitewater.
Ischyrodonta modiollformi.s Ulrich. Whitewater.
Ischyrodonta ovalis Ulrich. Middle RIcbmond.
Ischyrodonta truncata Ulrich.. Middle Richmond.
Ischytodonta unionoides (Meek). Lower Lorraine.
Megaptera casei Meek IlIld Worthen. See Opisthoptera casel.
Modiolodon declivis Ulrich. Middle Richmond, Arnbeim (1).
Modlolodon obtusus Ulrich. Lower Lorraine, Waynesville {1).
Modiolodon subovalis Ulrich. Richmond.
Modiolodon subrectus Ulrich. Richmond.
Modiolodon truncatus (Hall). Lorraine.
Modiolopsis cinclnnatiensis Hall and Whitfield. See Whiteavesia cin·
cinnatiensis.
Modiolopsis concentrica Hall and Whitfield. Waynesville.
Modiolopsi,s modiolatis Hall. See Modlolodon obtusus.
Modiolopsis phola4itormis Hall. See Whiteavesia pholaditormis.
ModiolopsIs versaillesensls Miller. WaynesvUle (probably).
Opisthoptera casel (Meek and Worthen). LIberty, Whitewater, Elkhorn.
Opisthoptera obl1qua Ulrich. Richmond.
Orthodesma canal1culatum Ulrich. Richmond.
Orthodesmaparallelum (Hall). Not a Cincinnati group species.
Orthodesma rectum Hall and Whitfield. Lower Richmond.
Orthodesma subangulatum Ulrich. Richmond.
Orthodontlscus milleri Meek. Lower Richmond.
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351. Ortonel1a balnesl (Mlller). Whitewater.
352. Pterlnea corrugata (James). Waynes~l1le.
353. Pterlnea demissa (Conrad) . Lorraine and Richmond. A common
fosstI.
354. Pterinea insueta (Emmons). Very probably not a Cincinnati group
species.
355. Rhitimya byrnesi Miller. Richmond.
356. Sedgwickla fragllis Meek. Lower Lorraine. May not occur in In
diana.
357. Sphenolium richmondense Miller. Middle Richmond.
358. TelUnomya hilll MUler. Saluda.
359. Whlteavesia cincinnatiensis (Hall and Whltileld). Lower Eden.
360. Whiteavesia pholadlformis (F,[all). Richmond.
361. Whitella obliquata Ulrich. Lower Richmond.
362. W1J,itella sterlingensiB (Meek and Worthen). Probably does not oc
cur in Indiana.
363. Whitella umbonata Ulrich. Lower Richmond.
CEPHALOPODA.

364.
365.
366.
367.
368.
369.
370.
371.
372.
373.
374.
375.
376.
377.
378.
379.
380.
381.

Cyrtoceras amoenum Miller. Richmond.
Oyrtoceras hallianum d'Orbigny. Not a Cincinnati group species.
Oyrtoceras ~amellatum. See C. lamellosum.
01lrtoceras lameUosum. See C. halUnnnm.
Cyrtoeeras tenuiseptum Faber. Richmond.
Cyrtoceras thompsoni Miller. Upper Richmond (1).
Flnaoceras approaJimatum Hall. Not a Cincinnati species.
Flnaoceras magniven,trum Hall. Not a Cincinnati species.
Endoceras proteiforme Hall. Throughout the Cincinnati group.
Gomphocerl1s indinnensis lI-liller and Faber. Richmond.
Gyroceras baer! (Meek and Worthen). Middle Richmond.
Ormoceras te1tuittlum Hall. Not a Cincinnati species.
Orthoceras billncl1tum Hall. Richmond.
Orthoceras byruesi Miller. Upper Lorraine.
Orthoceras carleyl Hall and Whitfield. Upper Lorraine (?).
Orthoceras duseri Hall and Whitfield. Lower Richmond.
Orthoceras gorbyl Miller.' ,The horizon of this species Is not known.
Orthoceras junceum Hall. Lower Eden. Probably does not occur In
Indiana.
382. Orthoceras mohri Miller. Waynesville.
383. Orthoceras spinale. The ,Identity of this species Is not known. No
such species Is known from the Cincinnati group of Indiana.
Cm:a:I:PEDIA.

384. PlumuU.tes jamesi Meek. See Lepidocoleus james!.
385. ,Turrilepas jamesi (Meek). See Lepldocoleus james!.
385a. Lepldocoleus jamesi (Meek). Richmond. probably also in the other
divisions of the Cincinnati group. .
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386.

387.

Beyriohia ohambersi MfIIer. See Ceratopsls chambersI.
Beyrichia hammeli Miller' and Faber. See Ctenobollna ciliata Ham

meli.
388. Beyriohia ooulitera Hall. See Ceratopsis ocullfera.
389. Beyrichia striato-marginata Miller. See Eurichilina striato-margi
nata.
390. Bollia pumila Ulrich. Richmond.
391. Ceratopsis chambersi (Miller). Eden. Richmond (1)_
392. Ceratopsis chambersi robusta. Ulrich. Lower Richmond.
393. Ceratopsis ocuIifera (Hall). Lorraine.
394. Ctenobolina ciliata hammeli (Miller and Dyer). Arnheim.
395. Entomis madisonensis Ulrich. Saluda.'
396. Eurychllina striato-marginata Miner. Saluda.
397. Leperdltia caecigina Miller. Saluda.
398. Primitia c1ncinnatiensls (MllIer). Richmond.
399. Prlmitia impressa Ulrich. Waynesville (?).
400. BtrepuZa. .quaarilirata simpZea: Ulrich. See Tetradella quadrillrata
simplex.
401. Tetradella quadrilirata (Hall and Whitfield). Lower Richmond.
402. Tetradella quadrilirata simplex Ulrich. Richmond.
TRILOBITA.

403. Acidaspls ceralepta (Anthony). Eden.
404. Acidaspis cincinnatiensis Meek. Eden, Lorraine.
405. ACidaspis crosotus James. Eden.
406. Calymmene caUicephala Green. Eden, Lorraine and Richmond. A
common fossil.
407. Ceraurns icarns (Billings). Whitewater.
408. Ceraurns pleurexanthemus Green. 'Lower Lorraine and base of
Waynesville.
409. Dalmanites breviceps Hall. Waynesville.
410. Dalmanites callicephalus (Hall).' Probably not founjl in the Cin
cinnati group.
411. lsotelus maximus Locke. Hather common in all divisions of the Cin
cinnati group.
412.' t SQteZus' gigas. See 1. maximus.
413:-'1'Phacops oallicephalus. See Dalmanites callicephalus.
414. Phaoops gaUicephahlll. See P. callice))halns.
415. ·Pt-oetus spurlock! Meek. Lower Lorraine.
419. 1'rlnucleus concentricus Eaton. J..ower Eden.
ANNELIDA.

See Cornulites fiexuosus Hall.
418. Cornulites fiexuosus (Hall). Throughout the Cincinnati group.
419. Ortonia minuta. See COl'IluUtes minor.
420. Cornulites mInor (NIcholson). Lower Lorraine.
421. CornuUtes richmondensis (M1l1er). Waynesvllle.
422. Cornulites tenuistrlatus (Meek ailjl Worthen). RIchmond.
417.

ConchioUtes oonica.
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SPONGES AND CORALS.

DIAGNOSES OF GENERA.
BEATRICEA Billings.

Cylindrical or angulated stems, often fluted and ranging in
size to over ten feet in length and a foot in diameter. A central
tube wi~h cystose ta.lmlae and a peripheral vesicular structure
characterize the fossil. (Grabau).
CAlJAPOEQIA Billings.,

Corallum massive or branching. Corallites prismatic, poly
gonal, geuerally hexagonal. Tabulae nunierous. Numerous short.
well marked septa. Mural pores large, disposed in vertical rows
between the septa. (Zittel).
CO~UMNARIA

Goldfuss.

Corallum maSsive, hemispheric, pyriform or irregularly spher
oidaL Often of large siZe. Composed· of prismatic or polygonal
corallites, which radiate outward from the base of attachment.
Walls of corallites not excessively thickened, and contiguous: coral
lites in contact throughout, except sometimes near their mouths.
Walls imperforate. Septa well developed and lamellar, extending
from the top to the bottom of theviscel'al chamber, not quite reach
ing to the center of the tube. A long and short series alternate
with each other. Tabulae very numerous and well developed, com
plete and nearly horizontal, not placed at corresponding levels in
contiguous tubes. (Nicholson.)
LABECHIA .}filne-Edwards .and Haime.

Corallum a laminar expansion, attached by a portion of the
base, the remainder of the lower surface covered by a concen
trically striated epitheca. Upper surface with rounded or elong
ate, solid· tubercles, separated .by an imperforate calcareous mem
brane. Internal structure consisting of a great number of cylin
drical calcareous columns directed vertically upward from the
basal epitheca, their upper ends forming the surface tubercles. .In
terspaces between the columns occupied by a series of lenticu1ar
vesicles with their convexi.ties directed upward. (Nicholson.)
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PROTAREA Mllne-Edward$ and Baime.

Encrusting. Cells simple, polygonal. Small sharp points at
the angles of most of the calices. Calices shallow. Septa less
trabecular than in most of the Poritidae. Toothed at the margin;
the teeth nearest the center simulating a small columella. No pali.
(Edwards and Haime.)
STREPTELASMA Hall.

Turbinate, often curved. Septa numerous, altel1lately long
and' short; the free edges of the longer septa twisted together in
the center to form a pseudocolumella. Tabulae few or absent.
Position of the principal septum is recognizable on the exterior by
a system of pinnately diverging costal ridges. (Zittel.)

. TETRADIUM Dana.

•• Ooralla aggregata, tubulis ceZlisque quadrangttlatis composita,
septis parietibusve te'nuissimis j cellis lamellis angustis 4 stellatis .
•, Coralla massive, consisting of 4-sided tubes, and cells with
very thin septa or parietes; cells stellate, with 4 narrow lamellae.
"This geuus is near Receptaculites, but differs in having very
thin parietes, and four distinct rays within the cells, one to each
side. The species answering to the description, is a fossil of un
certain locality, in the collections of Yale College, New Haven.
The cells are about half a line in breadth. The name, from the
Greek 't'E't'pa~, four, alludes to the quadrate structure. "-Dana,
Zoophytes of the Wilkes Exploring Expedition, 1846, p. 701.
DESCRIPTION OF SPECIES.
BEATRICEA NODULOSA BillIngs.
Plate I. llgs. la, lb.

Beat1-icea 1~odulosa Billings, 1856. Gool. Surv. Canada, Rep. Prog
ress for 1856 (1857), p. 344.
, , D~sc1-iption.-The surface of· this species is covered with ob
long, oval, subtriangular projections from one to three lines in
height, each terminating in a rounded blunt point which is nearer
to one end of the prominence than the other. Some of the pro
jections are six or seven lines in length at the base, and half as
wide. Generally they are smaller, and often with a nearly circu
lar base; the distance between .them is from one to three lines.
They exhibit in some specimens a tendency to an arrangement in
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row~ following the length of the stem. In some instances these
rows wind around the stem in spirals. In addition to these charac
ters, the whole surface is fretted with minute points, and these
when partially worn show a perforation in the centres.
"In a specimen three inches in diameter, the diameter of the
central' tube is three-quarters of an inch; the transverse septa are
thin, very concave, and at distances from each other varying from
one line to one inch.
"Locality and formation.~Anticosti, at Wreck Point, Salmon
River and Battery Cliff. Lower Silurian. "~Billings, loco cit.
Saluda formation in Indiana.

BEATRICEA UNDULATA Billings.
Plate I, fig. 1.

Beatricea undulata Billings, 1856. Goo!. Surv. Canada, Rep.
Progress, for 1856 (1857), p. 344.
, , Description.-The surface of this species is sulcated longi
tudinally by short, irregular, wave-like furrows from two lines to
one inch across, according to the size of the specimen. In other re
spects it appears like B. nodulosa: The lal;gest specimen is ten feet
five inches in length, about eight inches in diameter at the large
end, and six inches and a-half at the smaller extremity. Another
short fragment is fourteen inches in diameter.
" All the specimens of both species are replaced by carbonate of
lime, but show more or less perfectly the septate character of the
central tube and the concentric arrangement of the layers of the
stem. They are generally broken up into short pieces.
"Locality and formation.-Cape James, Table Head, two miles
east of Gamache Bay, and numerous other localities in the Middle
Silurian. "-Billings, loc. cit.
Saluda formation in Indiana.
CALAPOECIA CRIBRIFORMIS (Nicholson).
Plate I, figs. 1I·lIb; Plate V, fig. 1.

Oolumnopora cribriformis Nicholson, 1874, Geol. Mag., N. S. de
cade II, vol. I, p. 253, fig. 1.
" Spec. OItar.-Corallites far the mast part hexagonal or penta
gonal, averiging about one line and a half in diameter, sometimes
more or less. Septa in the form of strong vertical ridges, from
twenty to twenty-four in number, equally developed, never reach
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ing the centre, or extending more than quite a short distance into
the interior of the corallite. Between each pair of septa is a row
of large oval or circular mural pores, so that there are from
twenty to twenty-foUr rows of these openings in each corallite, gen
erally about four on each face. Not only are the rows of pores
thus extraordinarily numerous, but the pores are of unusually
large size, and are placed close together, about three of them oc
cupying the space of one line measured either vertically or trans
versely. The walls of the corallites thus assume a completely
cribriform appearance, and look as if composed of a series of ver
tical pillars (the septa) united by horizontal cross-bars. Tabulae,
in the specimens observed, imperfect, from three to four in one
line .
. , At first sight, especially when viewed from above, Columno
pora cribriformis presents a striking resemblance to Columnaria
alveolata, Goldfuss; the shape and size of the corallites being alike
in both species. The specimens of Columnaria alveolata which are
found in the Trenton limestone, so far as I have seen, have, also,
short septa, in the form of strong ridges, which extend inwards for
a very small distance; and this still further increases the .resem
blance just spoken of. In the latter species, however, the walls of
the corallites are compact, and are not perforated by pores, and
this of itself is a sufficient point of distinction. On the other hand,
Oolumnopora cribriformi:; is distinguished from all the massive
species of Favosites, both by the well-marked septa and by the
large size and enormous number of the mural pores. From .Miche
linia, C. cribriformis is separated by the fact that the tabulae are
certainly not vesicular,whilst the pores are much larger and'more
closely set than.in any species of the former genus, and the septal
system is at the same time much better developed. In the only
specimens I have seen, the tabulae of C. cribriformis are poorly
preserved, and nothing is left of them except their bases. This
things, however, is quite commonly observable in speci
state
mens of Columnaria and J!1avomtes; and I entertain no doubt but
that the tabulae of the present fOl'ln were really complete and in all
respects well developed."-Nicholson, loco cit.
This species is reported by Nicholson from the Cincinnati
group, near Cincinnati, Ohio.
Nicholson has shown the calices in his figure, reproduced in this,
report, as considerably smaller than in the fine specimen which I
figure. He says, however, in his description that in the size of the
corallites the species does not differ from Oolllmnaria alveolata,
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and in giving the dimensions of the corallites in another plaCe he
allows some latitude in this respect. The large specimen figured
by me was found loose at Richmond, Indiana. I have also seen a
small specimen from the Liberty formation on Tanner's Crook, In
diana, and another in the base of the Saluda on Cedar creek, near
Versailles, Indiana. (1.34A15a.)
COLUMNARIA ALVEOLATA Goldfuss.
Plate Ii I1p. 4, 40..

Oolumnaria alveolata~ Gbldfuss, 1826, Petrefacta Germaniae, p. 72,
pI. xxiv, :/igs.7 a-c.-Pavistella stellata Hall.
'( Oolumnaria hemispherica, tubis e basi radiantibus inaequali
bus longitudinaliter. striatis, lam ellis stellarum remotis e centro ra
diantibus et marginalibus alternis.-Petrefactt~m calcarem e cal
careo transitorio Americae septentrionalis."-Goldfuss. (The
above description. is taken from the second edition of the Petre
facta, 1862).
This is the form commonly known in the Ohio valley region as
Favistella stellata Hall (1847) and shown by Nicholson to be the
true Ool1tmnaria alveolata Goldfuss.·
Nicholson's very excellent description of O. alveolata is as fol
lows:
"Spec. Ohat·.-'()oralhun massive, subhemispheric, or pyriform,
often attaining a very considerable size. Corallites prismatic,
hexagonal or pentagonal, but often more or less drawn out along
one axis, the larger ones being from rather less than two to over
three lines in their long i\jameter, and having numerous smaller
tubes interspersed amongst them. Walls of the corallitesmore or
less amalgamated, the line of division between contiguous tubes
.still remaining quite distinct. Mural pores apparently wanting.
Septa unequally developed, alternately large and small, the latter
quite rudimentary, and the former extending usually across two
thirds of the distance betwoon the wall and the axis of the visceral
chamber, or even reaching the last-mentioned point. The septa are
thin and flexuous, but completely lamellar, and the number of each
series varies from about twelve to fifteen or more. . Tabulae com
plete, horizontal, or somewhat flexuous, about six in the sp~e of
two lines. Calices polygonal, unequally-sized, moderately deep,
with thin margins, usually closely contiguous, but sometimes sep~
"The form described by Hall from the Black River formatioD of New York as
O. a!vllo!ata GoldtuBs Is not that species, and has been renamed O. han. by Nichol
son, Paleozoic Tabulate Corals, 1879, p. 200.
. .
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arated by slight interspaces; the floor formed by the uppermost
tabula, the surface of which is striated by the radiating septa."
Nicholson, Paleozoic Tabulate Corals, 1879, p. 195, pI. x, figs. 1, 1a.
In the Richmond formation of Indiana this species marks one
of the most persistent zones in the whole formation, namely the
base .of the Madison beds or Saluda formation (Foerste). Here
the characteristic hemispherIcal heads occur in great numbers. The
bed of the creek along the old right-of-way east of Osgood, is one
of the best localities known to the writer, although they may be
found in abundance at and about Madison. Between Versailles
and Madison for a considerable interval, this coral is very rare, and
its place seems to be taken by a very--Iarge species of Tetradium.
LABECHIA MONTIFERA Ulrich.
Plate I, figs. 2·2b.

Labechia montifera Ulrich, 1886, Contributions to American
Paleontology, p. 33, pI. ii, figs. 9, 9a.
"This species forms large crusts, rarely more than 5 mm. in
thickness, upon foreign bodies. (Usually species of Orthoceras.)
The surface is undulating and elevated at intervals of 6 mm., more
or less, into large conical monticules, the slopes of which are
marked by irregularly intermittent, radiating ridges; the inter
vening spaces between the monticules is covered quite uniformly bJ
numerous unequal small granular eminences, of which about ten
occur in 5 mID.; sections prove these to be the projecting ends of
vertical pillars. In transverse sections 41< 41< 41< the pillars are
of an irregularly stellate form; their size is variable, but those
occupying the monticules are always the largest. The intermediate
spaces are crossed by a variable number of faint, curved lines,
representing the cut edges of lenticular vesicles which occupy the
apace between the pillars. In vertical sections .. 41< .. the pil
lars are seen to be rather unequal, and separated from each other
by a loosely-wo~en vesicular tissue. The v~icles vary much in
size, but are disposed to arrange themselves in obscure layers.
"It is possible that this species ought not to be considered as
congeneric with L. conferta, E. and H. (the type of the genus) as
the differences between them may be of greater importance than I
now believe them to be. In transverse sections of L. conferta, the
vertical pillars appear as simple, round columns, and look quite
different from the irregularly stellate section presented by the
pillars of L. montifera. Another but less important difference is
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found in the different habits of growth. Thus L. montifera is an
encrusting form, while L. conferta grows into free laminar expan
sions, covered on the lower side by a concentrically striated epi
theca. Another species, forming masses as much as one foot in
length, is not uncommon in the upper part of the Cincinnati
group at Clarksville, 0., and other localities. Specimens of L.
montifera are rather rare at the same horizon. The specimen fig
ured was collected at Madison, Indiana. "-illrich, Zoc. cit.
I have seen a number of good specimens of this species in the
upper. part of the Richmond formation (Saluda) in the vicinity
of Osgood, Indiana. One very fine specimen, completely covering
the conch of an Orthoceras, firmly imbedded in the rock of a creek
bed about four miles northeast of that place, was seen, at a hori
zon a ,little below the base of the Saluda. The other specimens
seen were about twelve feet above the base (}f the Saluda. Ulrich
does not give the horizon of the type, but doubtless it came from
a similar leveL
PROTAREA VETUSTA Hall.
P~ate

I. fig. 5.

Porites t vetusta Hall, 1847, Pal. New York, vol. I, p. 71, pI. xxv,
figs: 5 a-b.
" A subhemispheric coral, composed (}f irregular concentric lam
inae; cells vertical to the laminae; openings upon the surface,
nearly circular, with internal vertical lamellae which reach half
way to the centre.
"To some extent, this specimen presents the character of POR
ITES, in a great degree of perfection. The surface of the speci
men being weathered, the radiating lamellae are often obliterated.
The centre of the cells are also destitute (perhaps from weather- •
ing) of the fine elevated points characteristic of some recent spe
cies of PORITES.
"This is the (}nly species known to me in the lower term of
our system, which presents, in any degree of perfection, the char
acters of recent PORITES. "-Hall, Zoc. cit.
The diameter of the calices of Hall's species is not stated in
the above description. As measured on his figure in the Paleon
tology of New York, the average is rather less than a millimetre.
In the specimen figured by me the diameter of the calices averages
rather over one millimetre, in many instances one and one-half.
The diameter of the calices of P. verneuili E. and H. is stated to
be about three millimetres. No figure (}f the latter is given, and
[45]
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the description is very meagre, bnt the size of. the calices wonld
seem to me to preclude the possibility of, our species being the
same. Whether the common Richmond form is to be referred to
Hall's species or not, does not seem to me to be a question to de
cide on the basis of so slight a variation in the size of the calices
as I have indicated above. It can be settled only by a careful com
parison of the Richmond and Trenton forms point by point. For
the present, therefore, I prefer to refer the Richmond form, as
has heretofore been done, to the species P. vetusta.
1.34A13a, 13b, 14a, 16, 17, 18, 19,20,22. ',' .1.41A4, 6, 7, 8, C1,_
2, 3, D1, 2, 3, E1, 2, 3, 4, 15 .... 1.12F3.
A study of these localities shows that th~ species is restricted to
the Liberty and Whitewater divisions of the Richmond forma
tion.
STREPHOCHETUS RICHMONDENSIS Miller.
Plate II, figs. 8·8b.

Stromatocerium richmondense Miller, 1882, Jour. Cincinnati Soc.
Nat. Rist., vol. v, p. 41, pI. ii, fig. I-lb.
"This is a small, globular or spheroidal sponge, consisting of
numerous, irregularly concentric, mo~e or less wrinkled, calcareous
laminae, separated by interlaminar spaces, filled with minute corti
cal tubes. It is destitute of the larger orifices and canals that
usually occur in Stromatopora, and I have been unable to ascer
tain that the concentric laminae are perforated by canals; they are
apparently more dense than the intervening spaces, but it is not
supposed that they constituted a barrier to the circnlation. The
sponge appears to consist of minute tubes radiating from a cen
tral point, in aU directions; these are cut short by a laminar eov
• ering, which forms a basis for the minute radiating tubes to spread
in all directions, from its outer surface, lmtil they are likewise
arrested by another covering, which, in turn, forms the basis for
radiating tubes, and so on to the 10th or 15th covering. These
coverings appear in cut and weathered specimens as irregularly
concentric laminae. In magnified sections it shows an apparent
vesicnlar structure, but no spicules have been determined. I have
referred the species to Stromatocerium because it agrees with that
genus in its general texture, and seems to be destitute of the
larger canals and superficial openings that characterille the genus
Stromatopora.
"It occurs in great abulldance, in some of the rocky strata, in
the upper part of the Hudson River group, at Richmond, Ind.
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Dr. John T. Plummer, in a communication to the A.merican Jm£r
nal of Science, many years ago, called the specimens 'pisolitic balls
embedded. in the solid rock,' He said these pisolitic strata vary
from two to ten feet in depth, and are frequently found blended
with the marlite. However, I did not find them in such massive
strata, but there are some layers of rock about three or four inches
in thickness, largely made up of specimens of this little sponge,
that may be found on the high ground immediately above the rail
road bridge, in the northern part of the city. It is found at other'
places, in that locality, and may be regarded as a common species. "
-Miller, loco cit.
This species occurs at Richmond in the upper part of the
Whitewater division,
STREPTELASMA DIV ARICA:.~S Nicholson.
Plate I, figs. 6, 6a.

Palaeophyllum d·ivaricans Nicholson, 1875, Pal. Ohio, II, p; 220
pI. xxii, figs. 10, lOb.
"CUrallum usually free, sometimes apparently attached, com
pound, 'formed of conical, turbinate corallites, which are produced
by lateral gemmation; or rarely by fission, and which are directed
outward from the parent, usually at a more or less open angle,
and are never in actual contact with one another [ ?]. The number
of corallites in the corallum, so far as observed, varies from two to
six. Septa from fifty-eight to sixty-two, alternately large and
small, the large ones becoming twisted as they approach the center
or the visceral chamber: where they unite with one another later
ally, and form a more or less developed central mass of vesicular
tissue [pseudocolumellaJ. No dissepimentsor columella. Tabulae
unknown. Wall with a well-developed epitheca, with longitudinal
ridges corresponding with the septa within~ and also with faint
encircling striae and a few shallow annulations of growth. Calice
deep, with a flattened space at the bQttom. Free edges of the
septa not furnished with spines or denticnlations. Apparently no
fossette.
"The best preserved specimen which came under my notice
consists of two corallites, one budded from the side of the other
at nearly right angles. The largest corallite has a length of nearly
ten lines, a diameter of calice of seven lines, and a depth of calice
of four lines. Another specimen consists of six nearly equally
sized corallites, apparently produced by parietal gemmation, and
having a length of five or six lines, and a diameter at the calice of
about five lines. Another specim,en cODsists of two large corallites
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which appear to have been produced by fission, being attached
only by their pointed bases, and being nearly in contact with one
another. 'fhe length of. the largest of these corallites js more than
an ineb and a half, and its diameter at the calice is ten lines.
Another specimen, precisely similar in its mode of growth, is at
tached to the dorsal valve of RhynchoneUa dentata, Hall, the
length of the largest corallite being only three lines, and the diam
eter of the calice the same.
"'l'he specimens from which the above description was taken
in most respects closely resemble Streptelasma corniculum, Hall,
especially as concerns their twisted septa; but they possess a much
smaller number of septa (if specimens of the same size be com
pared), and they are always rendered composite by the production
of lateral buds or by cleavage.
"With Palaeophyllum rugosum, Billings, the present species
cannot be confounded for a moment, the former constituting large
masses of: scarcely separate corallites, which vary from one to si~
lines in diameter." Nicholson, loco cit.
The types are said to be from the Cincinnati group, Cincinnati,
Ohio. This is certainly in error. The species is strictly a Rich
mond formi and I have not seen it except in the upper part of
the latter formation. In the Whitewater division at Richmond
it is common, and at other localities where beds of this age are ex
posed I have collected the species, especially in the vicinity. of
Laurel, Indiana. It is quite constantly associated with Rhyncho
trema dentata. In the description above, the fact is mentioned that .
one of the specimens was attached to the valve of R. dentata.
'l'his species may accordingly be taken as one of the markers of
the Whitewater division of the Richmond formation. Its range is
by no means as great as that of Streptelasma rusticum.
1.41A4, 5, 6, 7, 8, C2-3, Dl, 2, 3, E4, 5, 6 and the localities
mentioned above. I have a number of specimens frum Tanner's
Creek that are probably referable to this species. They come from
the upper part of the Liberty formation.
STREPTELASMA RUSTICUM (BillIngs).
Plate II, figs. 2·2b.

Petraia rustica Billings, 1858, Geological Survey of Canada, Re
port of Progress for 1857, p. 168 (not figured).
"Description.-Straight or slightly, curved, covered with a
strong epitheca, which is more or less annulated with broad, shal
low undulations; radiating septa about one hundred or usually a

\
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little more; much confused in the centre, where they form a vesi
cular mass [pseudocolumella]; every alternate septum much
smaller than the others, only half the whole number reaching the
centre. Length from two inches and a half to three inches and a
half. Diameter of cup one inch to one inch and a half; depth of
cup half an inch or somewhat more.
,'This species appears to be the same as that described by
Edwards and Baime under the name of Streptelasma cornicu lu tn.
The true S. cornicul~tm of Mr. Hall is a very different species,
being always shorter and much curved. "-Billings, loco cit.
This species is reported by Billings from the Hudson River
(Cincinnati) group of Canada; and there is very little doubt that
it is specifically identical with the very common form of the Rich
mond of Indiana and Ohio. Several other species of StreptBtasma
have from time to time been reported as occur~ing in the Cincin
nati rocks, but it seems certain that aside from S. divaricans this
is the only species to be accredited to these rocks in the Cincinnati
region.
This species has ordinarily been reported as occurring through
out the Richmond formation, but I have not found' it in the
Waynesville or Arnheim members of that formation. It is espe
cially characteristic of the Liberty and Whitewater divisions. It
is generally absent in the Saluda and Elkhorn divisions.
1.34All, 12, 13a, 14a, 15a, 15b, 16, 17, 18, 19, 20, 21. ...
1.41A4, 5, 6, 7, 8 .... 1.41D1, 2, 3 .... 1.4101, 2-3 .... 1.41E1, 2,
3, 4, 5, 6 .... 1.12Dl-6, E3, F3.
'1 ErrRADIU~I MINUS Safford.
Plate II, figs. l·le.

Tetmdiurn minus Safford, 1838, Am. Jour. Sci., 2d ser., vol.
XXII, p. 238. (Not figured.)
"We include in this species massive specimens (generally
small), the tubes of which are only from one-fourth to one-third
of a line in breadth. The tubes in some specimens are quite regu
lar, in others, though generally four-SIded, are more or leSj'l irregu
lar and have the aspect on the upper surface of Chaetetes., La
mellae as in T. fibratum."-Safford, loco cit.
The specimens of this species seen in the Richmond formation
l:11'e often of great size, one measured by the writer being nearly
nve feet in diameter. It characterizes very strictly the Saluda di
vision of the Richmond, and is especially abundant and persistent
at the base of this division, where it is often associated with Col
umnaria alveolata.

.

710.

REPORT OF STATE GEOLOGIST.

ECHINODERMATA.
DIAGNOSES OF GENERA .
. ANOMALOCRINUS Meek and Worthen.
Revised by Wacbsmutb and Springer.

General form depressed, calyx comparatively large, rather shal
low:, subglobose; arrangement of plates extremely irregular, scarce
ly two plates being of equal size. Basals five, small, subequal, part
ly. ~iqden by the column. Radials irregular, all differing in size and
form, simple or compound, sometimes divided vertically. The left
alltero-dorsal radial is cempound, composed of two pieces; that
of t4e opppsite side and the anterior radial are simple. The left
posteI.'o-latl'lral radi81. is the largest plate in the calyx, and. either
simple or bisected vertically, composed of two nearly equal parts.
The lower segment of the left antero-lateral is subquadrangular,
the angle along the baso-radial suture being so obtuse as to form
almost a straight line; upper side truncate and slightly convex.
Tpe ~pPer segment is irregularly hexagonal, truncate above and
below, much wider at the lower than the upper side, widest across
the lateral angles. The two together have almost the dimensions
of the single radials, but, in place of being wider than high, they
are higher than wide, with a narrow concavity for the reception
of the brachials. The fifth radial-the right postero-Iateral one-
rests against the truncate upper side of a large azygous plate, and
as this stands in line with, and .has nearly the form and propor
tions of the lower section of the compound radial, and the radial
plate the form of its upper segment, the two appear in the speci
men as forming jointly another compound radial.
There is also among the rays a great diversity in the number
of brachials, and this gives to the specimen that abnormal, irregu
lar outline which is so characteristic of the genus. Some of the
rays have two, others three brachials, while the right posterior ray
has generally four or. more.
Arms long, bifurcating at regular intervals, widely divergent,
rather stout at their origin ; tapering upward. They are com
posed of a succession of rather long, quadrangular pieces, inter
rupted only by the atillaries which are pentangular, and which
divide the main arm, and each division of the arm, into two equal
parts. The pinnules are slender, composed of long pieces, given
off from every arm joint, but at one side only in succession-not
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alternately-until the next bifurcation of the arm, when on both
divisions they all change to the opposite side. By this arrange
ment there are always 8 to 10 pinnules in succession, first on one
side, then on the other. The first pinnule occurs on the second
arm plate, not on the first, but every succeeding plate is pinnulated
with the exception of the bifurcating ones. The proximal pinnule
after each bifurcation is considerably heavier and longer, almo!3t
arm-like, and bifurcating, the others are simple. The arm furrows
are shallow but wide, only one side having sockets for the recep
tion of pinnules.
The ventral sac is tubular, and rests upon the left side of the
posterior radial as in the Heterocrinidae. The proximal plate of
the tube is large, subquadrangular, and is succeeded by other ap
parently large pieces. Of the plates on the ventral side little
is known.
Column very large, almost circular, pentapartite, highly orna
mented; central canal large, star-shaped, the projections located
interradially. The structure of the column along the axial canal
resembles that of Bar1jcrinus, and Vasocrinus, with which AnO
malocrinus agrees also in the form of the. calyx. (Wachsmuth and
~pringer.)
D~NDROCRINUS

Hall.

General form of the crinoid elongate and slender. Calyx ob
conical, higher than wide, Unsymmetrical. UnderbaSals five, sIm
ilar in form, scarcely of medium size, but extending beyond the
column. Basals five, the largest plates in the calyx; four of them
equal, hexagonal, the fifth or posterior one heptagonal, truncate
above for the support of a large anal plate. Radials alternating
with the basals all around, simple in four or the rays, pentagonal
and of about equal size. The right posterior radial is compound,
divided by a horizontal suture into two halves, which taken to
gether, have about the form of the simple plates,only slightly
longer; Brachials two to five, some long and narrow and others
short and wide. Anals one, sub quadrangular. Arms long, branch
ing; ambulacral furrow deep. Pinnulae wanting. Dome UN
known. Ventral sac str.ongly developed, composed of numerous
small, hexagonal, alternately interlocking plates of equal size,
strengthened by little transverse or slightly oblique costae, and
so arranged as to present an ascending zigzag appearance; Col
Ullin pentagonal, or, exceptionally, round. (Wachsmuth and
Springer.)
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ECTENOCRINUS Miller.

General form very elongate; calyx small subcylindrical, moder
ately expanding; basals five, unequal; radials irregular, four
plates in three series, before the bifurcation of the free arms, am}
three in each of the other two series; arms ten, long; pinnules
strong; azygous plates three, following each other, but not in a
direct line; vault unknown; column very long, round, tripartite,
and attaching by an expanding base. This genus is founded upon
Heterocrinus simpZex Hall, as the type, because the genus Hetero
crinus was founded upon H. keterodactylus as the type, which is
quite widely removed from H. simplex. (Miller.)
GLYPTOCRINUS HaI1~

Calyx obconical or subglobose; plates thin, often highly orna
mented; the fixed brachials passing imperceptibly into arm plates,
and the interbrachials into disk plates; the arms rising vertically
from the edge of the tegmen. Basals five, of uniform size, form
ing a small cup. Radials and costals of nearly equal size; . the sec
ond costal hexagonal. Distichals varying in number, there being
but two in species in which palmars take part in the calyx; but
when the second bifurcation takes place in the free arm!!, they are
quite numerous, frequently six to eight or more in the calyx, fol
lowed by several others in the free arms. When this is the case, the
seoond distichal gives off a large pinnule; while in the other the
proximal pinnule is developed into an arm. Arms' rarely branch
ing beyond the second bifurcation, rising vertically from the calyx;
they are long, slender, rounded on the back, and composed of a
single series of short, slightly wedge-shaped pieces, which do not
interlock. Pinnules slender, closely arranged; the proximal ones
the stoutest, and frequently incorporated into the calyx. Inter
brachials definitely arranged; the first large, resting upon the
sloping upper faces of the radials; there being two plates in the
second row, and two, sometimes three, in the higher ones. The
anal side widest, having generally three plates in the second and
all succeeding rows. Interdistichal spaces large, composed of nu
merous small plates; some species also having interpalmars. Ven
tral disk depressed-hemispherical, very slightly extending above
the level of the arm bases; the ambulacra subtegminal, except near
the periphery, where some of the small covering pieces are exposed,
but the course of the ambulacra is indicated by surface ridges.
Plates of the disk very minute and irregularly arranged, decreas
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ing in size toward the arms. The arrangement of the larger plaWs
at the summit is also irregular, being unlike that of orals, which
probably are not repre~ented. Column roUnd; axial canal large,
pentalobate, the lobes directed interradially, except.in one species
in which the stem is pentangular and the central canal radially
disposed. (Wachsmuth and Springer.)
HETEROCRINUS Hall.
Redefined by Wachsmuth and Spri;nger.

Calyx small, sub cylindrical, tapering but slightly from the eol.
umn upward. Basals five, more or less unequal, without under
basals; the so-called underbasals of Meek representing the upper
stem joint. Radials very irregular, and varying among the rays
in number as well as in size. There are two segments in the two
antero-lateral rays, while the three remaining rays have but on("
this, however, nearly as large as the two in the other rays. The two
plates at the right posterolateral side consist of the azygous piece
-the lower one-and of the radial, which upon its upper side sup
ports the brachials, giving off laterally a small ventral' tube.
Arms ten, composed of single joints, alternately united by syzygy,
with strong pinnules from every second joint. Column tripartite,
almost circular; axial canal large, pentalobate, the lobes directed
interradially. (Wachsmuth and Springer.)
IOCRINUS Hall.

General appearance somewhat similar to Perdacrinus; . COlD
paratively larger than H eterocrinus ;. arms longer and more· he
quently bifurcating; calyx more broadly spreading, and perfectly
symmetrical up to the top of the radials,· giving the form· of a
short, .inverted, pentagonal pyraniid with the five sides deeply
concave. Underbasals undeveloped. Basals small,· pentagonal.
. Radials· comparatively large, strong, all pentagonal, and of' t'he
same height; their upper margins truncated for· nearly their· ~ri
tire breadth for the junction of the succeeding pieces. Brachh\ls
three to four in each ray, the upper one auxiliary, and supporting
the first free divisions of the arms. In the right· posterior ray
there is interposed between the true brachials and radial plate a
pentagonal bifurcating piece, which. is evidently free and moVti:tble
like the bra~ls, and of the same width. This peculiar plate,
which is truly radial, !1upports on its right sloping side the usual
number of brachials, and on the left a row of quadrangularpla~
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vertically arranged" extending to the tips of the arms, and forming
the posterior wall of a large ventral tube. In external appearance
these plates resemble the brachia Is and arm plates, only they are
somewhat higher and not quite as wide; they are gibbous, and
form an elevated ridge, which causes this appendage to resemble
an arm or a branch of the ray, and so it was considered by Hall
in his description of H eterocrinus polyxo. Both sides of the mesial
ridge are indent~d to accommodate other plates, of which there are
two to each mediah plate, one abutting against the middle part,
and the other opposite the suture. These lateral plates are delicate,
1hrec,or four times wider than high, and, like the other, longitudi
'Dally arranged. Each of them contains a rather deep furrow,
w,hich in perfect specimens is arched over by a row of wedge
shaped plates .which stand out prominently and appear very much
like pinnulae. Arms bifurcating frequently, gradually tapering;
ar.m pieces like the fr:ee radials, all projecting at the upper edge,
thereby prQducing a sort of imbrication. Pinnulae unknown. Col
umn strong, distinctly pentagonal, the angles in line with. the
radial. plates of the body. ( Wachsmuth and Springer.)
LEPADOCRINUS Conrad.

Body oblong or ovoid, consisting of four series of plates; first
series four; second series five; third series four j fourth series
five; pectinated rhombs three to five; arms three or four, recum
bent, and consisting of a double series of interlocking plates, rest
ing. in sh!lllow grooves; plates poriferous, cohimn tapering.
(Miller.)
LICHENOCRINUS Hall.

"Bodies parasitic on shells and other foreign substances. Form
di!:lcoid or depressed 7 convex, with a proboscidiform appendage ris
ing from the' center. Disc composed of an indefinite number of
polygonal plates, and apparently having no .distinct mode of. ar
rangement. ,Proboscis perforate, and in· the known species formed
of five ranges of short plates alternating and interlocking at their
margins. The fossils' for ,which this generic name is proposed are
small par,asitic seab~like bodies, usually found adhering to the
smooth surfaces of shells and other foreign substances.' ~ (Han,
Qriginal diagnosis;)
P ALAEASTER, Halt

.

Stellate, disc small;' two· ranges of plates: in eachambulacral
gt.oove, and two on either side, adambulacral and marginal; fOllr
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ranges of pores in each groove; oral plates in pairs at the base of
the rays; dorsal plates polygonal, sometimes spinous, madreporic
tubercle. (Miller.)
PALAEASTERINA McCoy.

Pentagonal, depres&ed, with plated disc that fills up the angles,
leaving the rays but slightly produced; ambulacra shallow, bor
dered by subquadraie plates. (Miller.)
, TAENIAS1'FlR Billings.

No disc or marginl;ll plates; rays long, flexible, spinous; adam
bU,lacral platt's elongated; two rows of ambulacral pores j ossicles
contraeted in the middle. (Miller.)
XENOCRINTJS Miller.

Basals four, forming a low cup, which is decagonal at the upper
end j five of its sides supporting the five radials, the five others the
interradials and anal pla.tes. This arrangement gives to t4,tl basals,
owing to their abnormal number, a very irregulat: form, np two of
the plates being alike. :Radials generally a . little larger tllan the
costals. Costals two, the sides bending abruptly inward and form
ing highly elevated ridges j the distichals to about the fifth or
eighth plate form part of the calyx. The lower of these plates are
larger, and more or less resemble the costals, while the,upper ones
are more like free arm plates. Arms ten, simple, rather stout;
composed of very short cuneiform pieces, which at the tip!) of the
arms slightly interlock. Interradial spaces deeply impfilSsed';
composed of numerous minute pieces without definite arra~gement;
they rest upon the basals, separating the rays -from their bases
up. Anal interradius wider than the four others; divided 19n9itu
dinally by a row of folded plates,. which like the, radials' have a
prominent ridge upon the, outer surface, and a groove .at the j:qner
floor. The ridge ends in '0. small protuberance containing the anal
opening, which points upwards. Intf;lrdistiohalspaces a1&o 4eeply
depressed, and filled by irregular,minute plates, which, like those
between the main rays, P$.ss 'imperceptibly into the disc. Ventral
disc comparatively flat, comp()$ed throughout of very small pieces;
orals being unrepresented, and the disc ambulacra filubteWninal.
Column quadrangular, with pentangular central canal, ~he angles
of which are directed interradi ally. (Wachsmuth agd Springer',)
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DESCRIPTION OF SPECIES.
ANOMALOCRINUS INCURVUS (Meek and Worthen).
Plate Ill. figs. 1·le.

H eterocrir.us T (Anomalocrinus) incurvus Meek and Worthen;
1865, Proc. Acad. Nat. Sci. Philadelphia, p. 148.
"Body expanding rapidly from the base to the summit of the'
first and second radial pieces, where it is more than twice as wide
as high; composed of the five basal, five first radial, and two sec
ond radial pieces. Basal pieces pentagonal, of moderate. size,
wider than long, and forming together a low, rapidly·expanding,
pentagonal cup. First radial pieces in three of the rays from
three to five" tiDies as large as the basal pieces, wider than long,
two hexagonal and one heptagonal-all with their superior lateral
angles strongly incurved between the arms, and each with a strong
protuberant, rounded facet above, for the reception of the small
succeeding radials. In the remaining two rays, the first pieces
are smaller and lower than those of the others, and each penta
gonal in form, with the upper side horizontally truncated its en
tire breadth; for the reception of a larger second radial, which
in these two rays agrees in size and form, as well as in being in
cluded as a part of the walls of" the body, with the large first pieces
of the other rays. Succeeding radials not more than one-third as
wide as those included in the walls of the cup, and forming small,
rounded, widely separated free arms, consisting of one to three
quadrangular and one pentagonal pieces to each ray. Arms above
the first bifurcation on the second or third pentagonal free radial,
in two of the rays seen, bifurcating again on the third piece, and,
in onf, instance, sending off nearly at r-ight angles from the sec
ond piece after the first division, a strong tentacle, or small lateral
branch.
"First anal piece pentagonal, longer than wide, and resting
between the left sloping side of a large second primary radial
and the right sloping side of' a first primary radial, with rather
less than half its length projecting above the former, and without
extending down so as to bring its base in contact with any of the
other plates below. In the jndividual examined, this piece is
strongly incurved, and Sl~JlPorts on its inner truncated end an
oblong, narrow second' anal, which in its turn supports a smaller
third piece, all of whitlh art'! arranged in a right line, and prob
ably form one side of a proboscis.
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"Surface smooth, or only with traces of fine granules. Sutures
a little concave. Column comparatively strong and rounded near
the base, where it i!'l composed of short joints, and marlred with
obscure, regular longitudinal striae.
, 'Height of body on the anal side, 0.28 inch; do. on the oppo
site aWe, 0.22 inch; gre~test breadth above (allowing for a slight
accidental compression) about 0.38 inch; . breadth of free arms at
their connection with the body, 0.08 inch; breadth of column at its
connection with the base, 0.16 inch.
"This species presents points of analogy both to H eterocrinu8,
Hall, and p ybocrinus, Billings, and yet seems to differ from both
to sucl1~an extent that if we could be sure some of its peculiarities
are not abnormal in our specimen we would be inclined to view it
as the type of a' new genus. As we have seen but the one speci
men, however, which is not complete in all its parts, we have con
cluded to place it, for the present at least, as the type of a sub
genus under H eterocrinus. It differs from the typical species of
that genus in having the column round instead of pentagonal, and
in having only the first primary radial pieces in three of the rays,
and two in each of the others, included as a part of the walls of the
body; while its preceding primary radicals are very narrow, and
form small, rounded, distinctly separated arms, instead of being
nearly as wide as those soldered in the walls of the cup. Another
pec}lliarity is the strongly incurved superior lateral angles of the
large radial pieces around the margin of the cup between the
arms.
"In the rather unsymmetrical form of the body, the slender
proportions of the free arms, and its general aspect, it resembles
Hybocrinus, from which it differs in having but one anal piece
connected with the walls of the cup, and in having two of the rays
and two of the primary pieces included in the wall, while its free
arms bifurcate twice or oftener, instead of being simple from
their origin. "-Meek and Worthen, Zoe. cit.
The type is from the "upper part of the Cincinnati group"
at Cincinnati, Ohio.
·1.1?E3 (').
DENDROCRINUS CASEI Meek.
Plate IV, lIgs. 2·2b.

Dendrocrinus easei Meek, 1871, Amer. Jour. ScL, 3d ser., II, p. 295
(not figured).
"Column very distinctly pentagonal, the aJ;lgles at the connec
tion with the body being continuous with strong ridges passing up
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the sutures between the basal pieces and to the middle of the sub
radials. Body pentagonal-obconic, a little wider above than high.
Base<wider than high, strongly pentagonal, being deeply excavated
up the middle of each piece, and very' prominent at the lateral
sutures; basal pieces wider belew than high, pentagonal in form,
with the· mesial angle above salient, ahd tbe superior lateral sloping
sides much longer than the lateral. Subradial.pieces of moderate
size, those seen, hexagonal in form, .and all very convex in the
middle, from which point they send one strongly elevated ridge
.to meet others on each of the surrounding plates, and others
corning up the sutures between the ba.sals, while on
each side of all these ridges, excepting sometimes those passing to
the first radials above, there is usually a smaller, less elevated
ridge; the surface of the body being thus divided by these ridges
into very profoundly excavated triangular spaces, in the middle
of which the corners of the body plates meet. First radial pieces,
excepting one of the anal side, larger than the subradials, about as
wide as high, with a general pentagonal outline, the upper side
being longest and deeply excavated for the reception of the COrn
paratively narrow free radials or arm pieces; one on the right
of the anal series, shorter than the others, pentagonal in form, and
supporting above another larger radial that is included as a part
of the wall of the body, and corresponds with the ·first radials in
the other rays, excepting that it is shorter; all convex and sending
~ strong ridge to each of the contigUOUS body plates below, while a
number of much smaller ridges pass horizontally across from .one
to another of .these pieces on each side. Arms or free rays com
paratively rathm:Jlatrow, distinctly rounded on the outer or.dorsal
side, and eompo~d. pf transvel'$ely oblong pieces. that are about
twice as wide as long below the first bifurcation; in the first ray
on the right of the anal seri~s, bifurcating on the fourth free
piece, beyond which they are seen to be long and composed of
proportionally narroW pieces j but their mo!le of bifurcation, if
they divide again, and their structure in the other rays, cannot
be made out from the specimens at hand. Anal series unkpQwn.
"Ventral extension of the body more than four times as long
as the latter, and as seen fiattened by pressure, of greater breadth;
as usual, composed of numerous small equal, hexagonal, alternately
interlocking pieces, that are strengthened by little oblique costae
so arranged as to present an ascending zigzag -appearance. Sur
face, excepting the strong costae of the body plates,' and the smaller
ones of the ventral part, without ornamentation.
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"Height of body to top of fi~st radials, 0.39 inch, greatest
breadth at top, 0.32 inch. Length of incomplete ven~ral extension,
1.95 inch;' breadth of same as flattened, near upper end, 0.65 inch;
breadth of arms below the first bifurcation, 0.12 inch.
"This bea\ltiful species seems to be a true Dendrocrinus, as it
can be seen to have two of the primary radials on the right of the
anal series, included as a part of the walls of the body, while all
its other parts seem to conform to the structure of that group. The
differences between Denlirocrinus and Poteriocrinites are not very
great, and it is thougl1t by some that the former should stand only
as a subgenus under Poterioerinites. If so, the name of this species
when written in full would be Poteriocrinites (Dendrocrinus)
casei. In general appearance it resembles Palaeocrinus angulatus
of Billings, but it differs in having the costae of its body, in part,
with a smaller one on each side; while its column is very much
more strongly pentagonal. Of course, it also differs in the generic
character of having its ventral part extended upward nearly or
quite as long as the arms.
"It may be that the species here described is the same figured
by Mr. Christy, in his 'Letters on Geology,' as a Pentacrinite
(without a specific name), as it came from the same horizon, and
from about the same region of the country. It does not, how
ever,agree exactly with his figures in details.
"The speeific name is given in honor of L. B. Case, Esq., of
Richmond, Indiana, to whom I am indebted for the use of the
finest specimen of it I have seen. I am 'also under obligations· to
C. B. Dyer, Esq., of Cincinnati, for the use of two smalle:c, and
nearly as good specimens. Figures of the species, with a full de
scription, will be given in the Ohio Geological Report. "-Meek,
loe. cit.
The type is from the Richmond formation at Richmond, In
diana. It has also been found near Oxford, Ohio.
DENDROCRINUS POLYDACTYLUS (Shumard).

Homoerinus polydaetylus' Shumard, Trans. St. Louis Academy of
Science, vol. I, 1857, p. 78.
I have not been abletiI ilbtain a copy of part I of the first 'vol
ume of the Transactions Of the St. Louis Academy of Science,and
therefore am· unable to q®te the' original description.
A' fraginelitof a considerable portion of the base {)f the calyx
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of this rather common species was found at Madison (1.12F3). I
reproduce herewith Meek's very excellent figure of the species from
the Ohio Paleontology.
ECTENOCRlNUS SIMPLEX (Hall).
Plate IV. figs. 10. 1011..

Hetet'ocrinus si'lnplex Hall, 1847, Pal. New York, I, p. 280, pI.
lxxvi, figs. 2 a-d.
"Body slender, very gradually expanding above the base, and
composed of five regular divisions above the pelvic plates; pelvic
plates five, four of them irregularly pentagonal, and one with the
lateral and upper margins equal; costal plates in two of the divi
sions single, hexagonal, and supported on the straight upper edges
of the pelvic plates, those of the three other divisions double, the
lower one pentagonal with the lateral margins short, the second one
quadrangular; scapular plates quadrangular, with the upper sides
concave and supporting a pentagonal arm-joint; arm-joint sup
porting.on its oblique upper edges a double series of obliquely
quadrangular or rhom~oidal plates,which gradually diminish in
size; column subpentagonal, composed (near the pelvis) of alter
nating thicker and thinner plates.
"This species is readily identified by its structure, which is
peculiar in the form of four of its pelvic plates, and the double
or subdivided costal plates in three of the divisions; the body and
arms, when closed together, present a slender subcylindrical form,
scarcely attracting attention, from their resemblance to a collec
tion of small individual columns. The small fragment of a column
attached, which is crushed, can scarcely be characterized, but it is
clearly pentagonal.' '-Hall, loe. cit.
The types are from the Lorraine, at Cincinnati, Ohio. The
species is reported in Kindle's list from Madison, Indiana. Prob
ably it does not occur there.
GLYPTOCRlNUS DECADACTYLUS Hall.
Plate IV. tlg. 9.

Gtyptoerinu8 decadactylus Hall, 1847, Pal. New York, I, p. 281, pI.
lxvii, figs. 1 a-f; pl. lxxviii, figs. 1 a-u.
"Bodycupshaped, with ten arms, which support twenty tentac
ulated fulgem; pla.tes all marked by strong elevated radiating
ridges;· pelvic plates five, pentagonal, SlUpporting upon their upper
oblique edges five heptagonal costal plates, which are succeeded by
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five hexagonal second costals in a direct line; scapular plates
heptagonal, resting directly upon the straight upper side of the
second costal.s, and supporting on their two upper oblique edges
two hexagonal arm-joints, which in turn. support a second arm
joint, and this one two hexagonal hand-joints, the latter sustaining
the ~gers; fingers composed of a column of fimbriated joints,
which are quadrangular below and cuneiform above; column
round or obtusely pentagonal, varying in its character at different
.
distances from the body.
"In addition to the regular series of plates supporting the arms
and fingers, there are numerous intermediate ones, of which a hex
agonal intercostal. plate, a first pair of hexagonal interscapular
plates, and a second pair of heptagonal interscapular plates, the
latter truncated above, are always regular and uniform. Between
these last interscapular plates there is usually an irregular inter
scapular joint, and several pectoral plates. The number and ar
rangement of the latter does- not appear to be always uniform;
but I have not been able to find specimens where every part could
be satisfactorily examined. Between each pair of arms there. are
three or more plates, and between each pair of :fingers one or more
plates at the base. The capital plates, and their arrangement, are
shown in the enll;trged figure of the crown, fig. 1 d, pI. 77. [Pal.
N. Y. vol. I.] The mouth is depressed and obscure.
, 'The body of this species is readily recognized by the strong
radiating ridges which mark the surface of all the plates below the
tentaculated fingers. The surface is also marked by five more
prominent ridges, which, proceeding from the first costal plates,
bifurcate on the. scapular plate, the divisions extending to the base
of each pair of fingers. In these characters of the surface, and
in its general structure, it resembles some the species of the Genus
ACTINOCRlNUS, from which it differs in having five instead of
three pelvic ·plates. 'l'here is some difficulty in making out the
entire structure, since the plates usually adhere very closely, and
some of the pectoral and interbrachial plates are very small. The
important parts, however, and the plates proceeding to the arms,
are readily and clearly determined.
"This fossil is usually found destitute of the column; and I
have not been able to decide satisfactorily whether aU the frag
ments found with it are parts of the same, or belong to two species.
The· first, which evidently belong to this species, .and form the
upper part of .the column, consist of joints, having a small base
resting upon the broader disc of the next one below, giving more
[46]
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freedom of motion. Other portions have the upper surface of the
disc excavated, and the column appears to be composed of a series
of cUps, alternating in size and placed one within the other, having
the uptyel" edges either smooth or funbriated. These columns have
usually a distinct round alimentary canal, with the upper and
lower sUrface marked by fine rays, more deeply impressed nea~
the edge. In other parts of the column, where the plates are
more nearly equal in size, the upper and lower surfaces have a
pentapetalous impression or elevation radiating from the alhnen
tary canal. This character, in fine, becomes the prominent and
.characteristic one of the greater proportion of the fragments of
columns which we :find; and they present all the variety of broad
equal :smooth joints with even surfaces, or of similar joints with a
thin plate interposed, and of columns composed of moniliform
joints with smaller OheS between; or of distant rounded joints;
sometimes deviating slightly from a cylindrical form. "-Hall,
loco cit.
Oo]umn round, with large pentalobate axial canal; the nodal
joints a little the widest. The supposed infrabasals of this species .
are really the upper stem joint. (Wachsmuth and Springer.)
The probable presence of this species is indicated at a number
of localities by the characteristic segments of the column. I have
seen no calices, however, and therefore have not entered the species
in any of my faUIial liSts.
{lLYPTOCRINUS DYERI Meek.
Plate IV, fig. 8.

Glyptocrinus dyeri Meek, 1872, Proc. Acad. Nat. Sci. Philadelphia,
p.314.
"Body globular-sutturbinate, being wider than high, with sides.
rounding under to the base. Sub-basal pieces obsolete, or, if pres
ent, not exposed externally. Basal pieces (subradials of some)
very small, and projecting as a thin rim below, much. wider than
high, and presenting a trigonal general outline, though the lateral
. angles are doubtless minutely truncated. First radial pieces of
moderate size, heptagonal in form, and wider than long; second
and third a little smaller, the second being hexagonal, and the
third pen~gonal, and supporting on its superior sloping sides the
first divisions of the rays. Secondary radial or supraradial series
each composed of from eight to eleven pieces, rapidly diminishing
in length upward to the secolld bifurcation or commencement of
the arms, just below which a few of the smaller pieces seem to be
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free and bear pinnulae on their inner sides; farther down, the
second and fourth secondary radials of each ray give off, alter
nately on each side, smaH divisions that do not become free, but
are spldered into the interradial walls, though they can be' traced
t-o the summit of the body, where they merely give origiu to piu
nules.
"Anal area a little wider than the interradial areas. First
anal plate of about the same size as the first radials, hexagonal in
form, and supporting in the next range three pieces, arranged
with the middle one higher than the others; while ahove these,
three smaller pieces can be seen arranged in the same way in the
third range, and three to four or five in the fourth, which is as
far up as they can be traced. The middle plates of this series form
,a direct :y-ertical row, that have a rather prominent mesial, rounded
ridge extending all the way up from the middle of the lowest
piece, of about the same size as those passing up the primary and
secondary radial series, while the other plates on each side and
other parts of the lowest pieces are ornamented with radiating
costae of smaller size, like those on the intel'radial pieces.
"Interradial areas not excavated below, but hecoming moder
ately concave above; first interradial pieces of about the size of
the second primary radials, hexagonal in form, and supporting two
other somewhat smaller pieces in the next range, that bear between
their superior sloping sides a fourth smaller piece, while above
these there are two pieces in the next range that connect with the
pieces of the little lateral divisions of the secondary radials, and
perhaps some other. small intercalated pieces filling the upper part
of the interradial areas.
"Axillary areas flat, and each occupied below by a hexagonal or
heptagonal piece of about the size of the second piece of each sec
ondary radial, while the space above is occupied by several much
smaller pieces.
,Arms four to each ray, rounded on the dorsal sides, slender, of
moderate length, very gradually tapering, simple, and composed
of very short, slightly wedge-formed pieces, each of which bears a
pinnule at its larger inner lateral end; pinnules slender, rather
clof'lely arranged, deeply furrowed on the inner f'lide, and apllar
ently composed of rather long joints.
. "Surface of body plates all ornamented with-distinct radi~ting
costae, starting. from the Qenter of each piece, and p-~ing one
to each of its sides so as to connect with others on each contiguous
piece; of these costae, those passing up the middle of each of

724

REPORT OF STATE GEOLOGIST.

the radial series are a little larger and more prominent than those
of the interradial plates, while they bifurcate with the rays so as
to send a division up each of the secondary radial series, toward
the upt>er part of which they become more prominent and rounded,
being there of about the size of the free arms. Column unknown.
"Height of body, 0.60 inch; breadth, about 0.68 inch; length
of arms, 1.05 inch; thickness of same, 0.05 inch; number of joints,
in a space of O~10 inch near the base, eight.
"This beautiful species reminds one, by its sculpturing, of
the common typical species G. decadactylus, from which, however,
it may be at once distinguished by its proportionally broader and
shorter body, with sides rounding regularly under to the· column
instead of being obconical. It also has proportionally more slender
arms, and. differs materially in having, in each secondary radial
series, from nine to eleven pieces between the first bifurcation of
each ray and the arm bases, instead of only two. In the form of
its body, it agrees more nearly with G. ornatus"of Billings; but it
differs materially from that species in having twenty arms instead
'If only ten, as well as in less important details.
"Thespecmc name is given in honor of Mr. C. B. Dyer, of
Cincinnati, Ohio, to whom I am indebted for the use of the very
fine specimens from which the description was made out.' '-Meek,
loco cit.
Column round; the nodal joints somewhat larger; the axial
canal pentalobate, and moderately large. (Wachsmuth and
Springer.)
The type is from about 100 feet below the tops of the Hills at
Cincinnati, Ohio. The species is reported in Kindle's list from
Madison, Indiana.
HI1JTIDROCRINUS HETERODACTYLUS Hall.
Plate III, 11gs. 5, 5a.

Heterocrinus heterodactylus Hall, 1847, Paleontology of New York,
vol. I, p. 279, pI. lxxvi, figs. 1 a-c.
"Body short, rounded, subcyl!ndrical, tapering above and be
low; pelvis composed of five small pentagonal plates, which are
succeeded by the same number of larger costal plates, and these
again by five scapulars; arms irregularly subdivided; column
pentagonal, composed of thick joints, which are nodulose at the
angles; joints alternating in size as they approach the pelVis.
"This is a peculiar species, remarkable for the small size of the
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body when compared with the column. The irregularity of the
arrangement of the plates in the arms and fingers is likewise a
striking characteristics of the species, which is constant in two
specimens from different localities. In one of the arms, the scap
ular plate supports a regular series of six or more plates of similar
form without division. The arms atthe right and left of this one
are again unlike each other. The one on the left has three regu
lar and gradually diminishing joints above the scapular, and of
the same form; the last one supports the cuneiform joint, which
again supports a double row of joints (or a pair of fingers). The
arm on the right of the first mentioned, consists of a pair of
quadrangular joints, each of which supports a cuneiform joint.
In the remaining two arms, no plates have been traced beyond the
scapulars, and consequently the entire form of the species cannot
be determined. Sufficient is visible, however, to show the irregular
character of the arms, from which its name is given. "-Hall,
loco cit.
Reported by Hall from the Hudson River group (Cincinnati
series) of New York and Ohio. To this species I have referred
segments of the colunm of a common crinoid from many localities
i~ the Utica and Lorraine. As I have seen no complete specimens
of the species I have not listed it in the faunas of the various sec
tions.
HETEROORINUS JUVENIS Hall.
Plate III, tIgs. 8-8b.

Hetet'ocrinus juvenis Hall, 1866, 24th Rep. New York State Mu
seum, p. 212, pI. 5, figs. 9,10. (Advance sheets.)
"Body minute, the greatest diameter of the cup not exceeding
a line, and the height from the base to thcl top of the first arm
plates a line and a half.
"Basal plates appearing only as ~ ~ ,angular points at the lower
lateral angles of the adjacent subraainls. Subradial plates wider
than high, hexagonal. Three of the first radial plates higher than
wide, each supporting a single sm,liler arm plate, which presents
the appearance of having had anoth.~r plate above; the other two
radial plates are short, quadrangular; one of them supporting a
small plate above, and the other one a wedge-form plate, upon
which rest two other small plates, one larger than the other; the
largest of these has the position and appearance of an anal plate.
"Surface of plates smooth.
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"Column distinctly pentangular, nearly as large as the diam
eter of the calyx, composed of alternating thick and thin plates.
"This crinoid may be only the young of some previously' de
scribed species; but as there have been several individuals found,
all presenting the SaJn(' characters and of about the same size, I
have thought proper to designate it as a distinct species for the
present. "-Hall, Zoe ..cit.
The type is from the upper part of the Cincinnati group at
Lebanon, Ohio.
IOCRI~US

SUBCRASSUS (Meel>: and Worthen).
Plate IV, figs. 7, 7a.

Hete1'O(;1'inus s'ubcrassus Meek and Worthen, 1865, Proc. Acad. Nat.
Sci. Philadelphia, p. 148. (Not figured.)
"This species agrees so nearly with the last [Heterocrinus cras
sus] in most of its ,characters as to render a detailed description
unnecessary. It will be readily distinguished, however, by its
smaller size, as well as its less robust appearance, and the different
aspect of its arms. 'l'his latter difference consists in the more slen
der appearance of all the divisions, and particularly in the joints
of which they are composed having their upper margins project
ing beyond the base 'of each' succeeding piece above, so as to pre
sent a kind of upward imbricating appearance and roughness, not
seen in the arms of H. crassus.
'
"As in the last. its rays bifurcate first on the fifth and sixth
pieces, and one of them gives off a branch (n on the left side of
the second radial, above which it bifurcates regularly on the
sixth piece. After the first regular division on the last radial
piece, some of the arms are seen to divide again on the fourth,
others on the fifth, and others on the sixth pieces, after which one
division is known to bifurcate on the sixth piece, and still again
on the thirteenth.
, 'Breadth of body at the summit of the first radial piece'S, 0.27
inch; height of do., 0.13 inch; length of rays from top of first
radial pieces to the first bifurcation, 0.21 inch; entire length of
arms from first division to extremities, about 1.50 inch. Breadth
of column at its connection with the base, 0.15 inch. "-Meek and
Worthen, loco cit.
,
"
'l'he type is from the "upper part of the Cincinnati group"
at Cincinnati, Ohio. R.eported from Madison, Indiana, byW. T.
S, Cornett. Probably does riot occur there.
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LEPADOCRINUS MOOREI (Meek).
Plate IV, figs. 6-6b.

Lepocrinites moorei Meek, 1871, Amer. Jour. Sci., 3d ser., tI, p.
296. (Not figured.)
Lepadocystis moorei.)
"Body obovate. Base forming nearly one-fourth the height of
the body, its four pieces being about as wide as long, of nearly
equal size, and irregularly pentagonal in form, excepting one on
the anal side, which is hexagonal. The five pieces of the second
range of irregular form and size, two on the anal side being longer
than wide, and extending up to form the lower margin of the prin
cipal opening, which is moderately large, and placed about one
third the length of the body below the top. Arrangement of the
plates above not clearly made out. Pectinated rhombs four, com
paratively large, one situated at the suture between one of the
basal pieces and the contiguous piece of the next range above, on
the anterior side of the body; another on the side to the left
. of the opening, and arranged with its longer axis directed trans
versely, on a line with the opening, while the other two are nearly
on a line with t.he right side of the opening, on three pla.tes that
corner together, the arrangement being such that their longer
axes diverge at right angles upward; in these, 15 to 20 of the
little bars lnay be coonted.
, 'Recumbent arms short, or confined mainly to the upper side,
ur extending down nearly to the opening on the anal side, another
to the two rhombs to the right of the opening, a third to that on
the left, and the fourth to the anterior side, the direction of all
being thus nearly or quite at right angles to each other. Column
thick at the base of the body, but tapering rapidly below; as
usual, composed of yery thin pieces. Surface of body plates
!uarked'by distinct radiating lines.
"Height of body, 0.46 inch; breadth, about 0.36 inch; thick
ness of column at its connection with the base, 0.14 inch.
"This species ileems to agree well with the genus Lepocrinites
of Conrad, excepting in the very UDusual character of having four
rhombs instead of only three. As one of these, how.ever, seems to
be merely rudimentary, or in other words, not' perforated by little
slits, I can scarcely think its presence a generic character.
"I believe this is the first example of this group of Oystideans
that has been found in the Lower' Siltlrian, in this coutltry. It
occurs, however, in the upper part of the lower series, where some
of the other fossils begin to reseinble Upper Silurian types.
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"It has been proposed to correct the orthography of Mr. Con
rad's genus to Lepadocrinus, and if this orthography should be
adopted, the name of our species would be written Lepadocrinus
or Lepadocrinites Moorei. The most usual cust{)m, however, has
been to retain the original orthography of generic names in· such
cases. "-Meek, lOG. C'~t.
'l'he type is from the Richmond formation at Richmond; In
diana.
LEPIDODISCUS FABREr (M1l1er).
Plate IV, fig. 11.

Agelactinus faberi Miller, 1894, Jour. Cin. Soc. Nat. Hist., XVII,
p. 156, pI. viii, figs. 24, 25.
, "l'his species is founded upon a. single specimen, that is very
much broken up and attached to the valve of an Qrthis occiden
talis. It is about the size of an average Agelacrinus cincinnatien
sis. The body is circular, depressed planoconvex, and composed of
numerous squamirorm plates that imbricate inward from the per
iphery toward the center. The larger plates occur in the rim that
surrounds the extremities of the arms: The arms are much broken
up in our specimen, but there seem to be four sinistral and one
dextral, composed of interlocking plates, as is usual in this genus.
The surface of all the· plates is densely and beautifully tubercu
lated.
,'This species is distinguished from all others, in rocks of the
same age, by the tuberculated plates. It is also distinguished from
Agelacrinus cincinnati6nsis and A. pileus by the absence of the
great number of SIDall plates that form the periphery in those
species, and also by having the larger plates of the body, in the
rim, that surr9unds the ends of the rays.
'
"Found by Mr. C. L. Faber, in whose honor the specific name
is proposed, in the extreme upper part of the Hudson River
Group, about half way between Osgood and Versailles, Indiana,
and now in his collection. "-Miller, loc. cit.
LICHENOCRINUS CRATERIFORMIS Hall.
Plate IV, figs. 12-12b, Plate III, fig. 2.

Lichenocrinus crateriformis Hall, 1866, 24th Rep. New York
State Museum (Advance sheets), p. 217, pI. vii, fig. 7.
"Body small, distinctly subpentagonal, subdiscoid, with an
elevated margin and strongly depressed center; composed of~me
ilium-sized polygonal plates. Proboscis minute, central..
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"This species differs from the preceding [L. dyeri] in its more
elevated margin, and in the absence of the five prominences of the
disc; the proboscis is much smaller in proportion to the size of
the body, and the whole is composed of a smaller number of larger
sized plates. "-Hall, loco cit.
1.12E3 (n.
LICHENOCRINUS DYERI Ball.
Pla.te IV, fig. 5.
"

\

'

Lichenocrinus dyeri Hall, 1866, 24th Rep. New York State Mu
seum (Advance sheets), p. 216, pI. vii:, figs. 1-6.
"Body small, discoid, depressed in the middle, with five slight
elevations midway between the center and the edge of the disc.
Proboscis strong, composed of short plates. Disc composed of
very small polygonal plates. Surface Smooth. "-Hall, loco cit.
A more adequate description of this species is given by ]'vIeek
in the Ohio Paleontology, as follows: .
"Body depressed-discoidal, nearly circular, or obscurely pen
tagonal in outline; composed of a great number of very small,
slightly convex, nearly or quite smooth pieces, of very unequal
size imd form, the larger ones often somewhat longer than wide,
with their longer dianleters directed inward and outward; cen
tral depression small; column-like appendage comparatively stout
at its basal, or attached end, where it is sub-pentagonal, or nearly
round, and composed of about five or six ranges of very short,
distinctly and regularly interlocking pieces; perforation at base
pentagonal, and scarcely equalling ••e-third the diameter of the
appendage at that point. Interior unknown.
"Diameter of an apparently adult individual, 0.32 inch; con
vexity about 0.09 inch; thickness of column-like appendage, at
its connection with the body, 0.08 inch; length unknown."
The type is from the top of the hills at Cincinnati.
Reported in Kindle's list from Ripley County, Indiana.
LICBENOCRINUS P ATTERSONI Miller.
Pla.te IV, figs. 4, 40..

Lichenocrinus pattersoni Miller, 1879, Jour. Cin. Soc. Nat. Hist.,
II, p. 118, pI. x, figs. 6, 6a.
"Body robust, round or sub-circular, pla,no-convex, with a de
pression around the column, composed of numerous plates of un
'equal size, having no regular geometrical form, and disposed with
out any definite order of arrangement. If the plates, in the speci
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men illustrated, could be arranged, in regular concentric series,
there wOl.ud be, about eighteen ranges, between the column and the
circumference.
"The plates are smooth.
"The column-like appendage is large, round and composed, as
in other species, of' five ranges of thin plates.
"The plates, in this species, are as large as the plates in L.
crateriformis, and as numerous as in L. dyeri, but they have
neither the arrangement nor form of either."-Miller, loco cit.
According to Miller this species probably occUrS at Versailles,
Indiana, "in the upper part of the Hudson River Group."
LICHENOCRINUS TUBERCULATUS Miller.
Plate IV, fig. 3,

Lic~kenocrinus

tuberculatus Miller, 1874, Cin. Quar. Jour. Sci., I,
p. 346, fig. 3B.
"Body discoidal, circular in outline; lower surface, or sur
face of attachment, fiat, or conforming to the surface to which
it is attached; upper surface strongly convex or subhemispheric,
with a deep circular depression in the central part, &round the
column; upper .surface of body composed of nume~ous, irregularly
arranged, thin, pentagonal or hexagonal plates, nearly uniform in
size, smooth on the under side and highly convex or tuberculated
on the outer surface. Excluding the plates immediately surround
ing the column, within the central depression, which are much
smaller than the others, the ~mainder win nnmber about one hun
dred. Interior filled with upright lamelliform plates, radiating
from a central poiI).t, on which the exterior plates appear to re
pose. Column pentllgonal, length unknown ..
"Diameter of a medium-sized specimen 3/12 inch, convexity
1/12 inch; but Mrs. M. P. Haines, of Richmond, Indiana, to whom
that she
I am indebted for the specimen engraved, informs
has recently found specimens varying from 1/12 to 6/12 of an
inch in diameter.
"It is distinguished from L. crateriformis, which species it
most resembles, by it..'1 tuberculated plates. It differs, too, in its
greater convexity, more abrupt centrf11 depression, and greater uni
formity in the size of its plates.
It is found in the'vicinity. of Richmond, Indiana, in the upper
part of the Cincinnati Group. Small specimens, very closely re
sembling this species in gemjral outline, are found near Clarks
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ville, in Clinton County, Ohio, but differing, in the specimens ex
amined, in this important regard, that the plates appear to be
smooth inRtead of tuberculated. "-Miller, loco cit.
P ALAEASTERINA SPECIOSA Miller and Dyer.
Plate III, fig. 8.

Palaeasterina speciosa Miller and Dyer, 1878, Jour. Cin. Soc. Nat.
Bist., I, p. 30, pI. i, fig. 7.
"Pentagonal; rays obtuse at their apices; greatest distance
from point to point about 2 1/2 inches; breadth of body between
rays about 1 1/3 inches, and distance from tip of ray to next ad
joining tip on either side about 1 1/2 inches.
"The marginal plates are small and somewhat hemispherical,
near the termination of the rays, they gradually enlarge and be
come square, and then' rectangular as they approach the disc,
until at the narrowest part of the disc or body of the fossil they
are twice as long as wide. There are about 50 marginal plates be
tween the apex of one ray and the next one adjoining, or in a per
fect specimen of this size about 250.
"The back or dorsal side is covered with numerous plates
(probably in a complete specimen of this size there would be 1,000
or more), which are very prominent in, the center or somewhat
conical, and seem to have been joined together with deeply ser
rated edges. The plates have from three to eight of these inden
tations, which give them a beautiful star-like appearance.
"The ambulacral grooves are narrow and deep, as shown by
the sharp ridges on the back of the specimen. The small dorsal
plates which cover the ambulacral pieces are exfoliated in some
places, and show two rows of ambulacral plates coming evenly to
gether, and forming the sharp ridge. "--Miller and Dyer, loco cit.
Reported by Kindle from Richmond, Indiana, on the authority
()f James.
URASTERELLA GRANDIS Meek.
Plate Ill, figs. 6-6b.

Stenaster grandis Meek, 1872, Amer. Jour. Sci., 3d ser., III, p.
258. (Not figured.)
"Attaining a very laI'ge size, with the body. or disc compara
tively small, or only of the breadth of the united inner ends of the
five rays. Rays long, slender, gradually tapering, and very flex
ible, widest at their immediate connection with the body, where
they seem to be more or less depressed, but becoming more nearly
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terete fanher out. Dorsal side of body and arms composed of
numerous subtrigonal piec~ that rise into pointed tubercles, or
sometimes assume almost the character of short spinules, and are
arranged in quincunx, so as to form about eight rows near the
middle of the rays; those of the outer two rows being a little
larger than the others. Dorsal pores appsrently rather large, and
passing through between the concave sides of contiguous pieces.
Ventral side of body unknown. That of the rays composed of the
usual single row of transverse ambulacral pieces on each side of
the well defined, rather deep, and moderately wide ambulacral
furrows. Adambulacral pieces rather more than twice as long as
wide, with their longer diameters at right angles to the ambulacral
furrows, and rounding over from end to end so as to be most
prominent in the middle; while they do not connect with each
other by fiat sides, but have little projecting processes, and corre
sponding sinuses, apparently for the purpose of imparting greater
flexibility to the rays.
"Breadth of body, 0.63 inch; length of rays, 2.40 inches;
breadth of same at their connections with the body, 0.36 inch.
Diameter across from the tips of rays on opposite sides, about 5.50
:inches.
.
"Not having seen the under side of the body of this speciet>,
I am not quite sure 1hat it is exactly congeneric with.Mr. Billings's
typical species of Stenaster. It does not show the peculiar contrac
tIon of the inner ends of the ray&, seen in his S. Salteri, from
which it also differs in a marked degree ~n the much greater lengt11
and slenderness of its rays. In these characters, however, it agrees
more nearly with his S. pulckellus and S. Huxleyi; though it
differs from the first specifically in having proportionally larger
rays, with more numerous dorsal pieces, and in attaining a mudt
larger size. I had suspected that it might possibly be the S. Hux
leyi, but on comparing drawings, and the foregoing description,
sent to him for that purpose, with his typical specimen of S: Hux
leyi, Mr. Billings writes that he has no doubt whatever that it jg
entirely distinct.
"The specimen shows' a few short spines connected with the
adambulacral pieces; but neither their exact mode of attachment,
nor their arrangement, can be very clearly made out. They seem,
however, to connect with these pieces along their joining edges,
iustead ()f springing from their crests.
.
"Adopting the suggestion already made by another, that the
uame Stenaster for this group should be replaced by McCoy's
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name UrastreZla, previously suggested, incidentally, for apparently
congeneric forms, the name of the species here described wouI.i
become Urastrella grandis.n-Meek, lac. cit.
The type of this species is from the Richmond formation at
Richmond, lndiana.
TAENIASTER GRANULIFERUS (Meek).
Plate III, fig. 7.

Pt'otaster f granuliferus Meek, 1872, Amer. Jour. Sci., 3d ser., IV,

p. 274. (Not figured.)
"Disc small, apparently circular; rays rather slender, and o"!'
unknown length. Dorsal surface of disc and rays covered by an
integument composed of innumerable minute grains of calcareonq
matter. Ventral side of disc not well exposed in the specimen bllt
apparently provided, in the interradial spaces, with minute spine~
directed outward. Oral pieces not well exposed in the specimen.
Arm-pieces regularly alternating, but apparently rectangular at
their inner ends, and Hot interlocking along the minute mesial im
pressed line, ]onger transversely than in the direction of the length
of the rays; each largely excavated at its anterior outer end so
as to form a large pore, or pore-like depression, and divided
transversely by a furrow into two parts, the anterior one of which
is very short, and the posterior longer and marked by a minute pit
at its inner end; about eight or nine of these pieces in each range
of each ray included within the margin of the disc. Outer arm
pieces (adambulacral of some) smaller than those of the inner
ranges, and placed edge upward, with an oblique outward direc
tion so as to imbricate outward or toward the extremities of the
rays; each bearing one or more minute articulating spines.
"Breadth of disc, about 0.43 inch; breadth of arms at their
inner ends, 0.10 inch.
"The only specimen I have seen that is certainly known to be
long to this species is very imperfect, being merely an incomplet~
disc, and the inner ends of the rays. It does not conform to the
characters of Protaster given in Prof. Forbes's diagnosis, in all
respects, since its disk, especially on the upper side, is covered
by an integument composed of a vast number of very minute
grains of calcareous matter, instead of distinct imbricating scales.
It is therefore not improbable that perfect specimen~ would show
other characters that would warrant the establishment of a new
genus or sub-genus for such forms, in which case the name Ale}»
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daste1' might be applied to the group, which would probably also
include Protaster gregarius of Meek and Worthen.
"I have intentionally avoided, in the foregoing description, the
use of the terms ambulacral and adambulacral pieces, applied by
some in describing the arms of species of Protaster and similar
forms, because it see~ doubtful whether these terms can' be prop
erly applicable to such types. I should certainly think not, if these
types belong to the Ophiuroidea (in which no ambulacral furrows
exist) instead of to the Asteriodea. According to Dr. Wright, how
ever, Protaster Miltoni of Salter has a well developed madrepori
form body, and hence would belong to the Asteroidea. Yet it is
very curious that these types seem to have no proper ambulacral
canals, and we have apparently no positive evidence that the vis
cera of the animal were not confined to the disc, as in the Ophiu
roidea. "-Meek, loco cit.
The type of this species is from the Richmond formation at
Moores HiH, Indiana.
XENOCRlNUS BAERI (Meek).
Plate IV, figs. I, ia.

Glyptocrinus baeri Meek, 1872, Amer. Jour. Sci., 3d ser., III, p.
260. (Not figured.)
"Body of about medium size, globose~obconoidal. Sub-basal
pieces apparently not developed, or very small. Basal pieces short
and pentagonal. First primary radials of comparatively moderate
size, presenting a genel'al pentagonal outline; second a little nar
rower than the first, but of nearly the same length, with a general
heptagonal outline; third a little narrower than the first, but
of nearly the same length, with a general pentagonal form. Sec
ondary radials, consisting of about four pieces in succession, on
each upper sloping side of each third primary radial; the first
two or three of each series only about one-third smaller than the
second primary' radials, while above these the succeeding pieces
soon become much shorter free brachials. Interradial pieces nu
merous, small, of very unequal size, and without any regularity of
arrangement. Anal series unknown, but probably consisting of a
mesial series of hexagonal pieces resting one upon another, and a
greater numQer of much smaller pieces irregularly arranged on
each side. Axillary spaces each occupied by some six or more
very small pieces.
" Arms ten, rather long, simple, widest a little above their bases,
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and thence gradually tapering to their ends; composed of very
short pieces, so strongly cuneiform as to appear almost to taper
to nothing alternately on opposite sides, while each supports a
pinnule at its thicker end, along the inner margins. Pinnules very
long, moderately short, nearly in contact, and composed of pieces
three to four times as long ~ wide. Surface of body plates with
out costae or striae; those of the primary and secondary radial
series more prominent than the much smaller pieces filling the in
terradial spaces, and thus forming somewhat flattened ridges, more
or less interrupted at the sutures, and abruptly beveled at the
sides; interradial and axillary areas roughened by a minute pro
jecting central point on each of the little pieces filling them.
"Column of moderate thickness, apparently nearly round, or
perhaps subpentagonal near the base, and composed of alternateiy
thicker and thinner pieces, the former of which project a little
beyond the others.
"The body. of the only specimens of this species I have seen,
are too much distorted by pressure to afford accurate measure
ments, but it seems to have been about 0.45 inch in height, by a
little less in breadth; while its arms measure 0.07 inch in breadth
at the widest part, a little .above the top 'of the body, where about
eight arm pieces may be counted in a length of the same extent.
"This species will be readily distinguished from all of the de
scribed forms of the genus, resembling it in other respects, by hav
ing only ten simple arms, and by the large number and small size
of its interradial pieces. In the latter character it resembles G.
nealli, of Hall, from which, however, it differs materially in almost
every other respect, but more particularly in having only ten in
stead of twenty arms, which are also stouter. Its interradial and
axillary spaces likewise differ materially in not being distinctly
excavated, and in having each of the little pieces .by which they
are filled provided with a little projecting point.
"The specific name is given in honor of Dr. O. P. Baer, of
Richmond, Indi'ana, to whom I am indebted for the use of the
specimens from which the description has been prepared. "-Meek,
loe. cit.
Lower arm joints rectangular. Anal side divided by a longi
tudinal row of anal plates,. shaped like the radials and costals.
Column quadrangular, with obtuse angles; the joints extended
outward into long knife-like edges. (Wachsmuth and Springer.)
The type is from' the Richmond formation at Richmond, In
diana.
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BRYOZOA.

METHODS OF STUDY.
The Trepostomatous Bryozoa require, as indicated in the intro
duction, certain special methods of study. A few of the more com
mon and characteristic forms may readily be recognized in the field
without special preparation, but for the greater number, and for
all forms, if the maximum of accuracy is required, means must
be employed to ascertain the internal characters. The method now
employed with great success is that of the preparation of thin sec
tions. Before describing this method, however, I wish to call at
tention to a method suggested by Mr. Bassler, which I also had
made some use of prior to his publication. The method in ques
tion consists of slightly etching with acid (HCl, preferably) a
smoothed portion of the surface of the specimen, and moistening
with water, when the structural details can be quite distinctly
seen with a good hand lens. This method is very simple and ex
peditious, and will suffic~ for the identification of almost any of
the commoner and better known forms, or for use in preliminary
sorting, prior to selecting the specimens for more careful investi
gation.
'
For the more careful and complete study of the internal char
acters nothing can take the place of thin sections.
These may be prepared in the following very simple manner.
Procure a piece of sandstone such as is used for the finer grades
of grindstones and whetstones; or, better still, purchase a few
pounds of emery, or carborundum (the latter is the best material,
and can be obtained at small expense from the Oarborundum 00.
of Niagara Falls) of a medium grade of fineness. In addition
to the coarser sandsto.ne or carborundum a very fine-grained razor
hone, or the finest floated carborundum (No. FF~) should be ob
tained. For grinding with the carborundum it will be necessary
to have several pieces of plate glass, or smoothed pieces (plates)
of iron or copper. The other supplies needed are an alcohol lamp,
or a Bunsen gas burner, if gas is available, and a mounting stage,
which may be made by supporting a thin, flat metal plate on a
couple of uprights at a sufficient height so that the lamp or Bun
sen burner may be placed beneath it. A pair of blacksmith's nip
pers, and a fairly thick grade of microscope slides, cover glasses
(% in. square, for most purposes) and Oanada balsam, which can
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be obtained in collapsible tubes from Bausch & Lomb, or Queen
& Co., complete the list of apparatus.
Before starting to make the section the specimen should be
carefully inspected to ascertain the proper place to nip off the
small fragment for grinding. In general at least two kinds of
sections will be needed of each specimen-one parallel with the
surface (tangential) and another cutting the wO€cia lengthwise
(longitudinal). The pieces should, therefore, be nipped off in
such positions that these two kinds of sections can be obtained by
proper grinding. The fragments should now be ground on the
sandstones or carborundum plates, keeping the plates well supplied
with water, until a smooth, well-polished surface, cutting the
zooecia in the required direction, is obtained. The specimen is
next dried and cemented to a glass slide in the following manner:
place a drop or two of the balsam on the slide and lay the slide
on the mounting stage, which should not be too hot. Let the
balsam simmer until the volatile matter is evaporated so that when
the balsam is cold it will be hard and firm, but not too brittle.
The proper degree of evaporation can be easily ascertained by
picking up a tiny drop of the hot balsam on the point of a needle
and cooling it, and then pressing the drop down upon some hard
surface (of stone or metal). When the hardened· drop snaps
quickly off the needle, the balsam is ready to receive the polished
fragment of the fossil. If the balsam is still tough or sticky, the
evaporation should be carried farther. The specimen may be
placed in the balsam on the slide, smoothed side against the glass,
before the evaporation is complete, and the evaporation continued.
Great care should be taken to make sure that no bubbles remain
between the specimen and the glass. The tendency to the forma
tion of bubbles may generally be avoided if the stage is kept at
a modcrate temperature. When the balsam has reached the re
quired consistency, the slide with the fragment adhering to it is
removed and allowed to cool. It may be cooled quickly by placing
it on a dry cool piece of metal or stone. When cold the balsam
should be hard and firm and without any tendency to pull. The
specimen is now found to be securely cemented to the glass. and
the grinding cau be begun. Lay the slide with the specimen down
ward, upon the coarse sandstone or carborundum plate, and place
the thumb near one end of the slide and the first and second
fingers near the other end and rub the specimen against the plate,
which should be kept well supplied with water, using a moderate
[471
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and steady pressure, and keeping the slide always as nearly par
allel to the grinding plat~ as possible. Continue the grinding on
the coarse plate till the specimen is reduced to the thickness of thin
cardboard, and then transfer to the fine grinding plate or razor
hone, and continue the grinding till the specimen is so thiu that
all the structural details can be readily seen with a microscope
magnifying about 20 diameters.
The thin flake of rock may now be covered with a cover glass
in the usual manner, or, since in the grinding, the slide has prob
ably become more or less scratehed and disfigured, the flake may
be warmed until the balsam is softened, and pushed, with the
needles, off onto another clean slide, and then mounted.
If the balsam is too soft, the thin flake will be pulled to pieces
and ruined. On the other hand, if the balsam is too hard and
brittle, the flake will probably, at some stage of the grinding,
separate fr(}m the slide entirely and be broken or lost. Only expe
rience can teach one the proper degree of evaporation of the bal
sam. The properly mounted slide should be immediately labeled,
and numbered in a manner to indicate the horiz(}n and locality
of the specimen, and the balance of the specimen from which the
piece for grinding was nipped, should receive a duplicate label
and number.
A great deal of time may be saved by using a diamond saw
both for cutting the piece to be sectioned from the original speci
men, and for trimming the greater portion of the fragment from
the slide aiter it is cemented down preparatory to grinding. By
doing this, much time may be saved in the grinding. A perfectly
satisfactory foot-power diamond saw may be arranged by obtain
ing a fO'Jt-power emery wheel and putting the saw on the chuck
in place of the emery wheel. The necessary accessories for .keeping
a supply of water on the edge of the wheel and preventing the
water from flying in the face can be supplied by anyone with a
little ingenuity and at a trifling expense. The app'aratus which
I have used to cut many hundreds of sections cost about twelve
dollars, exclusive of the diamond saw. 'fhe latter can be obtained
from ~ number of dealers, and will cost in proportion to the
diameter of the saw. At .present the price is about eight dollars
for a six-inch saw.
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DIAGNOSES OF GENERA.
AMPLEXOPORA Ulrich.

Zoarium ramose, subramose or massive, in the ramose forms
arising from an expanded base. Surface smooth or monticulose.
Zooecia prismatic, polygonal, thin walled in the axial region and
more or less thickened as they pass into. the peripheral region,
the flexure at the transition from the immature to the mature re
gion usually abrupt. Boundary line between adjacent zooecia as
seen in sections usually very distinct. Acanthopores always pres
ent and sometimes strongly indenting the walls; never of great
size. Diaphragms complete, usually horizontal, but sometimes in
elined, or simulating cystiphragms.
ARTfIROCLEMA Billings.

Zoarium jointed, composed of numerous sub cylindrical seg
ments, celluliferous on all sides, arranged in a pinnate manner;
articulation both terminal and lateral. Segments of three kinds,
primary, secondary and tertiary. The first set forms the strong
central stem, of which each part has normally one or two sockets
on opposite sides for articulation with the smaller segments of the
second set. The latter generally articulate in like manner, termi
nally with each other and laterally with the still more slender
segments of the third set. Zooecia subtubular, each occasionally
with a diaphragm, their apertures ovate, oblique, the inferior bor
der more or less prominent, arranged in rows between longi
tudinal ridges. Interspaces usually striated, often grano-striate.
(mrich.)
ARTfIROPORA Ulrich.

Zoaria bushy, spreading in a plane, composed of numerous,
essentially equal segments; joints simple, bifurcating, or with
several short lateral branchlets, the extremities solid and rounded
for articulation with succeeding segments. Zooecial apertures
elliptical, surrounded by a delicate peristome. Interspaces with
one or more thread-like ridges, variously disposed, sometimes short
and vermicular, at other times forming continuous longitudinal
wavy lines, or ranged in a concentric manner about the apertures.
Peristomes and ridges each with a row of minute papillae. In
terior with the primiti.ve cell elongate, narrow, one or both hemi
septa, and lined with minute dots between the zooecia in the
peripheral region. Mesial laminae zigzag in transverse sections.
without "median tubuli." (mrich.)
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ARTHROS'l'YLUS Ulrich.

Zoaria bushy, branching dichotomously, the whole consisting or
numerous, exceedingly slender, subquadrate, equal segments,
joined to each other by terminal articulation. Zooecia arrangen
in three (perhaps more) rows, usually between longitudinal ridges;
the fourth face, commonly the widest, with longitudinal striae
only. (Ulrich.)
ASPIDOPORA Ulrich.

Zoarium consisting of one, or two or more superimposed, thin
expansions, each 1 mm. or less thick, rarely parasitic, generally
free, with an epithecal covering on the concave lower side;
typically composed, according to age, of from one to many sub
equal parts, each gently COllvex, with the zooecia increasing in
size from their margins to near ,their centers. Acanthopores
usually present, always small. Diaphragms horizontal and closely
set in the mes6pores, usually wanting in the zooecial tubes, but
one or more cystiphragms occur in most of the latter. (Ulrich.)
A'l'ACTOPORELLA Ulrich.

Zoariuni gcnerally forming thin crusts over foreign bodies,
rarely lobate or subramose. Surface commonly with monticules.
Zooecia with very thin inflected walls, their apertures irregularly
petaloid; internally with cystiphragms. Mesopores angular, nu
merous, often completely isolating the zooecia; at first open and
distinctly tabulated, but, when fully matured, largely or entirely
filled by a deposit of sclerenchyma. Acanthopores very numerous,
varying in size with the species, encroaching more or less upon the
zooecial cavity. (Ulrich.)
ilA'l'OSTOMA Vlr1eil.

Zoaria irregularly ramose, with a large basal expansion. Zo
oecial walls thin, and irregularly flexuous in the axial region, more
or less thickened in the peripheral. In the most typical species the
walls are irregularly ovate, thick and ring-like in tangential sec
tions, with neighboring zooecia in contact only at limited points,
the mesopores numerous, Closed at the surface, and irregular in
shape a,nd size, and the acanthopores abund.ant and with a larger
central cavity than usual. Species vary from these to forms hav
ing polygonal, thin-walled zooecia and very few meso pores and
acanthopores. Diaphragms strong, horizontal, complete, few 01'
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wanting in the axial, more abundant in the peripheral region. In
the axial region of transverse sections the tubes are divisible into
two sets, one larger than the other. (Ulrich.)
BERNIOEA Lamouroux.

Zoaria incrusting, forming circular or irregular patches. In
dividual zooecia as in Stmnatopora and Proboscina, but contigu
ously arranged in more or less regular spreading series.
BYTBOPORA Miller and Dyer.

Zoaria consisting of usually very slender branches, though in
one species they may attain a diameter of a centimeter or more.
Surface smooth, or, :in one species, with small spine-like nodes.
Mesopores usually few or almost lacking, rarely abundant. Aper
tures of zooecia usually oblique, elongate in the direction of the
branch, narrowing, in the typical species, above. In B. meeki they
may be circular or even subpolygonal. Acanthopores well devel
oped, sometimes numerous ; rarely wanting. Diaphragms almost
wanting in the zooecia, sometimes fairly numerous in the meso
pores. Wall structure granular in B. meeki.
CAr~LOPORA

HalL

Zoarium usually ramose, rarely subfrondescent, oj' pyriform;
surface smooth or tuberculated. Zooecial tubes with thin walls,
varying according to the number of me'sopores from circular or
oval to polygonal in cross-section. Apertures closed in the perfect
state by centrally perforated and often radially marked or orna
mented plates, which are left behind as growth proceeds to form
floors (diaphragms) of succeeding layers. Mesopores angular or
rounded, more or less numerous, sometimes surrounding the
zooecia; closely tabulate. Zooecial tubes attaining their full devel
opment slowly, with closely arranged diaphragms in the attenuate
proximal ends, and fewer or no diaphragms in the middle part of
their length. In the peripheral region these structures commonly
increase again in number. Transverse sections show that in the
axial region the tubes are of two sizes, the larger ones with six,
seven, and most commonly eight sides, the smaller set four or five
sided. (Ulrich.)
Zooecial walls amalgamated; acanthopores entirely lacking.
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CALLOPOREIJLA. Ulrich.

Zoaria free or encrusting, thin expansions. Surface smooth or
undulated. Zooecial tubes cylindrical, with thick walls, separated
by one or two rows of angular meso pores. Zooecial apertures sub
circular, arranged in regular intersecting series. Diaphragms
llumerous, straight. Acanthopores small, few.
CERAMOPORlULLA Ulrich.

Zoaria incrusting, often becoming massive by superposition of
. numerous thin layers. Zooecial tubes short, their walls thin.
Apertures more or less oblique, hooded, commonly of oval shape.
The hoods are directed away from the centers of small maculae
marking the surface at rythmical intervals. Mesopores abundant,
often completely isolating'the zooecia, their apertures usually open,
sometimes closed by a thin membrane. Diaphragms only rarely
present. CUlrich.)
OHILOPORELLA Ulrich.

Zoaria nsmg Up in fiabellate fr()nds or compressed branches,
from a greatly expanded heavy crust. Zooecial tubes long; very
tbin walled, large, and of irregular shape in the axial region.
"Valls much thickened near the surface. Apertures ovate, the
lunarium conspicuously elevated. Mesopores numerous. Dia
phragms few, generally absent. emrich.)
COELOCLEMA Ulrich.

Zoaria ramose, branches hollow, lined internally with a striated
ppitheea. Surface with or without maculae. Zooecial tubes short,
with rather thick walls; apertures suboval. Peristome complete,
but highest at the posterior side, making the aperture appear more
(oblique than it really .is. Lunarium scarcely distinguishable in
tangential sections. Mesopores fairly numerous, rather equally dis
tributed among the zooecia. Diaphragms usually absent; occa
sionally one may be observed closing the apertures. elilrich.)
CONSTELLARIA Dana.

Zoaria growing from a slightly expanded base, into erect
fronds, or more or less flattened, sometimes anastomosing,
branches. Cells of two kinds, true zooecia with subcircular aper
tures, surrounded by a slight peristome; and ang-alar thin-walled
interstitial cells.' At subregular intervals the surface exhibits ap
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parently solid stellate maculae, that may be more or less elevated
above the general plane of the surface, or depressed below it. Be
tween the slender and often bifurcating rays of the macula an
equal number of small groups of true cells occur, which may be
placed on a plane with the surrounding surface, or, as is more
commonly the case, be more or less prominently elevated into a
radially divided monticule. The true cells are best developed in
the inter-monticular spaces, where they are more or less isolated by
interstitial cells, the mouths of which are, however, closed at the
surface; in consequence, the interstitial spaces and maculae appear
t.o be solid. In sections, the axial region is seen to be oc<\upied
only by the true zooecial tubes; here they are polygonal, with
very thin walls, and few or no diaphragms. As they approach the
surface their walls are slightly thickened, and a large number of
'thin-walled interstitial tubes are abruptly developed. These some
times have flexuous walls, and are divided by a large numqer of
horizontal diaphragms, whieh, especially just beneath the surface
of fully matured C!l:amples, are closely crowded, and placed upon
the same level in contiguous tubes. Small spiniform tubuli are
numerous, but only in fully matured zoaria. (Ulrich.)
DEKAYIA Milne-Edwards and Haime.
Emended by Cumings.

Zoarium ramose, or variously compressed, or lobed, or frondes
cent; growing upward from a more or less broadly expanded basal
attachment. Surface smooth or variously ornamented with monti
cules, maculae or spines. The cells in the monticules and maculae
may be either larger or smaller than the a~erage. Zooecia poly
gonal, sub polygonal or rounded. Mesopores few to numerous, an
gular. Acanthopores always present, typically of two sizes, the
smaller present only in the mature region. Interzooecial walls
always thin in the axial region, and sometimes in the mature re
gion; at times considerably thickened in the mature region, al
ways consisting (in sectioIlS of the mature region) of three
elements: a medi;in zone (11sUally light colored), in which are
lodged the mesopores and acanthopores; a definite dark band on
either side, bounding the median zone and encircling the zooecia;
and a band (usually light colored) of sclerenehyma immediately en
circling the zooecial cavity. Diaphragms few or almost lacking, to
numerous; nearly always straight and horizontal. Only in excep
tional cases are a few cystoid diaphragms present. When mes~-
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pores are present the diaphragms are more numerous in the meso
pores. (Cumings.)
I see no re880n to modify my contention that the genera Hete
rotrypa and DekayeZla should be combined with the genus Dekayia
to form a single genm!. This is not the place to go at length into
the discussion of this point; but since Mr. ffirich h88 recently in a
revision of the Trepostomata adhered to his original grouping of
the species here referred to the genus Dekayia, a word of expla
nation is demanded for rejecting his views. ffirich and Bassler
say" 88 to the value of the three genera discussed by Mr. Cumings,
we do not deem this the proper place to go into the subject in de
tail. However, we still consider the three genera distinct and very
convenient in classification if not wholly natural groups. It is
true that Ulrich some years ago expressed the idea of combining
the three genera" but this was at a time when Dekayella W88 the
only genus of the three of which ,species were known in the Mo
hawkian and Utica, and when it seemed quite probable that the
Lorraine species of Dekayia and H eterotrypa were derived from
the earlier genus. Now typical species of both Dekayella and
H eterotrypa are known to range side by side through the Mohawk
ian and Cincinnatian groups." And again, "Cumings has shoWn
that acanthopores of all sizes, grading from that of the small set
to the large kind are present in the same section of various species
of Dekayia, Heterotrypa, and Dekayella. We admit that this is
so if the section passes through all the stages of growth from the
very mature part of th~ zoarium to the less mature regions."
We pass by the matter of convenience of the thrp.e groups into
which Ulrich has divided these species, since the only satisfactory
basis for a genus is the natural group. The question seems to be as
to whether two sets of acanthopores are present in all three groups
or are confined to the single group of Dekayelia. Ulrich and B88S
leI' contend that the latter is the C88C if the fully mature portion
of the zoarium alone' is considered. Anyone is at liberty to ex
amine figures 7, 10, 12 and 14, on plate ix of my paper on the re
'\'ision of these genera, and conclude whether they cut the mature
or the immature region of the zoarium. These sections, 88 any
one knows who is familiar with the appearance of tangential sec
tions of the Trepostomata, cut the fully matured portion of the
zoarium; and they just as surely contain the two sets of acan- .
thopores. Figure 9 cuts just at the passage from the immature
to the mature portion of the zoarium, and also shows the two sets
of acanthopores. In the type species of the genus Dekayia--D.
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aspera, two sets of acanthopores are shown in the fully matured'
region of the zoarium, as shown in figure 10, plate ix, of my paper,
and again in figure 10, plate x. There is besides these facts the
important fact that the species Dekayia subfrondosa Cumings,
shows these two sets of acanthopores beyond any question, and in
the basal portion of the zoarium has the polygonal zooecia and few
mesopores of Dekayia (s. s.) and in the terminal branches has the
rounded zooecia and the numerous mesopores of Dekayella Ulrich.
While it has the tabulation of the zooecia in H eterotrypa, and it
is also a definitely frondescent species as in H eterotrypa. 'raken
together these three genera form one single compact group, with
a fair representation throughout· the Mohawkian and Cincinnatian
series. This group presents within itself no more variation than
the genus Homotrypa which has the same or greater range and is
niore prolific of species.
DICRANOPORA. Ulrich.

Zoarinm large when complete, composed of num~rous small
ligulate joints. 'l'he segments are flattened, from one-fourth of
an inch to one inch in length, with the edges subparallel to near
the upper end where they suddenly diverge, and are dichoto
mously divided into two short branches, the ends of which are
thickened and solid, and articulate with the next succeeding seg
ments. Cell-mouths ovate to subquadrate, and arranged between
raised longitudinal lines. Usually the cells in from one to three
rows along the margins have an oblique direction. No inter
stitial cells. (LTlrich.)
ERIDOTRYPA Ulrich.

Zoaria ramose, branches slender.. Zooecia more or less oblique
with thick walls, the tubes intersected by diaphragms only. The
latter may be wanting in the axial. region, are in most cases ab
sent for a short distance within the apertural edge, but always
present and close together in the turn from the axial into the
narrow peripheral region. Mesopores with close-set diaphragms,
varying in number, sometimes abundant, at other times very few.
Acanthopores small, never numerous, sometimes wanting. (LTl
rich.)
ESCHAROPORA Hall.

"Coral consisting of a solid cylindrical or subcylindrical stem,
gradually tapering above, expanded and attached by root-like ram
ifications below; surface entirely celluliferous; mouths of cellules

746

REPORT OF STATE GEOLOGIST.

oval, scarcely contracted, enclosed in a rhomboidal space formed
by elevated oblique lines which cross the coral in two directions;
cellul0s consisting of oval tubes of nearly equal dimensions
throughout, which radiate in an ascending direction from an im
aginary axis." (Hall, original diagnosis.)
Zoaria bifoliate, simple or branching, pointed below, and artic
ulating into a spreading base as in Ptilodictya. Zooecia arranged
in regular diagonally intersecting series throughout. In the small
species these rows extend in a continuous line across the fronds,
but in the larger forms their course is interrupted at more or less
regular intervals by the development of raised clusters of large
cells. Apertures rounded, elliptical or subcircular, set into sloping
areas; the latter generally of rhomboidal or hexagonal shape and
sharply defined, in other cases longitudinally confluent, and con
nected by a narrow channel. (Ulrich.)
FENESTELLA Lonsdale.

"Professor Phillips having informed me that the late Mr. Miller
of Bristol employed the word Fenestella to distinguish a mountain
limestone coral possessing generic characters similar to those of
the fossils represented PI. 15, f. 15 to 19, I have conceived it my
duty to adopt the name, though not published; and I have ven
tured to call one of the species Fenestella Milleri, as a tribute of
respect to departed talent.
Gen. Char.-A stony coral, fixed at the base and composed of
branches which unite by growth and form a cup. Externally the
branches anastomose, or regularly bifurcate; internally they form
a network, the intervals. being generally oval. One row of pores .
on each side of the branches externally, the openings being cir
cular and projecting when perfect. The branches, when regularly
bifurcated, are connected by distant, transverse processes, in which
no projecting pores are visible. In well-preserved specimens of
the base of apparently old corals, the pores or foramina on one
side of the branch have united by growth to those on the side of
the adjoining branch, and constitute solid ba~s, either stretching
transversely and simply across the intervals, or uniting obliquely
three and sometimes more together. "-Lonsdale, Murchison's Silu
rian System, p. 677. ]839.
The above is the original diagnosis of this genus by Lonsdale.
In the Geology of Russia and the Ural Mountains, Lonsdale so
modified his diagnosis of the genus as to include a very much wider
range of forms, having the zooecia on either the inside or outside
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of the zoarium. Within recent years the genus has been very nar
rowly restricted (see Ulrich in Zittel-Eastman Textbook of Paleon
tology) to forms like Fenestella plebeia, with the zooecia on the in
side of the zoarium. That this is not in keeping "wi.th the original
diagnosis of the genus can be seen by anyone who will read it as
quoted above. In my studies on the development of F enestella I
have shown that whether or not the zooecia are on the inside or
outside of the zoarium is a matter of very considerable importance
in the Fenestellidae; and hence that it follows that the restriction
originally placed on the genus by Lonsdale, limiting it to forms
with the zooecia on the outside of the zoarium, is important and
should still enter into any diagnosis of Fenesiella. That the genus
as at present constitut~d is still an unnatural group is certain;
and much redistribution of the species into other and probably
several new genera will be required when the ontogeny of the
various forms is finally worked out. Such work is necessarily slow
and favorable material exceedingly scarce, nevertheless it is, I be
. lieve, the only way to place this group of fossils in a satisfactory
condition taxinomically. In the meantime it is probably not wise
to disturb the present arrangement of the species, however
satisfactory it may be. The only species lniown from the Cincin
nati group has, if I am not mistaken, the zooecia on the outside 01
the zoarium, as have the majority of the keeled species of the older
rocks. Nothing is as yet known concerning its ontogeny, although
I have made considerable effort to obtain favorable material,
which is so far lacking.

un

GRAPTODICTYA Ulrich.

Zoaria rising from a pointed articulating base into continuous
dichotomously divided narrow fronds. Zooeciawith subcircular
apertures, surrounded by a low peristome, subpolyg'onal in outline.
Interspaces depressed, generally linear, sometimes with one or two
fine tortuous elevated iines; vertically lined in longitudinal sec
tions, but with the lines interrupted. 'Median laminae straight in
transverse sections. (Ulrich.)
HELQPORA Hall.

"Simple or branching cylindrical stems, often swelling at the
upper extremity, poriferous on all sides; pores oval or subangular,
arranged between longitudinal elevated lines." (Hall, original
diagnosis. )
Zoaria consisting of numerous, subequal, small, cylindrical seg
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ments, articulating terminally, poriferous on all sides. Zooecial
tubes somewhat oblique, geniculated or proceeding to the surface
in a straight line. Apertures slightly oblique or appearing direct,
suboval, arranged in diagonally intersecting series (section a) or
between more or less well defined longitudinal ridges (section b).
In section a the apertures are usually without a peristome, but an
acanthopore occurs immediately beneath each. In section b the
acanthopores are wanting, but a peristome, generally incomplete
and prominently elevated posteriorly, is present. Axial tube very
slender. (ITlrich.)
ffirich believes that further study of the two sections of this
genus as here constituted will result in their separation into dis
tinct genera.
HOMOTRYPA Ulrich.

"Zoarium ramose to subfrondescent; surface smooth, or with
more or less prominent monticules. Cells circular, ovate or poly
gonal, with moderately thin walls. At intervals there are groups
of larger-sized cells, which again sometimes inclose small stellate
maculae, consisting of much smaller, angular cells. The surface
extensions of spiniform tubuli may often be observed at the angles
of the cells. In the axial portion of the branches or fronds, the
tubes are immature, and may be crossed by straight diaphragms;
usually diaphragms are entirely wanting in this region. The tube
walls are excessively thin until they reach the peripheral regions,
when they are much thickened, and bend outward to open at the
surface. In the peripheral or mature portion of the zoarium, the
tubes are provided with a series of cystoid diaphragms; the space
intervening between their flexuous inner line, and the opposite
wall of a tube, is crossed by equally numerous straight diaphragms.
~he tube-walls 'are perforated by rather large connl~cting foramina.
IIf the tuberculated species the spiniform tubuli are numerous,
but very small, and not easily recognized, while in the smooth
forII\s they are much larger, and constitute a conspicuou<; feature
in sections. The internal stru<:.ture of the small tubes, which form
the maculae of some species, ~s not remarkably different from t"I-Jat
of the ordinary tubes. The only difference that I have been abl.'
to detect is found in the fact that cystoid diaphragms are but
rarely developed in them." (ITlrich, original diagnosis.)
According to Bassler, the species of Homotrypa may be classed
int.o two well-defined groups. In the typical section (Homotrypa
C1trvata group), diaphragms as well as cystiphragms, are present
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the peripheral region. T·he second (Homotrypa communis
group) seldom, if ever, has the diaphragms developed either in
the axial or the peripheral region of the zooecial tubes. This
group is the more common in the Richmond formation. Ulrich's
statement, therefore, in regard to the presence of diaphragms in
the mature region will hold only for the curvata group-the only
one known at the time his diagnosis of the genus was drawn up.
'J'he acanthopores, which are practically lacking in some of
the species recently de.."Icribed, do not present the peculiarity with
regard to the tuberculated and smooth species that Ulrich men
tions in his original description, although that, again, was true
of the species known at the time his diagnosis was written. In the
communis group they commonly present an indistinct or fuzzy ap
pearance in tangential sections. Several of the recently described
species show the communication pores very beautifully. In fact,
they are a very common sight in thin tangential sections of the
thick-walled species generally. I believe there can no longer be
any doubt of the verity of these structures.
This is one of the most important and abundantly represented
genera of the Trepostomata. It is well represented in the Mohawk
ian series and again abundantly represented in the Richmond for
mation, with a meagre representation in the Utica, and a fair
representation in the J-Iorraine. 'J'he communis group is confined
to the Richmond formation, as now defined.
ill

LEPTOTRYPA Ulricb.

The genus Leptotrypa has recently been restricted by Ulrich
and Bassler to a fraction of the species formerly referred to it.
This is eminently proper since the genus as until recently consti
tuted formed an incongruous group. The type species is found
to belong to the Amalagamta and is placed in the H eterotrypidae
(sic.) . As restricted, the genus includes several parasitic forms
(L. minima, L. ornata and L. clavicoidea, and several undescribed
species) . Ulrich and Bassler give the following very brief diagno
sis of the genus as restricted:
Zoarium forming thin, evenly spread, parasitic expansions;
acanthopores very small, never abundant; no mesopores.
MONOTRYPELLA Ulrich.

This genus has recently been restricted by Ulrich and Bassler
to the genotype and such other ramose AmpZexoporidae as differ
from Amplexopora only in the absence of acanthopores. The gen
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otype (M. aequalis), or rather the specimen from which the orig
inal set of figured sections were cut, is certainly without acantho
pores, but, Ulrich and Bassler state, no other of the specimens that
have heretofore been referred to that species is without them.
'I'hese authors are inclined to treat the original specimen of M.
aequalis as unique, although they admit the bare possibility that
it may be an abnormality. It would seem to me better, since all
the other species except the genotype and M. pulchella have now
been removed from the genus, to entertain the view that the geno
type is abnormal and remove it to the genus Amplexopora, thus
doing away entirely with the genus Monotrypella, which seems
to rest on such an insecure foundation. 'l'he species M. quadrata
and its near relatives are removed by Ulrich and Bassler to the
new genus Rhombotrypa.
MON'l'ICULIPORA d'Orbigny.

"Cellules serrees, poriformes a la surface, d'un ensemble ra
meux ou encroutant couvert de petites sailles coniques."-d 'Or
bigny, Prodrome de Paleontologie,' p. 25, 1860.
The above diagnosis is quoted merely as a matter of historical
interest. The forms placed in the genus Monticulipora by d 'Or
bigny, under the original diagnosis, would constitute a very con
siderable section of the Order Trepostomata as now understood.
By successive restrictions the genus has come to consist of only a
few very closely related and characteristic species. For this re
striction we are indebted to our foremost student of the fossil
Bryozoa, Mr. E. O. Ulrich. The following is Ulrich's diagnosis
of the genus:
"Zoarium massive, lobate, subramose, laminar, incrusting, or
frondescent. Surface usually tuberculated; sometimes even. Mon
ticules closely arranged, usually conical, often elongated or com
pressed. Zooecia polygonal, generally rather small, with thin and,
internally, peculiarly granulose walls. Mesopores few" generally
absent entirely. Cystiphragms present in the zooecial tubes, both
in the axial and !)eripheral regions of the zoarium, usually in con
tinuous series, but often isolated. Acanthopores small, more or
less numerOus."
ll.ecently a "few forms heretofore referred to the genus, as re
stricted, have been removed to the new genus Orbigny ella by Ul
rich and Bassler. The forms so removed lack the granulose wall
structure of M. marnmulata and have less clearly defined cysti
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phragms. As now constituted the wall strUcture is the most impor
tant character of the genus Monticulipora.
NICHOLSONELLA Ulrich.

Zoaria consisting of irregularly intertwining flattened branches
or fronds, sometimes laminated. Zooecia tubular, with a few dia
phragms in the mature region. Apertures circular, with a faint
granose peristome. Interspaces wide, occupied by numerous angu
lar mesopores, that more or less completely isolate the zooecia.
Walls of both the zooecia and mesopores thin, and in the mature
region traversed longitudinally by minute tubuli. The inter
zooecial spaces are filled by a calcareous ueposit, into which the
minute tubuli continue, but in which the mesopore wulls become
unrecognizable. Mesopores with rather thick and munerous dia
phragms. (mrich. )
PACHYDICTYA UlrIch.

Zoaria bifoliate, consisting of irregular wide branches, large
and small, and more 01' less undulating, leaf-like expansions, or of
narrow, subparallel-margined, aml dichotomously branching stipes.
Margins. acute, with a nonporifel'ous border, obliquely striate or
granostriate. Surface with small maculae and, about them or tak
ing their places, clusters of zooecia of more or less obviously larger
size than the average; occasionally montiferous. In other cases
these clusters are represented by the marginal rows of apertures
which are commonly of larger size, with wider interspaces. and
less regularly arranged than those of the central rows. Zooecial
tubes arising rather abruptly from the mesial laminae, the primi
tive cells with thin walls, longitudinally art.'anged, of elliptical,
semi-cordate, or subquadrate form, in most cases partially sepa
rated from neighboring cells by small interstitial vesicles. Toward
the surface their walls are thickened, often ring-like, subelliptical
in cross-section, usualJy completely isolated, theinterspaces solid
excepting that they are traversed by one or more, straight or
flexuous, series of minute tubuli. One or more (the number de
pends upon age of example) complete diaphragms in each zooecial
tube. Apertures usually elliptical, rarely subangular, the "clos
ures" with a subcentral small opening. Interspaces grano-striate,
concave and forming a peristome about the zooecial apertures, or
thrown up into longitudinal ridges. Median tubuli between the
halves of the double mesial plate, (mrich.)
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PERONOPORA Nicholson.

Zoarium laminar or encrusting. Two distinct sets of tubes
are present, distinguished hy their size and structure. The large
tubes (zooecia) are furnished with incomplete tabulae (cysti
phragms) of the type of those found in the corresponding tubes
of Prasopora. The mesopores are numerous, interspersed among
the zQoecia, sometimes partially aggregated into clusters; their
tabulae always more numerous, close set, horizontal, and complete.
Acanthopores are usually largely developed, though occasionally
apparently wanting. The walls of the zooecia are thickened and
seemingly fused together in adjoining tubes, their primitively du
plex character being entirely lost. (Nicholson.)
The above diagnosis is slightly modified from the original diag
nosis of Nicholson, the changes being merely in the substitntion
of the modern terminology for his.
Nicholson's Peronopora frondosa is our P. pavonia; his
P. molesta is -our Monticulipora molesta and his P. cincinnatiensis
is our 11tonticulipora cincinnatiensis, while his P. O1·toni is our
Atactoporella ortoni. It will be seen therefore that the present
coneeption of the genus is quite different from that of Nicholson.
The genus was restricted to its present significance by Ulrich in
1882. As now understood the genus is restricted to bilaminar
forms such as P. decipiens'Rominger ( P. pavonia d'Orb.); and
the addition of this restriction is almost the only change that need
be made in the above diagnosis of Nicholson. The zoaria are, how
ever, never genuinely incrusting, though they do frequently arise
from a broadly expanded base. The surface is sometimes smooth,
and sometimes has low-rounded monticules. Maculae of smaller
cells than the averRfSe are quite commonly present and sometimes·
form a conspicuous feature. The zooecia spring from either side
of a double median plate or lamina, are at first prone, but rapidly
turn outward and emerge at right angles to the surface. Apertures
circular or sub polygonal. The other characters as in the diagno
sis of Nicholson, given above.
PETIGOPORA Ulrich.

Zoaria consisting of small, more or less circular patches, on
the surface of other bryozoa, or of brachiopods, etc.· Always thin,
with short, direct zooecia, no mesopores, and rather large acantho
pores. The acanthopores sometimes give rise to spines at the sur
fa~e. Diaphragms few or lacking. Walls rather thick at the
surface.
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It is quite possible that some of the species referred to this
genus are the young of species of Dekayia. In some cases, how
ever, they have a different range from any species with which they
might reasonably be thus associated; and in such eases it is hard to
believe that they can be young stages. Some of the species are
quite common and widely ranging forms.
PRASOPORA Nicholson and Etheridge Jun.

Zoariu;rn consisting of concavo-convex, hemispherical, subglobu
lar, conit'..al, pyriform or more or less irregular masses with a wrin
kled epitheca on the basal surface. Upper surface either smooth
or with more or less prominent monticules. Zooecia polygonal or
rounded, thin-walled, usually more or less completely isolated from
each other by small angular mesopores; direct. Acanthopores
nearly always present, but scarcely ever abundant or large. Dia
phragms numerous and close-set in the mesopores; less. abundant
and more widely spaced in the zooecia, where they are always ac
companied by a well-developed, usually overlapping series of large
cystipbragms. In some species the cystiphragms are isolated and
present semicircular, semielliptical or pyriform outlines, at times
one being superposed upon another. They may occur on one or
both sides of the zooecial wall. The diaphragms nearly always
spring from the backs of the cystiphragms.
This genus is most abundantly represented in the Trenton
rocks, is absent in the Utica and Lorraine and is represented by
a' single abundant species in the Richmond of Ohio, Indiana and
Illinois.
PROBOSCINA Audouin.

Zoaria adnate, creeping over the surface of brachiopods,
corals, other bryozoa, etc. Zooecia subtubular, more or less im
mersed in the coenenchyma, with circular erect apertures. AI'
ranged in two or more continguous series. This feature consti
tutes the chief difference between this genus and 8tomatopora.
Budding lateral or terminal, or both.
This genus, although having a very small specific representa
tion, is present in most of the divisions of th,e Ordovician rocks
from the Black River formation to the top of the Richmond, and
llsually in considerable abundance of individuals.
Under the diagnosis of the genus 8tomatopora will be found
a discussion of the status of that genus and the present one.
[48]
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PTILODICTYA Lonsdale.

"Thin, elongated expansions, having on each surface small
quadrangular cells not convex, which penetrate the coral obliquely,
and are arranged with respect to the surface, along the middle of
the specimen, parallel to the elongated direction of the coral, but
on the sides obliquely from it. Surface, a very thin calcareous
crust traversed by slightly raised ridges, marking the boundaries
of the cells; towards the margin the crust thickens, the indica
tions of the cells are less distinct, and at the edge are invisible;
but cells are traceable close to the margin where the crust has been
removed; opening of the cells small, transversely oval T no indi
cation of a central partition parallel to the surface." (Lonsdale,
Murchison's Silurian System, p. 676, 1839.)
'fhis genus, which has been the receptacle at various times of
a large and varied assortment of more or less unrelated forms, was
restricted to its present bounds by illrich in 1893, in the Geology
of Minnesota, p. 165. I have ventured to quote the original diaga
sis of Lonsdale as a matter of historical interest, in view of the
increasing difficulty of obtaining access to Murchison's great work.
Ulrich's diagnosis is as follows:
.
Zoaria bifoliate, simple, unbranched, lanceolate or falciform.
terminating below in a solid, striated, pointed base, which orig
inally fitted loosely in the centrally situated cup-shaped depression
or socket of a small basal expansion. The latter grew fast to for
eign bodies, is radially striated, and has small cell openings in the
furrows between the striae. In very young examples, and in cer
tain small species in which this condition seems to be permanent,
the entire zoarium consists of longitudinally arranged, narrow, ob
long-quadrate zooecia. As growth proceeds new zooecia, both
wider and differently arranged, were added on each side. These
lateral zooecia may be arranged in oblique or transverse rows, so
as to produce the "pinnate" or "plumose" arrangement prevail
ing in the typical species, or they may form diagonally intersect
ing rows, with groups Of large cells or subsolid spots raised at
regular intervals into monticules. Zooecial apertures subquadrate.
rhomboidal, or rounded, the shape depending largely on their ar
rangement. Both ihemisepta usually well developed. Primitive
ceil, with thin walls, subelongate, hexagonal, or lozenge-shaped.
in contact at all sides. ln'the vestibular or outer region, the' walls
are more or less thickened, solid, and with a double row of ex
ceedingly minute dots; the latter rarely preserved and seen only in
tangential sections. No median tubuli. emrich,)
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RHINIDIC'l'YA Ulrich.

"Zoaria composed of narrow, compressed, dichotomously di
vided branches, with the margins sharp, straight, and essentially
parallel; attached to foreign bodies by a continuous expanded
base. 'Zooecial apertures subcircular or elliptical, arranged alter
nately in longitudinal series between slightly elevated, straight or
flexuous ridges, carrying a crowded row of small, blunt spines.
Space immediately surrounding apertures sloping up to summits
of ridges." (Tnrich.)
RHOMBOTRYPA Ulrich and Bassler.

"Ramose Amplexoporidae with zooecial tubes in the axial r~
gion regularly quadrate or rhombic in cross-section. Acanthopore!l
usually wanting, always shallow, rarely distinguishable internall~r.
True mesopores absent, but wall-less tabulated interzooecial spaces
occur in several of the species." . (Ulrich and Bassler.)
'I'his genus has recently been erected by Ulrich and Basslet,
for the reception of the species of which the well-known Monot1'Y
peZZa quadrata (Rominger) is the type. The chief and almost, tl\(~
only difference between Monotrypella and the new genus is in th'J
quadrate of rhombic cross-section of the zoOecia in the immature
regiou of the latter. Since this peculiarity seems to be very con
stant, however, there seems to be ample warrant for the establish
ment of the genus.
The quadrate zooecia are usually best seen in cross-sections of
the branch; but they are also frequently beautifully shown at the
ends of branches, and sometimes, especial ly in small individuals,
they form a conspicuous feature of the greater portion of the en
tire surface of the branch, and give it a characteristic. and unmis
takable appearance. The genus is not known to occur in rocks
older than the Richmond formation, but it is quite characteristic
of the latter. It is represented by one species in the Lockport
shales of the Niagara series.
RIlOPALONAIUA Ulr,ich.

"Zoarium adnate, excavating the surface of the host so as to
become usually about half embedded in it; consisting, so far as
• known, of fusiform internodes or cells connected by extremely deli
cate tubular stolons, the whole arranged in a primate manner.
Zooecia unknown, probably deciduous and developed by budding
from a subceutrally situated pore in the internodes." (ffirich and
Bassler.)
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'file (;:;::ly evidence usually seen of the presence of this genus
is the peculiar pits excavated by the stolons in the surface to which
the organism was attached. These tell us nothing about the zooecia
except their arrangement. The oldest known species is R. venosa
from the Richmond formation.
SPATIOPORA Ulrich.

"Zoaria forming thin parasitic crusts upon foreign bodies, the
shells of Orthoceras being the most favored. Surface even or with
monticules. Zooecia short, with direct and more or less irregularly
shaped apertures. Lunarium scarcely perceptible even in thin·
sections. Mesopores very few, usually absent, when present oc
curring chiefly as 'maculae.' Interspaces often with large blunt
spines (r acanthopores). Walls of zooecia moderately thin, with
the characteristic structure pertaining to the family." (Ulrich.)
Sl'ICTOPORELLA Ulrich.

, 'Zoaria bifoliate, growing from a broad basal expansion into
narrow, parallel-margined, branching stipes, simple leaf-like
fronds, or cribrose expansions. Zooecia with the primitive portion
tubular, unusually long, generally without hemisepta, the inferior
one only occasionally being present. Apertures elliptical, placed·
at the bottom of a sloping area, the latter usually polygonal. More
or less numerous, thick-walled, untabulated mesopores occur be
tween the zooecial apertures and line the zoarial margins. lVlacu
lae, composed of clustered mesopores, and sometimes of zooecial
apertures of larger size than the average, commonly scattered over
the surface of the frondescent species. Tangential sections of
favorably preserved specimens show that both the zooecia and the
mesopores are separated from each other by a sharply defined line
of minute pore-like dots. True median tubuli and diaphragms
wanting." (Ulrich.)
STIGMA'l'ELLA Ulrich and Bassler.

" Zoarium variable, ranging from incrusting to irregularly
massive or ramose. Zooecia angular, rounded, or irregularly peta
loid, the shape depending upon the presence (or absence) of meso
pores and the number of acanthopores. Typically the zoarial sur
face exhibits at regular intervals maculae or spots composed of
mesopores, although in some species the usual monticules or clus
ters of large cells occur. Acanthopores always present but variable
in nnmber, intermittent, developed chiefly in narrow zones, some
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times inconspicuous but more often so numerous as to give the sur
face a decidedly hirsute appearance. Mesopores, when present, de
veloped in mature region only, their number variable even for the
same species. 'l'he zooecial tubes have thin walls in the axial re
gion and these become but slightly thickened in the peripheral re
gion, where a few unusually delicate diaphragms are inserted. In
vertical sections the walls exhibit at rather regular intervals in' the
peripheral region thickenings somewhat similar to those occurring
in Stenopora. These thickenings occur approximately at the same
height in the walls, and tangential sections through these zones
give the full development of acanthopores. Minute structure of
walls as shown in tangential sections, of the type that characterizes
the Heterotrypidae." (Ulrich and Bassler.)
Ulrich and Bassler have recently erected this genus to receive
several forms that have heretofore been referred to the genera
Monticulipora, Monotrypa and Leptotrypa Df Authors, and for a
number of recently described species. The distinguishing char
acter is the periodic thickening of the walls, and the intermittent
development of theacanthopores. Of described species this genus
includes LelJtotrypa davis, L. irregularis and Monticulipora
dychei.
STOMATOPORA Bronn•.

Zoaria adnate, forming delicate dichotomously branching chains
of zooecia, creeping over the surface of foreign bodies. These
branches frequently inosculate in such a way as to give to the
whole expansion a r~ticulate or web-like appearance. The indi
vidual zooecia are tubular, pear-shaped, oval, club-shaped, some
times almost hemispherical; arranged in one or more series; more
or lcss immersed in the coenenchyma. Apertures round, salient.
sometimes notably drawn out; usually situated at the distal end
of the zooeeium, but sometimes near the mi9dle of its upper sur
face. WaUs finely porous.
This diagnosis will, I believe, admit both the Ordovician and
Mesozoic forms commonly referred to this genus. There is no ques
tion, however, that this is an unnatural group as it stands. I can
not take the space at the present time to discuss the various points
which arise in a critical consideration of the great array of spe
cies which it is the habit of £tudents of the Bryozoa to ref.er to
this genus and to the genus Proboscina. I wish only to call atten
tion to the work of Mr. W. D. IJang of the British Museum, which
is along precisely the lines that may be expected to yield the most
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valuable results, and which has already been the means of show
ing us the artificiality of the group as at present constituted. Mr.
Lang's studies are still in progress, and I sincerely hope that he
will at some time take into consideration the older Paleozoic as
well as the Mesozoic species. It seems to me certain that these
species, sO widely separated, in time will be found to fall into dis
tinct genera. As Lang has already pointed out, the genera Sto
matopora and ProbosGina are polyphiletic in origin, "and in some
cases a given species of Proboscina may beat the head of a series
of forms, the simplest of which are undoubtedly Stomatopora."
In like manner I believe it will be found tb,at Stomatopora as at
present constituted will afford material for a number of genera
standing as radicals of lines leading into various genera of CyloRto
mata besides the genus Proboscina. These genera will be found to
converge in the older rocks into a few (and possibly one) very
simple types. The ordovician type of Stomatopora comes surpris
ingly near fulfilling the conditions not only of a primitive Cyclos
tome, but of a primitive Bryozoan. The time is not yet ripe to
go into this fertile subject further than to make suggestions, and
this I have done in my paper on the Development of Paleozoic
Bryozoa, to as great an extent as the facts at hand permit. The
method of Lang is in entire agreement with my own, namely, to
study first the ontogeny (or rather the astogeny) of the individu
als of a species and then to construct the genera strictly on the
basis of phyletic relationships thus pointed out. This is the method
of Hyatt and Beechar and Jackson, that has already proved so
valuable in the rearrangement of the genera of the Brachiopoda,
Cephalopoda, and Trilobita.
DESCRIPTION OF SPECIES.
AMPLEXOPORA CINGULA'fA Ulrich.
Plate VI, figs. I, la; Plate XXVI, fig. 3.

Amplexopora cinguZata Ulrich, 1882, Jour. Cin. Soc. Nat. Hist.,
V, p. 254, pI. xi, figs. 5-5c.
, 'Zoarium ramose, consisting of cylindrical or subcylindrical
branches, which divide dichotomously at irregular intervals, and
vary in diameter from three to seven-tenths of an inch. The sur
face is perfectly smooth, and destitute of monticules. When in
the best state of preservation, the cell-apertures are subpolygonal,
the walls are moderately thin, and occupied by small granules. In
the usual conditiop. the cell-apertures are rounded, the walls com
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paratively thick and smooth. The surface also shows groups of
from seven to fifteen cells, of a larger size than the average, their
diameter varying from 1/80th to 1/6Dth of an inch, while that (}f
the smaller ordinary cells is ahnost constantly about 1/90th of an
. inch.
"Tangential sections show that the cells are of one kind (i. e.,
no interstitial tubes are present), and that, between the groups of
larger cells, they are of a very uniform size. The original polygo
nal walls can still be readily recognized; but their internal cavi
ties are more or less rounded by a secondary deposit of dark, con
centrically laminated sclerenchyma, which has a variable thick
ness in the different sections. . The original line of demarkation
between adjoining tubes is always more or less distinctly preserVed,
and is made especially conspicuous by the numerous small spini
form tubuli, which, in this species, are developed only on the line
of junction. One is situated at each angle, and one or two more
on the line between the angles.
"IJongitudinal sections show tbat the tubes in the axial region
have very thin walls, and are traversed by remote horizontal dia
phragms, from two to three times the diameter of a tube distant
from each other. As they approach the surface, they bend out
ward rather abruptly, their walls are much thickened, and the
diaphragms become much more numerous. The tube-wall in the
peripheral region is divided into four longitudinal portions, by
three distinct dark lines. The two inner portions represent the
original walls of two adjoining tubes, and are composed of a
fibrous structure, the fibers being directed obliquely upward .to
meet along the dark central line. The two outer zones, which are
of a darker color than the inner layers, represent the secondary
deposits within the original polygonal walls of the tubes. The
diaphragms in the outer portion of the tubes are usually nearly
horizontal. All of my sections, however, show a few very pecn
liar diaphragms. In the section they are represented by two
curved plates which spring from the. opposite walls of the tube,
nearly meeting, either in the center, or nearer one side of the
tube-cavity, when they proceed as nearly parallel lines downward
to the next. straight diaphragm. Their shave was undQubtedly that
of a funnel, of which the posit.ion of the lower tublar portion, with
regard to the expanded mouth, was somewhat erratic.
, 'In transverse sections the tubes in the axial region have very
thin walls, and are strictly polygonal." illrich, loe. cit.
To this species I have referred a specimen from the lower part
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of the Lorraine, that seems to possess all of the characters enumer
ated above except that I have not detected any of the infundibular
diaphragms mentioned by Ulrich. The walls are also not quite as
thick as represented in Ulrich's figures.
1.34014a.
AMPLEXOPORA

PE~rASIFORMIS

Plate VI, I1gs.

a, .311.;

(Nicholson).

Plate XXVI, fig. 2.

ilionticulipora (Monotrypa) petasifm'mis Nicholson, 1881, Genus
Monticulipora, p. 190, fig. 40.
"Spec. GJuw.-Corallum small, discoidal, from six to eighteen
lines in diameter, somewhat variable in shape, but always with a
fiat or concave base, which may be in part attached parasitically to
some foreign body, but is always covered with a concentrically
striated epitheca over the rest of its extent. From this basal plate
the short corallites spring nearly at right angles throughout, and
they either form a thin disc, or "they give rise, more commonly, to
an expansion which is thin at its edges, but is prominently elevated
towards its center, thus resembling in form the 'cap' of many
mushrooms. In other cases, there may be two of these promi
nences; and, whether single or double; the superior elevation may
project above the base to a considerable height as compared with
its width at the base.. The maximum height varies from three
lines to nearly one inch. The upper surface is covered with the
calices, which are thin-walled, polygonal, and approximately equal
in size, varying from 1/80th inch to 1/60th inch in diameter.
There are no small interstitial corallites of any kind, but the sur
face shows numerous clusters of tubes which are slightly larger
than the average, and which are very slightly elevated above the
general level. The walls of all the corallites are thin and delicate,
no thickening taking place as the snrface is approached. The
tahulae are numerollS, complete, equally developed throughout the
entire length of the corallites, straight or slightly curved, and
mostly from l/lOOth to lj90th inch apart.
"Obs.-This form from its general aspect would be set down
as a near relation of Montic~d,ipora petropolitana, Pand., from
which, however, it is even superficially separable by its peculiar
and seemingly constant form. In its minute structnre the present
species is quite distinct from M. petropolitana, Pand., and, in fact,
possesses cha:racters which sufficiently distinguish it, from all the
forms externally like it. 'l'angential sections show that there is
a total absence of small interstitial tubuli, and that, except for the
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previously mentioned existence of clusters of corallites of a size
slightly above the average, the tubes are approximately alike in
size. The walls are exceedingly thin, but nevertheless, in sections
sufficiently thin, show a distinctly duplex character, the boundary
lines between the walls of contiguous tubes being expanded into
angular nodal points at their angles of junction. Long sections
show that there is no difference in internal structure between the
average corallites and the clusters of slightly larger tubes which
are interspersed amongst these, all being furnished with numerous
complete tabulae. The two species mo!?t nearly allied in structure
to the present form are M. undulata, Nich. (the rounded examples
from the Hudson River Group), and M. irregularis, lTIrich. From
the former of these, M. petasiformis is distinguished by its differ
ent external shape, by the fact that its corallites spring perpen
dicularly from a basal epithecal plate, instead of radiating from a
basal or central point, by the absence of even a few small coral
lites, and by the mqch greater development of the tabulae, these
structures not being disposed at corresponding levels in contiguolls
tubes. From 111.. irregularis, Ulrich, the present species is readily
separated by its want of the nodulated surface and radiated coral
lites of the former, and by the great abundance of its tabulae."
Nicholson, l·oc. cit.
.
5.9A6 .... L340ii.
AMPLEXOPORA PUS'l'ULOSA Ulrich.
Plate VI, figs. 4-4b, Plate XXVI, fig. l.

Amplexopom pusMtlosa lTIrich, 1890, Gool. Illinois, VIII, p. 451,
pI. xxxvi, figs. 3-3e.
"Zoarium subramose, lobate or irreg~arly compressed, of an
average thickness of eight mm- Surface rarely smooth, generally
$et with low monticules, about 2.6 mm. apart from center to cen
-ter, consisting of groups of larger cells with a few small ones.
Zooecial walls a little flexuous, thickened somewhat in the cortical
region. Zooecia polygonal, hexagonal and pentagonal, about nine
in two mm. Apertures subpolygonal, those in the monticules one
half larger than the others. In the axial region the diaphragms
are about twice their diameter apart, but become more numerous
as the peripheral region is reached, where they are somewhat less
than a tube diameter apart. Acanthopores fairly numerous, com
monly situatedJat the angles. Usually there are two or three super
posed mature regions with diaphrams' very crowded where the
transition from one to the next takes place.
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"This species differs in several important respects from A..
septosa Ulr. In that species acanthopores are more numerous and
project into the visceral cavity, tubercles are wanting or but
slightly elevated and the growth is strictly ramose. "-Ulrich,

loco cit.
1.34ll4-5. Occurs abundantly just above the level of the
gerontic Platystrophia lynx layer in cut No. X on Tanner's Creek.
AMPLEXOPORA RQBUSTA Ulrich.
Plate VI, figs. 5-5b.

Amplexopora 1'obusta firich, 1883, Jour. Cin. Soc. Nat. Hist., VI,
p. 82, pI. i, figs. I-lb.
"Zoarium ramose, consisting of cylindrical, oftener of flattened
branches, dhiding dichotomously at rather frequent but irregular
intervals, and usually varying in diameter from .4 inch to .7 inch.
A very large specimen in my cabinet has a length of 4.3 inches;
the central stem is flattened, and varies in diameter from 1.1 inches
to 1.7 inches. The bases of two branches' are on one side, and
three on· the other, the mean diameter of which is about .6 inch.
Monticules are not developed. The cells are moderately thin
the Inter
walled, polygonal, and consist of one kind only (i.
stitial cells are wanting); their arrangement is quite regular, and,
\dlen well preserved, show at the angles of junction the elevated
points of the spiniform tubuli. At intervals of about .15 inch
the surface exhibits conspicuous clusters of cells larger than the
average, with a mean diameter of 1/60th of an inch. The smaller
or ordinary cells have a diameter varying from 1j100th to 1j9Oth
of an inch.
"Tangential sections show that the cell-walls are comparatively
thin and polygonal, and that their cavities are only occasionally
rounded by a secondary deposit of sclerenchyma; and further
that the original line of separation between adjoining cells is
always more or less distinctly marked; The spiniform tubuli do
not constitute a conspicuous feature in sections of this species,
and unless carefully examined might be overlooked.•With an oc
casional exception they always occupy the angles of junction of the
cells. (Their appearance is very well represented by the figures.)
Lastly, in many sections some of the cell~cavities inclose a small
circnlar ring, that is due to the peculiar funnel-shaped diaphragms
seen ill longitudinal sectio,ns.
"In longitudinal sections the tubes in the 'inlmature' region
al'e thin-walled. and crossed hy straight diaphragms from two to

e.,
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four tube-diameters apart. The nearly equal curve of the tubes,
from the axis of the. branch to the peripheral portion, constitutes
a characteristic feature of the spe~ies. As they enter the periph
eral or 'mature' region their ·walls are considerably thickened, and
the diaphragms become much more numerous, being from less than
one-half to one tube-diameter distant from each other. The funnel
shaped diaphragms noticed in the preceding species (A. cing ulata)
are much more numerous in this species. Not infrequently two
or three open into each other in such a manner that by the coales
cence of the contracted parts of the superimposed funnels. a
smaller irregular tube is found w~thin the propel' tube-cavity.
These diaphragms in their normal condition are represented in the
section by two thin ,converging lines, springing from the walls of
the tubes, and nearly meeting near the center of the tube cavity.
Frequently, however, one of these lines is missing. In this case
the diaphragm extends from one wall nearly across the tube toward
the opposite wall.
"Superficially, the species above described resembles the type
of the genus, though not' nearly enough to be confounded with
it by one experienced in the determination of this group of fossils.
The cell-walll' are thinner, and the groups of larger cells more con
spicuous in A. robusta than in A. cingulata. Internally, the com
paratively thin cell-walls and numerous funnel-shaped diaphragms,
and the small number of spiniform tubuli of A. robusta will fur
ther distinguish it from that species. Care must be taken in sep
arating the species from lI-fonotrypella aequalis, Ulrich, which the
smaller specimens of A. robusta strongly resemble. The former,
however, is restricted to the lower 150 feet of the strata exposed
at Cincinnati, 0 .., while the latter is limited to a few feet of strata
at least 225 feet higher in the series." -lTIrich, loc. cit.
A description of this species is inserted because, although I am
not sure that I have any specimens that can certainly be referred
to it, nevertheless it mnst quite certainly occur in Indiana.
AMPLEXOPORA SEPTOSA Ulrich.
Plate VI, figs. 6-6b; Plate XXVI, fig. 4.

Atactopora septosa Ulrich, 1879, Jour. Cin. Soc. Nat. Rist., II,
p. 125, pI. xii, figs. 7-7c.,
, 'A ramose species, growing from an expanded base, by which
it is attached to foreign bodies. Branches bearing considerable
resemblance to those of Ohaetetes (Monticulipora) pulchellus or
/letcheri. Surface exhibiting low, broad and rounded tuberosities;
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which are placed at distances apart 'of about one line, and carry
groups of larger tubes than those of the ordinary size. Tubes
small polygonal, qUittl regularly arranged, without any minute
interstitial cells; walls thin; about eight of the tubes, of average
size, occupy the space of one line; about six of the tubes of larger
size occupy the same space. Pseudo-septa well devel9Ped,more
easily detected in slightly worn specimens than in those perfectly
preserved; from one t.o five in each tube.
"In longitudinal sections the tubes are seen to be nearly verti
cal in the middle of the branch; here they have very thin walls,
and are cro~d by excessively thin and remote tabulae; they then
bend abruptly outward, and as the surface is approached the
tabulae are more closely set, and the walls become stouter; here,
als(}, the pseudo-septa make their appearance, as is demonstrated
by the darker lines which extend parallel with, and between, the
true walls of the tube. The diaphragms are so thin that they can
easily be (}verlo(}ked.
"In tangential sections the pseudo-septa are very conspicuous
and usually number three or f(}ur in each tube. Transverse sec
tions show the tubes in the center of the branch to be polygonal,
witb(}ut minute intercellular tubuli, and witb very thin walls.
"From an external examination, when the pseud(}-septa are not
visible, it is not an easy matter to distinguish specimens of this
species from certain varieties of Chaetetes (Monticulipora) pul
chell-us; but when worn there is no difficulty, as the septa, when
viewed through a hand lens, give a peculiar and characteristic
appearance to the specimens. Of course, tangential sections will
immediately demonstrate their distinctness. The ramose growth of
the species will distinguish it from the· other species of Atacto
pora. ' '--Ulrich, loe. cit.
This is a very characteristic and easily reCognized species,
owing to the presence of a very large number of acanthopores that
conspicuonsly indent the zooecia. The" pseudo-septa" mentioned
in the ahove description are these acanthopores. Tabulae are
rather nnmerous in the mature region and are frequently more or
less curved, sometimes appearing to run into each other, as seen
in longitudinal sections. This feature, however, is not peculiar
to the present species, but characterizes more or less constantly all
tbe species of Amplexopora. The boundary line between adjacent
zooeeial walls is very well marked.
1.34013 .... 1.38Ba, Imd at other localities in the base of thE'
Lorraine.
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AMPLEXOPORA SEPTOSA var. MULTISPINOSA Cumings.
Plate VI, figs. 2·2b; Plate XXVI,

fig.

5.

Amplexopom multispinosa Cumings, 1901, Am. GeoL XXVIII, ~.
376, pI. xxxiv, figs. 7-10.
"Zoarium consisting of frequently branching cylindrical or
sub-cylindrical stems of an average diameter of from 8 to 10 mm.
Surface with inconspicuous maculae. Cells of average size about
0.2 mm. in diameter.
"ln longitudinal sections the cells are seen to be thin-walled
in the axial regioll and without diaphragms. They bend somewhat
abruptly toward the surface, becoming greatly thickened and at
the same time developing in the passage from the immature to the
mature region a considerable number of diaphragms, many of
which are curved or even coalesce, giving the false appearance of
cystiphragms. Near the surface diaphragms are again lacking.
"In tangential sections, cutting the mature region, the cell
walls are thick, with very clearly defined true walls thiekly inter
spersed with small acanthopores and covered by a copious deposit
of secondary sclerenchyma. "-Cumings, lOG. Git.
'!'his form is very close to A. septosa and is not considered by
Bassler as distinct from that species. The examination of a con
siderable number of specimens, however, from a number of locali
ties has convinced me that there are rather constantly two groups
of the A. septosa, one in which the walls are conspicuously in
dented by the acanthopores (the typical A. septosa) and one, the
present form, in which the walls are seldom indented. It has
seemed to me, therefore, wise to retain the name multispinosa as a
varietal designation. Besides Milton and Vevay, Indiana, the form
occurs in the Tanner's Creek section.
1.34C8, 13 .... 1.38A24·32 .... 1.35C5.
AMPLEXOPOHA FILIASA.
Plate

v, fig. 2; Plate Vll, figs. I·lb.

Amplexopora filiasa Ulrich and other American authors (not d 'Or
bigny). For figures of this form see Ulrich, Geo1. Ill. VIII, pI.
xxxvi, figs. 7, 7a.
I am at a loss to whom to credit this species. That it is not the
lIfontiGulipora filiasa of d 'Orbigny is shown by. the figure of a thin
section recently published in the Annales de Paieontologie (Tome
II, Fasc. II). The figure referred to suggests MontiGulipo1'a ep'i
dermata Ulrich and Bassler, although l\f. Thevinin (lOG. cit.) sug
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gests Prasopora falesi James. I cannot determine from the figure
published by Thevinin whether his reference is correct or not,
in as much as the wall structure cannot be made out from the
figure. At all events M. filiasa d'Orbigny is-certainly not the same
as the species commonly referred to it in this country. Whether
Edwards and Haime bad the same species as the one figured by
1'hevinin, cannot be determined from their meagre description.
Nicholson evidently had the form now commonly known as A.m
plexopora jlliasa, and if that is the case should probably be credited
with the species. This point cannot be settled, however, Until Ed
wards and Haime's type is investigated. Very probably d 'Or
bigny's type set of specimens contained several species. Whether
d 'Orbigny indicated any particular specimen as the type, or, if
not, upon what basis :LVL Thevinin made his selection of the type,
I do not presume to say.
The form commonly known in this country as A'rnplexopora
filiasa is a massive species, sometimes attaining a diameter of sev
eral inches, and more or less lobate. The surface is covered with
rather small monticules and the zooecia are regularly polygonal,
and without mesopores. Iqternally the zooecia are thin-walled,
even in the mature region, acanthropores are few and small, and
the zooecia are crossed by straight diaphragms, from less than a
tube diameter to several tube diameters apart, and present in the
immature as well as the mature region. 'fhe wall structure is as
in other species of Amplexopora.
This species is not uncommon near the top of the J.1orraine.
1.38P.
ARTHROPORA CLEAVELANDI (James).
Plate XXVI, fig. 10.

Ptilodictya cleaveland·i James, 1881; The Paleontologist, No.5,
p. 38. (Not figured.)
"Polyzoary, so far as observed, consisting of slightly oval, or
flattened two-edged fronds, about half a line wide, and 1,4 to Y2 an
inch long. Giving off short lateral branches, varying from nearly
right to acute angles, from half a line to one line apart, arranged,
generally, in an alternating manner, but in some cases opposite
to each other. Fronds celluiferous on both sides, with five or six
rows on each face of the main stem, of oval, or sub-circulal' cells,
arranged alternately, and four or five rows on the branches. No
elevated or dividing line at the lateral margins of the fronds, as
in some other species of this genus. Four or five cell apertures, in
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the space of half a line, measuring diagonally across the frond.
The best preserved specimens show the cell walls as distinct, and a
depressed, sinuous line between, with the margins of the cell
mouths slightly raised. Internal structure not observed.
"This species bears some resemblance to Pt: skaferi, Meek .(Pal.
of 0., vol. 1, p. 69, pI. 5), but differs materially in the rounded..
non-striate, instead of fiat, sharp striate edges of the fronds of that
species; and the single depressed line between the cell apertures,
instead of a striate surface. "-James, loco cit.
This spe0ies, according to Bassler (James Types, p. 14), is
characterized by slender generally non-bifurcating segments, and
by the numerous and small lateral branchlets springing out at
nearly right angles from the main stem. According to the same
author Ptilodictya grakami James and Ptilodictya d~tbia Ja~es
are synonyms of Artkropora cleavelandi.
1.34C8, 9, 10, 11.
ARTHROPORA SHAFJ!'ERI (Meek).
, Plate XXVI, fig. 9.

Ptilodictya (Stictopora) skafferi Meek, 1872, Proc. Acad. Nat.
Sci. Phila. (Febru8,ry, 1872), p. 317. (Not figured.)
"Polyzoum small and delicate, consisting of slender,compressed
divisions, that give off on each side rather closely arranged, regu
larly alternating, lateral branches of the same breadth as the main
I'ltems, from which they diverge at an angle of about forty degrees;
lateral branches in the same way giving off on each side very short
lobe-like, alternating projections; lateral margins of all parts very
narrow, sharp, and minutely striated longitudinally, in well-pre
served specimens; pores apparently without raised margins, more
or less oval longitudinally. alternatly disposed in longitudinal and
obliqne rows. so as to present a quincuncial arrangement; the
number of longitudinal rows varying from five to about seven in
the breadth of a stem or branch; spaces between the pores, meas
nring transversely to the stems and their divisions, about equal to
the breadth of the pores, but greater, measuring in the direction
of the oblique and longitudinal rows; all the interspaces orna
mented. in perfectly preserved specimens, by very minute, more or
less waved or fiexuom striae.
"Size of entire polyzoum unknown; breadth of stems and
branches, 0.05 inch; number of pores in 0.05 inch, measuring in
the direction of the oblique rows, about 4 to 6, and, in the same
space. measuring longitudinally, from 3 to 4.
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"This very delicate little form will be readily distinguished
from the other known Silurian species by its small size and peculiar
plumose mode of growth, and particularly by its very minute striae
between the pores. Stictopora raripora, Hall, from the Clinton
group' of New York, 'is as delicate a form, but differs materially in
its mode of growth, and particularly in its very much less numer
ous pores.
"The specific name is given in honor of Mr. D. H. Shaffer, of
Cincinnati., Ohio, to whom I am indebted for the use of a very fine
specimen of it; I also have good specimens from Mr. Dyer's col
lection. "--Meek, lac. cit.
The above description, together with the figure given herewith,
will make the identification of this fairly abundant species easy.
1.33A3 .... 1.34013, 14b .... 1.34A1, 3, 7, 8, 14b, 15a, 16, 17,
18b, 19-21, 20, 21. ... 1.34Bl-3, 4-5 .... 1.41A4, 5, 6, 9, lOa, lOb ... .
1.41B1, 2, 3 .... 1.4IC1, 2; 3 .... 1.41D1, 2, 3 .... 1.41E3, 6 ... .
1.12A2 .... 1.12E3 .... 1.12F3 .... 1.12Dl -6.
AR'l'HROSTYLUS

TE~UIS

(James).

Plate XXVI, figs. 8·8e.

H elopora tenttis James, 1878, The Paleontologist, No.1, p. 3.

"Polyzoary minute, consisting of straight, angular or cylin
drical stems, with a single row of cells on the face exposed; cell
apertures oblong, with raised margins, arranged between strong
longitudinal lines, and separated about the distance of their longer
diameter; about 6 cells in the space of a line, including the inter
spaces. Examples examined are unbranched, from 1/4 to 1/2 an
inch long, and 1/8 to 1/10 of a line in diameter. .
"Some specimens have a depressed line on the highest part and
a row of much raised oblique cell mouths on each side--others
show only striated faces, no cells; and some have swollen termina
tions. All examples observed lie upon the surfaces of other sub
stances, no detached specimens found, consequently but one face
of anyone example can be seen. "-James, loco cit.
The following corrected description is given by Bassler (1906) :
"The zoarium is jointed, but specimens showing the segments still
in connection are not common. 'l.'he segments are very slender.
straight, needle-shaped rods, about 5 mm. in length, slightly ex
panding toward the obtusely rounded upper extremity. 'l.'he latter
articulates with the pointed lower ends of generally two sllcceeding
segments, the complete zoarium appearing to consist of extremely
delicate and regularly bifurcating brancbes. OroflS sections of a
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segment are subquadrangular in shape, three of the sides being
concave and equal in )Vidth, while the fourth side is slightly con
vex and half again as wide. Each of the three equal sides bears a
row of zooecia, while 6 to 8 longitudinal striae mark the fourth
side. The zooecial apertures are oval, and when perfect have a
delicate and prominent equally elevated rim; 9 zooecia in 2 mm."
According to Bassler this species is not uncommon throughout
the Eden shales: The types are from the lower division at Cin
cinnati, Ohio.
1.34C8.. 9..
ATAC'l'OPORELI,A MULTIGRANOSA Ulrich.
Plate VII, figs. 2, 2a.

A factopora mttltigranosa Ulrich, 1879, Jour. Cin. Soc. Nat. Rist..
II, p. 122, pI. xii, figs. I-lb.
"A parasitic bryozoan, attached to species of Orthoceras;
growing in large, thin expansions, frequently in superposed lay
ers, and more developed in certain portions than in others; great
est thickness of any crust observed about three-fourths of a line.
Surface presenting nnmerous, irregularly distributed monticules,
which sometimes have a portion of the summit compact, but usually
the entire macula is composed of an aggregation of larger-sized
tubes than the average; the height and diameter of the tubercles
vary, but their average dimensions are about one-quarter of a line
in height by one-half a line in diameter. With the aid of a mag
nifier the entire surface is seen to be covered with minute granules;
they are so numerous that in well-preserved specimens the outlines
of the tube orifices cannot be traced. Tubes small, rather thin
walled, of unequal. sizes, from ten to fourteen of those situated be
tween the monticules, occupying the space of one line, without any
minute interstitial tubuli. Tube mouths polygonal or 1l0rifoJ!Ill,
their margins carrying a row of inwardly projecting, minute tuber
cles or granules.
" Ihom A. hirsuta this species is distinguished by its more pro
fusely granulated tube walls, groups of larger sized calices, and tn
the less compact monticules. The growth of A. multigranosa is
peculiar, being very irregular, in consequence of a greatel' develop
ment at some parts of the colony than at others; in A. hirsuta the
thickness of the expansion is nearly equal in all parts. In A.
m·toni, Nicholson, there are no groups of larger sized tubes, the
monticules are conical, and regularly arranged. "-Ulrich, loco cit.
Middle IJorraine.
[49]
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ATAOTOPORELLA MUNDULA UlrIch.
Plate VII, figs. S, Sa; Plate XXVI, fig. 6.

Atactopora mundula illrich, 1879, Jour. Oin. Soc. Nat. Hist., vol
II,p. 123, pI. xii, figs. 4, 4a.
"Bryozoary parasitically attached to the fronds of Chaetetes
(Monticulipora) mammulatus [Heterotrypa fl'ondosa ?]; grows
in thin expansions of less than one inch in diameter; thickness less
than one-half a line. Surface at regular intervals raised into
rather prominent tubercles, placed a little more than one line apart
(measuring from center to center), and arranged in diagonally in
tersecting lines; surface of monticules occupied by .calices of the
ordinary size. Tubes polygonal, with thick walls, the interstitial
spaces occupied by numerou..<; minute tubuli, that are best observed
in worn specimens. 'I'ube mouths small, of very irregular shape,
but of nearly equal size, ten to twelve in the spaee of one ,line;
Pseudo-septa well developed. varying from two to five in each tube.
No spines nor granules appear to have been developed; the superior
ends of the septal ridges, however, sometimes are a little prominent,
and thus simulate spines.
"Although closely related to A. ortoni, Nicholson, this species
has certain characters by which it can be easily distinguished from
that form. In that species the walls of the tubes are rather thin
and granulated, and there are no true intertubular cells, while in
,A. mundula the walls are thick, not ,granulated, and are provided
with numerous interstitial cells. The monticules are larger and
not compact as they are in A. or toni. Worn examples of A. multi
granosa bear some resemblance to this species, but the thinner walls,
non-tubular intercellular spaces, irregular growth and disposition
of the maculae in that species will serve to distinguish them.' ' 
illrich, lac. cit.
. I have one good specimen of this species, figures of which I
give.
1.33A3.
ATAOTOPORELLA NEWPORTENSIS Ulrich.
Plate VII, fig. 4; Plate XXVI. fig. 7.

AtactoporeZla newportensis, ffirich, 1883, Jour. Oin. Soc. Nat.
Hist., voL VI, p. 250, pI. xii, figs. 4-4b.
"Zoarium robust, growing upon foreign objects, lobate, or
throwing off subramose shoots. At intervals of about .12 of an
inch, measuring from center to center, the surface is elevated into
more or less prominent, rounded, and often elongated monticules,
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the summits and slopes of which are occupied by cells a little larger
than the average. Cells rather regularly arranged in intersecting
series, from eleven to thirteen of the ordinary size in the space of
.1 inch, with subcircular or ovate apertures, having an average
diameter of 1/150th of an inch. On finely preserved examples the
apertures are surrounded by a slightly elevated rim or peristome,
which is often a little infieeted at the points occupied by the nu
merous, though very small, spiniform tubuli. Interstitial cells
numerous, but as usual with species of this genns, they are not
readily detected externally,
"Internally this species is in many respects precisely like A..
typiealis. In tangential sections the cells are seen to be somewhat
unequal, narrower, the walls less inflected, and the spiniform
tubuli smaller than,in that species. Externally they differ in their
surface markings, the zoarium of A. typicalis being prevalently
entirely smooth, while that of A.. newportensii is generally strongly
tuberculated, besides heing of more robust growth. The cell aper
tures also are never so distinctly petaloid as in the type species."
~U1rich, loe. cit.
Lower Eden.
ATACTOPORELLA ORTONI (Nicholson).
Plate VII, figs. 5, 5a; Plate XXVI, fig. 11.

Ohaetetes ortoni Nicholson, 1874, Quar. Jour. Geol. Soc. London,
XXX, p. 513, pI. xxix, figs. 15-1'5b.
"Corallum forming exceedingly thin crusts, not more than from
one-sixth to one-ei,ghth of a line in thickness, attached parasitically
to submarine objects. Crusts usually constituting small circular
expansions, or irregular ana indefinite in form. Surface exhibiting
numerolls, minute, rounded or obtusely conical eminences, which
are placed at intervals apart of a half a line, more or less. The
tubercles are somewhat compact at their summits, and carry upon
their sides corallites which are a little or not at all larger than the
average. The corallites are somewhat oblique to the surface, mod
erately thick-walled, subequal, without any minute intercalated
tubuli. Calices small, subpolygonal or oval, from ten to twelve in
the space of one line; their margins thick and surmounted by
minute and crowded miliary granules, which are rounded and not
spinous, and which. are placed almost in contact with one another.
"In appearance, this species, but for its extreme thinness and
the small close-set surface-turbercles, might be confounded with
O. papiZlatus. On examination with a high power, however, it is
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readily distinguished from all the known incrusting species of
Chaetetes. by the fine and close granulation of the margins of the
calices, giving to the surface quite a peculiar appearance. All
the specimens I have seen of this singular species are parasitic
upon Strophomena alternata; and I ani informed by Mr. James
that it is rarely found attached to any thing else. IIi spite of the
granulated margins of the calices, it appears to be a genuine
Chu6tetes, and I see no reason for removing it from this genus.
"I have named the species after my friend, Prof. Edward
Orton, of the Geologiral Survey of Ohio, from whom, as well as
from lVIr. U. P. James, I have received the specimens from which
the above description is drawn. "-Nicholson, loco cit.
According to Ulrich, who has carefully investigated the inter
nal characters of this species, tangential sections show that the
somewhat petaloid zooecia are separated from each other by an
extensively developed series of rather large angular mesopores. In
most sections taken near the surface these interzooecial spaces
appear solid, and it is only occasionally that the mesopores can be
certainly identified. Each zooecium is surrounded by a circle of
medium-sized acanthopores, and it is the projecting ends of these
at the surface that gives to the latter its strikingly hirsute appear
ance. In vertical sections it is shown that the zoarium may con
sist of several superimposed layers. The zooecia rise rather abrupt
ly from the substratum and proceed directly to the surface. They
are occupied by a series of cystoid diaphragms, and by a smaller
number of straight diaphragms. In the mesopores the diaphragms
are numerous.
This species is not uncommon near the top of the Lorraine.
I.33A3 .... I.34BI-3 .... l.I2A2 .... 1.38Bb, c, d.
ATAOl'OPORELLA SCHUCHERTI Ulrich.
Plate VII, figs. 6, 6a.

Atactoporella schucherti Ulrich, 1883, Jour. Cin. Soc. Nat. Hist.,
vol. VI, p. 251, pI. xii, figs. 5-5b.
"Zoarium parasitiC'al~y attached to shells and other foreign
bodies, over which it forms thin irregular expansions, usually less
than an inch in diameter, and rarely more than .03 of an inch in
thickness. The surface genera:ily exhibits at intervals of .1 inch
or more slightly raised eminences. When in a good state of preser
vation the cellular structure is almost entirely obscured by the
innumerable surface extensions of the large spiniform tubuli, in
Illany of which the perforation at the apex is clearly shown. When
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worn, the cell apertures are rounded, about ten in .1 of an' inch,
with thick interspaces, occupied by the shallow calices of numerous
interstitial cells, which in old examples are not readily detected.
, 'The distinctive characters of the species aie well brought out
in tangential sections. The cell walls are thin, and between the
numerous and large spiniform tubuli are of about equal thickness
throughout. Excepting when the section cuts the zoarium jnst be
neath the surface, it is difficult to discriminate between the inter
stitial cells and true zooecia. But, when near enough to the sur
face~ the former are mostly filled with transparent calcite, while
the latter are filled with particles of the surrounding matrix, and
when this fails they may be more certainly distinguished by the
possession of the crescentic _edges of the cystoid diaphragms. The
interstitial cells are numerous, but very unequal in size; as a rule,
they completely isolate the true cells. The arrangement, size and
character of the spiniform tubuli are well shown in the figures re
ferred to.
, 'In vertical sections, unless they follow the direction· of the
growth of the colony, the same difficulty of distinguishing the in
terstitial from the true cells in experienced. This is mainly due
to two reasons: First, the cystoid diaphragms, a series of which
is apparently developed in each of the proper zooecial tubes, are
always attached to the concave side of the tube, and uuless the sec
tion passes along the direction of growth, these diaphragms pre
sent the same appearance that those of the ordinary straight kind
do. Secondly, we find that the horizontal diaphragms of the inter
stitial tuhes are but little, if at all, more numerous than the cys
- toid diaphragms of the true zooecia. There is one feature, how
ever, by meaus of which I believe the two sets of tubes may be
at all times distinguished, namely, the interstitial tubes are crossed
by diaphragms at regular intervals throughout their length,_ while
the true cells, near their apertnres, are always filled by the sur
rounding matrix. Thf:' spinif-orm tubuli are very conspictiousin
these sections, and near]y always show the central lucid-line, which
in several instances appears to be crossed by numerous horizontal
partitions.
, 'This species differs from all the others of the genus known to
me in the size and prominence of the spiniform tubuli. Compared
more critically with A. mundula we find the followingdifference·s.
In that species the spiniform tubuli are considerably smaller, and
less prominent, the intertubular spaces narrower, and, in conse
quence the interstitial cells smaller and less numerous, while the
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diaphragms in the interstitial tubes are about twice as numerous
in a given space.
"Named in honor of my esteemed friend, Mr. Charles Schu
chert, who kindly -gave me, among other interesting forms, a large
and most beautifully preserved example of this species." -Ulrich,

loe. cit.
l.B3AB (T) .... 1.41E6 ... . 1.12A2.
BATOSTOMA IMPLICATUM (Nicholson).
Plate VII, fig, 7; Plate VIII, fig. 2.

Montieulipora (Heterotrypa) implicata Nicholson, 1881, 'Genus
Monticulipora, p. 14.7, pI. ii, figs. 7-7e; and fig. 2,7, p. 148.
"Spec. Okar.-Corallum dendroid, of small flattened stems,
which average about three lines in width, and from a line and a
half to two lines in thickness, giving off branches at short intervals.
The calices are mostly about 1/70th to 1/80th inch in diameter,
irregularly oval, often indented on one or both sides, thick-walled,
with numerous blunt. spines projecting from their margins. Be
tween the ordinary calices are the occasional apertures of smaller
tubes. The average corallites are thin-walled in the center of the
corallites, but become greatly thickened as they approach the sur
face, the original lines of demarkation between adjoining tubes
being never entirely obscured. Smaller eorallites are developed in
variable number between those of average dimensions. Inter
spersed also in the thickness of the walls of the corallites, or occu
pying their 'angles of junction, are numerous circular hollow tubes,
the upper terminations of which appear on the surface as the blunt
spines previously alluded to. Remote, complete, and approxi
mately horizontal tabulae are developed in the tubes, being some
what more numerous in the small corallites than in the large ones.
"Qbs.-Not having met with any published account of this
species, I am not sure that it has been actually described by Mr.
firich, to whom we already owe so much excellent. work on the
fossils of the Cincinnati Group; but it has been named by him
in his catalogue of the Fossils of the Cincinnati Group, and Mr.
Nickles has been good enough to present to me some specimens
of it. Under the circumstances, I should not have been justified,
perhaps, in treating of it at all in this place; and my only apology
for giving even the above short description of its characters is, that
it possesses a structural feature which I should have felt unwilling
to have passed over without notice. It illustrates, namely, in a
remarkable manner, those peculiar structures which occur in so
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m~any of the Montieuliporae and Stenopome, and which I have
termed 'Spiniform corallites' [now known as Acanthopores].
Thus, if we examine a tangential section, we observe at the angles
of junction of the normal corallites, or between the thick walls of
two adjoining tubes, a number of clear circular spaces of compara
tively large size (from 1/500th to 1/450th inch in diameter). Some
of these clear spaces preserve the same character throughout, but
most of them exhibit' centrally either a dark spot or small, clear
ring. These spaces are, therefore, clearly sections of tubes, and
there can be no doubt that the spines which stud the thick walls
of the calices are the upper terminations of these same tubes. I
have not succeeded in detecting any opening at the apices of these
spines, though their tubular nature would lead one to expect that
such mUst exist. I have, however, I think, succeeded in satisfying
myself that their cavities, as seen in long sections, are crossed by
distinct horizontal tabulae. This is a point of importance, as tend
ing to confirm my views that these hollow spines, in this and in the
many other cases in which they occur, are really of the nature of
very peculiarly modified and specialiy.ed corallites. "-Nicholson,
loe. cit.
This well-marked species, which Nicholson has very adequately
described, is common in the Utica formation wherever exposed. It
can readily be distinguished from B. jamesi, wheu well preserved,
by the markedly spiuose exterior and the small number of meso
pores. Internally, it differs in several characters from the latter
species: iu
greater thickness of the zooecial walls, the smaller
number of mesopores, and the large size of the acanthopores, and
in the fact that these structures commonly indent the zooecia, giv
ing the latter a more or less irregular shape.
5.9A6, 14., 21, 31, 29. : .. 1.34Co, 5, 6,7, 8, 9, 13 ... . 1.38A9, 11,
13, 17, 23, 24, 31, 32, 33, 37.

the

BATOSTOMA JAMESI (Nicholson).
Plate VII, figs. 8, 8a;' Plate VIII, fig. 1; Plate XXVII, figs. 6, 6a.

Chaetetes jamesi Nicholson, 1874, Quar. Jour. Geol. Soc. London,
XXX, p. 506, pI. xxix, figs. la-lab.
"Corallum of cylindrical or sub cylindrical hollow branches, the
diameter of which is from 3 to 5 lines; or of somewhat lobate and
subpalmate masses, the extremities of which are rounded. Branches
iu the ramose forms dividing dichotomously at irregular iutervals,
irregularly thickened and nodulose. Corallites oval or circular in
I!\ection, of unequal sizes. The larger corllllit{Js !tbout six: in the
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space of one line, with very thick walls, the margins of the round
or subpolygonal calices being obscurely tuberculated or granulated.
The larger corallites are separated by extremely minute cylindrical
tubuli, the number of which varies in different parts of the coral
lum. The surface exhibits no eminences or tubercles, or groups
. of large-sized corallites, but typical specimens exhibit at irregular
intervals stellate spaces, which are either solid or minutely punc
tate, and have a diameter of two-thirds of a line.
"This species is related to Okaetetes tumidus, PhilL, of the
Carboniferous rocks, especially in the rounded, thick-walled coral
lites, separated by minute intermediate tubes. I have, however,
compared it with specimens of the latter, and find it to be clearly
distinguished by the larger size and much thicker walls of the
corallites, the generally greater number of the minute intermediate
tubules, the tuberculated margins of the calices, and the existence
of the curious stellate, solid or porous interspaces. The value of
this last character is diminished by the fact that some specimens,
otherwise the same, do not exhibit these spaces in a conspicuous
manner. The tuberculated margins of the calices, though this fea
ture can only be detected with the use of a high magnifying power,
remind one of the species generally considered as belonging to the
genus Stenopora."-Nicholson, loco cit.
This well-marked species does not possess hollow stems, as stated
above; Nicholson's mistake probably being due to his seeing
specimens in which the axial region had disappeared through
weathering. The rather small rounded stems and large oval zooecia
with a well developed series of mesopores are the chief superficial
characters of this species. Internally it presents the characteristic
structure of the genus Batostoma. In tangential sections cutting
the mature region the walls are seen to consist of rather thick
dark ring!'! or dense sclerenchyma, those of neighboring zooecia gen
erally widely separated from each other, though occasionally in
contact, and the intervening space occupied by angular and irregu
larly shaped mesopores. Imbedded in these walls or occupying the
line of contact of the walls of adjacent zooecia are numerous rather
small acanthopores. The projecting ends of these upon the sur
face of the zoarium give it, in well preserved specimens, a minutely
spinose or granular appearance. In longitudinal sections the zo
oecia are seen to be crossed by rather infrequent complete dia
phragms. In the mesopores these are four or five times as abun
dant as in the zooecia. The walls in the axial region are thin and
the zooeci.a polygonal in shape. This species differs from the asso
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ciated B. implicatum in the greater development of mesopores, the
more nearly circular shape of the zooecia, the smaller size of the
acanthopores, the less thickness of the walls, and superficially in
the fact that B. implicatum, when well preserved, presents a de
cidedly spinose appearance owing to the great n'umber of large
acanthopores.
5,9A2 .... 1.34Co, 5, 6, 7, 8, 9, 10, 11. .. . 1.38A7.
BATOSTOMA VARIABILE IDrich.
Plate VIII; fig. 4; Plate XXVI, fig. HI.

Batostoma variabile Ulrich, 1890, Geol. Illinois, VIII, p. 460, pI.
xxxv, fig. 15; xxxvi, fig. 1 (not pI. xxxv, figs. 4b-4e=B. varians
(.James) ).
,. Zoarium exceedingly variable; encrusting, lobate, digitate,
ramose and subfrondescent. Surface smooth, showing inappre
ciably elevated clusters of larger cells.Walls of zooecia in axial
region thin, faintly and irregularly flexuous; much thickened in
the mature region; th(' tubes are .polygonal, approach the surface
with a gradual curve, and are mainly in contact, with the divi
sional line between those adjoining sharply marked. Apertures
angular, averaging six in two mm. Mesopores angular, varying
in number. generally few as in the sections figured. Diaphragms
few in the immature region, three or four in the narrow cortical
region, the one or two nearest the surface concave; in the meso
pores they are moderately abundant. Acanthopores fairly numer
ous, usually situated at the angles between the zooecia.
,. The name 'variabile' is given to this species because different
examples exhibit considerable variations in the mode of growth,
in the number and arrangement of the mesopores, in the amount of
thickening of the walls in the cortical region, and some other fea
tures.
"This form bears much resemblance to the B. jamesi Nich.,
which, however, hn.s oval zooecia separated by many mesopores,
while this species has the zooecia polygonal and often in contact,
with fewer mesopores and diaphragms.' '-IDrich, loc.· cit.
This is the original description by Ulrich, which has been found
to include, according to Bassler,· two good species, one of which
is the B. varians James sp., a species having a. different range,
being found abundantly in the lower and middle Richmond. while
variabile as restricted by Bassler (loc. cit.) is confined to the upper
most beds of that formation .
• Proc. U. S. National Museum, vol. XXX, 1906, pp. 18, 19.
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The following is Bll8sler's description of Batostorna varia bile
as restricted:
"B. variabile, as thus restricted; forms robust, cylindrical or
subcompressed,. usually infrequently dividing stems, 10 mm. or
more in diameter. The surface of the zoarium is smooth, but
maculae of conspicuously larger zooecia are present. The zooecia
are thin-walled and angular at the surface with mesopores practi- •
cally absent. Below the surface the zooecial walls are so thickened
by deposits of tissue along their sides that· a tangential sectioD
through this region gives a rounded aspect to the apertures. Six to
seven of the ordinary zooecia occur in 2 rom. Acanthopores some
times large and occupying all the zooecial angles, but at other times
not a conspicuous feature. Distribution of diaphragms and other
internal features as shown on Plate VII [of Bassler's paper].
"Because of the absence of mesopores, this species shows with
unusual distinctness in tangential sections, the black line separat
. ing the walls of continguous zooecia, a characteristic feature of this
as well as a number of other genera of the Monticuliporoids. The
large, smooth, ramose zoarinm, angular contiguous zooecia, few
mesopores, and conspicuous clusters are characters sufficient to
distinguish this form from other species of the genus.
"The specimens figured by Ulrich from the Richmond group at
Savannah, Dlinois, cannot be determined with certainty on ac
count of their ill-preserved internal structure, but it is probable
that they belong to neither of the two species under discussion."
-Bassler, loco cit.
I have referred but a single specimen to this species, namely one
from Madison, Indiana, from the beds immediately tmderlying the
Saluda formation.
1.12Dl·6.
BATOSTOMA VARIANS (James).
Plate VII, fig. 9;

Plate VIII, figs. 3-3b;

Plate XXVI, fig. 14.

Chaetetes varians James, 1878, The Paleontologist, No.1, p. 2.
(Not figured.)
"A coral resembling Chaetetes jamesi, Nicholson, is found in
the upper beds of the Cincinnati group. Its mode of growth seems
to differ in some respects, being spread over shells, in thin lays, in
some cases; in others, branching out ~n a digitate manner from
lobate, palmate and irregular-shaped forms; the average calices·
are scarcely as thick walled as typical J amesi, and the stellate
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spaces rather more conspicuous. Should it prove a distinct species,
I propose for it the name varians (Chaetetes varians)."-James,
loco cit.
In the large size of the zooecia, peculiar appearance and num
ber of the acanthopores, and in the wall structure this species is
quite similar to B. jamesi of the Eden formation. It differs from
that species, however, in the slight development of mesopores in
R. varians, while they are very abundant in B. jamesi, and in the
polygonal shape of the zooecia and usually irregular form and
larger size of the zoarium of B. varians. This species is very
abundant in the Waynesville division of the Richmond formation.
It is also found in the Arnheim division and sparingly in the
Liberty division. It can usually be recognized at a glance by its
unusually large zooecia, though in this respect it might be con
fused with the associated Rkombotrypa quadrata, which can, how
ever, be readily distinguished by the rhombic zooecia nearly always
to be seen at the ends of branches.
1.34A10, 11, 12, ] 3, 14b, 15a, 16, B4-5 .... 1.41B1, 2, C2-3, D1,
A5, E3 .... 1.12E3.
BERNICEA PRIMITIVA Ulrich.
Pla.te XXVI, fig. 1·2.

Bernicea primitiva Ulrich, 1882, Jour. Cin. Soc. Nat. Rist., vol. V.
p. 157, pI. vi, fig. 4..
"Zoarium attached to foreign bodies, and forming small sub
circular or irregular patches. Cells small, mostly immersed, some
what irregular in their arrangement, with the rounded and slightly
oblique apertures raised conspicuously above the general surface.
Cell apertures usually about twice their own diameter distant from
each other; about eight occupy the space of .1 inch. "-Ulrich,
loco cit.
The general aspect of this species is very similar to Proboscina,
from which it differs in the fact that it forms expansions which are
continuous rather than reticulated, as in the latter genus.
Several good specimens were obtained from the Richmond for
mation.
1.41B1 .... 1.12E3.
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BYTHOPORA ARCTIPORA (Nicholson).
Plate VIII, fig. 8; Plate XXVI, figs. 15, Ilia.

PtilodictHa (1) arctipora Nicholson, 1875, Ann. Mag. Nat. Rist.,
4th ser., XV, p. 180, pI. xiv, figs. 4-4b.
"Polyzoary forming a cylindrical, slightly branched frond,
which is not sharp-edged, exhibits no non-celluliferous borders, and
shows no traces of a central laminar axis. Cells arranged in ob
scurely longitudinal alternating rows, apparently perpendicular to
the surface, and radiating in all directions from an imaginary axis.
Cell-mouths very mueh compressed, much longer than wide, ex
panded below and attenuated superiorly, where they are often
much twisted and bent. Upon the whole, the cells are pyriform in
shape, with their narrow ends directed upwards, about eight occu
pying the space of one line measured vertically, and twelve the
same space measured diagonally. The cells are not always in con
tact, especially in their upper portion; and their borders are al
ways distinctly marked off by impressed lines; but they are not
arranged between elevated longitudinal ridges. The margins of
thc cells are very thick and conspicuous, not granulated, tubercu
lated, or spinigerous.
"'l'he best-preserved fragment examined had a length of eight
and a half lines, dividing at its summit into two branches, its
diameter being rather more than one-third of a line.
"From its cylindrical form, and the absence of a laminar axis
or of non-poriferous margins, it would seem certain that this sin
gular form is not a Ptilodictya; but I am at a loss to know where
it should properly be placed, its extreme miuuteness rendering 'its
generic affinities very uneertain, owing to the impo"sibility of mak
ing (tut tne details of its internal structure. It has, however, some
affinity with Ptilodictya (1) raripora, Hall, from the Clinton
Group, and I have therefore referred it provisionally to this
genus. "-Nicholson, loe. cit.
'l'here . is nothing particularly characteristic in the internal
structure of this species. It is a typical Bythopora. This is a
common and characteristic species in the Eden shales.
5.9A2, 6, 8, 10, 21, 29, 31, 35 .... 1.34C5, 6, 8, 9, ] 0, 11. .. ,
1.38A5, 11, 13, 15, 17, 19, 21, 23, 24, 32, 33, 4J.
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BYTHOPORA DELICATULA (Nicholson).
Plate VIII, fig. 7; Plate XXVII, fig. 1.

Chaetetes delicattt~us Nicholson, 1874, Qual'. Jour. Geol. Soc. Lon
don, XXX, p. 505, pI. xxix, figs. 8-8b.
"Corallum very slender and delicate, ramose, composed of cyl
indrical stems, terminating in rounded, sometimes thickened ex
tremities, and apparently springing in some cases from a hori
zontal footstalk. Stems sometimes apparently simple, more com
monly branched dichotomously, the division taking place at acute
angles; diameter of the stems and branches from one-quarter of a
line to half a line, rarely reaching two-thirds of a line. Corallites
very oblique to the surface, opening by oval apertures, the length
of which cot:esponds with the axis ·of the stem and exceeds the
breadth. Calices in diagonal.rows, about eight in 1 line measured
longitudinally, and from twelve to fourteen in the same space
measured diagonally. When perfect and unworn, the lower lip of
the calices is thin and prominent. The calices are all of equal size.
and the surface is destitute of monticules or tubercles.
"This is one of the commonest fossils of the Hudson River for
mation, both in Canada and the United States. From its very
minute size, I am left somewhat uncertain as to the true position
of this abundant little fossiL It is, I think, certainly the form
which has generally been quoted as a slender variety of Stenopora
jib"osa; but even if this species were to be retained, our examples
could not be placed under it. It is likewise apparently one of the
forms which has been figured by Hall under the name of Chaetetes
lycoperdon (PaL N. Y. vol. i, pI. 24, fig. lk, caet. excl.). It is most
closely allied to Chaetetes gracilis, James, but it is readily sepa
rated by the absence of minute tubuli interspersed amongst the
larger corallites, by the much greater obliquity of the corallites and
their much thinner walls, and by the uniformly slender habit and
stunted growth. From C. fletcheri, Edw. & H., it is also distin
guished by the size of the corallites and their oblique direction.
"Of the fossils of the later rocks, C. delicatu~us runs a con
siderable chance of being confounded with Helopora fragilis, Hall,
which jt much resembles superficially. It is, however, readily dis
tinguished by its almost always being branched, by the form of
the calices, and by the fact that the calices are not arranged be
tween longitudinal elevated lines. "-Nicholson, loc. cit.
The above description indicates very well the exte:t:nal features
of this species. Internally it does not differ materially from B.
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gracil'is, except in the absence of mesopores and diaphragms. It
is abundant at severaI- levels in the Richmond formation.
1.34B4-5 ... . 1.34A3, 4, 8, 9, 10, 14b, 15a, 15b, 16a, 16b, 17,
18a, 19-21, 22, 23 .... 1.41E2, 3, 4, 5 .... 1.41A6, 6, 9, lOa, lOb ....
1.41Dl, 2, 3 .... 1.41Bl, 2, 3 ... :1.12F3.
BYTHOPORA GRACILIS (Nicholson).
Plate VIII, figs. 6-6b; Plate XXVII. figs. 2, 211..

Ukaetetes gracilis Nicholson, 1874, Quar. Jour. Geol. Soc. London,
XXX, p. 504, pI. xxix, figs. 7, 7a. (Named,but not described
Qr figured, by James, 1871, Cat. Foss_ Cin. Group.)
"Corallum dendroid, the branches cylindrical or sub cylindrical,
frow ltii& ~nan 1bne to 2 lines in diameter, dividing dichotomously·
at !lhort intervals. Corallit.es very small and crowded, from ten to
twelve in the space of 1 line, thick-walled, opening obliquely on tbe
surface by oval or circular calices, between which are placed ex
cessively minute circular tubuli. The snrface exhibits no eleva
tions or tubercles, but is entirely smooth; and thtl'f' are also no
groups of larger-sized corallites, the ordinary corallites oeing all
nearly of a size.
"This species is allied to O. fletckeri, Edw. & n., from which
it is distinguished by the thick-walled nearly equal corallites, and
the oblique and very small calices, the dimensions of which are
much more minute than in the latter form. My description is
drawn from type specimens furnished by l\fr. U. P. James."
Nicholson, loe. cit.
The likeness to Okaetetes fletcheri E. & H., is only of the most
superficial sort, and does not extend to any of the internal char
acters. Internally this species presents much the same characters
as B. meeki and B. delicat1.t.ia, from which it differs chiefly in point
of size, being larger than the latter and smaller than the former,
In the mature region the walls are very thick, and completely
amalgamated, the lumen of the zooocium being always surrounded
by a dark ring of dellse sclerenchyma. The space between these
dark rings is occupied by lighter colored, and evidently less dense
material, in which are imbedded the moderately developed series
of minute mesopores, and the still more minute thick-walled acan
thopores. Carefully prepared sections show that the interzooecial
walls are traversed by very minute punctae, apparently running at
right angles to the direction of the zooecia. Whether these run
through froin one z00ecium to another I have not been able to
demonstrate.

BRYOZOA-DESCRIPTIO.N OI!' SPECIES.

783

In longitudinal sections the zooecia are seen to be crossed by an
occasional diaphragm, and these are more numerous in the meso
pores. The zooecia in the axial region have ;ery thin walls and
no diaphragms.
1.33A3 . ... 1. 34Al (n .... 1.34Bl·3, C14b .... 1.12A2 ....
1.38Bh.... 1.S8P, and everywhere in the Upper Lorraine.
BY'fHOPORA MEEK! (James).
Plate VIII, figs. 5, 5a; Plate XXVII, fig. 5.

Chaetetes rneeki James, 1878, The Paleontologist, No. 1,p. 1. (Not
figured.)
"In the upper beds of the Cincinnati Group I find a form of
coral-abundant-much like C. gracilis in general features, the
chief difference being in the larger size of the branches, some of
them nearly one-half inch in diameter; the typical gracilis averag
ing not over one line. Should this prove distinct on further exami
nation, I propose for it the name MEEKI (Chaetetes meeki) in
honor of the late F. B. Meek."-James, loco cit.
The internal characters of this species are identical with those
of Bythopora gracilis (which see), for which reason Nicholson con
siders it as merely a variety of the latter. It has, however, a quite
different range and is a considerably larger form, for which rea
sons I follow most recent students in considering it as a distinct
species. It occurs in the Waynesville formation and is common in
the Liberty formation.
1.34A8, 9, 11, 12, 13, 17, 19, 20, 21, 22,23 ... . 1.41A4, 7, 8, Bl,
2, D2, Cl, E1, 2, 3 .... 1.12D1-6, E3. F3.
BYTHOPORA PARVULA (James).
Plate XXVII, fig. 3.

Helopora parvula James, 1878, The Paleontologist. No.1, p. 3.
(Not figured.)
According to Bassler (James Types), "the zoarium of this
species consists of very slender cylindrical branches, seldom exceed
ing 0.4 'mm. in diameter, dividing at irregular, but very long inter
vals, and bearing four or five rows of elongate oval zooecia, rounded
behind and drawn out in front, separated from each other longi
tudinally by spaces equal to their longer diameter. MeasuriI~g
lengthwise about 5 zooecia in 2 mm. Narrow, channeled inter
spaces separate the' rows of zooecia. Mesopores and acanthopores
obsolete or apparently wanting. Diaphragms sparingly devel
oped."
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Distinguished from other species of Bythopora by its extremely
;;lender branches and widely separated zooecial apertures. B. arc
tipora, an "associated form, has larger branches and closer set zo
oecia.
Upper part of the Eden shale. My specimen is from Guilford,
Indiana.
.
BYTHOPORA. STRIATA. Ulrich.
Plate XXVII, fig. 4.

Bytkopora striata Ulrich, 1889, Cont. to the Micro-Paleontology 01
the Cambro-Silurian Rocks of Canada, pt. II, p. 36. (Not fig
ured.)
"This name is proposed for a species represented in the Mani
toba collections and sometimes found associated with B. delicatula,
Nicholson, at Middletown and other localities in Ohio, where the
upper beds of the Hudson River group are exposed. 'l'he branches
of its ramose zoarium are usually more slender than those of that
species, being rarely more than one millimetre in diameter. They
also bifurcate at shorter intervals, the length of the latter varying
between two and four mm. The apertures of the zooecia too, are
more oblique and drawn out anteriorly, and are arranged between
somewhat irregular rounded longitudinal ridges, with five or six in
a space of two mm. long. . Ten to fourteen of the ridges suffice to
encircle a branch. .These ridges are strongest near the base of the
zoarium, gradually fading away toward the growing extremities
of the stems.
"In B. jruticosa, Miller and Dyer, 'B. arctipora, Nicholson (spe
cies) B. delicatuZa, Nicholson, and other species known to me, an
arrangement of the apertures of the zooecia in diagonally inter
secting series prevails, while in B. striata, near its base at any rate,
the .longitudinal arrangement is the most conspicuous."-Ulrich,
Zoc. cit.
As the original description of this species was not accompanied
by a figure I am not altogether certain that I am correct in re
ferring my specimens to it. I give a figure of the form which
seenis to me to correspond to Ulrich's description. It is a very
minute species and not uncommon in the Richmond formation in
association with B. delicatula. Some specimens show a striated
base similar to that described by Ulrich.
1.34A7, 8, 9, 14a, I5h, 16b, 18, 19, 20, 21, 22 .... 1.41A2, 4, 5,
B1, 3,Cl, 2.3, D1, 2, E6 .... 1.12Dl-6, F3.
.
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(Nicholson).

Plate VIII, figs. 9, 9a; Plate XXVII, fig. 7.

Chaetetes pulchell1ts Nicholson (non Edwards and Baime) 1874,
Quar. Jour. Geol. Soc. London, XXX, p. 503, pI. xxix, figs. 5-5b.
Monticulipora (Heterotrypa) andrewsi Nicholson, 1881, Genus
Monticulipora, p. 128, pI. v, figs. 1, 1a·; and fig. 21, p. 129.
"Corallum variable in form, usually of subcylindrical branches,
• w!llch have a diameter of from 2 to 6 lines, sometimes forming
fiattened and expanded subpalmate fronds, sometimes inosculating.
Corallites thin-walled, polygonal, unequal in size, about eight of
the average ones occupying the space of 1 line. Surface exhibit
ing rounded or somewhat stellate groups of larger corallites, of
which two or three occupy the space of half a line, and which some
times have very minute intermediate tubuli between them. These
groups of larger corallites generally comprise from five to seven in
dividuals, and they are placed about 1 line apart; they are very
slightly or not at all elevated above the general surface, so th.at
there are no conspicuous tubercles.
"The characters of this species are so well marked as to render
its recognition very easy, even in small fragments. "-Nicholson,
Zoe. Cit.
Internally this species exhibits very beautifully the peculiar
structure of the genus Callopora. Toward the surface the walls
are much thickened and ring-like and are separated from each
other by a set of small rounded mesopores. In longitudinal sec
tions the zooecia and mesopores are seen to be crossed by a well de
veloped series of straight diaphragms, which are very close to
gether in the mesopores.
1.33A3 ... . 1.34Bl-3, Cl4b.
CALLOPORA FRONDOSA n .. sp.
Plate IX, figs. 1, 1a.

This species does not 'seem to differ materially in internal char
acters from the associated O. subnodosa, but it has a frondescent
rather than a ramose or subfrondescent zoarium. The zooecia are
a little larger than in .0. subnodosa and the diaphragms a little less
crowded.
1.41A6, E6.

[50]
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OALLOPORA NODULOSA (Nicholson).
Plate IX, figs. 2-2c;

Plate XXVII, fig. 8.

Chaetetes? nodulosus Nicholson, 1874, Quar. Jour. Geo!. Soc. Lon
don, XXX, p. 506, pI. xxix, figs. 9, 9a.
"Corallum dendroid, minute, of small cylindrical stems, which
branch dichotomously at intervals of 2 lines, and have a diameter
of from two-thirds of a line to 1 line. Corallites prismatic or
hexagonal, directed somewhat obliquely to the surface, of two si¥. •
I.larger corallites opening by subcircular or oval apertures, the
long diameter of which coincides with the axis of the stems; from
six to eight in the space of 1 line measured vertically. Smaller
corallites in the form of minute circular tubuli interspersed
amongst the larger tubes. Surface exhibiting numerous minute,
sometimes conical, sometimes transversely elongated elevations or
tubercles, which are placed at distances of about half a line apart,
and give the surface a characteristic nodulose appearance.
. "This very distinct species is more nearly allied to C. dalei
than to any other; but it is very readily separated' by its much
more slender and graceful proportions, and the much smaller size
of the proportionally remote tubercles. One specimen, indeed,
which can hardly be referred elsewhere, exhibits on transverse sec
tion about twelve very distinct radiating septa meeting in the
center of the corallites. Though all the other examp4Js possess
tabulae and have all the characters of Chaetetes, this raises the
suspicion that possibly the form may require, on more extended in
vestigation, to be removed from Chaetetes. "--Nicholson, loe.. cit.
This species has the internal features characteristic of the genus
Callopora, as shoWn in the figures published by Nicholson- in the'
Genus Monticulipora, and reproduced herewith. It is a very small,
slender form, occurring at a lower level than C. dalei, which it
somewhat resembles.
5.9A6 .... 1.34C8, 9, 10, 11 ..... 1.38A11 ( 1).
OALLOPORA ONEALL! (James).
Plate IX, figs. 3-3b; Plate XXVII, figs. 9, 10.

Chaetetes (Y) oneaUi James, Catalogue of Lower Silurian fossils
of the Cincinnati group, 1875, p. 2.
"Corallum dendroid; slender cylindrical branches, dividing,
generally, dichotomously at irregular distances, and in some cases
anastomosing; branches from half a line to two lines in diameter.
Calices generally oval, but in some cases the variation may be from
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sub circular to polygonal, and from eight to ten in the space of a
line, measuring lengthwise of the stem, varying considerably in
size, occasionally one much larger than the average. Walls of cor
allites rather thick; minute tubes often between the apertures.
The increase of corallites seems to be by fission. A cut section
shows the stronger corallites as starting at the center, growing
parallel with the length of the stem and following the direction and
dividing with the branches, the outer ones curving to the surface
obliquely, although the apertures appear to be direct." James,
Zoc. cit.
According to the excellent description of Nicholson (Genus
Monticulipora, p. 118), the species shows in tangential sections
"that the corallum is composed of two distinct sets of corallites,
large and small. The larger corallites are oval, about 1/100 inch,
or rather less, in their long diameter, and, in this region, furnished
with thickened walls. Each tube is surrounded by a ring-like wall
of its own, and,.adjacent tubes are united to one another by scleren
chyma, in which run the numerous small corallites, these latter
varying much in shape and size, but being usually sub-angular.
"Transverse sections show that in the central region of the
corallum all the tubes are thin-walled and polygonal, only becom
ing thickened in the circumferential portion. Lastly, vertical sec
tions show that the co:vallites in the axial region are not qnly thin
walled, but also remarkable in the shortness and slight curvature
of their outer thickened portions. These sections also show that
tabulae are nearly or quite absent in the center of the stems, but
developed in fair numbers in the peripheral region, their direction,
owing to the slight curvature of the corallites, being often nearly
parallel to the outer surface. The small interstitial corallites are
also seen to be provided with much more numerous and more close
ly-set tabulae than is the case in the large tubes. All the tabulae
are, as a rule, complete, and horizontal or slightly curved; hut in
some cases a few of the tabulae in the throat of the large tubes may
become so bent as to unite with one another, and to form a small
number of lenticular vesicles in this region."
This form and 0: sigiUaroides seem to differ only in size-the
latter form being a somewhat larger variety. O. onealU is common
only in the lower member of the Eden Shales, though found spar
ingly at higher levels.
1.3400, 7, 8, 10, 11 .... 1.38A15, 37.
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CALLOPORA ONEALJ.I vaf. COMMUNIS (James).
Plate VIII, lIg. 10; Plate XXVII, fig. 11.

Monticulipora (Heterotrypa) o'nealli , var. 'communis James,
1882, The Paleontologist, No.6, p. 47, pl. i, fig. 8.
"Corallum, as generally found, much broken, cylindrical or
subcylindrical stems from one to three lines in diameter, branch
ing at variable distances in different directions at acute angles,
but masses of considerable size-from one inch to six or eight
inches or more in diameter-are sometimes found, in which the
stems anastomose frequently in a very irregular manner. Most
specimens exhibit masculae or 'monticules,' raised very little or
none at all above the general surface, occupied by calices much
larger than the average, and sometimes clusters of the smaller
tubules. Calices generally oval or subcircular, occasionally some
what angular; interstitial t.ubuli numerous, sometimes nearly or
quite surrounding the larger cells, and of various shapes; an aver
age of about six calices in the space of one line in the longitudinal
direction of the stem, and seven or eight transversely. Apertures
of cell walls thin at the surface of unworn specimens, but thick
ened immediately below, as shown by abraded examples, mostly
found in that condition. .
"In tangential section the cells are oval or subcircular, walls
much thickened and distinctly defined by a dividing space, inter
stitial tubuli circular or angular. Section of a cylindrical stem,
cut longitudinally, shows the corallites as very thin walled cen
trally, and taking e longitudinal direction with a very slight out
ward inclination till near the surface, where they make a decided
curve and open obliquely. Tabulae remote iu the axial part, none
o?served in the space of one-fourth' of an inch in the example used
for this description, but near the surface they become distinct, in
some cases depressed or bent downward in the middle, or taking
an oblique direction across the corallites; the smaller tubes are
more closely tabulate: In a transverse section of the axial portiun
the tubes are thin walled, circular or angular, and occupied by
cruciform dissepiments, the interstitial pores variable in shape. '
'''l'he interior structure of this species bears quite a close re
semblance to M. sp. o'nealli, James, but the exterior differs ma
terially, in being of a much more robust habit, in the maculae of
larger calices, and groups of small pores. It is considered, by
Rome, to be M. (Chaetetes) sp. approximata, Nicholson, but, c]earc
ly, it is not the form described and figured by Prof. N. as appro xi
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maius in the 2d vol. of Ohio Paleontology, 1875, and again in his
'valuable work on 'Monticulipora,' 1881, where he gives it (ap
proximata) as a synonym for M. sp. ramosa, val'. dalei, E. & H. "
James, loc. cit.
This variety is distinguished from C. onealli by its much larger
branches and by the general absence. of mesopores. For the inter
nal characters the student is referred to the description of the lat
ter species. In the val'. communis the mesopores, which are pres
ent in deep sections, seem to pinch out as the surface is ap
proached.
This variety is usually found in great numbers near the top
of the Eden formation (Utica), being most abundant just below
the zone of Callopora cZalei, and associated with the latter in the
lower part of its (cZalei) range.
5.9A31. ... 1.3408, 9, 13, 14a .... 1.38All, 13, 15, 21, 23, 24, 29,
31. A similar for-In was collected from the base of the Waynes
ville formation on 'ranner's Creek (1.34A4).
CALLOPORA ONEALLI vur. SIGILLAROIDES (Nicholson).
Plate IX, 111:. 4.

Chaetetes sigillaroicZes Nicholson, '1875, Pal. Ohio, II, p. 203, pI.
xxii, figs. 9, 9a.
"Corallum ramose, of small dichotomouiiJy dividing branches,
the diameter of which is rather over one line.
Calices regularly
ovaloI' sub-circular, their longer diameter corresponding with that
of the stems, arranged in diagonal lines, about six in one line,
measured diagonally, and from four to five in the same space,
measured vertically. Between the average calices are a few minute
sub-cylindrical tubuli. In the center of each calice, as a general
rule, is a small, circular, secondary calice, about half the diameter
of the main calice, and surrounded by a distinct wall, the general
appearance of the calices thus somewhat resembling the markings
of C. sigillaria. Walls of the corallites thin. Surface smooth, or
with a few low, scattered, and irregular tuberosities, which in no
way differ -from the general surface, and always form a quite in
conspicuous feature.
"As a generall'ule, fragments of this'species can be recognized
with the greatest ease by the peculiar appearance due to the ex
istence of small circular calices within the main calices. In parts
of some of the specimens, however, these secondary calices appear
to be absent. and then the species is rcognizable by its large, oval,
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thin-wall.;d calices, arranged in diagonal rows, and separated by
minute tubuli, its smooth surface, and its small dimensions.
Whether the appearance of secondary calices is due to the forma
tion of perforated diaphragms over the mouth of the tubes at their
final period of growth or not, I am not prepared to say. "-Nichol
son, loc. cit.
The opercular foramen (secondary calice of Nicholson) seen
in this species is common to all species of the genus, but is per
haps rather more frequently seen in this than in other ordovician
species. The opinion which Nicholson hints at that these "sec
ondary calices" may be due to the formation of perforated dia
phragms over the mouths of the ordinary calices, is now known
to be precisely the true interpretation of these structures. In
other words the zooecium is closed by a perforated operculum-a
generic character of Callopora. The specimen figured by Nichol
son in the Ohio Paleontology is 3.5 mm. in the diameter of the
stem. BaE'sler states that the average diameter of the stems of
Sigillaroides is 4 or 5 mm. Since there is really no distinction
between onealli and the variety sigillaroides, except that of size,
I have usually placed specimens with a diameter of less than 3 mm.
under the species onealU, and specimens with a diameter of 3 mm.
or over in the variety sigillaroides. It is stated by Bassler that
the form sigillaroides.possesses long, graceful branches without a
tendency to anastomose as in onealli. My observation has been
that the majority of species of Callopora will under certain cir
cumstances anastomose. This is seen in C. cornrnunis to a marked
degree, and is not uncommon in C. dalei, and C. rarnosa. The
true relation of C. sigillaroides and C. onealli seems to me to be
that under favorable conditions of growth (nourishment, tempera
ture, clearness of the water, etc.) the stems become larger (sigil
laroides) and under unfavorable conditions they grow smaller
(onealli) . The variety communis is based on more substantial
characters.
1.34Co, 2, 5, 6, 7, 8, 10, 11, 13 .... 11 similar form occurs near
the base of the Waynesville formation, 1.34A3. 4.
CALLOPORA RAMOSA d'Orbigny.
Plate IX, figs. 5, 5a; Plate X, fig. 1; Plate XXVII, figs. 13, 13a.

Monticulipora ramosa d'Orbigny, 1850, Prodrome de Pale ontologie,
I, p. 25. (Not figured.)
"375, ramosa, d 'Orb., 1848. Cerioposa r·amos(J,/i. li,eadle (en
voye SOlIS ce nom). Espece rameuse dont les branches sont rondes.
Etats-Luis, Cincinnati, Ohio (Blue Lime), "---d.'Orbigny, loc. cit.
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The original description of this species is wholly inadequate for
its recognition. Edwards and Haime's very excellent figure has
made its identification comparatively sure and this identification
is now finally confirmed by the photographic reproduction of illus
trations of the types in the collection of d 'Orbigny, including a
photograph of a thin section, in the Annales de Paleontologie,
Tome 1, pI. ix (Paris, 1906).
Since the original description of this species is inadequate I
quote here the excellent description given by Nicholson in the
Monograph of the Genus Monticulipora (1881).
U Spec. Ckar.-Corallum dendroid, of cylindrical or elliptical
branchps which divide dichotomously, and vary from one to, gen
erally, three or four lines in diameter. Surface covered with
numerous conical vr somewhat elongated 'monticules,' which are
placed at intervals of from half a line to a line, and are not occu
pied by corallites of specially large or small dimensions. Calices
sub-polygonal, with slightly thickened margins, about 1/9Oth inch
in long \liameter, surrounded by the openings of numerous small
interstitial tubes. Corallites conspicuously divided into two series,
the smaU ones being very numerous, and surrounding the larger
tub~s in a single row, sometimes completely isolating the latter,
and being exceedingly variable in shape and size. In internal
structure, both sets of corallites are traversed by complete horizon
tal tabulae, which are, however, much more numerous in the small
tubes than in the large ones. Walls thickened towards their
mouths, and apparently fused with one another.
I t Obs.-The external characters of this species are so well
known that they require no further remark here, its numerous
conical. monticules and the abundance of the interstitial corallites
being sufficiently distinctive features. .As regards internal struc
ture, thin tangential sections exhibit in a striking manner the
conspicuous division of the corallites into two sets of tubes, large
and small, and the great development of the latter. The large
tubes are very uniform in size, generally oval or circular in shape,
and moderately thick-walled-the thickening or the wall, however,
never proceeding to the extent t;ltat obtaius in forms snch as M.
(Heterot1'vpa) gracilis, James, M, (Heterotrypa) tumida, Phill.,
and allied types. The small corallites are very variable in size
alld form, and are principally developed at the angle of junction
of th~ large tubes; )ut they, are commonly so numerous as to form
a complet~ zone round the large coraUites, though such a zone
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never consists of more than a single row. In tangential sections
taken just below the surface, each of the large corallites is seen
to be surrounded by a well-marked ring of sclerenchyma, all the
tubes, however, being firmly united together. Between the bound
ing-rings of the larger corallites are situated the small tubes,
which, in sections of this nature, are mostly oval or rounded. On
the other hand, in tangential sections taken at a somewhat deeper
level the marginal rings of the larger corallites are more com
pletely separated from one another, and the small corallites are
increased in size by the reduction of their bounding-walls, while
their shape becomes more or less angular.
"Vertical sections show that the internal structure of the large
and small tubes is conspicuously different, both sets of corallites
being traversed by complete horizontal tabulae, which are greatly
more numerous in the small tubes than in the large ones. 'l'he
'monticules' do not appear, as a rule, to differ in structure from
the general mass of the corallum, but they seem sometimes to com
prise a larger proportion of small tubes than is usually the case
in the intervening parts of the skeleton. In the axial region of the
corallum, as shown both in longitudinal and transverse sections,
the corallites are thin-walled and polygonal, but they possess an
abundance of tabulae. In the outer portion of their course, the
corallites become thi<\kened, their walls assuming a fibrous and
laminated structure. "-Nicholson, loco cit., pp. 110-113.
Callopora ramosa is a characteristic fossil of the middle and
upper Lorraine formation throughout the Ohio and Indiana region
and is at certain levels extremely abundant. In the lower part of
its range it seems to present characters somewhat transitional to
C. dalei. The above description and the figures reproduce,d here
with are amply sufficient for its identification.
1.33A3 ... . 1.34Bl-3, 4-5, C14b, 1.12A2, 1.38P. Rather c()m
mon at all of these localities.
CALLOPORA DALIIll (Milne-EdwardS and Halme).
Plate VIII, fig. 11; Plate XXVII, fig, 12.

Chaetetes dalii Milne-Edwards and Haime, 1851, Monographie des
Polypiers Fossiles des Terrains Palaeozoiques, p. 266, pi. xix,
figs. 6', 6a.
"Polypier dendroide, a rameaux cylindriques, larges de 6 a 8
millimetres; presentant a leur surface de petits mamelons coniques
saillants, distants de 2 Oll 3 fois leur diametre. Calices' it bords un
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peu epais, subegaux, subcirculaires, n 'ayant qu 'un tie~ ou meIQe
un quart de millimetre.
"Silurien (inferieur) Etats-Unis: Ohio.
"CoIl. de Verneuil."-d 'Orbigny, loc. cit.
Edwards and Haime fortunately accompanied their meager
description with very excellent figures, in consequence of which
the identity of this speeies is in no doubt. Nicholson redescribed
it in his monograph of the GellUs Monticulipora as a variety of C.
ramosa, and several years before this in the Quarterly Journal of
the Geological Society of I~ondon and in the Ohio Paleontology
as Chaetetes approximatus. In internal characters there is no par
ticular difference betwe.en this form and C. ramosa. Externally
it differs only in -the small size of the monticules, and even in this
particular it is an easy matter to find transitional forms between
C. daJei and C. ramosa.
I have reproduced the figure of q. approximat1ts (= C. dalei)
from the Ohio Paleontology, since it presents the usual appearance
of the form 'under consideration. I believe that on the average,
however, the monticules in typical specimens are rather smaller
than shown in Nicholson's figure. "
Callopora dalei occurs.in the base of the Lorraine and extreme
top of the Utica in immense numbers. In the lower part of its
range it is associated with Callopora communis and in the upper
part with C. ramosa. I have quite constantly used the stratum
in which this species comes in in such numbers as the dividing line
between the. Utica and Lorraine. Associated with it is a small
variety of Platystrophia laticosta, so that it seems really to mark
the initiation of the Platystrophia zone. It is also at this point
that the proportion of Ilimestone in the series begins to become
predominant, and that others of the lithological and faunal char
acters of the Lorraine are initiated. It is also at about this level
that the Dalmanella muUisecta disappears.
5.9A41 . ... 1.34013, 14a.
CALLOPORA RAMOS-,\ val'. RUGOSA (Milne-Edwards and Haime).
Plate X, fig. 2; Plate XXVII, figs. 14, 14a.

Chaetetes rugosttS Milne-Edwards and Haime, 1851. Monographie
des Polypiers Fosslies des 'l'errains Palaeozoiques, p. 268, pI. XX,
figs. 6, 6a.
"Polypier rameux et tres-sembiable au Chaetetes ramosus, les
calices ont it peu pres la meme largeur; mais il on differe en ce
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q1,le les monticules, qui sont tres-allonges horizontaJement, tendent
a simuler de gros bourrelets trans
versaux: tres-saillants. Ces bourrelets n 'ont guere plus d 'un milli
metre d 'epaisseur, et sont distants entre eux: de 2 fois autant. Les
calices sont tous presque egaux: et larges d 'un quart de millimetre.
"Silurien (inferieur). Etats-Unis: Cincinnati (Ohio).
"ColI. de Verneuil, ou ce Polypier est indique sous Ie nom fie
Ceriopora rugosa (Dale Owen) qui probablement n'a pas ete
publie. "-Milne-Edwards and Haime, loo. oit.
The relation of this form to Callopora ramosa is here pointed
out by Edwards and Haime, and appealed so strongly to Nichol
son that he placed the for.m as a variety of that species, a disposi·
tion with which the present author is inclined to agree. Connect
ing forms between the two certainly abound, and their range is
much the same-ramosa appearing at a somewhat lower horizon
and not extending its range quite as high as rugosa. Nicholson's
description follows:
uObs.-This form was originally defined as a distinct species
by Milne-Edwards and Haime (Pol. Foss., p. 268, pI. xx, figs. 6,
6a), and is at first sight readilyI"distinguished from typical exa~
pIes of .M. ramosa, D'Orb., by its external characters. In place,
namely, of the conical monticules of the latter, the surface now
exhibits numerous well-defined elevations, which are transversely
elongated, so as to constitute so many discontinuous transverse
ridges. These ridges vary in h;ngth; but they do not extend
round the stems, and are usually sharp-edged, and are placed about
half a line apart. In spite of this conspicuous difference, the
more minute external and internal characters of M. rugosa, E. &
H., are precisely similar to those of M. ramosa, D 'Orb. Not only
are the characters of the calices and interstitial tubes identical, but
no difference of the smallest specific weight can be detected on a
comparison 0.£ corresponding thin sections of the two forms. This
will be rendered evident by a comparison of tangential and vertical
sections of the type-form of M. ramosa, D 'Orb., with similar sec
tions of M. rugosa. E. & H. In the latter., as in the former, the
corallum is composed conspicuously of two series of corallites, the
large ones being oval or sub~polygonal, abou.t 1/90th to 1/80th inch
in diameter, and surrounded by numerous small tubes. The struc
ture of the walls of the coraUites is also the same, and both show
exactly corresponding features in longitudinal sections. Upon the
whole, therefore, there can be ;no hesitation in concluding that the
mere external difference in the form of the monticules, being un
it s'unir antre eux:, de maniere
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accompanied by any features of internal or structural difference,
ought not to be' allowed to count as of more than varietal value."
-Nicholson, Genus Monticulipora, 1881, pp. 113-115, pI. ii, fig. 3,
and figs. 19A and B. p. 114.
It is now well known that there is surprisingly little variation
iu the internal characters of the various species of the Genus Callo
pom; hence the grounds which here lead Nicholson to consider C.
rugosa as a variety of C. ramosa would not have much force in the
face of good external differential characters. It is precisely the
latter, however', that are lacking; for while typical examples of
the two forms look very unlike, nevertheless any large collection
is sure to contain a considerable number of specimens that cannot
consistently be referred to either one of the two forms, but fall in
an intermediate position. It is this fact that leads me to reduce
the form rugosa once ,more to varietal rank.
1.33A3 .... 1.34C, 14b, Bl-3, 4-5 .... 1.12A2 .... 1.38A65, Ba-h.
A form with the same external characters occurs in the Elkhorn
division on Elkhorn Creek, near Richmond, Indiana, 1.41A10a.
CALLOPORA SUBPLANA Ulrich.
Plate X, figs. 4, 4a; Plate XXVII, fig. 15.

Callopora subplana illrich, 1882, Jour. Cin. Soc. Nat. Rist., V, p.
253, pI. xi, figs. 7-7b.
"Zoarium ramose, the branches cylindrical, from .2 inch to .5
inch in diameter, and dividing dichotomously at intervals varying
from .6 inch to one inch. Cells polygonal in unworn examples,
subpolygonal or rounded in worn specimens. The surface exhibits
dusters of from four to eight cells, that occasionally are slightly
elevated above the' general surface, and are conspicuously larger
than the ordinary cells which si.Irround them. The latter vary in
diameter from 1/70th to 1/60th of an inch (i. e., six to seven cells
may be counted in the space of .1 inch), while those composing the
clusters may attain a diameter of 1I4Oth of an inch, though their
usual diameter is only about 1/50th inch. The interstitial cells
are comparatively few, being niost numerous and noticeable be
tween the large cells of the clusters mentioned. Over the other
portions of the surface they usually occur at the angles of junc
tion of the ordinary large tubes. Th~y are, however, always in
conspicuous, and easily overlooked.
"In longitudinal sections the tubes in the axial region 1)f the
zoarium, have very thin, flexuous, and often crimped walls. Dia
phragms are usually not developed here, excepting a few (six to
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nine) in the young tubes just above the point of their orlgm.
These are placed at distanees apart equaling about two of their
diameters at the point (If crossing. .As the tubes bend outward to
reach the surface their walls are thiekened, the interstitial tutffl
make their appearance, and numerous diaphragms are developed
in the large tubes, the latter often inosculate, while the distance
between them usually varies from one-fourth to one-half of the
diameter of the tube crossed. The diaphragms in the interstitial
tubes are always complete and equally crowded. in all.
"'l'angential sections show that the tubes just below the SUl'
face. have much thickened walls, their visceral chambers being
rounded or oval. 'rhe walls of adjoining tubes are seemingly fused
together, so that the original boundary line cannot be detected.
The cavity of each tube is surrounded by a secondary deposit of
dark, concentrically laminated sclerenchyma, while the original
wall is represented by apparently structureless (in this section \
sclerenchyma, of much lighter shade. The interstitial cells are
variable in size and shape, and comparatiyely much reduced in
number, being, asa rule, less numerous than the proper tubes.
"The characters which distinguish C. sub plana from all other
species of the genus known to me from the Cincinnati Group, are
found in its robust growth, the large size of the cells, the con
spicuous clusters, and the proportional paucity of the interstitial
tubes. "-llirich, Zoe. cit.
1.34C2, 5, 9 .... 1.38Ba.
CALLOPORA SUBNODOSA Ulrich.
Plate X, fig!!. 5, 5a.

Callopora subnodosa llirich, 1890, Geol. Illinois, VIII, p. 417, pI.
xxxiii, figs. 5-5c.
"Zoarium ramose; stems subcylindrical, 'from six to twelve mm.,
or even more in diameter. Surface sometimes nearly smooth,
usually tubercled. Tubercles rounded, never conical, more or less
elevated, composed of apertures rather larger than the average, and
numerous mesopores. Zooecial walls comparatively thin through
out. Zooecia approaching the surface in a gentle curve, about
seven in two mm.; with circular apertures, ranging from 0.18 to
0.27 mID. in diameter; surr.onnded by a varia1:)le number of angu
lar or subcircular mesopores. 'rhe zooecial tubes expand very
gradually from the point of their origin until they attain their
normal size. In the first part of their course, they Ihave several
diaphragms about their own diameter apart; after that, dia
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phraglllS become rare and may be entirely absent in the rest of the
zooecial tube. The mesopores are tabulated very closely through
out; about three diaphragms in a space equaling their own di
ameter.
"This species differs from the common O. ra'lnosa d'Orbigny
in the less prominent monticules, which are rounded instead of
conical. The tabulation of the tubes in the two species is also very
different. Though very distinct from' G. elegantula Hall, the
type of the genus, it is more nearly related to that form than is
any other kno"\\'"Il species of the genus."-Ulrich, loco cit.
This is the only species of Oallopora so far reported from the
Richmond series. That there are several other species in these
rocks is certain, although I have not specimens in sufficient num
ber at present to warrant the establishment of the new species.
. Two of these forms I have figured, and another from the lower
part of the Waynesville has the superficial appearance of O. sigil
laroides. Speaking more particularly of the specimens with the
general appearance of O. subnodosa, I find some variation in the
extent of the tabulation of the zooecia, which is not always as sim
ple as indicat0d by Ulrich. In many of the specimens that do not
seem to me to be specifically separable from O. subnodosa, the
zooecia are tabulated throughout their length. Other specimens
commonly assoeiated with the typical form have instead of the
low-rounded montiCUles, quite sharp montiCUles, similar to those
of G. ramosa, and others still are entirely devoid of any, monti
cules at all, and yet have the internal and other characters of O.
subnodosa. As to whether we are dealing here with the variants of
a single species or with several distinct species I am not yet in a
position to say, but I suspect that the former is the case.
O. subnodosa (and its varieties) is a common fossil in the Rich
mond series.
1.34~10, 14a, 14b, 15,16,17,18,19,20,21,22, B4-5 .... 1.41A4,
5,6,7,8,9, B1, 2, 3, 01, 2-3, D1, 2,3, E1, 2, 3, 4, 6 .... 1.12E3, F3.
OALOPORELLA OIROULARIS (Jariles).
Plate X, figs. 6·6c.

Monticulipom (JIe.tcrotrypa) circularis James, 1882, 'The Paleon
tologist, No.6, p. 46. (Not figured.)
"Oorallum, conCQ.vo convex; the concavity of the base corre
sponding with the convex upper surface, causing an even thick
uess of from 'less than half a line to about one line in different
specimens; size, varying from one-fourth of an inch to one inch
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in diameter; circular in outline; surface, even and destitute of
'monticules,' or groups of larger calices than the average; aper
tures of cells of unworn specimens, sharp, but they are seldom
found in that condition, nearly all, M far as observed, being more
or less abraded, showing the cell walls M much thickened; cali
ces, subcircular, or somewhat angular in some cases, uniform in
size, seven or eight' in the space of one line, sometimes arranged
in regular, slightly curved rows of from four to twelve or more;
no minute tube apertures observed, The concave base of unworn
examples is covered with a very thin, delicate epitheca, showing
very fine concentric lines, and radiating striae, worn ones show
the bases of the corallites. Specimens partly embedded in the
surface of rocks are M. often found base upward M downward;
detached specimens are not uncommon, all indicating the free
habit of the species.
"Sections of the interior show two series of tubes, a larger
and a smaller, the larger, only, being noticeable at the surface.
In tangential sections the larger tubes are mostly circular with
distinct borders; the smaller, which surround the others in some
cases, are the most numerous, and vary greatly in shape. In a
tranverse section, taken just above the base, the larger tubes seem
to be slightly expanded, and the smaller not occupying so mueh
space, otherwise it is very much like the tangential section. In
vertical section the tubes take a somewhat bent or tortuous course,
and are tabulate from the base to the upper surface, the smaller
ones generally more closely than ·the larger. In most CMes, the
tabulae are horizontal, but in some they take an oblique or bent
course across the corallites.
"Some specimens found associated with this exhibit a slight
tendency to forming 'monticules,' but in other respects they seem
idcntical.
"In outline and habit of growth this resembles M. sp. dis
coidea, James, but in other respects it is materially different, par
ticularly the interior structure."--J ames, loc. cit.
The internal characters of this species (the C. harrisi of W
rich) are substantially the same M in Callopora, and it is not im
probable that it may prove to represent the young of some species
of that genns.
1.331,\.3.
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CERAMOPORELLA DIST.INCTA Ulrich.
Plate X, fig. 7; Plate XI. figs. 2, 2a.

Ceramoporella distincta' illrich, 1890, Geol. Illinois, VIII, p. 464,
pI. xxxix, figs. 6, 6a.
"Zoarium forming thin, parasitic expansions upon monticuli
poroids or Orthocerata; by the formatj,on of su~essive superim
posed layers, large masses may result. The layers vary in thick
ness from 0.5 to. 1.0 mID. Surface even, though sometimes appear
ing monticulose owing to the zoarium adapting itself to the irregu
larities of the surface to which it is attached. Zooecia thin-walled,
at first prostrate, then becoming abruptly direct or almost so, more
or less triangular or pyriform, and with well marked lunaria. In'
young examples very oblique, almost imbri~ating. Apertures with
thin obliquely projecting peristome, more elevated posteriorly,
oval in shape, about 0.2 mm. in their longer diameter, arranged in
regular series, about seven or eight in threemm. i\'iesopores shal
low, developed in great numbers, usually arranged in a single or
double linear series, between the sides of the zooecia, occasionally
completely isolating a zooecium. In the fully matured perfect
condition their apertures are closed by a thin membrane.
,'This very pretty species is distinguished by its small cells
and rather widely separated zooecia apertures. Their oval form
and the continuation of the peristome around the anterior mar
gin are also quite distinctive. "-illrich, loco cit.
Not uncommon in the Utica formation.
1.34C2,5.
CERAMOPORELLA ,GRANULOSA UlrIch.
Plate XI. 11gB. 3·3a.

Ceramoporella gramtlosa Ulrich, 1890, GeoL Illinois, VIII, p. 461)',
pI. xli, figs. 2, 2a.
"Zoarium forming masses, consisting of many superimposed
layers, the initial layer being attached to some foreign body; in
the type specimen a species of Packydictya. Surface even, granu
lose with groups of larger cells. Zooecia oval, direct to the surface.
Lunarium prominent, narrow, occupying from one-fourth to one
third the circumference of the wall. Apertures somewhat ob
lique, irregularly oval, from 0.2 to 0.3 mID. in diameter, in diagon
ally intersecting series, about six in two mm. A considerable num
ber of rather small irregular mesopores are scattered about among .
the zooecia. Rather abundant thin diaphragms intersect the tubes.
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A large nnmber of small dark spots, precisely like acanthopores
in tangential sections occnr in the~walls. Vertical sections, how
ever, show that unlike these structures they do not form continu
ojls thick-walled tubuli, bnt that they are developed at successive
levels corresponding with the diaphragms.
"The granules, numeroUS diaphragms, and less regular ar
rangements of its parts, distinguish this species from O. distincta,
which it resembles in the size of the zooecia. I am not acquainted
with any other specie~ that would admit of closer comparisons."
-Ulrich, .zoc. cit.
1'his form or a variety occurs in the Arnheim,near Harman's
Station, Indiana.
CERAMOP9REJ,LA OHIOENSIS (Nicholson).
Plate XI, figs. 4-4g.

Oerarnopora okioen.~is Nicholson, 1875, Pal. Ohio, II, p. 265, pI.
XXV, figs. 10-10e.
I I Polyzoary incrusting,
forming thin expansions attached to
the surface of Brachiopods or Corals, and consisting, typically at
any rate, of a single layer of oblique cells. Cells arranged in in
tersecting diagonal lines, and disposed in a somewhat concentric
manner round more or fewer central points; their upper walls
thin and arched j the cell-mouths oblique, and, when most per
fect, semicircular in shapA. About eight cells in the space of one
line.
"Such are the' appearances presented by this fossil when quite
perfect, and its examination in this condition leaves no doubt as
to the propriety of placing it in Hall's genus Oeramopora. Worn
examples, however, exhibit very different characters, and when
tlie entire original surface has been abraded it is sometimes diffi
cult or impossible to determine whether one is dealing with this or
some entirely different form.
"When slightly worn, the appearances shown in fig. lOb [of
Nicholson's paper] are exhibited. The delicate front wall of the
cell has now.disappeared, and the cavity of the cell appears to be
divided into two distinct compartments, a larger and a smaller,
both of a somewhat triangular shape, by an oblique internal sep
tum. Other smaller cavities appear in addition in the walls sepa
rating the different cells.
"When more deeply worn down, or under certain conditions
not clearly understood, the cells appear in the form .of rounded or
oval apertures, arranged in diagonal rows, but separated by a

BRYOZOA-DESCRIPTION

Q]!'

SPECIES.

801

vast number of small rounded foramina, which appear to be
the mouths of interstitial tubuli. In this condition the fossil pre
sents much the appearance of certain species of Chaetetes (Monti
culipora).
"The best examples of this singular polyzoon that I have seen
grow in the form of thin crusts, rarerly exceeding one-fourth of a
line in thickness, upon Strophomena alternata and upon various
species of Chaetetes. In some examples, it would seem that sev·
eral layers of cells are superimposed on one another; but I do not
feel satisfied as to the real nature of these specimens, Not U:1·
commonly the cells are concentrically disposed round a number of
irregular areolae, each of which is formed by a number of cells
r~diating from ,a central point. Young examples form circular
crusts, with a slightly cupped center, 'from which the cells radiate
in every direction. Lastly, examples are not uncommon which
appear to have the form of small branching stems. Some of theRe,
certainly, are merely constituted of thin crusts growing upon vari
ous ramose species of Chaetetes. Others, however, appear to be
entirely cO!llposed of the polyzoon itself, without theinterventioll
of any foreign body; and it is pos..<lible that these will eventually
prove to be a distinct species, "-Nicholson, loc. cit.
The internal characters of this species present little complexity
and are sufficiently well indicated by the figures. (1. ohioensis is a
common fossil ranging throughout the Cincinnati grcup.
1.33A3 .... 1.34C5, 7, 11, 13, 14a, 14b, Bl-3, AI, 3, 7, 8, 9, 15b,
.... 1.41A4, 5, 6, 7, 8, D1, 2, E1, 2, 3, 4, 6 .... 1.12A2, E3, F3.
CERAMOPORELLA WHI'l'EI (James).

Ceramopol'a 'Whitei James, 1878, .The Paleontologist, No.2, p. 12.
(Not figured.)
"Polyzaary a thin crmt grown upon foreign substances,-gen
era1ty corals-sometimes spreau all around, and in and over the in
equalities of very irrp;,ular surfaces of bodies of considerable size
-3x6 inches, less or more, The cells seem to be mostly direct, but
in some places may be slightly oblique and very little elevated at
th~ apertures. An average of about 10 cells in the space of a line
measuring in any direction, very irregular in shape and size~cir
cular, oval, triangular and other forms. Distributed irregularly
over the surface are slightly elevated areolae, where the cells are
generally smaller than the average on other parts: Cell walls very
thin. A fMV minute tubules between some of the larger cells.
[fil]
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"Tbis species differs from Professor Nicholson's typical fom
of C. Ohio81tsis in most of its features materially. The cell aper
tures are disposed in a confused manuel' (seemingly) over the
surface of various shapes and sizes, and but slightly oblique or ele
vated, if at all, and somewhat smaller. That species is general1y
found grown upon shells, this rarely.
"C. Ohioensis is described as having the cells arranged in in
tersecting diagonal lines, and disposed in a somewhat concentric
manner round more or fewer central points; their upper walls
thin and arched; the cell-mouths oblique, and when most perfect,
semi-circular in shape. About 8 cells in the space of one line.
Our species is quite different from this description, the cells not
being arranged in intersecting diagonal lines in a somewhat cop.
centric manner round fewer or more central points." -James,

loco cit.
This species is redescribed by Bassler as follows (James Types,
p. 29):

"The zoarium forms thin crusts over foreign bodies, but by the
superposition of, numerous layers may become massive. Each
zoarial layer is short, rarely exceeding 1.5 mm. in thickness. Sur
face smooth, the macnlae or clusters of rather thick"walled meso
pores not being elevated. Zooecia small, more or less angular,
thincwaUed and direct, about 7 in 2 mm. Mesopores generally
few, sometimes absent altogether. Lunarium occupying from one
fourth to one-third of the zooecial circumference, seldom over
arching the zooecial cavity and always a more or less inconspicu
ous feature of the surface. The internal structure is essentially
the same as in other species of the genus and is more clearly
brought out by the figures," etc.,
Not reported from Indiana, so far as I am aware. It may be
expected to occur in the upper Lorraine and Richmond formations .

.

CHlLOPORELLA FLABELLATA Ulrich.
, Pla.te XI, figs. 1, Ie., Pla.te XII. figs. I-lb.

Fistulipora fiabellata Ulrich, 1879, Jour. Cin. Soc. Nat. Hist., II,
p. 28, pI. vii, figs. 26-26b.
"Polyzoary forming irregular, fan-like expansions, carrying
cell mouths on both sides. Thickness usually varying from one to
two lines. Surface sometimes raised into broad and inconspicuous
monticules, carrying tubules of the ordinary size. Cells oval, with
apertures a little arched, arranged in bent and rather irregular
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rows; about five cells occupying the space of one line, the distance
between them being equal to a little more than their diameter.
"Intertubular space occupied by a great numbCr of minute
cells, which are nearly equally distributed between all the tubes of
larger or ordinary size.
.
" Longitudinal sectiQns show the tubules to be nearly vertical in
the middle of the polyzoary, and then gradually bending outwards
to the surface. 'l'abulae are very sparingly developed. 'rhese sec
tions clearly demonstrate that the interstitial tubuli observed on
the surface, are not of the nature of a coenenchyma, but are only
aborted cells. 'l'hey are developed only near the surface. In the
central portions of a transverse section, the tubes are angular, of
unequal size and irregular form, with no minute tubuli between
them. ' '-Ulrich, loco cit.
1.34B4-5.
COELOCLEMA ALTERNATUM (James).
Pla.te XII, figs. 2-2d; Pla.te XXVII, fig. 16.

Cerarnopora alternataJames, 1878, The Paleontologist, No.1, p. 5.
"Polyzoary consisting of hollow, branching, cylindrical or com
pressed stems from one to four lines in diameter, with irregular
swellings; the hollows filled with foreign matter, (clay). Cell
apertures of the most perfect specimens, elevated, oblique, arched,
subcircular or oval; five or six in the space of a line including the
interspaces; generally arranged in alternating rows, sometimes in
a diagonal manner around the branches. Spaces between the cells
equal to their diameter, or a little more or less on different ex
amples. Slightly cut longitudinal sections of some specimens show
the cells arranged in diagonal, alternating rows of a lozenge-shape,
with minute interstitial pores. .Distributed over the surface about
two lines apart, are spots, sometimes slightly elevated, bearing
fewer cell apertures and more or less of the small pores. The sur
face of worn or weathered examples-mostly so found-are nearly
smooth; destitute in· most cases of prominent cell mouths, but
show more minute interstitial tubes and. divisions, than perfect
specimens. "--James, loco cit .
. James's description together. with the figures given herewith is
adequate for the identification of this species, which is a very com
mon fossil in the middle and upper part of the Eden formation.
5.9A31. ... 1.34Co, 5, 6, 7. 8, 10, 11 .. _.1.38A5, 1 L 13.
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OOELOOLEMA COMMUNE (Ulrich).
Plate XII, figs. 3-3c;

Plate XXVII, fig.. 17.

D'iarnesopora commv,nis Ulrich, 1890, Geoi. Illinois, VIII, p. 469.
pI. xxxix, fig. 3a; and pI. xli, figs., 5-5b.
"This species is closely related to the preceding [D. vaupeliC. alternatum J, but differs in being more robust in growth, in hav
ing well marked maculae, with subsolid centers, from which the
cell apertm'es radiate out in all directions. The apertures imme
diately surrounding the maculae are a1sv slightly larger than the
others, while an obscure concentric arrangement prevails. On the
whole, the cell apertures are also somewhat larger, and the peris
tomes thicker.
"Position and locality: Cincinnati group.
"This form is commonest in the layt'rs exposed in the river
bank opposite Cincinnati, 0., where D. vaupeZi is not known to
occur. It has a vertical range of about 125 feet, and in the last
25 feet, the two species are found asaociated. "-Ulrich, Zoe. dt.
Bassler" has shown in a recent paper that the Ceramopora con
centrica James, is a synonym of CeramoporeUa okioensis; and
hence that CoeZoclema concentrica (James) is a synonym 'of C.
commune (Ulrich) instead of the reverse being the case.
Coeloclema commune is abundant in the Eden, and in the upper
Eden it is associated with C. aUernatum, from which it may be
distinguished by the absence of maculae in the latter species.
5.9A31. ... 1.34C5, 7, 8, ~ .. . 1.38A21, 24, 37.
CONS ELLARIA OONSTELLATA Dana.

(Van Cleve MS.)

Plate XII, figs. 4·4e; Plate XXVII, fig. 19.
ConstelZa1'ia consteUata Dana, Zoophyt03S of the Wilkes EXPfldi
tion, 1846, p. 537.
"GENUS CONSTELIJARIA. We separate under this name a
species with the compressed branches, illternal strm:ture, and sur~
face cells of many of the above genus [Stenopora), but having the
verrucae oblong and arranged in stellate groups over the surf~ce,
a character of physiological importance, Glomerate forms may
also occur. A species of this genus is named Ceriopom consteltata
on the plates of Western fossils by Van Cleve. The genera Pela
gia and Lichenopora, described in the appendix to the Madre
poracea, have a similar stellate arrangement, but they are of doubt
ful character, and the last has been referred to the Bryozoa grQllp.

• Bassler, Pl'oc. U. S. National Museum, vol. XXX, pp. 25, 26.
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A recent species described by Michelin, Liehenopora glomerata, is
quite similar to the Constellaria in its surface and the size of the
cells; but there are no characters stated which decide that it be
longs with the Favositidae." -Dana, loe. cit.
The internal characters of this species were very carefully
described by Ulrich (Cincinnati Society, 1883, p. 267), under the
name Oonstellaria florida, proposed by him for a supposedly new
sI(ecies in 1882\ From his description I condeuse the following:
Tangential sections cutting just beneath the surface of the
zoarium present two phases. The usual appearance is as follows:
The maculae which at the surface appear to be subsolid are seen
in the section to be composed of numerous very thin walled, often
elongated, angular interstitial cells, which in the center of the
macula are larger than the true zooecia, while in the extremities of
the rays they are not more than half as large. Between these rays
five to fifteen of the zooeciaare aggregated into irregularly ellipti
cal groups .. The zooecia in these groups are subeUiptical in shape.
In the intermonticular spaces the zooecia are circulat' in shape and
thicker walled. They are sometimes completely isolated by a series
of large mesopores, though more usually they are in partial con
tact. Sections cut from a sufficiently matured example show the
second phase as follows: In this phase the walls of the zooecia are
comparatively thick and the mesopores are scarcely at all visible.
In their place is a mass of sclerenchymlt interspersed with small
dark spots, each enclosing a smaller lucid spot. These latter are
probably small foramina.
LongitUdinal sections show that the axial region is occupied by
rather large and very thin walled zooecia in which diaphragms are
nearly lacking. As they approach the surface the zooecia bend
outward abruptly, !tnd in the matnre region a very large number
of rapidly expanding mesopores are developed, in which dia
phragms occur, beco}1J.ing crowded. as the surface is reached.
These diaphragms are as a rule complete and at about the same
level in adjoining tubes. A common fossil in the lower part of the
l.orraine.
1.34013, 14a .... 1.38P.
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CONSTELLARIA CONSTELLATA var. PROMINENS Ulrich.
Plate XXVII, fig. 18.

. Constellar,ia florida val'. prom-inens L"lrich, 1883, Jour. Cin. Soc.
Nat. Hist., VI, p. 269, pI. xiv,'fig. 3.
"Figures 3 and 4 represent two varieties, which are sufficiently
marked by their external ~haracters to render their separation
from the more typical forms of the species usually an easy task.
I therefore propose the name of prominens for fig. 3. It is distin
guished by its large and remarkably prominent monticules, which,
so far as observed, never coalesce. rl'heir diameter will average
about .15 of an inch; their height about..05 inch; in the space of
one half inch square, about sixteen may be counted. 'l'he branches
are usually sub-cylindrical, with an average diameter of about .4
of an inch.
"This variety is apparently restricted to a few feet of strata,
and marks an horizon about 200 feet above low water mark."
Ulrich, loco cit.
This species seems to mark the boundary between the Eden and
Lorraine formations.
1.34013 .... 1.3SA65.
CONSTELLARIA LIMITAIUS UlriCh.
Plate XIII, fig. 2; plate XXVIII, fig. 2.

8teZliipora lirnitaris Ulrich, 1879, Jour. Cin. Soc. Nat. Hist., II, p.
126, pI. xii, figs. 8-Sc.
"Grows in cylindrical or sub-cylindrical, sometimes hollow
branches, the diameter of which varies from three to five lines; or
in small lobate or sub-palmate masses. Branches in the ramose
examples dividing dichotomously at varying distances, irregularly
thickened and nodulated. Surface with the tube-mouths on all
sides, the tubes cylindrical and radiating in all directions from an
imaginary central axis. Scattered, generally' over' the entire sur
face, are numerous stellate spaces, each of which has a diameter of
a line or a little more, sometimes considerably depressed, but usu
ally on a level with the surrounding surface; the number of the
rays radiating from the body of the star varies from five to eight;
these frequently bifurcate once or twice, and unite with those ema
nating from the adjacent stars, thus producing a sort of network.
'l'he stars are usually regular in outline, sometimes elongated, and
arranged in rather irregular transverse or oblique rows, three stars
generally occupying a space of three and a half lines; it is how
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ever not very rare to find specimens with a portion of the snrface
destitute of the stellate spaces. The central area and the rays of
the stars are composed of aggregations of very minute subangular
tubuli, but appear to be solid, unless examined with a sufficiently
high magnifying power.. The surface between the stellate maculae
is covered with smaH circular calices, the margins of which, in pro
tected parts, are slightly raised; from six to eight tube orifices oc
cupy the space of one line. Intertubular space about one third as
thick as the width of the tube mouths, and minutely tubular.
"Longitudinal sections of the branches' present the tubes as
proceeding in a gentle curve from the middle or axis of the branch
to the surface, and as they approach the surface ~nd have arrived
to within one line of the same, they bud off one or two more slen
der tubes; the tubes before they have been thus multiplied are
traversed by complete and close tabulae, a little more than one
tube diameter apart. . Near the surface the tubes are of two kinds,
smaller and larger ones; the former are at intervals collected into
groups, which represent the stellate maculae on the surface; be
tween these the remaining tubes are placed alternately, one larger
and one or two smaller; the large tubes representing the true
cells, while the smaller ones represent the minute tubull in the in
tercellular spaces. The diaphragms in both kinds of tubes are
close set, about two thirds of a tube diameter distant from each
other.
, 'In transverse sections the tubes near the margin are seen to
be cut longitudinally, while in the center they are divided trans
versely, and here they are thin-walled and generally with an hex
agonal outline.
"In sections taken parallel with and close to the surface, the
stellate spaces are seen to be occupied by a network of sub-angular
cells. 'l'he tubules are circular, and fill up the space not occupied
by the maculae; they are separated by a similar network of mi
nute cells as those composing the maculae.
, ''l'his species in its external characters approximates closely to
Fistulipora, McCoy, since the stellate and intertubular spaces in
their structure are essentially the same as the cellulose tissue, of
which the intertubular spaces and maculae, in most of the species
of that genus, are composed. Fist1.tlipora (Oallopora) incrassata,
Nicholson, has star-like spaces, occupied by very minute tubuli, but
these spaces have no radiating ridges surrounding them. In 8.
limitaris there are also none of these ridges, and in these two
species the resemblance is very manifest. On the other hand, in
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sections of S. limitaris, taken parallel with and close to the sur
face, we find a striking similarity to sections of the same kind of
Chaetetes decipiens, Rominger, and C. frondosus D 'Orbigny, while
in longitudinal sections much affinity is presented to several ra
mose species of Chaetetes. The species of Stellipora and their nu
merous varieties, in fact are connecting links between Chaetetes
and Fistulipora. Stellipora anthelloidea, Hall, is distinguished
from this species, exteriorly, by its sub-frondescent growth,' by
having the spaces between the rays of the stellate maculae raised,
and the tubes smaller. Interiorly we find that the tubes in the
middle of the branch or frond are crossed by remote tabulae, and
as they approac~ the surface the curve is more abrupt than is the
case in S. limitaris. "-Ulrich, loco cit.
This beautiful species is found associated with C. polystomeUa
in the Richmond formation. It is readily distinguished from that
species by the. fact that the .rays of the maculae are not elevated,
but rather depressed, and also by the fact that C. limitaris is a ra
mose or sub-ramose species, while C. polystomella is frondescent.
C. fischeri which somewhat resembles it in the appearance of the
surface is not an associated species, and besides is also frondes
cent.
1.34AI3b, 14a, 14b .... 1.41Dl.
CONSTELLARIA POLYSTOMELLA Nicholson.

,

Plate Xln, figs. I-lb; Plate XVlII, fig. 1.

Constellaria polystomella Nicholson, 1875, PaL Ohio, II, p. 215, pI.
xxii, figs. 7, 7a.
"Corallum in all essential points of structure resembles the
preceding [Constellaria anthelo,idea], consisting of erect, flattened,
palmate expansions, the thickness of which is from two to three
lines. Surface covered with very prominent stars, formed of a
series of elevated ridges radiating from a central depressed area.
and surrounded by depressed interspaces. Each star is usually
composed of from eight to as many as thirteen elevated ridges,
some of which are smaller than the others. The ridge-like ele
vated rays are occupied by comparatively large sized circular
calices, which are also present, though not so closely set, in the
interspaces between the stars. The central areas of the stars are
occupied by innnmerable excessively minute circular pores, which
appear to be the openings of coenenchymar tubnli, and similar
pores exist everywhere between the corallites which are placed in
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the intervals between the different stars. Each star is (in the best
preservd portions of the coral) circumscribed and separated from
the adjacent stars by a distinct hexagonal border, which has no
great width, and is occupied solely by the coenenchymal tubuli,
and not by the ordinary corallites.
"Though undobtedly closely allied to OonsteUa1'ia antheloidea,
Hall [=Oonstellaria consteUata Dana], it seems to me that O.
polystomella is sufficiently distinguished by the fact that the dif
rerent stars are definitely bounded in the latter and appear to
occupy definite polygonal areas, whilst in the former no line of
demarkation can be detected between the different stars other than
that afforded by the outer terminations of the clevated ridges.
In addition to this character, however, the present species would
seem to be distinguished by its very prominent stars, by the large
number of rays which are generally present in each individual
star, and by the conspicuous presence, both in the central areas
of the stars and also in the interspaces between the different coral
lites elsewhere, of very numerous and very minute cylindrical
tubuli, which can hardly be regarded as other than coenenchy
mal. "-Nicholson, loco cit.
This species is sufficiently distinct from O. constellata, and
occupies a quite different position in the section from that species.
O. polystomella is confined to the Richmond formation and C. con
stellata to the Lorraine. The figures of tangential and longitu
dinal sections given herewith will indioote the internal characters
better than pages of description.
L34A12, 14a, 14b .... L41D1, E3 .... 1.12F3.
DEKAYIA APPRESSA Ulrich.
Plate XIII, fig. 8.

Dekayia appressa Ulrich, 1883, Jour. Cin. Soc. Nat. Hist., VI, p.
152, pI. vi, figs. 7-7b.
"Zoarium in rare instances subfrondescent, usually ramose,
and from one to three inches in height. Branches flattened, divid
.ing frequently, from .3 to .4 of an inch iu width, and from .15 to
..25 of an inch in thickness. Surface without monticules, but pre
senting groups of cells somewhat larger than the average, at in
tervals of about .075 inch, measuring from center to center. When
the pellicle is preserved, and this is often the case, the spiniform
tubuli are, though rather small ~nd few, apparent enough. But
when the pellicle is not preserved they are not readily detected.
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Cells thin-walled, with the exception of the groups mentioned, in
all probability consist of one kind only, those of the ordinary size
having a diameter of 1/130th inch, while that of those in the clus
ters may exceed 1/90th inch. An occasional small cell is met with,
that, thoug'!l I much doubt it, may be of the nature of an intersti
tial cell.
"Longitudinal sections show that the tubes in the axial re
gion are nearly vertical, and that in their course to the surface
they bend abruptly outward, their walls, which, as usual, are very
thin in the a,xial region, becoming but slightly thickened as they
enter the peripheral portion. Diaphragms are but rarely devel
oped in the 'immature,' or axial region, and only from five to ten
in the 'matured' portion of a tube, where they are placed at dis
tances apart of from one-half to one tube-diameter. Occasionally
a small and short tube may be detected in which the diaphragms
appear to be a little more closely set than is the case ill the ordi
nary tubes. The spiniform tubuli being few and of rather small
size, are not a conspicuous feature in sections of this kind.
"In tangential sections the cells are thin-walled and angular,
the groups of larger ones being often very distinct. On account
of the thin cell-walls the spiniform tubuli, though of compara
t,ively small size, are very apparent, occupying the angles of junc
tion of every three, four or five cells .
•, The frequently branching, sometimes anastomosing zoarium
of this species, does not resemble very closely any associate form.
Some of the smaller specimens of Dekayella ulrichi.• Nicholson sp.,
occurring over two hundred feet lower in the series, bear some
external resemblance to fragments of D. appressa. The numer
ous interstitial tubes, and rounded cell-apertures of the former.
amply serve the purpose of distinguishing them. "-Ulrich, loco cit.
1.34Bl-2.
DEKAYIA ASPERA Milne-Edwards and Haime.
Plate XIII, figs. lHlb; Plate XXVII, fig. 20.

Dekayia aspera Milne-Edwards and Haime, 1851, Monographie
des Polypiers Fossiles des Terrains Palaeozoiques, p. 278, pl..
xvi, figs. 2, 2a.
, 'Polypier en masse subramifiee et un peu irreguliere. Calices
petits, polygonaux, a murailles simples,peu inegaux, presentant a
leur angles et a des distances variables des cones tres-saillants,
compactes, aigus et stries. qui donnent un aspect spinuleux it la
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surface. Largeur des calices, un quart de millimetre. Planchers
horizontaux.
"SILURIEN (inferieur). Etats-Unis: Cincinllati (Ohio).
"ColI. de Verneuil. "-Milne-Edwards and Hrume, loco cit.
Owing to the unnsllally characteristic surface features of this
well known species, the rather meager description of Bdwards
and Haime is snfficient for its recognition, and conpled with his
figure leaves no doubt as to the identity of the form. The internal
characters, however, are eqnally i~teresting' and characteristic,
and I therefore take the liberty of appending a further descrip
tion of this important species.
Zoarium consisting of somewhat flattened stems attaining a
diameter of several cm. Surface smooth except for the unusually
conspicuous spines caused by the projection at the surface of the
large set of acanthopores. This gives an unmistakable appearance
to the species. 'The zooecia are polygonal and thin walled, and
mesopores are practically absent. No monticules or maculae of any
kind.
In tangential sections the zooecia are thin walled, polygonal,
and in complete contact at all points. An occasional smaller zo
oecium, probably a young individual, is seen. The most striking
feature of such sections is the enormous acanthopores, at times
nearly as big as an ordinary zooecium. Interspersed among these
large acanthopores. and plainly visible, even in the mature region,
are a number of smaller acanthopores of about the size normal to
D. frondosa. The wall strncture is much the same, also, as in the
latter species.
In longitudinal sections the zooecia are seen to bend very grad
ually outward from the immature region and to reach the surface
at nearly a right angle. No diaphragms or other structures are
present, except rarely a diaphragm or two near the surface. The
large acanthopores are shown by longitudinal sections to extend
into the immature region, and sometimes to cross over from one
zooecium to another. They are in fact a very conspicuous feature
of such sections. 'I'his is the only feature that causes longitudinal
sections of this species to differ from similar sections of D. magna.
1.34013, 14a .... 1.38P.

812

REPORT OF STA'fE GEOLOGIST.

DEKAYIA FRONDOSA (d'Orbigny).
Plate XV, figs. I-Ie; Plate XXVIII, fig.

I};

Plate XXIX, fig. l.

Monticulipora frondosa d'Orbigny, 1850, Prodrome de Paleontol
ogie, I, p. 25.
(Not figured.)
"·376. Frondosa, d'Orb., 1848. Espece a larges frondes dont
Ie!! monticules sont coniques et tres-espaces. Etats-Un'is, Cincin
nati, Ohio. "-d'Orbigny, loco cit.
The status of Monticulipora frondosa d 'Orb. has finally been
determined by the publication of sections of the type specimen
in the collection of d 'Orbigny. It proves to be the form identified
as such by Ulrich in 1882· and referred to the genus H eterotrypa.
The first publication of figures of thin sections of the type of this
species is in a recent paper by Ulrich and Bassler, l' and a repro
duction of a photograph of a section has been published still more
recently in the Annales de Paleontologie, Tome I, pI. ix, fig. 10,
together with a figure of the type (pI. ix, fig. 9). The writer's
Dekayiaperfrondosa therefore becomes It synonym of D. frondosa_
The following description of the -species is based on specimens
in the writer's collection:
The zoarium is in general frondescent, though massive or sub
massive forms occur, especially in the upper part of its range. The
large example figured by Milne-Edwards and Haime is a good ex
ample of the frondescent form, and I have figured in this report
an example of the massive form. I suspect that as a matter of fact
the massive forms are the basal portions of the species, and that
in all cases when fully grown, it developed frond'!. 0 'Orbigny's
specimen is a small, somewhat irregular frond, with the typical
surface characters. Superficially the fronds are set with rather
small, usually sharp, monticules, although in such examples as
figured by Edwards and Haime, the monticules are rather low and
rounded, if he has correctly indicated them. I must say that mon
ticules of this sort are the exception. In the type, the monticules
are spaced about 3 mID. from center to ·~enter, as measured on the
photograph given in the Annales de Paleontologic. The zooecia
vary from polygonal to circular in shape, the latter form occurring
where the mesopores are more abundant. 'fhe latter are not ag
gregated in the monticules, notably, but are distributed rather
uniformly throughout the zoarium.
In tangential sections cutting the mature region the zooecia
are moderately thicl~ walled and circular, touching each other at
·Jour. CIn. Soc_ Nat. Rlst., V. p. 133 and p. 235.
tSmttbsonian Miscellaneous Collections, vol. 47, p. 25, pI. xi, figs. 1-3.
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several points, except in the case where the mesopores are numer·
ous, when they are completely isolated by the latter. The lumen
of the zooecium is surrounded first by a (':one of light-colored seler
enchyma, and this in turn by Ii narrow zone af darkccolorHd
sclerenchyma, the remaining space between neighboring zOClBcia
consisting of light-colored material, in which the mesopores are
lodged. The walls of the latter are rather indefinite. The waH
structure, just described, characterizes in a gen~ral way all specie!'
of the genus.
Longitudinal sections show that the zooecial walls are very
thin in the axial region, and become, thickened immediately upon
passing into the deep mature region. In the latter, diaphragms
are abundant, in some specimens, and onb' moderately.abundant in
others. Tn the section of the type, as figured in the Annales de
Paleontologie, they are abundant. In the mesopores, diaphragms
are about twice as abundllJlt as in the zooecia. An occasional
curved diaphragm is present.
Acanthopores are present in moderate number, and are usually
of small size, though in some specimens lin occasional acanthopore
of large size can be demonstrated. This species is found through
out the greater part of the Lorraine, i!-nd at some horizous is com
mon.
1.33A3 .... 1.34BI-3, 4-5, CI3, 14a, 14b ... . 1.12A2 . ... 1.3SBa-h.
DEKAYIA FRONDOSA var. CYSTA'.rA Cumings.
Plate XIV, figs. 1, 1a; Plate XXVIII. fig. 3.

DekayeUa cystata Cumings, 1901, American Geologist, XXVIII,
p. 375, pI. XXXV, figs. 1-6a.
"Zoarium consisting of flattened branches, at times 30 mm.
or more in width. Surface covered with small conical uionticules,
about three in the space of 5 or 6 mm. Cells 0.2 mm. to 0.15 mm.
in diameter. 'l'he monticules are composed of groups of cells
larger than the average, interspersed with a greater or less number
of very minute cells (mE'.sopores). The latter are practically con
fined to the regions of the monticules.
"Tangential sections reveal the characteristic cell structures
of the genus, with the large and small sets of acanthopores.
"IJongitudinal sections show numerous diaphragms about one
half cell diameter apart in the large cells and much more numerous
in the mesopores. A peculiarly characte.ristic thing is the presence
of an occasional cystiphragm, especially near the surface.
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" Observation: This species might easily be mistaken for
Heterotrypa subpulchella, from which it differs in the two sets of
acsnthvpores and the presence of curved diaphragms.' '-Cumings,

loco cit.
1.34B4-5, C14b .... 1.3SP.

1.33A3.

DEKAYIA INFLECTA (Ulrich).

xv, figs. 2-2a.
Heterot1'ypa inflecta Ulrich, 1890, Geol. Illinois, VIII, p. 414, pI.
xxxvii, figs. 2-2d.
"Zoarium frondes~ent; s6ldom over four cm. in width, six cm.
in height, and five mm. thick; usually only about three in thick
ness. Surface smooth or with slight elevations of cell apertures
somewhat larger than the average. Zooecial tubes bending
abruptly into the cortical region, with walls slightly flexuous in
the axial region .. Zooecia apertures circular,0.14 to 0.18 mm. in
diameter, with about eight in two mm. A large but variable num
ber of angular mesopores scattered among the zooecia, rather more
numerous in the clusters. Diaphragms only one or two in each
zooecial tube; numerous in the mesopores. Acanthopores present
in considerable numbers, frequently indenting the visceral cavity,
in well preserved specimens very conspicuous on the surface, giv
ing it a hirsute appearance.
This species is distinguished externally. from H. frondo8(J,'·
D 'Orbigny, its nearest ally, by its much more delicate growth,
strictly frondescent form, monticules wanting or but little elevated,
conspicuous acanthopores and larger number of mesopores. In
ternally it has very few diaphragms, which structures are abund
ant in M. frOndosa. "-ulrich, loe. cit.
This is another of the species of Dekayia with numerous and
strong acanthopores, as in the D. ulrichi group. In the specimen
figured herewith, the acanth0pores are distinctly of two sizes. It
is altogether a more delicate species than D. frondosa in its zoarial
habits and is distinguished superficially by the fact that the acan
tho pores strongl~T inflect the zooecia, from which fact the name is
derived. It is not a common form.
1;33A3.
Plate
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DEKAYIA ULRICHI var. LOBATA Cumings.
Plate XXVII, fig. 21.

Dekayella ulricki var. lobata Cumings, 1902, American Geologist,
XXIX, p. 203, pI. ix, fig 1 2; pI. x, fig: 5; pI. xi, figs. 3, 4.
"'Zoarium consisting of irregularly lobed and greatly com
pressed branches or of wavy true fronds arising from a cylindrical
base which is doubtless attached by an expansion as in other
frondescent species. An average frond has a thickness of 4 mm.
to 5 mm. and a breadth of 20 mm. or more. Surface nearly smooth,
often completely so; but showing in some specimens subsolid
sometimes slightly elevated maculae of cells somewhat smaller than
the average. Zooecia round, about 45 to the centimeter and from
0.16 mm' to 0.2 mm. in diameter. Mesopores numerous, angular,
filling all the interstices between the zooecia. The surface of some
specimens seems to be covered in places with a thin pellicle" as in
other species of Dekayia.
"Longitudinal sections show that the diaphragms are approxi
mately horizontal, fairly crowded in the mature region and COI).sid.
erably more numerous in the mesopores, which are constricted at
the level of each diaphragm. The walls present the pecul!ar
beaded appearance characteristic of D. ufricki.
, 'Tangential sections near the eurface show that the zooecia
are ring-like in the mature region, with fairly thiek walls. The
acanthopores are fairly abundant, and of two sizes, the smaller
somewhat more numerous. The ratio of the diameters of the
largest and smallest acanthopores seen, is about as four to one."
-Cumings, loco cit.
This species is not uncommon in the lower portion of the Lor
raine near Manchester Station, Indiana.
1. 34C14a.
DEKAYIA MAGNA Cumings.
Plate XIII. figs. 6, 6a; Plate XXVIII, fig. 8.
"

,

Dekayia .magna Cumings, 1901, American Geologist, XXVIII, p.
375, pl. XXXIV, figs. 1-6.
"In form and general appearance this closely resembles D.
aspera E. & H. The zoarium consists of irregular flattened
branches (as in the IJawrenceburg specimen) or more frequently
of robust frequently branching masses (as in the Vevay specimen)
ofa diameter of 40 mm. or more. Spines can occasionally be
detected upon the surface.
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"1'angential sections show that the cell walls are thin with
usually a well defined median lamina. Acanthopores few, small.
Diaphragms extremely few; occasionally one or two near the sur
face.
"Observation: This form might \ be considered as identical
with D. aspera but for the small size and less frequency of the
acanthopores.
" Loca~ity : Vevay and Lawrenceburg, Indiana, in the Platy
strophia laticosta zone. ' '-Cumings, ~oc. cit.
After the above description was published, I ·about came to
the conclusion that I had been dealing with an abnormal example
of Dekayia aspera. I am still, however, unable to demonstrate the
large acanthopores which characterize the latter species, and it
therefore seems to me to be best to retain the present designation,
provisionally, at least.
1.34C14b .... 1.33A3 .... 1.38P.
DEKAYIA OBSCURA (Ulrich).
Plate XIV, figs. 3, 3a.

DekayeUa obsc7wa Ulrich, 1883, Jour. Cin. Soc. Nat. Hist., VI,
p. 89, pI. i, figs. 4-4b.
"Zoarium ramose, consisting of slender ramulets, .18 to .25
of an inch in diameter, dividing dichotomously at intervals of .4
inch or more. Monticules are not developed, the surface usually
being smooth. Cells from 1-120th to 1-11Oth of an inch in dial!l
eter, with moderately thick walls, and sub angular apertures.
'When in a good state of preservation, the cell-orifices over large
patches of the surface are entirely covered, or only partially, by a
very thin pellicle or membrane. It is developed from the margin
of the aperture inwardly, and when not fully completed, an ir
regular opening is left ~n the center. The boundary lines of the
cens are now thin, and project but little above the pellicle. The
interstitial cells are numerous, and vary much in shape and size,
but are always more or less angular. At intervals of about .1
inch, they are usually aggregated into unequal clusters. The spi
niform tubuli are of two'kinds, large and small, the former may
be observed very readily at the surface, and they often show the
minute orifice at their summits. About five may be counted in the
space of .1 inch. The latter are smaller and much more numerous,
and can not be detected' except on perfectly preserved examples.
'l'hey are developed in the cell-walls, and three or four surround
each cell.
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"In tangential sections the proper cells are subcircular, and
have thick walls. Each cell-cavity is encircled by a thin band or
ring of dark sclerenchyma, the thinner original walls having a
. lighter color. The interstitial cells are numerous, unequal aud an
gular, those constituting the clusters or 'maculae' being separated
from each other by rather thin walls. The large f>piniform tubuli
arc distinct enough, but the smaller ones can not always be de
tected. Especially is this the case in examples taken from a
shaly matrix. In other specimens they are more apparent.
"Longitudinal sections show that diaphragms, with an occa
sioal exception, are entirely absent in the axial region, where the
walls of the tubes are also very thin.. The tubes approach the sur
face in a gradual curve, and as they enter the peripheral regions,
their walls are thickened, sometimes becoming slightly beaded.
Very thin straight diaphragms are developed, crossing the tubes
at distances apart of from one to one-third tube diameter. The
interstitial cells are divided by diaphragms, only a little more
crowded t~' thos~ in the proper zooecia. The large spiniform
tubuli make their first appearance in the axial region, and in
their course to the surface, they frequently cross obliquely over the
tubes (see figure). The smaller ones are first developed in the
'mature'or peripheral region, and can always be seen when the
section passes through 'the face of a. tube. The figure on Plate I
[of Ulrich's paper] represents two tubes so divided.
"In transverse sections the tubes in the central portion of the
branch are slightly larger than nearer the margin. The walls are
excessively thin, and polygonal, often nearly circular. Numerous
smaller and more angular cells (young) occupy the interspaces
left between them. The_ margin of the section cuts the tubes
longitudinally, where they have the same appearance as in the
peripheral regions of a vertical section. "-Ulrich, loco cit.
This delicate species is the genotype of ljlrich's genus Dekay
ella. It occurs sparingly associated with D. uZrick-i,.
1.3400, 2, 5, 6. 7, 8, 9.
DEKAYIA PAUPERA Ulrich.

xv, tlgs. 3. 3a; Plate XXVIII •. till:. 6.
Dekayia paupm'a lnrich, 1883, Jour. Oin. Soc., Nat. Hist., VI, p.
. 153, pI. vi, figs. 10, lOa.
"Zoari~m ramose, the more or less flattened branches growing
upward from a large and thinly expanded base, to a height of one
Plate
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and one-half inches or a little more; varying in thickness from .15
to .3 of an inch, and in width from .2 to .8 of an inch. Surface
without monticules. Oells polygonal, with excessively thin walis,
the ordinary ones having a diameter of about Ij120th of an inch.•
At intervals there are distinct groups of large eells, some of which
have a diameter exceeding 1/70th of an inch. 'l'rue interstitial
cells are apparently wanting, the few small cells occasionally seen
being doubtless young ones. The spiniform tubuli I have not been
ahle to detect at the surface. Pellicle not observed.
"In longitudinal sections the excessively thin-walled tubes in
the axial region are seen to be crossed by few remote diaphragms.
'l'he tubes approach the surface with a gentle curve, the thickening
of the walls that usually takes place as they enter the peripheral
region is scarcely perceptible in this species. The diaphragms are
quite numerous in the 'mature' or peripheral region, being about
one tube diameter distant from each other. When the section
passes through the spiniform tubuli they are, despite their small
size, readily detected by the thickened appearance they.give to the
cell-walls between which they are placed. I have not been able to
find any traces of interstitial tubes.
"Tangential sections of this species are remarkable for ex
cessively thin-walled angular cells, between every five or six of
which the spiniform tubuli, which are smaller than in any other
species of the genus, and inconspicuously isolated. 'l'he groups of
large cells, mentioned in the description of the surface characters,
are of course, quite distinct in this kind of section.
"This species is closely allied to D. appressa in its growth and
general features. Under the hand glass that speeies is seen to
have somewhat smaller eells, less conspicuous clusters of large eells,
and thicker tube-walls. Internally the much smaller spiniform
tubuli of D. paupera will serve to distinguish them. "--Ulrich,
loco cit.

1.38P.
DEKAYIA PELLIOULATA Ulrich.
Plate XIII, figs. 4, 411.; Plate XXVIII, fig. 5.

Dekayia pelliculata Ulrich, 1883, Jour. Cin. Soc. Nat. Rist., VI,
p. 150, pI. vi, figS. 9, 9a.
, , Zoarium . ramose, with smooth, thick, mostly rounded, some
times flattened branches, arising from a large basal expansion, and
gradually tapering from the base, where the diameter, ,varies from
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.5 to 1.0 inch, to their terminal ends, where the diameter is usually
not over .3 inch. On well-preserved e~amples the cell apertures
over large patches of the surface are covered by a thin pellicle,
the cell walls appearing as only very faintly elevated lines upon
its surface, while the surface extensions of the spiniform tubuli
are more distinct and. prominent than when the pellicle is want
ing. About five may be counted in .1 inch. At distances apart of
'about .1 inch, the surface shows clusters of cells slightly larger
than those of the average size, interspersed among which are
small and unequal aggregations of much smaller cells, that in all
probability represent the apertures of interstitial tubes. Cells
with moderately thin walls, angular, those of the ordinary size
varying in diameter from 1/120th to 1/100th of an inch, while that
of those forming the clusters mentioned rarely ex~ed 1/90th
of an inch.
"In longitudinal sections the tubes ill the axial region have,
as usual, excessively thin walls, and are only occasionally provided
with an isolated diaphragm, these structures becoming, however,
more numerous in the peripheral region, where they cross the tubes
at distances apart of from one-half to one tube diameter. The
cells turn very abruptly from the axial into the peripheral region,
becoming at the same time slightly thickened, and proceeding in
their course to the surface they follow a line drawn at a right
angle to the longitudinal axis of the branch. In the peripheral re
gion may be noticed quite a number of small, obscurely beaded
tubes, in which the diaphragms are somewhat more closely set than
in the proper zooecia, and always cross the tube at the periodic
points of stricture. In other tubes again the diaphragms are re
mote and sometimes entirely wanting. On the whole the tabulation
of this species is peculiar. The spiniform tubuli are always dis
tinctly visible, and have the usual structure.
"Tangential sections show that the cells are thin-walled, and
more or less angular, that the spiniform tubuli are comparatively
small, and occupy the angle of junction between every three or
four cells, and that they are further isolated by being situated
between two to four small interstitial cells. From five to fifteen
of the latter also occupy the interstices between the larger cells
of the clusters, which even in these sections are not very striking.
"This species is distinguished from D. aspe'l'IJ externally by
its more regularly dendroidal growth, smooth surface (so far as
monticules are concerned), and less conspicuous spiniform tubuli.
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Internally the much more numerous diaphragms, and interstitial
tubes, beside the smaller ~piniform tubuli, present weighty points
of difference. " -Ulrich, loc. cU.
I have remarked in my discussion of the genera IIeterotrypa,
OekaY'ia, etc., that the presence of a pelli01e over the mouths of the
zooecia does not seem to me to be a cha-raclerof,any especial im
portance. The species above described, does, however, possess suf
ficiently distinctive characters, in the form of the zoarium, number
of the mesopores and acanthopores, and the presence of .close-set
diaphragms in the mesopores, to make it valid.
1.34CI3 .... 1.38P.
DEKAYIA PROLIlnCA (Ulrich).

xv, figs. 4-4b; Plate XXIX, fig. 3.
Heterotrypa prolifica Ulrich, 1890, Geol. Illinois, VIII, p. 413, pI.
xxxvii, figs. I-1d.
"Zoarium frondescent, or subramose with m'Q.<W flattened
branches, varying in thickness from four to twelve mm., and at
times attaining a height of ten cm. Low rounded tuberosites ar
ranged in irregularly intersecting lines and composed of cells a
little larger than the average, commonly surrounding a cluster of
mesopores, serve to break up the monotony of an otherwise smooth
surface. Zooecial tubes curving in the axial region, direct through
out the peripheral region, whare the walls become considerably
thickened. Zooecia apertures sub-polygonal, about eight in two
mm. and 0.15 to 0.18 mm. in diameter. InMrspaces occupied by
calareous matter; where very wide by a few mesopores with illy
defined walls. Most of the mesopores are found in the clusters.
A few diaphragms in the axial region; in the transition period
they become more numerous; in the cortical region they are close
set, a tube diameter or less apart. In the outer portion of this
region they are often concave, sometimes tending to the infundi
bular form. Mesopores more closely tabulated than the zooecial
tubes. Acanthopores a little more than one-third as numerous as
the zooeeia; when not situated at the angles, generally. inflecting
the zooecial cavity a little.
"This species approaches quite closely to H. frondosa d'Orb.,
having a somewhat similar growth; but in that species the zooecia
are more angular, the walls thinner, mesopores far more numerous
and the acanthopo;res rather more abundant.
"Position and locality: Cincinnati group. A common form in
Plate
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the upper beds at Blanchester, Ohio. It also occurs at Wilming
ton, Ill. The H. f1'Ondosa is restricted to the lower half of the
Cincinnati group. "~Ulrich, loc. cit.
'1'0 my mind there is very little difference between this species
and D. frondosa. The main and almost the only reason for sepa
rating them is the difference in range, the latter species occurring
~)Iily in the Lorraine. It is certain that D. prolifica is the Rich
mond representative of 'D. frondosa of the lower horizon.
1.34AlO, 11, 12, 13a ... . 1.41A7, E1, 3, 4 .... 1.12E3.
DEKAYIA SUBI<'RONDOSA Cumings.
Plate XIV, ftgs. 6-6c;

Plate XXVIII, ftg. 1Q.

, Dekayia subfrondosa Cumings, 1902, American Geologist, XXIX.

p. 204, pI.
figs. 7, 8; pI. x, fig. 3; pI. xi, fig. 1.
"Zoarium growing upward from an expanded cylindrical basal
attachment into flat fronds of a thickness of 10 mm. to 15 mm.
and a breadth of as ~uch
60 mm. A specimen nearly complete,
except the cylindrical base has a height of 110 mm. The frond has
a tendency to give off compressed branches along the free edges.
Entire surface covered with small rather abruptly elevated monti
cules with an average diameter of 1.5·mm:; from 12 to 13 occupy
one square centimeter. At the apices of the monticules the cells
are smaller than the average. Cells mostly of one kind, 0.25 mm.
in diameter, 40 cells to the cm.
"The internal structure of this species as seen in tangential
sections is highly instructive. In tangential sections cutting the
mature region the cells are seen to be rather thin walled, the walls
of adjacent zooecia being apparently amalgamated. That this is
not the case is well shown in fig. 8, PI. X [of above paper] where
the section cuts a portion of the zoarium that has been fractured
and infilled with calcite along the fracture. The zooecia are spread
apart, the wall formerly apparently common to two zooecia being
now half on one side, half on the other of the calcite seam. Where
an acanthopore is present the zooecial will separates from it
cleanly. Indeed, the acanthopore is sometimes left completely
isolated in the calcite, showing that these structures belong to
neither zooecial wall. The attention of those who deny the duplex
character of the interzooecial 'wall should be ealled to this phe
nomenon.
"Only a moderate number of small tubes are seen thr,pughout
the main part of ordinary tangential seetions. Fig. 8 PI. IX [of

as
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above paper] shows a cluster of small tubes in a portion of a sec
tion in which the walls are also thicker than usual. Tangential
sections of the branchlets, however, present almost identically the
same appearance as sections of D. ulricki rabusta.
"Acanthopores are numerous and conspicuously of two sizes.
They are not confined to the angles of the zooecia, but frequently
indent their walls.
"Longitudinal sections show that the mature region is very
deep, the thickness of the zooecial walls varying but little from
where the tubes bend outward, to the surface. The large acan
thopores are conspicuous features of such sections. The walls pre
sent the beaded appearance characteristic of the genus. This, I
believe, is in some cases due to the fact that the section cuts in.
and out of the side of an acanthopore. The large acanthopores
traverse the entire mature region and are sometimes present even
in the axial region. Diaphragms are abundantly developed, hori
zontal or, rarely, curved or infundibu,J.ar, from one-third to two
tube-diameters apart in the zooecia, and closer set in the mesopores.
The walls of the latter are constricted where the diaphragms join
them. "-Cumings, lac. cit.
This ·species-seems to me to quite completely break down the
line between IIeterotrypa and Dekayia and Dekayelta as formerly
understood. In the form of the zoarium it certainly would be
considered as a specimen of D. frandasa. . The presence of two
well marked sets of acanthopores would throw it into the genus
Dekayella, and the absence of mesopores in some regions of the
zoarium would suggest Dekayia. Tangential sections of the
branches can scarcely be distinguished from sections of Dekayia
robusta.
1.34013.
DEKAYIA SUBPULCHELLA (NichQlson).
Plate XVI, figs. 1. la;

Plate XXVIII. fig. 11.

Ckaetetes sub-pulckellus Nicholson, 1875,· Pal. Ohio, II, p. 196, pI.
xxi, figs. 6, 6a.
"Corallum branched, the branches usually hollow, always more
or less compressed, and sometimes so much flattened as to become
frondescent. Greatest diameter of the branches, from four lines
to nearly an inch. The average coralIites are circular or polygonal
in form, with comparatively thin walls, about eight in the space
of one line, with or without a few very minute cylindrical tubuli
intersp~rsed amongst them. Intercalated amongst the ordinary
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corallites are rounded or sub-stellate spaces, about one line in diam
eter, and placed nearly one line apart, which are occupied by
tubes of two kinds. The exterior of each of these spaces is formed
by a ring of corallites which are slightly larger than the average,
about six of them occupying one line. Inside of this ring is a
series of from twenty to forty excessively small cylindrical tubuli,
forming a little cluster of pin-like punctures or perforations. The
composite clusters of large and small corallites thus constituted
are very slightly or not at all elevated above the general surface,
and they melt away insensibly at their margins into the ordinary
corallites.
'l'his species is closely ailied to C. pulokellus, Edw. and
Haime. but appears to be distinguished sufficiently from it by the
flattened and compressed form of the branches, and the composite
character of the hardly elevated tubercles, which do not consist
throughout of large sized corallites, but have an external ring of
large 1ubes surrounding an internal cluster of very minute tubuli.
I have fotmd these characters constant in a large number of in
dividuals, and consider, therefore, that I am justified in describing
this form under a distinct title. "-Nicholson, loo. vito
The supposed hollow branches of this species are due to the
weathering out of the immature region. The figures given here
with will sufficiently indicate the internal characters, which do not
differ materially from those of D. prolifioa except in the greater
thickness of the walls and the greater size and number of the acan
thopores. The tangential section figured in this report (from a
specimen labeled by 'L1.rich) certainly shows two sets of acantho
pores as in the so-called genus DekayeZla.
1.34C14a.
DEKAYIA SUBRAMOSA (Ulrich).
Plate XV, figs. 5, 5b; Plate XXIX, fig. 2.

Ataotopora subramosa Ulrich, 1879, Jour. Cin. Soc. Nat. Hist., II,
p. 124, pI. xii, figs. 6-6c. .
"This is not a truly parasitic species, though attached by a
broadly expanded base to foreign objects. In certain positions
of the bryozoary there appears to have been an exCt:)ssive growth,
the consequence of which was the development of large nodes, or
of short and thick branches. Diameter of branches about four
lines. Surface without monticules. Tubes small, polygonal, quite
irregular in size and arrangement, and with numerouS minute in
tertubular cell"!; the latter are at irregular intervals collected
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into groups; of the interstitial tnbuli the groups alone are dis
tinguishable on the surface, those interspersed between the ordi
nary tubes being apparently closed, and can ouly be detected in
thin sections. 'rube calices of irregular shape, usually nearly
closed by accretions to the margins; in the open calices the mar
ginR are thick and smooth; pseudo-septa not invariably developed,
few in number, probably never more than three, and generally
only one or two in each tube. From eight to ten, or even twelve
tubes occnr in the space of one line.
, 'Longitudinal sections show the tubes to be transversely divided
by diaphragms, placed at corresponding levels in contiguous tubes.
The diaphragms are about two-thirds of a tube diameter apart.
The tube walls in the lower· portions of the tubes are very thin;
they become thicker as the surface is approached. A peculiar fea
ture is the periodic swelling of the walls at heights coincident with
the tabulae. In the minute tubuli the diaphragms are more closely
set than in the larger tubes.
"It would be quitc impossible to confound this"J,jpecies with
any other form, since it differs more or less in nearly all particu
lars from those previously described."-Ulrich,' loc. cit.
For the identification of this species I have depcnded princi
pally . upon the external form of the zoarium, and the fact that
the well-known D. prolifica is considered as only a variety of it.
The 'pseudo septa' mentioned in the above description are evi
dently the acanthopores, which more or less indent the zooecia.
For the internal characters the student is referred to the figures,
and to the description of D. prolifica.
1.41E2, and common in the "upper fossil bed" at Versailles.
DEKAYIA ULRICHI (Nicholson).
Plate XIV, figs. 4-4b; Plate XXVIII, fig. 7_

Chaetetes /letckeri Nicholson (non Edwards and Haime), 1874,
Qual'. Jour. Geo1. Soc. London, XXX, p. 504, pI. xxix, figs. 6,
6a. Monticulipora (Heterotrypa) ulricki Nicholson, 1881,
Genus Monticulipora, p. 131, fig. 22, p. 132.
"Corallum ramose, branches from 1112 to 3 lines in diameter,
cylindrical or subcylindrical, often irregularly swollen at intervals,
dividing dichotomously usually at considerable intervals. Coral
lites with moderately thick walls, the average ones of unequal
sizes, about eight in the space of 1 line, and having very minute
tubuli sparingly interspersed amongst them. Surface smooth, des
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titute of tubercles, but occasionally showing groups of corallites
which are very slightly larger than the average.
"The examples of this species which I possess from the Clin
ton group (Upper Silurian) agrees entirely with the description
given by Edwards and Haime, being smooth, and simply having a
moderate number of very minute tubes irregularly intercalated
amongst the ordinary corallites, these latter varying slightly in
their dimensions. On the other hand, the Lower-Silurian example;
which I have referred to this species, though also smooth, and
also having minute tubuli sparsely interspersed amongst th~ larger
corallites, exhibit distinct groups of corallites which are of rather
larger size. than the average, and which are not set upon distinct
elevations. They thus approach C. pulchellus, from which they
are hardly distinguishable except by the fact that the groups of
large sized corallites are not nearly so conspicuous, the individual
corallites which compose them being only very slightly above tbe
average size. On the contrary, in C. pulchellus the groups of
large-size oor'allites are very conspicuous, as the corallites compos
ing them are nearly or quite twice as large as the ordinary ones,
Perhaps the Lower-Silurian forms here regarded as referable to
C. fletcheri may constitute a distinct variety either of this or of
C. p~tlchellus. "-Nicholson, loco cit.
As is well known now, this species is not the same as the
Silurian Chaetetes fietcheri, under which name Nicholson described
it, as he himself pointed out (Genus lVTonticnlipora, p. 131) when
he came to investigate the internal characters.
Its external characters are indicated above, with the excep
tion that a very abundant series of mesopores is usually devel
oped, the zooecia are .ring-like, and the acanthopores frequently in
well preserved material give rise to minute spines at the surface.
The zoaria are characteristically smooth and cylindrical, and of .
medium size, the specimen figured (after Nicholson) being about
typicaL As to internal characters, in tangential sections cutting
the mature region, the zooecia are seen to be nearly always cir
cum:r, with moderately thick walls, and surrounded by small
angular mesopores. Scattered among the zooecia and imbedded in
their walls are a moderate number of acanthopores of two sizes,
the greater number being small and not conspicuous, while there
are occasional much larger ones, that seem to arise much deeper
in the zoarium than the smaller ones, the latter being confined to
the matur~tegion. In longitudinal sections the zooecia and meso
pores are both seen to be crossed by well defined and complete
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diaphragms, rather more crowded in the mesopores. These are
much less frequent in the axial region. The zooecia bend rather
abruptly from the axial into the mature region, and emerge at
right angles to the surface, where their walls become eo~sid.erably
thickened.
'l'his species is abundant in the upper part of the Eden Shales
(Utica) which it characterizeS.
5.9A31, 35, 41, 44 .... 1.3400, 5, 6, 7, 8, 9, 10, 11. ... 1.38A9, 11,
13, 21, 24, 31, 35, 37, 39, 41, 45, 49, 51, 53, 59, 63, and at all other
localiti~s where beds of equivalent age are exposed.
DEKAYIA ULRICHI var. ROBUSTA (Foord).
Plate XIV, figs. 2-2b; Plate XXVII, fig. 22.

Dekaye.lla robusta Foord, 1884, Ann. Mag, Nat. Hist., ser. 5, XIII,

p. 341, pI. xii, figs. 2-2d.
" Corallum ramose, frequently branching. Branches thick,
usually cylindrical, sometimes compressed. Surface, covered with
small but tolerably conspicuous monticules, situated about 3 milli
metres apart, and bearing cells of a somewhat larger size than
those in the intermediate spaces. The apertures of the corallites
are polygonal in outline, and in places where the surface is well
preserved some of the larger of the spiniform corallites may be
seen with a hand lens. Of the larger corallites about four occupy
the space of 1 millimetre, of the smaller about five.
Microscopic characters.-Tangential sections reveal clearly
the dimorphic character of the corallum, which is provided with
two kinds of tubes, large and small; both are of polygonal form,
and their outline is inflated in many place,; by the occurrence of
numerous spiniform corallites. These also are of two kinds: The
larger are usually situated at the angles formed by the junction of
four or five cells, and fill a space quite as great as that occupied
by some of the interstitial cells; the smaller are generally found
to be ill the substance of the cell-walls. about midway between
two angles. 'rhe spiniform corallites form a very conspic.uous
feature in tangential sections of this species, and give to such sec
tions a highly characteristic appearance. Under a moderately high
power traces of the original walls of the corallites may be discerned
in tangential sections; but as a rule this structure appears to have
been destroyed in the process of fossilization. In longitudinal sec
tions the two sets of tubes are clearly brought into view. In the
larger ones ihere are numerous horizontal, sometimes slightly ob
lique, tabulae, situated at from one-half to one tube-diameter
(t
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apart; they begin in the axial region of the corallum, and are
about equally developed in their course from thence to the periph
eral region. 'l'he smaller tubes do not differ in the character
of their tabulation from the larger ones, except that the tabulae
in the former are a little more frequent than they are in the latter.
There is a feature worthy of note in the structure of the walls of
this species, and that is a periodic inflation, which reminds the
observer of a similar structure characteristic of the genus Steno
pora (Lonsdale). Mr. Ulrich draws attention to a like feature in
his description of a Cincinnati-group species of DekayelZa-D. ob
soura, Ulrich (Journ. Cincinnati Soc. Nat. Hist. voL vi, p. 150).
"On leaving the axial region the ,tubes rapidly thicken towards
the surface, the spiniform corallites being seen at frequent inter
vals piercing the corallum and intermingling with the ordinary
corallites. The spiniform corallites appear to originate in the axial
region of the corallum, as they may be seen in sections cut as
deeply as it is possible to make them without destroying the walls
of the tubes;'·
"It may be well here to enumerate the chief characters which
separate this species from the only two known to the writer, viz.:
Dekayella ulrioki, Nicholson, and D. obscura, Ulrich--both from
the Cincinnati Group of Ohio. From the former of these the pres
ent type may be distinguished as follows :-by its much more' ro
bust habit of growth, by the possession of monticules, and by the
much greater number of its tabulae and spiniform corallites. The
exceedingly small and delicate corallum of D. obscura, Ulrich,
would be sufficient alone to differentiate it from D. robusta, and
added to this the great development of the tabulae and spiniform
corallites in the latter make the distinction between the two forms
sufficiently clear. "-Foord, loco cit.
The internal characters of this species are substantially the
same as those of D. ulricki, and the same as may be seen in sim
ilar sections of the branches of the Dekayia subfrondosa de
scribed by me.
1.34C9, 10, 11, 13.
DTCRANOPORA EMACERATA (Nicholson).
Plate XXXII, figs. 13·13b.

Ptilodictya emar.crata Nicholson, 1875, Ann. Mag. Hist. 4th ser.,
XV, p. 179, pI. xiv, figs. 2-2b.
"Polyzoary consisting of minute, narrow, linear fronds, which
branch dichotomously, and have the form of a much flattened.
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acutely pointed ellipse in transverse section. Width one third of
a line; length of largest specimen observed, two linf)s. Cells
elliptical, their long axes corresponding with that of the branches,
about six or seven in the space of one line measured longitudinally.
There are four, five, or rarely six rows of cells in the frond. When
four rows of cells are present, two of these (in the centre) are
longitudinal, and one row on each side is composed of cells directed
in an obliquely ascending manner. When there are five rows, as is
most commonly the case, the three central ones are longitudinal
and the lateral row on each side is oblique. When there are six
rows. tWQ central ones are longitudinal and two on each side
oblique. The cell-mouths ar~ much longer than wide, and each
row is separated from the next by an elevated line. 'fhe lateral
margin of the frond on each side forms an obtuse non-cellulifer
ous edge,.· the width of which is so small that it can not always
be detected. A central axis was not clearly determined, but is
doubtless· present.
"The ollly previously recorded species of the genus to which
Ptilodictya emacerata presents any close resemblance is P. fragilis,
Billings, from strata of the same age in Anticosti (Oat. Sil. Foss.
of Anticosti, p. 9). Our species, however 1 is distinguished from
the latter by its uniformly more minute dimensions, the smaller
number of rows of cells in the frond, and the possession in gen
real of no more than a single row of cells on each side. P. f'l"a
g11is, on the other hand, has a width of from two-thirds of a line
to one line, with from eight to ten rows of cells, and two or three
rows of oblique marginal cells on each side. It is possible our
form is only a variety of P. fragilis; but in the absence of figures
of the latter, and in the face of the differences above mentioned, I
think it safest to regard P. emacerata as a distinct species."
Nicholoson, loe. cit.
This species is found in nearly every layer of the Liberty for
mation, in the Tanner's Oreek section and in other parts of the
Richmond and IJorraine.
1.34All, 12, 13b, 14, 16b, 17, 18, 19, 20, '21, 22, 23 ... . 1.41A4,
5, 6', B1, 3, 01, 2-3, D1, 2, 3, E2, 3, 5, 6, 7 .... 1.12Dl-6, E3, F3.
J<1RIDOTRYP A SnIUI,ATRIX Ulrich.
Plate XVI, figs.

4-~b;

Plate XXIX, figs. 5-5a.

Batostomella simulatrix Ulrich, 1890, Geol.Illinois, VIII, p. 432,
pt xxxv, figs. 1-lg.

"Zoarium dendroidal, throwing off cylindrical branches from
two to five mm. in diameter. Surface smooth, with clusters not at
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all or but slightly elevated, in which the interspaces between the
cells are wider and mesopores more numerous than elsewhere.
Zooecial tubes a little irregular in their course in the axial portion,
quite oblique in the peripheral zone where the walls become con
siderably thickened. Apertures of zooecia oval, owing to the ob
liquity of the tubes, about 0.2 mm. in their longer diameter and
about eight in twomm. measuring longitudinally. Zooecial tnbes
for a short distance after their origin rather closely tabulated,
afterwards the diaphragms become apout two tube diameters or
less apart. MesOpores moderately abundant, with rather close-set
diaphragms. Acanthopores very small.
"In the oval form of the cells, the numerous mesopores, the
frequent closure of the cell apertures by perforated opercular
structures, this species is remarkably like OaUopora sigillaroides
Nich., but its internal structure is altogether different. Internally
it can scarcely be distinguished from B. trentonensis Nich., from
the Trenton limestone @f Ontario, but the smaller size of this
species, and its rather more oval apertures and different horizon'
discriminate the form from that. "-Ulrich, loo. oit.
This species occurs chiefly near the top of the Waynesville
member of the Richmond. series, but also sparingly in the succeed
ing IJiberty formation.
1.34A8, 9, 10, 14a, 14b, 15a, 16a, 16b .... 1.12E3.
ESCHAROPORA

ACUMINA'I~A

(James).

Ptilodiotya acuminata James, 1875, Catalogue of Lower Silurian
Fossils of the Cincinnati group, p. 3.
"Polyzoary ensiform; transversely suboval; enlarging very
gradually upwards from the pointed base; two series of elevated
lines crossing each other ,diagonally on the upper part, but becom
ing almost Or quite parallel and close together as they near the
base, giving to the point' a solid appearance. Cells about eight in
the space of a line, meaSuring diagonally; rhomboidal or suboval
on the upper part, but ~ecome more and more elongated towards
the base and disappear ~ before reaching it. A longitudinal ele
vated line on each side where the diagonal lines meet; somewhat
carinate.
"Different examples vary in length from half an inch to more
than one inch, and in width, at the broadest part, from three
fourths of a line to one -and a half lines; in thickness Jrom one
>talf to one line.
"The surface of this species resembles P. faloiformis, Nicholson.
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but in otht\r respects it differs materially; P. falciformis is quite
flat, much larger, broader, and thinner, and generally, expands rap
idly from the point or base; some specimens are over four inches
long, from one-half to three-fourths of an inch wide and only
about half a line thick; the edges thin and sharp; exceptional
long narrow specimens of falciformis are found, but they are very
thin and frail. P. ac'uminata approaches in form to a compressed
cylinder, is quite convex, rounding to the carinated sides, and ex
pands very gradually from. the base.
"It bears some resemblance, also, to Phaen.opora ensiformis,
Hall, from the Clinton group of New York, but differs essentially
in the direction of the elevated lines and the nearly solid base."
James, loco cit.
This is probably a narrow and less robust variety of EsckMO
pora falciformis. E. acurninata is characteristic of the Eden for
mation and E. falciforrnis of the lower part of the Lorraine.
5.9A2.

Es~rL~ROPORA l<~.ALOIFORMIS

(Nicholson)'.'"

Plate XVI. figs. 5. 5a.

l'tilodictya lalciforrnis Nicholson, 1875, Ann. Mag. Nat. Bist., 4th
ser. XV, p. 177, pI. xiv, figs. I-lb.
"Polyzoary consisting of a single, unbranched, or slightly
branched, elongated, flattened and two-edged frond, the form of
which is curved or falciform, and which gradually expands from a
pointed base till it reaches a width of two lines within a distance
of less than half an inch above the base. The total length may
exceed two inches; but the width, in typical examples, rarely ex
ceeds two and a half lines. The transverse section is acutely ellip
tical, the thickness in the middle not exceeding half a line; and
the flat faces of the frond are very gently curved and not angu
lated. A central laminar axis, though often undemonstrable, can
sometimes be clearly shown to exist. The edges of the frond are
thin and sharp, formed by a narrow band, which is marked with
longitudinal or slightly oblique striae imd by the apertures of mi
nute imperfect cells. Both sides of the frond are celluliferous, the
cells being apparently perpendicular to the surface, and being ar
range!! in intersecting diagonal lines, which form angles of about
30° with the sides of the frond, and thus cut one another at about
60°. The mouths bf the cells are oval. or somewhat diamond
shaped, their long axis, coinciding with that of the frond, alter
nately placed in contiguous rows, about eight in the space of one
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line measured diagonally; the outermost rows very slightly smaller
than the others. Walls of the cells moderately thick; no surface
granulations" tubercles, spines, or elevated lines. The mouths of
the cells parallel with the general surface, neither lip being espe
cially prominent, and the plane of the aperture not being oblique.
"As a general rule the polyozoary is simple, unbranched, and
falciform. I have seen, 1;lowever, in the fine collection of Mr. Dyer,
of Cincinnati, some specimens in which the frond bifurcates ·at its
distal extremity, and at least one example in which it splits into
three divisions., I have also seen examples of what may probably
prove to be a distinct species, in which the frond is very much
wider than is normally the case.
"This beautiful speties is allied to Ptilodictya (Esckaropora)
recta, Hall, on the one hand, and to P. lanceolata, Goldf., P. gladi
ola, Billings, and P. sulcata, Billings, on the other hand. The
specimens from which the above description is taken were sent to
me with the label of Esckaropora recta attached to them; and at
first sight they certainly closely resemble this species, especially in
the disposition of the cells in intersecting diagonals of great regu
larity. It is certain, however, that they are distinct from Hall's
species--the chief differences consisting in the fact that the frond
of P. talcitonnis is greatly flattened, so that the transverse section
is acutely elliptical instead of being' cylindrical or subcylindrical ,:
whilst the edges are sharp and non-celluliferous, and the entire
frond is regularly curved and sabre-shaped instead of being'
straight. Hall states that E. sckaropora recta is not branched,
but possesses root-like processes. Judging, however, from his fig
ures, it would seem probable that his specimens have been drawn
and described in an inverted position, and that this form is in
reality dichotomously branched.
.
"From Ptilodictya lanceolata, Goldf. the present species is
readily distinguished, more especially by the disposition of the
cells, which are in regularly inte!secting diagonal lines; whereas
in the former there is a central series of longitudinally arranged .
cens, flanked on each side by diagoI\al rows directed like the barbs
of a feather.
"With Ptilodictya gladiola, Billings, our specics agrees in the
shape of the frond; but it is proportionally twice as wide, whilst
the cells are oval instead of being rectangular or oblong, and are
disposed in decussating dit.t.gonals instead of in longitudinal lines
as in the former.'
"Lastly, Ptilodictya sulcata, Billings, whilst resembling P. tal
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ciformis in shape, is distinguished by the nearly square cells with
intercellular sulci, and by the fact that the cells are arranged in
longitudinal lines. "-Nicholson, Zoc. cit.
5.9A41. ... 1.34013, 14a, 14b.
ESCHAROPORA PAVONIA (Milne-Edwards and Halme) not d'Orbigny.

.
Chaetetes pavonia Milne-Edwards and Haime, 1851, Monographie
Plate XVI, fig. 6; Plate XXIX, fig. 6 .

des Polypiers Fossiles des Terrains PilJaeozoiques, p. 267, pI.
xix, figs. 4, 4a.
"Polypier en lames frondescentes, epaisses seulement de 2 ou a
millimetres, a mamelons a peine saillants; larges et peu espaces.
Oalices polygonaux, souvent tetragonaux, ceux des mamelons plus
grands que les autres, et larges d 'un tiers de millimetre.
"SIIJURIEN (inferieur). Etats-Unis: Cincinnati (Ohio).
"ColI. d'Orbigny, de verneuiI."-Milne-Edwards and Haime,
loe. cit.
It seems impossible to believe that the form figured by Edwards
and Haime (loc. cit.) is the same species or even congeneric with
the type of Ptilodictya pavonia d 'Orbigny as recently figured in
the Annales de Paleontologie, Tome I, pI. IX (Paris, 1906), and
which proves to be the same as the common Peronopora decipiens
(Rominger). I have therefore, since the two forms fall in widely
. separated genera, concluded to retain the name Escharopora pa
vo·nia, crediting it to Edwards and Haime instead of to d 'Orbigny.
This involves the least change, and I believe there can be no doubt
as to the identity of Edwards and Haime's species. It will of
course be necessary to substitute Peronopora pavonia (d'Orb.) for
Feronopora decipiens (Rominger)'. Evidently the specimens in
the type lot of d 'Orbigny represent at least these two distinct
species and possibly more.
In order to supplement the meagre description of Edwards and
Haime I quote below the very full description of Nicholson:
"Spec. Char.--Corallum forming a thin -undulating expansion,
often of considerable extent, .and varying from half a line to about
two lines jn thickness.· The expansion grew in an erect position,
and it consists of two layers of corallites, which have their bases
fixed to a medium plane marked by a delicate undulating calcare
ous membrane, and which open on opposite sides of the corallum.
The corallites vary from a quarter of a line to a line in total length,
and though oblique at their origin, they almost immediately bend
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outwards, so as to opim nearly at right angles to the general sur
face, or with only Ii slight obliquity to it. The calices have the
form of elongated pentagons, with rounded angles, their long dia
meter being from 1-11Oth to 1-9Dth inch. Their size is tolerably
uniform, and there are no minute interstitial tubes. 'rhe calices are
often arranged in tolerably regular obliquely intersecting lines;
and the surface shows low rounded elevations, which are often-ob·
scurely marked, are arranged in diagonal rows at intervals Of from
a line to a line and a half, and are occ\lpied by calices which are
not conspicuously larger or smaller than the average. The walls
of the corallites are at first thin; but they rapidly become thick
ened, the lines of demarkation between adjacent tubes still remain
- ing recognizable. A few remote, complete, and horizontal tabulae
are developed in the interior of the tubes; but these are not recog
nizable in all the corallites, and are often placed at corresponding
levels in adjoining tubes.
"Obs.-:This beautiful species presents a considerable super
ficial resemblance to Ptilodictya, and has been referred to this
genus. It wants, however, the definitely circumscribed and pe
culiarly marked lateral margins of the fronds of this Polyzoan
type, and, what is more important, it is without the peculiarly stri
ated central lamina of the Ptilodictyae. - It is true that the bases
of the corallites in M. pavonia, I) 'Orb., [E. & H.] are so united
with one another as to give rise to an. irregular calcareous mem
brane, which separates the two halves of the coraUum; but none of
the specimens that I have seen exhibit any tendency to split along
the line of this membrane, nor can the corallites be forcibly re
moved from one side of it, exposing the median lamina as a definite
structure. In both _these respects the PtilodiCtyae would show
quite different phenomena. The reasons just gi~en would equally
prevent my accepting the view held by Mr. E. O. lirich that this
. form should be referred to Hete'fodictya, Nich., since this genus
differs from Ptilodictya principally in the poss3s'3ion of tabulae.
On the other hand, the general aspect of M. pavonia, D 'Orb., is not
at all remarkably ·different from' that of the thin fronds of M.
frondosa, D 'Orb., while it exhibits low 'monticules'; and there is
nothing in its internal structure which is irreconcilable with the
view that it is a -Montictllipnra. In the meanwhile, therefore, J
_ shall leave this type within the limits of the genus Monticulipora,
till more definite evidence may be forthcoming as to its proper po
sition.

[53]
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"SO far as external characters ~o, M, pavonia, D 'Orb., is easily
recognized by its thin undulated corallum, which carries on both
sides the sub-equal, oval, or pentagonal calices, these being often ar
ranged in decUssating lines, and eleva.ted at intervals into low and
incOnSI)icuousmonticules. As regards its internal structure, we
have seen that the corallites are bilaterally disposed on the two
sides of a central plane, as is·shown by vertical sections taken at
right angles to the flat surfaces of the corallum. All the corallites
are of the same kind, apP.I"oximately equal, and averaging 1-10Oth
inch in diameter. At first thin-walled, they rapidly have their
cavities contracted by a secondary deposit of sclerenchyma. When
viewed in tangential sections the visceral chambers of the corallites
thus appear to be oval; but the original independence of the coral
lites is shown by the persistence of .the pentagonal boundary lines
between adjoining tubes, occupying the middle line of the thick
ened wall. In these sections the visceral chambers are sometimes
encroached upon by a single· blunt tooth-like projection on one
side; but I can give no precise explanation of this phenomenon.
There is no appearance of any interstitial series of tubes between
the ordinary corallites, nor are any 'spiniform corallites' present.
Tabulae, as seen in long sections, are few in number, sometimes ap
parently wanting, but, when developed, alwa.ys complete and hOl'i
zontal, and often placed at the same level in adjoining tubes, and
thus marking stages of growth.,"-Nicholson, Genus Monticulipora,
pp. 195-198, 1881.
To this description should be appended the remarks of Ulrich in
regard to the systematic position of the species. After quoting
Nicholson to the effect that the form in question lacks the striat.pd
margin of Ptilodictya .and is without the peculiarly striated central
lamina of that genus Mr. Ulrich says:
"The first character .. .. .. is, of course, not developed
along the growing margin of the fronds, but in all specimens pre
serving the' articulating process', the non-poriferous margin may
he traced along the edges of the lower portion of the frond. .. .. ..
Judging from the above quotation, it· would appear that Dr.
Nicholson has entirely misconceived the character of the median
laminae of the Ptilodictyonidae. If I understand him correctly, he
believes that the axis is constituted by a definite structure from
which the two layers of cells may be striped. This impression is
manifestly erroneous, nor do I know of a ,single double-l~aved Bryo
zoan in 'which such a structure may be demonstrated. In Ptilo
dictya the facts are, simply, that we have two layers of cells which

•
.altYOZO.A.-DEsclUPTION OF SP.E:m.E:s.

/335

are grown together back to back by the adhesion of the epithecal
laminae of each ls)'er. • • ·"-Ulrich, Jour. Cin. Soc. Nat.
Rist. V, p. 164.
The species has since been referred by ffirich to the genus
Esckaropora"', a genus very nearly related to PtiZodictya.
Since Esckaropora 1!avonia (E. & fl.) is an llIldoubted Bryo
zoan, it serves to emphasize the difficulty of Nicholson's pOsition in
contending that the MonUculiporidae (in the broad sense of older
authors) belong to the Corals: for Nicholson referred the form, as
will be noted from the above description, to the genus Monticu
lipora.
This species characterizes the lower part of the Lorraine.
1.34014a, 13 .... 1.38Ba, b.
FElNESTELLA GRANULOSA Whitfield.
-Plate XXIX, figs. 7, 7a.

F enestella granulosa Whitfield, 18 i 7, Annual Rcport of the Wis
consin Geological Survey for the year 1877, p. 68. (Not fig
ured.)


"Bryozoum, growing in small fan-shaped or funnel-formed
fronds, which rise from a root-like base, by which they have been
attached to foreign substances. Longitudinal rays slender, rather
closely arranged, and frequentfy bifurcated; giving to the lower
part of the frond a somewhat irregular mode of growth, but be
coming more regular above. From three to four of the rays may
be counted in the space of one millimetre, in the upper part, but
seldom more than three in the lower. Fenestrules subquadrangu- 
lar, longer than wide, but extremely variable in size and form,
and about as wide as the diameter of the rays. Pores small, slight
ly oval, scarcely exsert' generally four to each fenestrule, one of
which is situated at the junction of the transverse dissepiment;
rays carinate between the pores; dissepiments narrower than the
rays. Non-poriferou~ surface of the rays convex, distinctly but -'
very minutely gra;n.ulose, the granules closely and irregularly ar
ranged, sometimes numbe~ing as many as six in the width of the
ray opposite the fenestrule."-Whitfield, loco cit.
This is interesting as the oldest form- of a type of Bryozoan
structure that became predominant in the later Paleozoic. It does
not seem to me probable that the various species referred to the
genus PkyZkiporina have any ancestral relation to FenesteZla.
*Geol. Nat. Bist. Surv. Minnesota,

~II,

pt. I, p. 167.
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Some of them may bear some such relation to PoZypora. I should
be inclined to look for the ancestors of Fenestella in such forms as
Artkroclema and related genera.
Fenestella cannot be said to be a common sp~cies at any horizon,
although at one level in the Liberty formation I have .seen quite a
number of specimens of it.
1.34:A12, 13a, 16b .... 1.41A9, D2, C2-3.... 1.12DI-6.
GRAP'l'ODIOTYA PEmJLEGANS Ulrich.
Plate XXIX, fig. 8.

Ptilodictya perelegans Ulrich, 1378, Jour. Cin. Soc. Nat. Hist., Vol.
I, p. D4., pI. iv, figs. 16, 16a.
"Polyzoary frequently and alternately branched, sharp edged,
the branches 'being acutely elliptical in cross section, about one
quarter of a line in thickness centraJIy, and one and a quarter line
wide. Cells covering the surface on both sides, with the exception
of a rather broad non-celluliferous border lining the branches .. Thl'
bases of the cells on the two aspects of the frond are separated by a
thin laminar axis.. Cell-mouths circnlar, with a conspicuously ele
vated rim, arranged in transverse rows, as well as in very regular
intersecting diagonal lines, which :form an angle of about thirty de
gress with the sides of the branches; about seven cells in the space
of one line measuring hoth longitudinally and transversely.
"Intertubular spaces quite as wide as the cell-openings, and or
namented, when perfectly preserved, by slightly raised and flexu
ous lines. The non-poriferous border occupies, on each side, about
one seventh of the entire width of a branch, and is marked with
very fine, and but slightly waved striae, the direction of which
forms an angle of about fifteen degrees with the margin of the
branches.
"This beautiful species is allied to P. (Stictopora) elegantula,
of Hall, bnt that species does not branch so frequently, has the
. cell-months val, [oval?] and larger, while the intertubular species
[spaces Y] are thinner than they are in this species; the direction
of the striae on.the non-poriferous margi.n of HaJI's species, forms
a much larger angle with the edge of the branch than it does in P.
pereZegans; "-Ulrich, Zoe. cit.
J.34A8,

BllYOZOA-DESGRIPTION OF SPECIES.
.

HEI,oponA

.

ELEGA~S

837

Ulrich.

Plate XXIX, fig. 9.

H elopora elegans Ulrich, 1893, Geol. Nat. Rist. Surv., Minnesota,
p. 194, fig. 11.
"Segments sma.ll, subcylindrical, obtusely hexa.gonal in cross
sections, about 3.0 mm. long and 0.3 mID. in diameter j upper ex
tremity truncate, the lower rounded and tapering slightly.. Zooecia
in six longitudinal ranges, their apertures narrow-elliptical, slight
l;r depressed in front, their length apart, arranged alternately in
adjoining rows. Entire surface beautifully grano-striate, the striae
flexuous, forming connected peristomes, with a short row of gra~
ules between the ends of the apertures and a continuous row at
each angle of the segment. The latter winds itself between the
zooecial apertures so as to arrange them into longitudinal series,
with seven or eight in the length of the segment.
"Of all the species known to me H. aUernata seems to be the
nearest to this. The. differences between them are however too ob
vious to require pointing out. lI.harrisi occurs in the same beds,
b:ut its segments are longer and more slender; its zooecia smaller,
and the surface marking quite different. "-Ulrich, loco cit.
1.34A12 .... 1.41A4, D2.
HELOPORA HARRISI James.
Plate XXIX, figs. 10-10b.

Heloro/'a hart'isi James, 1883, The Paleontologist, No.7, p. 58, pI.
ii, figs. 3, 3a.
"The numerous well defined sections of this species, lying upon
and embedded in the surface of a small slab of limestone, examined
for this description, consist of delica.te stems, with generally it
single row of much elongated oval cells, on the exposM face, but
occa.sionally~ldom-two rows are shown; the number of 1'0ws of
cells on anyone section undetermined, two at least, and may be
three or four on some or all specimens j the difficulty in ascertain
ing this point definitely is in not being able to obtain detached ex
amples, owing to the extr.eme delicacy of the stems; in removing
them from the slab they crumble into small particles. The frag
ments or sections of branches are from one to two lines in length,
and from I-8th to I-10th of a line in breadth, with about 6 of the
oval elongated cell apertures to one line. Sides of the specimens
drawn together at the ends of apertures, giving them a chain-like
appearance, resembling, somewhat, a transverse section of a single.
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row of tubes of Halysites; so~etimes this feature is less pro
nounced than in most cases, the sides then being nearly parallel,
and not drawn in or but sli~htly so. Occasionally the sections show
swollen terminations. They are, no doubt parts or joints (1) of a
Polyzoary of considerable size, as indicated by the profusion of
fragments on both sides of the slab about 4x4~ inches.
"Exceedingly fine longitudinal lines may be seen on the general
surface, with a good lens.
"This species differs from H elopora tewuis [Arthrostylu.s
tenuis], James, in the elongated instead of ~ircular cell apertures,
the constrictions between the cells, and the absence 'of a striated
ntmporiferous face as shown on one side of that species; also in
the larger size of the stems; "-James, loco cit.
The above description is incorrect in a number of details. I
quote therefore parts of the excellent description by Ulrich (Gaol.
Minnesota, III, 1893, p. 195):
"Segments .. .. .. hexagonal in cross section; upper ex
tremity slightly expanded, conical or pyramidal, with the angles
prominent, the lower end striated, tapering, obtusely pointed or
slightly bulbous; between the ends the sides are nearly parallel.
Zooecia in six: longitudinal ranges, their apertures small, narrow
elliptical, often drawn out anterior:ly, their margins thickened,
about twice their length apart, with seven (usually) on each of the
six faces. Peristomes connected lengthwise, their sides being co
incident or merged into the moderately developed ridges formmg
the angles of the segment. The latter are nearly always straight.
Interspaces between the ends of the zooecial apertures occupied by
a low rounded ridge, rising and spreading at each end into the peri
stomes. The best preserved examples exhibit a row of exceedingly
~inute papilae on the peristomes and angle-ridges."
Reported from various Indiana localities by Ulrich.
HOMOTUYPA AUS'l'INI Bassler.
Plate XVi, figs. 7-7b; Plate XXIX, figs. 11, lIs..

Homotrypa austini Bassler, 1903, Proo. U. S. National Museqm,
. XXVI, p. 584, pI. xxiv, figs. 5-9.
"The branches of this neat species are small, cylindrical, 4tQ 8
mm. in diameter, and divide rather frequently. Surface smQqth.
Zooecia small, polygonal to rounded, thick walled, nine ,to ten· 2
mm. Acanthopores numerous, four or more often surround:in,.g a
zooecium and generally Visible at the surface as blunt spil;{es.

m
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Mesopores, except an occasional one in the maculae, wanting. The
zooecia in the axial region are without diaphragms and have thin,
crinkled walls, the greatest amount of crinkling occurring just be
fore the peripheral region is reached. As a rule, both cystiphragms
and diaphragms are absent in the peripheral region of the ordi
nary zooecia, but in those of the maculae there is an abundance of
the former.
"This species is named after its discoverer, Dr. George M.
Alistin, of Wilmington, Ohio, who, notwithstanding arduous pro;
fes£iional duties, finds time for enthusiastically c.Ollecting and study
ing the fossils of that region. "-Bassler, loc: cit.
.To this species I have referred a number of specimens· having
smhU smooth zoaria and an almost total absence of Cystiphragms
or diaphragms. These depart in certain particulars from the typ
ical H. austini~ as described by Bassler, but I am not at present
prepared to make any other disposition of them.
. 1.34A16, 19-21 .... 1.41D1, 2, E1, C1 .... 1.12E3.
HOMOTRYPA COMMUNIS Bassler.
Plate XVII, figs. 1-1d; Plate XXIX, fig. 12.

Homotrypa communis Bassler, 1903, Proc. U. S. National Museum,
XXVI, p. 581, pI. xxiii, figs. 1-4.
"Zoarium of subcylindrical or more commonly compressed
br~Uches from 5 to 10 cm. high and 4 to 8 mm. in thickness. Sur
face smooth, with clusters composed of larger cells and mesopores.
Apertures direct, polygonal, rather thick-walled, with about nine in
2 rhino Acanthopores seldom seen on the surface, but sections show
a ,(ooecium to be surrounded by from four to seven. Walls thin
and crinkled in the axial region, much thickened in the peripheral.
Diaphragms wanting in both regions. Cystiphragms few, gener
ally restricted to the region transitional to the mature condition.
"Externally this species sometimes resembles H. curvata, but
intE!rnally is very different: The only associated' form with w:Q.ich
it blight be confounded is Bythopora meeki. '(James), which often
bears a superficial resemblance. Sections show the two species to
be very distinct. "-Bassler, Zoc. cit.
1.34All, 12, 13a, 14a, 14b.
HOMOTRYPACONS1'ELLARIFORMIS n. sp.
Plate XVII. figs, 2-2b.

The 'zoaria of this interesting species are small, subcylindrical,
to c;rlindrical 1 smootll, stem/? with star-shaped Ip'oups of mesopores l
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giving to the surface much the appearance of Oonstellaria limitaris,
but with the mesopores much less numerous and less regularly ar
ranged. The mesopores sometimes run out from the center of the
macula iu chains betweeu which are peculiar. sinuous channels, un
-.like anything known to me in any other species of the Treposto
mata. In some cases the maculae seem to be entirely composed of
these peculiar channels. This feature gives to the surface a most
extraordinary and beautiful appearance. In tangential sections
the maculae are seen to be composed entirely of small mesop<1l'es
and the chain-like arrangement is also apparent here. The ordi
nary zooecia are fairly thin-walled, about as in H. flabellaris, and
are usually occupied by the cut edges of cystiphragms. Acantho
pores are few and of small size. Mesopores are few or lacking out
side of the maculae. In longitudinal sections are seen numerous
well developed cystiphragIllB and diaphragms in the mature region
and an occasional diaphragm in the immature region, the zooecia
curve gradually into the mature region and emerge at right angles
to the surface. In the specimen figured the mature region has been
duplicated by overgrowth. This does _not seem to be a general
character of the species.
'fhe majority of the s~:ecimens were obtained from the base of
the Whitewater division in the' railroad cut north of Weisburg Sta
tion, and loose from th3 top of the first cut south of the station. A
single specimen was found in the "upper fossil bed" at Versailles
(Whitewater) .
HOMO:'RYPA CURVA'rA Ulrich,
Plate

xvn,

figs. g·3b; Plate XXIX, fig. 18.

Homotrypa curvata Ulrich, 1882, Jour. Cin. Soc. Nat. Hist., V,
p. 242, pI. x, figs. 7-7d:
"Zoariunl ramose, consisting of compressed, often greatly flat
tened branches. An average specimen hafl a height of over two
inches, a width of about seven tenths of an ~nch, and a thickness of
two tenths of an inch. .The most conspiclious feature of the sur
face is found in the small, stellate macul~e, which, under a low
magnifying power, app~ar to be solid, but,as is shown by a higher
power, are composed of very shallow, and angular, small cells.
These maculae are on a level with the general surface, and occur
at intervals of about .11 of an inch, measuring from center to
center. The ordinary cells. are usually rounded, though sometimes
slighUy angular, have moderately thick walls, with"a diamewr
varying from 1/140th to 1j130th of an inch. The cells immediately
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sUI'rounding the stellate maculae are larger, and may attain a di
ameter of 1/90th of an inch. When the specimen examined is in a
good state of preservation, the surface spint-'S (spiniform tubuli)
may be detected. They never constitute a conspicuous feature of
the surface.
"'fangential.sectious show that the tubes in the outer or 'rua
ture' portion of the zoarium have thickened walls, more or less
rounded visceral cavities,. and that they are apparently completely
amalgamated with one another.. The walls, between the narrow
lucid ring which surrounds each of the tubes, has a peculiar granu
lar structure, and is crossed by the eonnecting foramina, of which
my sections show three or four to enter each tube. The spiniform
tubuli are numerous, of moderate size, and have the usual appear
ance. In longitudinal 01' vertical sections the tubes iu the axial re
gion have excessively thin, and slightly flexuous walls, and are
crossed by diaphragms at distances apart of from one to two tube
diameters. .As they bend outward into the peripheral region, their
walls are much thickened, the diaphragms occur,at shorter intervals
(one-third to one-half. a tube-diameter) , and correspondingly
crowded series of cystoid diaphragms are developed in nearly all
the tubes. Lastly, the spiniform tubuli may be recognized.
"In transverse sections the tubes are polygonal, the walls exces
sively thin, and the calcite filling them is divided by irregular cruc
iform lines, that often are so distinct as to cause the observer some
trouble to exactly determine the outlines of the tube walls. (Tl),\"
same feature occurs in many other species of the Monticulipor
idae.) "-Ulrich, loc. cit.
1.33A3 . ... 1.34All, 013, 14a .... 1.38Ba.
HOMOTRYPA CURVATA var. PRAECIPTA Bassler.
Plate XVIII, fig. 4; Plate XXX, fig". 7, 711.

Honwtrypa curvata var. praecipta Bassler. 1903, Proc. U. S. Na
tional Museum, XXVI, p. 575, pI. xxiii, fig. 15.
"This varietal name is proposed for the only H omotrypa known
in the Utica. It has the internalcharactel'S of H. cut'vata, but dif
fers in the growth of the zoarium. Its branches are cylinddcal;
smooth, about 6 mm. in diameter, and divide at short intervals,
while the zoarium of H. CUf'vata takes the form of broad, com
pressed branches, dividing .at less frequent intervals. Thin sec
tions show that the Utica form generally exhibits more acantho
pores, but the number of acanthopores varies slightly in every
species. "-Bassler, ,loco cit.
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'l'his form was first noted by the writer in 1902· as occurring
in the upper Utica; and is reported by Bassler (loo. oit.) from the
middle Utica. It also occurs in the lower Lorraine.·

1.34CI3.
HOMOTRYPA CYLINDRICA Bassler.
Plate XVII, figs. 4, 4a; Plate XXIX, fig. 14.

Ilomotrypa oylindrioa Bassler, 1903, Proc. U. S. National Museum,
XXVI, p. 585, pI. xxii, figs. 8-J3.
"Zoarium ramose, branches long, cylindrical, from 4 to 15 mm.
in diameter, dividing dichommoualy at intervals of from 3 to 4 cm.
Surface varying from smooth to tuberculated, the maculae or mon
ticules generally somewhat transversely elongated. Zooecial aper
tures thick walled, usually angular, direct, about nine in 2 rom.
Mesopores few, seldom occurring outside of the clusters. Only
well-preserved examples show at the surface the numerous and
very large acanthopores characteristic of the species. The walls of
the zooecia in the axial region are thin and but little crenulated,
but in the mature 'region -they become so thickened as to almost
equal in breadth the diameter of the zooeciai cavity. Cystiphragms
well developed. Diaphragms very few, if present at all, the struc
tures simulating th~m probably being large cystipbragms.
"The large and numerous acanthopores and the thickness and
minute structure of the walls give a very characteristic, even bi
zarre, appearance to tangential sections. The number of acantho
pores varies, the normal number being four to five when they are
large to five to nine smaller ones around a zooecium. In vertical
sections the acanthopores are seen not only to proceed directly to
the surface parallel with· the zooecial walls, but they also some
times cross them obliquely."-Bassler, Zoc. cit.
1.41A7, 8, D3, E3,4, 5....1.12F3.
HOMOTRYPA DAWSONI (Nicholson).
Plate XVII, figs. 5, 51.; Plate XXX, tIg. 1

MonticuZipora (Heterotrypa) dawsoni Nicholson, 1881, Genus Mon
ticulipora, p. 141, pI. v, figs. 3-'3f.
"Spec. char.-Corallum having the form of an undulated ex
pansion, of unknown .size, and about two lines in thickness. Sur
face covered with numerous close-set prominent monticules, which
are marked1y elongated, are placed about a line, or less, apart, and
are occupied by corallites which do not differ conspicuouStv in
.Cumlngs, American Geologist, XXIX, p. 215, foot note.

BRYOZOA-DESCRIPTION OF SPECIES.

843

size from those forming the mass of the corallum. Calices poly
gonal, thin-walled, about I-90th inch in diameter, without auy
regular series of small apertures, but occasionally exhibiting at
their angles of junction a minute circular. opening. Normal coral
lites sub-equal, polygonal, at first thin-walled, but becoming slight
ly thickened as they approach the surface. In the center of the
flattened corallum they are furnished with delicate, wavy, or 
crimped walls, and are vertical in direction, being in this part of
their course entirely free from tabulae. They then gradually bend.
outwards, with a very slight inclination, their walls becoming at the
same time thickened, and a moderate number of complete horizon
tal tabulae being. deveJoped.
"In addition to thenormal'corallites (which are mostly of one
kind) there are numercus thick-walled, circular tubuli ('spiniform
corallites') developed at the angles of junction of the former, or i~
the thickness of their w.alls.
"Obs.-In its general form, mode of growth, aud external ap
pearance, this species might perfectly well pass as an example of
either M. mammulata, D'Orb., or M. molesta, Nich. The only All
perficial characters which would lead to its separation are, that the
normal calices are not intermingled with a series of smaller aper
tures, and that the prominent monticules are certainly more elon
gated and compressed than is usual in examples of the above. In
its internal structure, however, M. Dawsoni is fundamentally dif
ferent from either M. mammulata, D 'Orb., or M. molesta, Nich.,
and exhibits a quite peculiar assemblage of characters.
"In tangential sections the corallum is seen to be composed al
most wholly of one series of normal corallites, which are similar in
internal structure, and appr{)ximately equal in point of size. Near
to the surface, the walls of these corallites are moderately thick
ened, though the lines of demarkation between adjoining tubes are
not obliterated; and they are uniformly polygonal in shape. Only
an occasional interstitial c~rallite, properly socalled, i~ present;
. but there are numerous minute, circular, thick-walled, darkly-out
lined tubuli ('spiniform corallites'), the apertures of which upon
the surface-may occasionally be detected. So far as can be made
out, the corallites of the monticules are in no imp{)rtant respect dif
ferent frDm those making up the bulk of the corallum; though this
point is one difficult to settle absolutely, as a tangential section
necessarily cuts the tubes of the monticules at a lower level than it
intersects those of the corallum generally, and therefore exhibits
the former at a point where their walls are relatively thinner.
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, 'Vertical sections taken at right angles to the plane of the
frond, show that the precise arrangement of the tubes differs from
what is observable in M. frondosa D 'Orb., on the one hand, and in
M. mammulata, D'Orb., and M. molesta, Nich., on the other hand.
In M. frondosa, D 'Orb., the corallites of the two .sides of the colony
spring from the opposite sides of a more ot: less complete calcareous
lamina, which occupies the mesial plane of the colony, and which is
seen in a still more perfect form in M. pavonia, D 'Orb, In M.
mammulata D 'Orb., and M. molesta, Nich., again, the cOl'allites of
the two halves of the corallum have their origin in an apparently
irregular mesial mass of cellular tissue, formed by the bases of Lhe
tubes, and there is no sign of any central lamina. In the present
species no central lamina exists, but the tubes are quite vertical in
the middle line of the frond, each bending outwards, with a very
gradual inclination to reach the surface on one side or the oth:"l'.
In the vertical portion of. their course, tb.e corallites are thin
walled, and their walls are wavY or are sharply undulated from
side to side, and I have not been able to detect aI).y tabulae in this
region. In the outer part of their course, on the other hand, the
walls are somewhat thickened, while a moderate number of tabulae
are now developed. There is mostly no difference observable in the
tabulation of the cora.llites, though here and there a small-sized
tube with close-set tabulae may be detected; and the tabulae are in
all cases complete and approximately horizontal.
"The only two species of Monticulipora, known to me, with
which the present form could be confounded, are M. mammulata,
D 'Orb., and M. molesta, Nich.; and the differences in its minute
structure, as above described, are so marked as to render it un
ne~essary to compare it in detail with either of these types.
It is to be remembered that the Montwulipora mammulata of
Nicholson is the Dekq,yia fro~,dosa of the present paper, and that
M. frond~sa mentioned in the abovediseussion is the form now
known as Peronopora decipiens, or Peronopora pavonia as it should
now be called.
Nicholson failed. to discover the really important characteristic
of his Monticulipora dawsoni, namely the presence of cystiphragms.
This jmportant feature was pointed out by IDrich in 1882· with
the suggest jon that Nicholson's section probably was prepared from
a portion of a frond not fully matured. Basslert ha$ recently pllh
Iished very good figures of a tangential and longitudinal section of
-Ulrich, Jour. Cin. Soc. Nat. Hist.,. v, pp. 241, 242.
tBassler, Proc. U. S. National Museum. XXVI, p. fiBl, pI. XXV, figs. 9, 10.
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the species. These with the present illustrations will serve, in con
nection with Nicholson's very full description, to indicate the form
and internal characters of this rather rare species.
1.41E6, and from the Waynesville formation near Brookville,
Indiana.

,

HOMO'.rRYPA FLABELLARIS Ulrich.
Plate XVIII, figs. 1-1b; Plate XXX, fig. 2.

Homotrypa flabellaris illrich, 1890, Geol. Illinois, VIII, p. 411, pI.
xxxii, figs. 3-3c.
"Zoarium consisting typically of fan-shaped fronds; an almost
perfect speeimen gives the following measurements: width 45 mm.,
height 50 mm., thickness 5 rum. Surface smooth, with obscure
maculae about four mm. apart, measuring from center to center.
Peripheral portion of zoarium narrow. Walls of zooecial tubes
flexuous or crenulated in the axial re~on, and very thin even in the
cortical region. Zooeeia apertures angular, slightly oblique, from
eight to ten in two mm., those in the maculae from a third to a
half larger than the average. Mesopores few, gathered into clus
ters in the maculae. Zooecial tubes provided with a few remote
straight diaphragms in the axial region. Diaphragmsmoderately
numerous in the mesopores. Cystiphragms form a short series in
each tube. Acanthopores few, very smalL
"A very close variety occurs in the upper beds of the Cincin
nati group, at Blanchester, Ohio, which has the maculae a little
more pronounced, and a tendency to a ramose growth. The thin
walls and flabellate growth distinguish H. flabellaris from the hitJl
erto described species of the genus. "-Ulrich, loco cit.
In the majority of well matured specimens from Indiana locali
ties, seen by me, the mature region is fairly deep, with well df:
veloped series both of cystiphragms· and jiiaphragms. 'l'he walls
are rather thin, even in the mature region, and acanthopores are
moderately weH developed. 'fhe most characteristic· surface fea
ture is the maculae. of larger z006cia, among which a considerable
number of mesopores are distributed, often radiating out from the
center of the macula, 'so as to give the latter a somewhat star-like
appearance. Sonie of the specimens in the writer's colleetion have
low, rounded monticules. The latter are not as conspicuous as in
the variety, frondosa. The typical H. flabellaris is an abundant
fossil in the middle members of the Richmond series.
1.34A12, 13a, 14a, 14b .... 1.41A2, 6, 7, 8, B1, D1, 3, El, 2,
3,4,6.
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HOMOTRYPA FLABELLARIS var. FRONDOSA Cumings.
Plate XVIII, fig!!. 3-3b; Plate XXX, fig. 3.

lIomotrypa ff'Ondosa (Ed~ards & Haime) Cumings, 1902, Ameri
can Geologist, XXIX, p. 208, pI. X, figs. 11, 12; pl.xi, figs. 2, 5;
pI. xii, fig. 1.
"Zoarium frondescent, wavy, 4 to 6 mm. thick and 30 to 50 mID.
or more in width. The surface is studded with large rounded stel
late monticules which are sometimes slightly elongated in the axial
direction of the frond. Monticules usually well elevated, nevel"
conical, somewhat spreading at the base. On an average, nine oc
'cupy a space of one square centimeter. They are 2 mm., to 2.5
mm. in diameter, and occupied by cells larger than the average.
Ordinary cells very uniform in size, 0.2 mm. in diameter; the di
ameter of the large cells in the monticules is frequentiy as much as
one-third mm. Fifty cells of the ordinary size may be counted in
one cm. An occasional mesopore may be detected at the angles of
the zooecia.
"The internal structure of this species is that of a typical
Homotrypa (cf. H. curvata). In tangential sections, taken near
the surface, the cells are thick-wailed, with distinct true walls, and
copious deposit of selerenchyma. The large cells of the monticules
are a conspicuous feature of such sections. Only an occasional
acanthopore can be detected.
.
"Lougitudinal seeti.ons show that the zooecial walls in the axial
region are thin, slightly wavy, and that diaphragms are here lack
ing. In the mature region the walls become greatly thickened, the
true walls being seen as a double dark median line. A series of
overlapping cystiphragms is present in practically every tube, and
horizontal diaphragms in moderate number cross from the backs of
the cystiphragms to the opposite wall. The cystiphragms are usu
ally of the coneave but ·are .occasionally on the convex side' of the
wall. In fig. 12, PI. X. [of the above paper], a very large zooecium
is shown at a and a splitting of the interzooecial wall at b, which
may very well produce on the surface the effect of lines radiating
from the apices of the monticules; causing them to appear stellate. "
:.....Cumings, loco cit.
As will be seen under the discussion of Dekayia frondosa (q. v.)
this is not the Monticulipora frondosa of d'Orbigny, as the writer
thought at the time the above description was written. This fact
only goes to show the utter impossibility of making a satisfactory
identification of species of Trepostomata on the basis of external
characters alone.
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Horrtotrypa frondosa is very close to H. fiabellaris- and ought to
stand as a variety of that well known species. Its well developed
monticules and almost total absence of acanthopores are sufficient
to distinguish it.
1.34B4-5.
HOMOTRYPA FLABELLARIS var. SPINIFERA Bassler.
Plate XVIII, fig. 2.

Homotrypa fitibellaris var. spinifera Bassler, 1903, Proc. U. S. Na
tional Museum, XXVI, p. 580, pI. xxi, figs. 11-15.
This variety agrees with H. fiabellaris in all essential characters
save one, namely, that at rather regular intervals among the zooecia
very large acanthoporesare developed, the place or a zooecium
often being occupied by one. This gives'the otherwise smooth sur·
face of the zoarium a spiny aspect. The acantbopores often origi.
nate in the axial region and proceed to the surface irrespective 411'
the course of the zooecia. "-Bassler, we. cit.
1.41A6, 8, -E1, 3, 6, 7, D3.
HOMOTRYPA NICKLES! Basslel'.
Plate XVIII, figs. 6, 60,; Plate XXX, fig. 4.

Homotrypa nicklesi Bassler, 1903, Proc. U. S. ~ational j\luseufl1,
XXVI, p. 586, pI. xxii, figs. 4-7.
"In growth and external features this Sl';)l!i<.!8 r!)Semhles H. (om
munis, but is readily distinguished by the less rubust' growth and
the tendency to branch more frequently. The internal structure
further distinguishes the two, since H. nicklesi is of the H. curvata
group, while H. communis is of the group to which it gives its
name. Surface smooth, with regularly disposed maculae of larger
cells and mesopores. Zooecia with moderately thick walls, about
nine in 2 mm. Acanthopores not present at the surface and usual
lyalso absent in sections. Diaphragms absent in the axial region,
appearing in the transitional zone to the peripheral region and in
creasing in number toward the surface. Cystiphragms in a llloder
ately crowded series in the peripheral region.
The well-developed diaphragms and cystiphragms and the al
most complete absence of acanthopores, together with the growth
and surface features, characterize this species. The specific name
is in honor of l\1r. John,M. Nickles, who collected the species."
Bassler, loe. cit.
1.41E3.
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HOMOTRYPA NElDA Bassler,'
Plate XVIII, figs. 5, 5a; I'late XXX, figs. 0, oa.

Hmnot"ypa nitida Bassler, 1903, Proc. U. S. National Museum,
XXVI, p. 586, pl. XXV, figs. 5-8; pl. XX, fig. 15.
"Zoarium of small frequently branching, more or less cylin
drical stems, usually 4 or :5 mm, in diameter. Surface smooth.
Maculae large, composed of zooecia, which are often twice the di
ameter of the ordinary cells; 10 zo~cia in 2 mm. DiaphragIUS few
. in the axial region, not very abundant in the peripheral region,
where also the cystiphragms are large but not abundant. Acantho
pores small, few, usually wanting.
"This species is closely .related to H. gelasinosa, and may be
only a variety of that form. The larger maculae and ac:anthopores
and flabellate growth of the latter aredeeroed of sufficient value to
distinguish it from H. nitida."-Bassler, loco cit.
Reported by Bas."ller from the Richmond formation, near Os
good, Indiana.
HOMOTRYPA OBLIQ:UA Ulrich.
Plate XIX, figs•. 1-lb; Plate XXX, fig. 6.

Homotrypa obliqua Ulrich, 1882, Jour. Cin. Soc. Nat. Hist., V, p.
243, pI. x, figs. 6, 6b.
, 'Zoaiium ramose, branches cylindrical or compressed, from two
to four-tenths of an inch in thickness. Typically the surface is
covered by J:ather prominent and closely arranged monticules, the
summits of which carry cells with thicker walls than the average.
1'he monticules are not a constant feature in this species, examples
with an almost entirely smooth surface being of frequent occur
rence. The ordinary cells are polygonal, have rather thin walls,
more or less oblique apertures, and a diameter varying from
1/120th to 1I11Oth of an inch. In the axial region the tubes are
thin-walled, polygonal, subequal, without uiaphragIUS, and almost
vertical in direction, as they pass into the peripheral region, bend~
ing outward very gradually, their walls become thickened, and a
moderate number of both straight and cystoid diaphragIUS are de
veloped. The tubes appear to be of one kind oilly. Tangential sec
tions show, often in a very distinct manner, the connecting fora
mina, and a structure of the. tube walls precisely similar to that of
H. curvata. The spiniform tubuli: are small, and more or less nu
merous, but never conspicuous, and developed at the angles of junc
tion of the cells, or in the substance of their walls.
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, 'In its typical form this species may be readily distinguished
from the preceding by its tuberculated surface. The more nearly
smooth examples can be distinguished by the thicker cell walls, stel
late maculae, and the much more flattened branches of H. curv
ata.' '-Ulrich, Zoc. cit.
i.33A3 .... 1.3iBl-3, 014 .... 1.38Ba-h.
HOMOTRYPA RAMULOSA Bassler.
Plate XIX, figs. 2·2b; -Plate XXX, fig. 8.

Homotrypa ram'ulosa Bassler, 1903, Proc. U. S. National Museum,
XXVI, p. 585, pI. xxv, figs. 1-4.
"Zoarium consisting of subcylindrical or somewhat compressed
stems from whiclt branches proceed frequently and without regu
larity; an average example is 8 cm. high and 8 to 12 mID. in thick
ness. Surface with low broad monticules, the center of each usu
ally occupied by a star-like cluster composed of mesopores only and
surrounded by cells slightly larger than· the average. Apertures
polygonal, direct, ten to eleven, in 2 mm. Mesopores restricted al
most entirely to the clusters. Acanthopores few and rather small,
although now and then one of large size may be present, and these
in vertical sections have thin transverse partitions. Diaphragms
are developed in the zooecial tuoos as the peripheral region is ap
proached and are quite numerous near the surface. _ Cystiphragm!4
of rather small size line the tubes as usual in the peripheral region;'
in a tangential section they appear much less curved than is gener
ally the case, sometimes showing as a straight line across the cell
, cavity.
"'I'he small cells and much branched growth externally, and the
strong development of both diaphr.agms and cystipbragms in the
peripheral region, are characteristics which readily distinguish this
from other Richmond species.' '''''':''Bassler, loco cit:
.1.34All, 12.... 1.41A8, Bl, E4 .... 1.12E3.
HOMOTRYPA WORTHENI (James).
Plate XIX" IIgs. 8-8c; Plate XXX. IIg. 9.

Monticulipora (Monotrypa) wortheni, James, 1882, The Paleonto
logist, No.6, p. 50. PI. I, fig.' 2.
"Corallum consisting of cylindrical or flattened stems, from one
to two lines in diameter, branching at irregular intervals, some
times dichotomo.uS.lY; surface occupied by small, prominent monti
cules, arranged· in alternating, longitudinal rows, about one liut'
[54]

850

REPORT OF STATE GEOLOGIST.

apart; clI-lices subcircular or angull~r, from 10 to 12 in th~ spa:IC of
one line. Slopes of monticules occupied by calices of the ordinary
size or slightly larger, but the apices are, appar~tly, solid. No
interstitiar tubuli observed in the specimens examined. 1\farginR
of apertures' of coraliites' tolerably thick.
"In a longitucl.inal·section of the interior the tube walls are very
thin, simple and somewhat wavy or tortuous, with a gentle outward
inclination each way from the axial part, but near the surface the
outward curve is more rapid, and the walls much thickened, show
ing a duplex character; the tubes opening at. the surface more or
less obliquely. No tabulae observed in the central region, and but
few in the outer part of the thickened walls. III tangential sec
tion the cells are suboval, or subcircular, thick walled, and each
surrounded by a distinct open space; faint ind~cations of· small
'spiniform' corallites distributed, sparsely, a.t the angles of some
of the larger tubes. A transverse section shows thf very thin walls
of the corallites in the central region, of various angular shapes,
and the 8uddenthickening of the walls, and duplex character, and
few direct, horizontal tabulae near the surface.
'~ExternalLy, at first sight, this species resembles M. ramosa,
D 'Orbigny var. dalei,E. & H., but when examined under a mag
nifier the marked difference is apparent. Internally, they differ
widely. "-James, loco cit.
This description indicates fairly well the chief external char
acteristics of this species of H omotrypa, but fails to bring out the
really important internal characters. For the latter, I quote the
recent excellent descriptiori by Bassler in his paper on the genus
Homotrypa:
"In tangential sections the striking characters are the thick
walls, numerous acanthopores, and wide intermural space with its
dotted structure. Here also communication pores are well shown.
Vertical sections show that the walls in the axial region are thin
and rather straight, but become greatly thickened in the peripher
al, where a series of cystipbragms larger than usual is developed
with a corresponding number of diaphragms.
"The sharply tuberculated branches of this • • • spaeies
readily distinguish it from associated forms."
1.34A13a, 16 .... 1.41A7, 8, lOa,D3, El, 2, 3, 6.
This species is abundant in the Whitewater division of the Rich
mond formation. which it characterizes. It is found abundantly in
the "upper fossil bed" on the west fork of Cedar Creek at Vel"
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sailles, in association with other Whitewater species. This bed, it
will be reme1I!bered, is above the shale bed and the coral reefs that
mark the base of the Saluda.
HOMOTRYPA WORTHENI var. PROMINENS Bassler.
Plate XXX. lIg. 10.

Homotrypa wortheni var. prominens Bassler, 1903, Proc:U. S. Na
tional Museum, XXVI, p. 584, pI. xxiv, figs. 15, 16.
"The very prominent, elongated monticules will distinguish this
variety. The zoarium also differs from the cylindrical branches' of
H. wortheni by forming broader, subcompressed to flat fronds. In
ternally the variety and species are practically identical. "-;-Bass
ler, loco cit.
This fO.rm is reported by B~sler as abundant in the highest
beds of the Richmond along Elkhorn Creek near Richmond, Indi
ana. I have also found it at the same place and in the top of the
Tanner's Creek section.
Elkhorn.
HOMOTRYPELLA cf. RUSTICA TTlrich.
Plate XIX. tlgs. 5. 5a; Plate XXI. tlg. 4; Plate XXX,tlg. 11.

Homotrypella 1'ustica Ulrich, 1893, Geol. Nat. Hist. Surv. Minne
sota, Ill, pt. I, p. 234, pI. xviii, figs. 31-33.
"Zoarium irregularly ramose, branches 5 to ]0 mID. in diameter.
Low swellings on the surface, scarcely to be called monticules, oc
casionally present. Surface very rough under a hand lens, the
acanthopores being strong and numerous, th' ugh not materially in
flecting the zooecial walls. Zooecial apertures rounded, about
eleven in 3 mID. Mesopores abundant, though but rarely separat
ing the zooecia completely, of nnequal sizes, rounded at the sm'face.
"Internal characters: 'In tangentia~ sections, showing the char
acters immediately beneath the surface, the zooecia are rounded,
with only moderately thick walls, the mesopores sharply defined,
subangular, of nneqnal sizes, and averaging three or four to each
zooecinm, the acanthopores strong, perhaps two to each zooecinm,
and sitnated chiefly in the zooecial walls, which they occasionally
only cause to bend inwardly. At a deeper level the walls are thin
ner, the acanthopores smaller, and the mesopores larger, At both
levels the zooecia almost uniformly exhibit the .cut edges of cys
tiphragms. In vertical sections the most striking feature of the
species is the abnndant tabulation of all the tubes. Diaphragms
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occur all· through the axial region, and both the mesopores and·
acanthopores began earli.er than usual. The outward curving of
the tubes also is UJ;lusually gradual. The diaphragms in the two
sets of tubes aresubequally distributed, and it is often difficult to
discriminate between them when the curved edges of the cysti
phragms are not shown. At about the middle of the curve nine
or ten diaphragms occur in 1 film.; . nearer the surface they are
a little closer, while more toward the center of the branch they
are further apart. 1'he cystiphragms are unusually superficial in
this species, forming crowded series almost to the mouths of. the
zooecia.
"The species is distinguished from H. granulifera and H. mun
dula hy the greater number and open character of the mesopores;
from H. muUipomta by its larger zooecia, fewer and more un
equal mesopores, and more crowded as well as different" tabulation
of the tubes. H.instabilis has thicker walls, and is quite different
in other respects. "-Ulrich, loco cit.
The above description applies to a specimen from Minnesota.
In his citation of localities Ulrich mentions the fact that he had
applied in manuscript the name rustica to a common. species occur
ring in the upper beds of the Cincinnati group in the Cincinnati
region. The latter is, I take it, the species which I have collected
in considerable numbers in the Whitewater division at Richmond,
and about Laurel and Versailles, Indiana. The Indiana specimens
are altogether more robust than the Minnesota specimen, and the
acanthopores are more numerous, and commonly indent the zo
oecia, so that at the surface the latter present an appearance very
much like what is commonly seen in species of Atactoporella, to
which genus the writer at first supposed the specimeus to belong,
until the. zoarial characters were more fully understood. The
species is far too common to have been overlooked by as expert
a collector as Mr. ffirich,and I consequently entertain no doubt
. but that I am right in referring the .specimens in my collection
to the above species. No other species with which it is associated
can possibly be confused with it, and further comparison is there
fore unnecessary.
1.41E2, 3, 4, 5, 6, 7, A5, 6, Dl, 2, 3 .... 1.60H11, and in addi
tion at several localities, assOciated with Rkynchotrema dentata, in
the vicinity of Laurel, Indiana, and in the "upper fossil bed" in
the section on the west fork of Cedar Creek, north of Versailles
(No. 11 of the section).
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LEP'l'OTRYPA CALCEOLA (MIller Rnd Dyer).
Plate XX; figs. l-le.

.tlonticulipora {'alceolus 'Miller and Dyer, 1878, Jour. Cin. Soc.,

Nat. Hist., I, p. 26, pI. i, figs. 11, lla.
"This little coral, so far as our observation has extended, is
always found in the shape of a little wooden shoe. For the pur
pose of describing it, we will regard the upper end, as shown in the
figure, as the anterior, and the lower as the posterior; and from
the assistapce furnished by a longitudinal microscopic section,
kindly prepa~ed for our use by Dr. J. H. Hunt, we are enabled, as
we think, to define the manner of its growth.
"We may suppose a single embryo from an egg, or in the form
of a ciliated anamalcule, floating free in the waters of an ocean;
then becoming a simple bryozoon, and secreting a single, cal
careous, cup-shaped cell, and forming for itself an epithecal cov-'
ering for its base. It now increases by gemniiparous reproduce
tion, each little bryozoon attaching itself by a point to the parental
extension of the epithooal covering, and gradually enlarging its
cup-shaped cell by the side of its parent. We now have the com- •
inencement of this coral at the upper side of the· anterior end.
This method of growtbat once forms a concave base, which is pro
longed into a circular expanding cup. The bryozoa upon the lower .
side,
instead of attaching themselves by a mere point
to the epi
.
I
thecal covering now secrete this material for part of the side of
each cup, and thus form each individual cell into a little horn
shaped cavity, upon the concave side of which other bryozoa attach.
'fhe result of this method of growth is the extension of the expand
ing cup-shaped basal cavity, formed by the multiplicity of bryozoa,
into a circular-hOlm shaped cavity, with the mouth at the posterior
end as shoWn in the· illustration.
"The epitheca is thin and concentrically wrinkled. The coral
lites are subequal in size, the larger ones collected into groups.
'I.'hey are thin walled and arranged in diagonal lines, somewhat like
the arrangement in MOldiculipora quadrata.The calices are hex
agonal, polygonal, rOlmd or otherwise variable in form (though
the hexagonal ones seem to be the most common), and measure
from 8 to 12 in the space of a line. The larger calices are some
times gathered into tubercles, while other specimens are free from
these elevations. Specimens vary from 1-5th to 3-5ths of an inch
in length, an(l. from i-6th to I-3d a! an inch in: width, and appear
to have always been free from attachment to other substances.
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"This species we separate from all others by its form and
method of growth. We regard it 'as belonging to the class bryozoa,
because regular calcareous partitions or tabulae are not found in
the microscopic sections, and because we believe its method of
growth was ge:mmiparous, and that each animal resided in a sepa
rate cell. It may be that the genus Mmiticttlipora belongs to the
true polyp corals, and if so, it may be that our species should be
arranged in a new genus, but we prefer to leave it in this genus
rather than attempt to found' another without special study of
all the Silurian forms.
"rfhis species is not uncommon on Mount Auburri, at an· eleva
tion of about 400 feet above low-water mark at Cincinnati."
Miller and Dyer, loco cit.
Miller and Dyer were mistaken in their statement that this
. species does not POSSf'..BS tabulae, as is shown by Nicholson's sections
reproduced herewith. As to the manner of growth, it seems to be
the general opinion of those who hlJ.ve studied numbers of speci
mens of the species that in spite of its suggestive shape, it did
. not grow on foreign bodies, and that the basal membrane is a
trueepitheca..
1.84013 0).
LEPTOTRYPA CLAVACOIDEA (James).

_

Plate XX, figs. S·Sc.

Ohaetetes clavacoideus James, Catalogue of the Lower Silurian
.;, fossils of the Cincinnati group, 1875, p. 1.
"Corallum clavate, cylindrical; in some cases expanding up
. wards, others tapering, a,ndothers of nearly uniform size the whole
length; surface, generally, without tubercles; calices polygonal
and from eight to twelve in the space of a' line, sometimes with
groups of larger size than the average; walls of corallites thin.
, 'The examples of this speeies so far examined are built upon
the tapering ends of very small orthocera; cut transverse and verti
cal sections show the corallites radiating at right angles with
the longer axis of the corallum and arching over at the apex. In
some cases the central object has decayed, leaving the corallum
hollow or filled with clay. Diameter of different specimens from
four to eight lines; length from one to two inches,. or more. I have
one specimen showing small tubereles over the surface with calices
extending uniformly over tbe tubercles. "-James, loe. cit.
The internal structure of this species is thus described by Nich
olson (Genus Monticulipora, p. 182):

/
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"Tangential sections show that the oorallites are uniformly
thin-walled and polygonal, slight nodes being often formed at the
angles of junction of contiguous tubes. Their size is very uniform,
though groups of corallites of slightly larger dimensions than the
rest are certainly occasionally dev~loped. In any case, there 'exists
no series of small
interstitial tubes. Vertical sections show that
,
there is no difference whatever in structure between anyone set
of corallites and any other. In none are the walls thickened to
wards the surface, but they are uniformly thin throughout, and
are often slightly wavy. The course of the tubes is straight, there
being no curvature near their bases, and they increase in number
in passing outwards, by the interpolation of fresh tubes. In a
great number of the tubes no tabulae exist at all; but an occa
sional tabula is sometimes developed near the mouth of the tube,
or at some depth below the surface."
1.34CI4a, BI-3.
,

LEPTOTRYPA DISCOIDEA (Nicholson).
Plate XX, figs., 2-2f.

Chaetetes discoideus Nichol'son, 1874, Quar. Jour. Geol. Soc. Lon
don, XXX, p. 511, pI. XXX, figs. 4-4;d. (Named, but not de
scibed or figured, by James, 1871, Cat. Foss. Cin. Group.)
"Corallum free, discoid, plano-convex, sharp-edged, from 5 to
8 lines in diameter, and about 1 line in greatest thickness. Under
surface concave, covered with a very thin, smooth, and not regu
larly striated epitheca, which usually exhibits two or three, con
centric wrinkles. In general the epitheca is so delicate as to re
veal clearly through its substance the bases of the superjacent
corallites. Upper surface gently convex, not exhibiting any tu
bercles or elevations of any kind. Corallites subequal; calices
with moderately thin walls, polygonal, from eight to ten in the
space of one line. No groups of larger-sized corailites, nor any
very minute intermediate tubuli.
~'I do not feel altogether certain 'that this form is distinct
from the young of Chaetetes petropolitanus. ' It is, however, a
common form, and is very constant in its dimensions. Apart from
its discoidal plano-conv6X form, it is distinguished by its great
tenuity (comparatively speaking), the sharp thin edges of the disk,
" the absence 'of surface-tuberosities or groups of large-sized coral
lites, and ,the extreme thinness of the epitheca, which is transpar
ent and is not regularly striated concentrically. But foroue char
acter, I should have been disposed to have placed this species under
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Ghaetetes (N ebuUpora) lens, ,McCoy; and that is the absence in
our examples of any gronps of large-sized corallites,whereas their
presence.is a marked feature in the latter. The ~der side of O.
discnide'us resembles Lichc1l,(J,lia calycula" James; bnt it may be dis-,
tinguiBhed by the absence of radiating striae, and by other char
acters as well. 'fhe above description of the specieS is drawn from
type specimens forwarded to me by Mr. U. P. James. "-Nicholson,

loo. oit.

'

Comparison with Ohetetes petropolitanus is now unnecessary,
owing to the fa..et that that name is known to stand for so much
confusion in the ,matter of identifications by various authors as to
be practically meaningless. The external characters of the present
species are very well described' above, and, the iuternal characters
are sufficiently well illustrated in the plate accompanying this re
port, (after Nicholson, Genus Monticulipora) to make further de
scription nnnecessary.
1.34C14a. ( Y)
MONOTRYPEl.,LA AEQUALIS Ulrich.
Plate

xx,

figs. 4·4c.

ii1.onotrypella aeq·ualts Ulrich, 1882, Jour. Ciu. Soc. Nat. Rist., V.
p. 247, pI. xi, figs. 3-3a.
"Zoarium somewhat irregularly ramose, the branches cylin
drical or compressed, and from two to five-tenths of an inch ill
diameter. Surface, often, smooth, usually however exhibiting low,
ronnded monticules, whieh are occupied by clusters of large cells,
the diameter of which does not exceed 1/55th of an inch. The
ordinary cells are thin-walled and polygonal in shape, with all:'
average diameter of about 1/9Oth of an inch. . Occasionally a few
cell-apertures, having a slightly smaller diameter than the ordinary
.cells, may be observed among the large cells occupying the monti
cules. The latter are arranged at distances apart of about .15 inch.
measuring from center to center.
"In tangential sections 'the tubes are regularly polygonal, with
moderately thickened walls, and in coiItact with each other on all
sides. The line of demarkation between contiguous tubes is same
times clear and distinct, while at other times it is scarcely detect-"
able. The walls are occasionally thickened at the angles or Junc- ,
tion of the tubes, giving somewhat the appearance of spiniform'£!,
tubuli. It is qUite' evident though that' these nodal thickenmgs are '.
not of this nature. '
.
,
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."Longitudinal seetions show that the tabulation of the larger
tubes composing the 'clusters observed at the surface, is not differ
ent from that of the ordinary tubes, the diaphragms ,in all the
tubes being straight and usually horizontal, in the axial region
either wanting or remote, and in the peripheral portion of the
branch, closely set, and often crowded. These sections also show
that true interstitial tubes are entirely absent.
"In transverse sections the tubes in the axial region are· sub
equal and polygonal, with very thin walls, while around the mar
gin, where the tubes are cut longitudinally, they have the same
appearance as in the peripheral portion of a vertical section.
, ''I'his species. is nearly allied to the European M. pulckella,
E. and H., a Wenlock Limestone species, from which it differs
principally in having more numerous diaphragms, and the line
of demarkation between adjoining tubes less strongly marked. "
Ulrich, loc. cit.
The anomalous or excepti{)nal nature of. this species, the geno
type of M onotrypella is mentioned under the diagnosis of that
genus. The specimen of which I give a tangential section seems to
be devoid of acanthopcl'es and to p~ess the internal characters of
the present species. My specimen also comes from about the same
general horizon. Possibly some of the speeimens referred by me to .
this spe('ies will be found to contain acanthopores and consequently
•
to be referable to some other species.
1.34Co, 5, 6, 8.
MONTICULIPORA EPIDERMAT A Ulrich and Bassler.
Plate XX, figs. 5-5c; Plate XXX, fig. 12.

Monticul't"pora epidermatf!- Ulrich and Bassler, 1904, Smithsonian
Miscellaneous Collections, XLVII, p. 17. (Not figured.)
., This species is so abundant and characteristic of the middle
Richmond of Ohio and Indiana and also so easily recognized by
the external characters which are clearly' shown in Quenstedt's
figures (loc. cit.) that we think it desirable to describe its internal
characters. Unfortunately these cannot be illustrated at this time.
As the species is distinct from M. mammulata and marks a differ
ent stratigraphic horizon, the above new name is proposed for its
future designation.
"M. epidermata is readily distinguished from }l. mammulata,
with which it ~as generally been identified by collectors, by dif
ferences in their respective methods of growth. Both are massive
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species ,[sic], but the Richmond form grows into large flat or irreg
ularly hemispherical masseS, sometimes as much as 300 mm. in
width and 150 mm. in height, and always, in the hundreds of speci
mens seen by us, having a more or less flattened though strongly
undulated epithecated base. M. mammm,zata never attains such
large proportions, and its masses are irregularly lobate or more
or less'rounded, instead
of depressed hemispheric. Another dis
tinctionlies in the mesopores, which are more numerous in lV.
epidermata.'rhe following description sums up the characters of
this new species.
I I Zoarium of broad, thick,
lamellate expansions or masses,
sometimes reaching the dimensions mentioned above. Base always
lined with an epitheca and more or less flattened and concentrically
wrinkled. Surface with rather closely arranged maculae, which
sometimes form sharp tubercles and again rounded monticules;
Zooecia small, rather thin-walled, angular where mesopores
are ~ess common and rounded where .they are abundant; 10 to 11
zooecia in 2 mm.
I I In tangential sections the
zooecial· walls exhibit the usual
granulose structure characteristic of the genus. Acanthopores
small, rather inconspicuous, appearing more like granules. The
mesopores are small, 2 to 3 usually to each zooecium. Vertical
sections show the mesopores tabulated with straight diaphragms
one-half to" one tube-diameter apart. Cystiphragms line the zo
oecial tubes in both regions and are accompanied by a correspond
ing number of diaphragms.' '-IDrich and Bassler, loc. cit.
In July, 1907, the writer received Tome II, Fascicule II of the
Annales de Paleontologie, in which on page 18 (90) are figured
thin sections of the type of Monticulipora !iliasa. d'Orbigny, which
may· prove to be the above described species. The sections figured
in the Annales are certainly to my mind much more suggestive
of M. epidermata than of Prasopora faZesi (James), with which
the writer in the Annales, A. Thevinin, seems to think it should be
identified. His figures leave something to be desired, .inaSmuch
as it is not possible from them to determine whether the zooecial
walls have the granulose stru~ture of the genus MonticuZipora or
the well defined· acanthoporeJ of Prasopora. This question will
be further discussed under A+plexopora filiasa.
This well·defined species of Monticulipora is very abundant in
the Whitewater division of the Richmond, which might very well
be called the M. epiderm.ata zone. I have, however, found it spar
ingly outside of Richmond, in Indiana. It occurs at W eisbur~
,
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(one specimen from the base of the Whitewater) and at Versailles
(in the Whitewater Y) and more abundantly about Laurel (also in
the Whitewater 7). These specimens from southern localities are
all small, but their internal structure leaves no doubt of their com
plete identity with the above i;pecies. They afford very interesting
evidence bearing on the stratigraphy of the upper members of the
Richmond series, as is pointed out elsewhere in this report.
1.34A19-21. .. . 1.41A6, 7, 8, D3, E2, 3, 4, 5, 6" 7.... I.60Hll,
and at the localities named above.
MONTICULlPORA. MAMMULATA. d'Orbigny.
Plate XXI, lip. I-Ie; Plate XXXI, lip. 1, la.

Monticulipora mamm·ulata d 'Orbigny, 1850, Prodrome de Paleon
tologie, I, p. 25.
"-374. mammulata, d'Orb., 1848. Oeriopora' mammulata,
Beadle (envoye sous ce nom). Espece en lame dont les monticules
sont alloIiges. Etats-Unis, Cincinnati, Ohio (Blue Lime). "
d'Orbigny, loco cit.
Since the above description by d'Orbigny might.apply to any
one of 8. large number of frondescent bryozoa of the Cincinnati
group, I quote here the very full description of this form given by
firich in the Journal of the Cincinnati Society of Natural History,
vol. V, p. 234 (1882).
"Zoarium occurring as irregularly lobate masses, often of con
siderable size, that usually tend to throw off compressed processes,
which in many specimens become frondescent; or, it may take
the form of extended and undulated, often palmate, expansions,
varying in thickness from 2 inch [.2 inch to .4 or .5 inch. Sur
face covered with numerous prominent, typically conical, often
elongated monticules. The'last feature is produced by the fusion
of two or three of them. They are quite regularly arranged in
series, in which sometimes five, usually, however, six, may be
counted in the.space of .5 inch. Cells polygon-aI, thin-walled, sub
equal, from 1/12Oth to 1/130th inch in diamete.r, those occupying
the 'summits of' the monticules being scarcely ~ger than those in
the intervening spaces. Smaller or interstitial (1) cells may occa
sionally be observed, more frequtmtly on the monticules where they
are wedged in between the ordinary cells. When the cell-walls are
perfectly preserved, they show the spiniform tubuli as minute
granules.
"Longitudinal sections show conclusively that the zoarium is

n
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divided into successtve 'immature' and 'mature' zones. In the.
first, the cell-walls are very thin, and the tubes are almost invari
ably crossed only ~ straight or somewhat obliquely directed
diaphragms, at dista~ces apart of about one tube-diameter. This
zone is very narrow, li..nd soon a 'mature' zone is entered, when the
walls are slightly thfukened, the diaphragms more crowded, and
the greater number of the ordinary tubes have along· one or both
sides a series of cystoid diaphragms; now there is also developed
a limited number of; much smaner tubes, which differ, at least
near their point of origin, from the ordinary tubes in having more
closely arranged diap~ragms. In consequence, they have there the
usual appearance of ¥1terstitial tubes. This character they may
retain throughout the ~zone, but as they enter the next succeeding
'immature' zone, thei* character has changed to that of an ordi
nary tube. The spini~orm tubuli llan not often be detected in a
section of this kind. l
.
"A tangential or ~ather transverse section may present three
different phases, accor~ing as it may pass either through the 'im
mature'-(lst), or fnll~ 'mature' (3d) stage; or (the 2d) if it cut
the tubes just as they;enter into the last stage. Iu the first, the
tubes have excessively thin walls, and are always apparently of one
kind only, and thoroughly simple. In th~ second the walls are
still very thin, and the appearance is like that of the preceding
stage, excepting that we now observe quite a large number of
smaller cells, wedged in among the ordinary tubes. In the third
stage, the walls have become appreciably thickened, the smaller
tubes, noticed in the second stage, have all, excepting a few among
the cells occupying the monticnles, changed their character, so
that they can no longei- be distingnished from the ordinary cells.
This stage is further mlarked by the dFelopment of a large num
ber of very small spini~rm tubuli. Of the different phases above
described, a single sec~ion may show only one, or, if large, all
. .
three.
"The normal mode 41f growth of M. mammulata i;s unquestion
ably the same as in oth~r massive or discoidal forms of the Monti
culiporidae.The fronaescent examples of the species have an
entirely different structpre from such trnly frondescent forms as
H eterotrypa ft'ondosa,; D 'Orb. (iwt Nicholson), or H omotrypa
dawsoni {M. (Heterotr1lpa) dawsoni, Nicholson). In the latter,
as well as in all the ramk>se species, the frond or branch is divided
into an axial and a petipheral region, and the structure of the
tubes in these two regio~s, as is shown on page 125 of this JOUR

BRYOZOA---:DESCRIPTION O.F SPECIES.

861

NAL, is widely different: No such difference can be shown to
exist between the axial and peripheral portions of any frondescent
specimen of M. mammulata. What we do fiud is precisely similar
to the structure and mode of growth observed in the massive or
lobate examples of the speeies, viz.: the 'immature' and 'mature'
zones (respectively equiv$ent to the axial and peripheral regions
of the ramose and truly: frondescent forms), are reproduced at
successive levels, one above the other, and it can not be said that
the fronds are ever divid€~ into dissimilal' axial and peripheral r~
gions,
"Dr. Nicholson, in his description of this species, nnder the
name of Mo'nticuUpora (Peronopora) molesta (see syn. above),
fails to recognize several: important characters, and besides gives.
an incorrect measurement,r He .gives the diameter of the cells as
from 1/80th to 1/90th in4b. I have not seen any specimen of this
species in which the ord~ary ceHs had a greater diameter than
1/12Oth of an inch, nor 40 the cells in his tangential sections, as
figured by him, appear uj have a greater diameter. At any rate,
it is certain that the ceW in that figure are not so large as those
figured of some other specJes, wliich, according to the measurements
given by him, ought to ~ smaller. He did not recognize the na
ture of the interstitial
tubes, but regards them as true in
terstitial tubes, and of the same nature as in Peronopora decipiens,
Rominger, and Heterot1'ypa frondosa, D'Orb.; but as I have above
stated, this is not their true nature. His tangential section cuts
the tubes transversely through the 2d phase mentioned by me
in my descriptiou of the tangential section of this species, and be
cause it shows a larger number of the intercalated small tubes, I
believe that it was prepl.U'led from one of the frondescent examples,
tangential sections of w~ieh always pre.sent a greater n~ber ~f
the small tubes than do ltransverse sectlOns of the maSSIve speCI
mens. This I consider Clue to the fact that in -the frondeseent
forms the divergence of the tubes is much greater than in the mas
sive examples, making it! necessary that the young cells be more
numerously and rapidly 4eveloped in the former than.in the latter.
"I would suggest an~ recommend that Nicholson's name mo
lesta be retained as a vaHetal designation for the frondescent ex
amples of this species, as; some title, by means of which it may be
distinguished from the tnassive and lobate exampl~s, is, if not
really necessary, at least}desirable. "-Ulrich, wc. cit.
All possible doubts asito whether this form is really the Monti,.
culipora mammnlata of d 'Orbigny have been finally removed by
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the publication in the Annales de Paleontologie of a photograph
of a thin section of the type in the collection of d 'Orbigny (loc.
cit., Tome I, pI. ix, fig. 1). The type as figured on the preceding
plate, fig. 10, of that work, is the ramose form to which, according
to Ulrich's suggl"stion, we should apply the varietal name molesta.
In view of this last fact it would seem to be best to either dis
card the name molesta or apply it rather to the massive iorm. In
the present report I have not distinguished between the two forms,
so that both the frondescent and massive forms are included in the
following citation of localities.
. 1.33A3 .... 1.34Bl-3 .... 1.38Ba-h.... 1.34014, and generally in
the upper part of the Platystropkia zone.
MONTICULIPORA P ARASITICA Ulrich..
Plate XXI, tigs. 2-2b;' Plate XXXI, fig. 2.

MonticuUpora parasitica Ulrich, 1882, Jour. Oin. Soc. Nat. Hist.,
V, p. 238, pI. X, figs. 3, 3a.
"Zoaritun usually attached to Streptelasma (corniculum Y) ; the
lltyersaccording to age, may vary in thickness from excessively
thin to nearly .1 inch. The surface of the Streptelasma often car
ries a number of these parasitic patches, which, as they increase
their diameter by lateral development, at last join each other. The
line of junction is always marked by a slightly elevated, calcareous
ridge. Not infrequently one proves the strongest, and gradually
grows over the other colonies. Regularly arranged in decussat
ing aeries, and at distances apart of about .1 inch, the surface
presents small conical Iponticules, the summits of. which usually
appear to be solid, as they are occupied by minute cells; while
on their slopes they carry the· apertures of slightly larger cells
than the ·average. The largest of these have diameter of 1/85th
or an inoh. The spaces between the monticules are fiat, and are
occupied by the polygonal,· and moderately thin-walled, ordinary
cells, their diameter varying from I/110th to 1/100th of an inch.
Intemtitial cells (it they can be so called) are developed only in
the monticules, the summits of which are usually occupied by their
apertures.
"Tangential sections show thA tubes to be polygonal and thin
walled. Their angles of junction are usually thickened, and the
small space thus form~d incluses, almost invariably, a minute lucid
spot. They represent in all probability very small spiniform
tubuli. The appearance of the best section examined leaves me
little room to doubt that the tube wil!L~ were really pierced by
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numerous and excessively minute foramina. Where these are not
clearly shown, the wall has a peculiar granular appearance.
Within the visceral chamber of each of the ordinary cells,. the
intersect~d cystoid diaphragms are shown. In a large number the
cut edges of the cystoid diaphragm give the appearance of a sec
ondary oval cell, within the polygonal walls of the tubes. Between
the groups of slightly larger cells, a few thick-walled minute tubes
(interstitial) may generally be observed.
"Longitudinal sections show that all the matured tubes have
one or both sides lined by a series of cystoid diaphragms, while
the space between the double series, or single series and opposite
wall, is crossed by straight diaphragms, which are placed at dis
tances apart of about one-third of a tube-diameter.
"I know of no associated species with which M. parasitica
might for a moment be confounded. It is probably more ·nearly
allied to the M. ci1~cinnatiensis, Nicholson; than to any other species
described from the Cincinnati group. The larger, more closely
arranged, and much more prominent monticules of that species,
constitute· a point of difference so decided and readily apparent,
that examples of the two may be distinguished at a glance."
illrich, loco cit. .
The specimen figured by me may not belong to this species,
in as much as it has well developed mesopores. Its habit and
superficial appearance are, however, the same as those of illrich's
species. In its internal characters it is more like M. cincinnatien
sis James sp. The specimen figured is from the base of the Lib
erty formation, near Weisburg, Indiana.
1.34A12 .... 1.41A7, D3, E4.
-NICHOLSONELLA VAUPELI Ulrich.
Plate XXI, figs. S-Se; Plate XXXI, fig. 3.

Heterotrypa vaupeU IDrieh, 1883, Jour. Cin. Soc. NiLt. Hist., voL
VI, p. 85, pL I, figs. 2-2b.
"7..oarium very irregular in its growth, forming twisted, and
at ways more or less inosculated loose masses,' several inches in
diameter, consisting of convoluted frOlids, varying in thickness
from .15 inch to .3 inch. This irregularity of growth, which is
v'ery characteristic of the species, is caused by the frequent eleva
tion of the face of a frond into a secondary frondescent growth,
which eventually anastomoses with other. similar divisions of the
zoarium. The surface is sometimes nearly smooth! but· usually is
studded with small, rounded or conical monticules, the summits
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of which are subsolid, ,each being occupied by a small" macula'
of interstitial cells. The arrangement of the monticules and
maculae, in conformity with that of the cells, is very regular.
Merumring from center to center, seven may be counted in the
space of .5 inch. The cell.apertures are circular; and regularly ar
ranged in decussating series, which are more or less curved around
the monticules. One or two rows of cells immediately surrounding
each of the small 'maculae,' are conspicuously larger than the or
dinary cells, their apertures having a diameter varying from
1-150th to 1-10Oth of an inch, while the diameter of the cell-aper
ture;s in the inters paces is about 1-20Oth of an inch. 'Measuring
along one of the series, twelve cells may be counted in the length
of .1 inch. On an example of this species the cell-interspaces are
comparatively thick, and may show, according to the stage of de
velopment and state of preservation, either all, or one or two,
of three different appearances. In the first . (probably due to
attrition), the interspaces are smooth and apparently solid. 1;0
the second, they carry numeron<; small pits, representing the ori
fices of the interstitial cells. In the third the apertures'of the in
terstitial cells are obscured by an exceedingly large number of
small spines or granules. The last phase doubtlessly represents
the zoarium ill its perfect and fully matured stage.
"Tangential sections, according to the depth at which the
zoarium is divided, may show one or both of two distinct pha'iles.
In the first (the one usually obtained on account of the unusual,
brevity of the' matured' portion of the tnbes) the cells have mod
erately thin walls, are subangular or nearly circular, and in con
tact at limited points, the intervening spaces being occupied by
smaller and angular interstitial cells. The spiniform tubuli, if any
at all can be detected, are small and inconspicuous. In the second
phase, which is obtained by cutting the cells of a fully matured
specimen juSt below the surface, the interStitial cells appear to he
almost entirely suppressed by the remarkably great developm:"
~f spiniform tubuli, which are ranged in one or two closely-crowded
series around the -cell cavities. Fig. 2a, PI. I [of IDrich's paper].
represents a portion of a section somewhat intermediate .between
the two phases described.
"Longitudinal sections show that the tubes in the axial region
have very thin and somewhat flexuous walls; that they approach
the surfacegraduully, and that the peripheral or 'mature' belt
on each side of the fro~d is very narrow, and, as they enter the
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latter region, that their walls are thickened. In the proper zooecial
tubes the diaphragms are usually wanting throughout the axial
region, and they are never numerous even in the peripheral por
tion of the zoarium. In the interstitial tubes they are numerous,
and generaliy very thick.
"In its internal structure this species is very remarkable, and
differs widely from H. frondosa. One peculiarity in its structure
I can as yet not fu11Y understand. That the interstitial cells are
actually suppressed as the zoarium becomes fully matured, I must
doubt. I would rather believe that the spinform tubuli, which
are developed in the spaces that in the earlier stages of the growth'
of the zoarium were occupied by interstitial cells, have sprung
from the-surface of diaphragms which covered the interstitial cells.
I am upheld in this belief by finding, what appears to me to be,
corroborative evidence: namely, on many diaphragms of the. in
terstitial tubes I can detect one or two rather faintly delineated,
hollow processes, extending upward from the diaphragm toward
the one next succeeding. If this is not deceptive, then we have
a curious analogy with such more recent bryozoa as H eteropora
pelliculata, Waters (a recent species), in which the orifices of the
interstitial cells are closed by a perforated pellicle. The only dif
ference (as regards this point) between such forms and H. vaupeli
being that in the latter the surface of the pellicle or diaphragm is
elevated into a hollow spine, instead of being perforated by a •
simple foramen.
"Examples of H. vaupeli are readily distinguished from all the
other frondescent Montic'l~liporidae described from the Cincinnati
group, by their 'peculiar growth, circular cell-apertures, and regu
lar arrangement of' the cells and monticules. When in a good
state of preservation the most striking characteristic is found in
the granular cell-interspaces."-Ulrich, loc. cit.
This extremely well-marked species' i~ common at one or two
levels in the Lorraine, and I have collected a form that does not
seem to be specifically distinct, from the Liberty and 'Whitewater
. divisions of the Richmond series. Nothing need be added to the
above very full description.
1.33A3 .. .': 1.34Al 1. ... 1.41D3, E3 .... 1.38Bb and H.
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PERONOPORA PAVONIA. (d'Orbigny).
Plate XXII, figs. I-Ie; Plate XXXI, figs. 4, 4a.

Ptilodictya pavonia d'Orbigny, 1850, Prodrome de Paleontologie,
I, p. 22 (not figured):==Poronopora decipiens (Rominger),
Proc. Acad. Nat. Sci. Philadelphia, 1866, p. 116.
"""369. pavonia, d'Orb., 1848. Espece en grandes lames frond
escentes souyent tres-epaisses it leur base. Etats-Unis, Cincinnati,
Ohio. "-d'Orbigny, loc. cit.
Under the descriptiou of Escharopora pavonia (E. and H.) the
.fact that the type of Ptilodictya pavonia d 'Orb. is the same species
as our Peronopora decipiens (Rominger) is pointed out. This is
made certain by the recently published figures of d'Orbigny's
type." These figures, which are very 'excelleut photographic re
productions, show the type natural size, a portion of the surface
enlarged ten diameters and a section perpendicular t9 the surface,
also enlarged ten diameters. The form and surface characters of
the specimen would convince anyone that it is a peronopora; and
no possible doubt remains after a glance at the section, which
shows very clearly the median lamina and closely tabulated tubes
with the series of cystiphragms, characte~istic of the latter genus.
It is a typical Pero1l-QPora decipiens. If one compares these fig
ures of d'Orbigny's type with the figures of Chaetetes pavonia on
pI. 19 of the Monographie des Polypiers Fossiles, of Milne-Ed
wards and Haime, it is at once evident that they do not represent
the same species, or even the same genus. Edwards and Haime's
form is quite certainly our Escharopo1'a pavonia, as I have pointed
out under that sp~cies. Since the two are generically distinct we
are at liberty to retain the 'name pavonia for "both species, and this
I have thought best to do. Rominger's name, decip'iens, mnst,
however, now be dropped, and this specie3 of Peronopora be known
from now on as P. pavonia.
~
Peronopo1'a pavonia d'Orb. has as synonyms, besides Chaetetes
decipiens Rom., C. frondosus of Nicholson, Quenstedt and James.
The latter was due to the mistake of Nicholson in wr:mgly inter-.
preting the figure of C. frondos1ls given by Edwards and Haime.*
The characters of Peronopora pavonia are briefly as follows:
Zoarium laminar to submassive, in large examples usually more
or les,; convoluted. One specimen in the collection has overspread
the shell of Rafinesquina alternata as a large expansion from
which the laminar portion of the frond arisPcs. 'l'he frond consists
* Annales
PaleontologIe, Tome I, pl. IX, 1906,
*Polypiers 1;'ossiles, 1851, pI. XIX, fig. 5.
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of two laminae, each with a well-defined epitheca, grown together
back to back, so that the result is a frond celluliferous on both
faces, and with a median, double, thin,. wavy plate. Superficially,
the zooecia are for the most part rounded, and more or less sur
rounded by mesopores. The latter are less abundant than in the
species P. vera, and sometimes are comparatively few. .Acantho
pores are fairly abundant and of medium size, and in well pre
served specimens give a distirrctly spinose appearance to the sur
face. In tangential sections the zooecia are seen to have walls
of medium thickness, without granules or tubules as in Monticuli
para and Homotrypa. The meilopores are angular and sometimes
completely isolate the zooecia. The latter are round, and only
occasionally indented by the acanthopores. In lopgitudinal sec
tions the median double lamina is clearly shown, aud arising from
it with a very short immature region the zooecia proceed directly
to the surface. The zooecia are crossed by a number of dia
phragms, which are more numerous near their inner ends. Lining
one (the posterior) wall of the zooecia is a series of overlapping
cystiphragms. 'l'he mesopores are crossed by closely set, straight
diaphragms.
This species is rather common in the Lorraine and Richmond.
5.9A41. .. ·.1.33A3 .... 1.34Al, 3, 7, 10, 11, 12, '13, 14 ... .
1.34013, 14a, 14b, ill-3, 4-5 .... 1.41A6, Bl, El, 2, 3, 4, 6 ... .
1.12E3, A2 ... :1.38Ba-h.
PERONOPORA VERA (Ulrich) Nickles.
Plate XXII, figs. 2·2b; Plate XXXI. fig. 5.

Feroltopora vera Ulrich, 1888, Am. GeoL, II, p. 40. (Named but
not described or figured.) Nickleil, 1905, Kentucky GeoL Surv.,
.
Bull. No.5, p. 46, pI. ii, fig. 1.
In as much as the original mention of this species was not ac
companied by either description or figure, the species should ac
cording to the rules of nomenclature be accredited to Nickles, who
has recently described and figured it in the work indicated above.
'rhe description given by Nickles is ail follows:
"Zoarium consisting of bilaminar fronds, from 2 to 6 mm.
thick and 10 or more cm. in height. Fronds usually somewhat un
dulating and occasionally producing fronds at right angles. Some
specimens branch rather frequently, others rarely., ~urface smooth,
except for clusters of larger cells which sometimes rise a little
above the general level. Apertures circular, 7 or 8 of the ordi
nary size in 2 mm. Apertures in the clusters considerably larger
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than the others. Usually a large number of circular or sub
angular mesopores occupy the rather wide interspaces as well as
the angles of junction. Often the center of a cluster is occupied
with a large number of mesopores. In some specimens few meso
pores are present. Occasionally a specimen shows a'large number
of small.acanthopores at the surface, and these may also be seen
in some sections. Zooecia have a very short immature region; in
the mature region they have a linear series of overlapping cysti
phragms and a few 'diaphragms. "-Nickles, loc. cit.
This is the common species of the Eden formation.
5.9A6, 25, 29, 31. ... 1.3405, 6, 7, 11 .... 1.37E2-4 .... 1.3SA5,
9, 17, 19, 23, 31.
PE'l'IGOPORA ASPERULA Ulrich.
Plate XXII, 11gs. 3-3c.

Petigopora asper1!la Ulrich, Jour. ~in. Soc. Nat. Hist., VI, p. 157,
pI. vi, figs. 4-4c.
"Zoarium adhering to foreign objects, such as the shells of
Stropkomena alternata, etc., consisting of thin subcircular expan
sions, from .2 to )5 of an inch in diameter, and .03 to .OS of an
inch in thickness. The surface is studded with small conical ele
vations, arranged in quite regular intersecting series, six or seven
in the length of .4 of an inch. They are occupied by cells but
slightly, if at all, larger than those of the ordinary size; it is
usual, however, to find the apices QCcupied by one or several spi- ,
niform tubuli, often considerably larger than those in the inter-' ,.
vening spaces. Oells small, somewhat unequal in size, from thir
teen to fifteen in the length of .1 of an inch. The cell-walls are
moderately thin between the angles of junction of the cells, the
majority of these being occupied by very large and prominent
spiniform tubuli.
"Longitudinal sections show numerous spiniform tubuli, the
proper tube-walls moderately thin, and no diaphragms. The tubes
are at first inclined, but soon bend upward and proceed in direct
line to open at the surface.
"In tangential sections the cell walls between the numerous
spiniform tubuli are quite thin, an~ occasionally preserve in a
faint manner the divisional line between adjoining cells. The
walls are somewhat thicker, and the spiniform tubuli larger than
ordinary, in the groups of cells occupying the monticules at the
surface.
, 'This species does not resemble either P. gregal'ia, or P.
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petechialis, very clese1y, differing from both these species in having
distinct monticules and more conspicuous spiniform tubuli. P.
peteehialis forms very small conical zoaria, never, so far as I have
been able to observe, more thaIi .12 of an inch in diameter. Its
vertical range is extended, I having collected typical specimens in
the Upper 'l'renton rocks of Kentucky, and at nearly aU elevations
in the Cincinnati group. 'rhe range of P. asperula is much less
extended, being apPE,trently restricted to the strata between 300 and
450 feet above low ;water mark in the Ohio river [at Cincinnati,
0.] ."-illrich, loe. cit.
1.33A3 ... . Bl-3, C14a.
PETIGOPORA GREGARIA Ulrich.
Plate XXII, ligs. 4·4c.

Petigopora gregaria Ulrich, 1883, Jour. Cin. Soc. Nat. Rist., VI,
p.. 155, pI. vii, figs. 3-3c.
"Zoarium consisting of small patches usually from .1 to .3 of
an inch in diameter, and.04 inch in thickness, adhering to foreign
bodies. Nearly all of my specimens are attached to Heterotrypa
frondosa D 'Orb. A narrow, usually smooth, but sometimes
slightly wrinkled, germinating membrane forms the outer margin,
which is slightly elevated, and developed in advance of the young
marginal cells. Surface without monticules, and covered uni
formly by the apertures of equal sized cells, twelve or thirteen of
which are ranged in a series .1 of an inch in length. Interstitial
cells wanting. Spiniform tubuli may be detected on well-preserved
examples by viewing the cells obliquely. In all cases, however,
they project so little that they are easily overlo(}ked.
"Longitudinal sections show that the tubes in the central por
tion of the zoarium are vertical, those nearer the margin being
inclined at an increasing angle. Their walls, when not including
one of the large spiniform tubuli, are moderately thin, and often
somewhat flexuous. 'l'he epithecal membrane is very thin and gen
erally undulated. Diaphragms appear to be wanting.
"Tangential sections show that, with the exception of an occa
sional young tube, the cells are of nearly uniform size and of one
kind only. Between the angles of junction, the majority of which
are occupied by the comparatively large spiniform tuhuli, the
walls are thin and appear to. be amalgamated, no divisional line
being visible between the walls of adjoining cells. "-illrich, l~e.
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1'1'JTIGOPOI\A l'E'l'EClIIAf.IS (NleliQlsolJ).
Plate XXII, figs. 5, 5a.

Uhaetetes petechialis Nicholson, 1875, Pal. Ohio,
figs. 5-5a.

n, p.

213, pI. xxii,

"Corallum incrusting, forming small circular patches, from
less than half a line to a line and a half in diameter, attached by
their bases parasitically to some foreign body, and more or less
strongly convex above. The surface is usually smooth, but not un
commonly exhibits a single central elevation or tubercle. The cali
ces are subcircular and subequal, with moderately thick walls, their
margins not tuberculated or granulated, entirely without minute
interstitial tubuli, their size vcry small, from fourteen to sixteen
occupying the space of one line. The corallites in the center of
the mass are nearly perpendicular, but they become more or less
oblique toward the margius.
" It is possible that this may be a young form of some' other
incrusting species, such as C. papillatus McOoy; but I do not
think this is the case. At any rate, in the absence of any speci
mens by which this could be connected directly with any other
known form, I have thought it best to place it nnder a separate
title, sint1e it is not only eommon in its occurrence but is also very
common in its size and other characters. It is distinguished by its
forming very minute, circular, and convex patches, by the absence
of interstitial tubnles, and by the extremely small size of the cal
ices. All the examples which I have seen are attached parasitically
to the exterior of Strophomena alternata and different species of
Chaetetes, and in general many colonies are found attached to the
same object. I am indebted for the specimens from which the
above description is drawn to the kindness of Mr. U. P. James."
Nicholson, loco cit.
It is quite likely that many times minute encrusting species
identified as the above, might turn out, on investigating their in
ternal characters to be the young of other species. It is not an
easy matter, however, to obtain satisfactory sections of these minnte
bodies, and the entire specimen is nearly always sacrificed in the
operation. My identifications are for the most part based on the
external appearance.
1.33A3 ... . 1.34A1, 3, 8, 9,Bl-3, 4·5, 014a.
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PRASOPORA HOSPITALIS (Nicholson).
Plate XXPI, figs. l·lb; Plate XXXI, fig. 6.

!J1ontic1llipora (Prasopora) Selwynii val'. hospitalis Nicholson,
1881, Genus Monticulipora, p. 209, fig. 45.
"The type form of jl1. Selwynii occurs in the Trenton Lime
stone of Canada; but there is found in the Cincinnati formation of
Ohio a form which possesses a very similar internal structure, and
which I propose, in the meanwhile, to separate as a distinct variety,
under the name of ltI. Selwynii, var. hospitalis, Nich. In its habit
and size, and in some of the minor points of its organization, this
form differs considerably from the typical examples from the Tren
ton Limestone, which I have selected as the basis for the preced
ing specific diagnosis; but as it is clearly a very close ally of JL
Selwynii, I prefer to regard it at present as nothing more than a
very strongly marked variety.
"1Il. Selwyn1ii, val'. hospitalis, is invariably an attached form,
all the numerous examples which I have seen being fixed to the ex
terior of the shells of Brachiopods. In form they are hemispheric,
rarely nearly globular, and their general size is from six to ten
lines in diameter, and from three to four to seven or eight lines in
height. Tangential sections show a close correspondence in general
structure with the type-form of ltI. Selwynii, from the Trenton
Limestone. The corallum is composed of large aud small corallites,
the former being oval or circular in shape, and varying from
I-50th to I-70th inch in diameter, each showing an excentrically
perforated tabula. The small corallites are numerous, sub-angular,
and wedged in between all the larger tubes, occasionally being ag
gregated into star-shaped groups or 'maculae'. Besides the normal
two kiuds of corallites, 'a considerable number of thick-walled hol
low spines ('spiniform corallites') may be observed, which I have
not detected as present in the examples from the Trenton Lime
stone.
Vertical sections show the same marked difference in the tabula
tion of the large and small corallitesas has been previously noticed
in the type-form, with some differences. The large tubes are al
ways doubly tabulate, one set of tahulae forming a series of large
lenticular vesicles, the convex sides of which are directed inwards
towards the center of the visceral chambers, \vhile the remaining
tabulae are horizontal and remote, and extend from the lateral wall
of the corallite to the inner margin of the- above-mentioned vesicles.
In some of the tubes we may occasionally notice the convex tabulae
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to form isolated vesicles, as they usually do in the specimens from
the Trenton Limestone; but they are more commonly so apposed to
one another as to form vertical rows of lenticular cells, the inner
margins of which unite so as to constitute an apparent median sep
tum to the corallite. The small corallitesare uniformly furnished
with numerous complete, horizontal tabulae. Upon the whole, I
have little doubt that the !lpecimens now described from the Cincin
.nati Group of Ohio are not specifically separable from the true M.
SeWJynii of the Trenton Limestone. "-Nicholson, loco cit.
The above description by Nicholson is entirely adequate. At
present P. kospitalis is generally considered as a species distinct
from P. selwynii. It is peculiar in being the only species of this
genus in the Cincinnati group and also in the fact that it presents
certain characters not found in the typical members of the genus
occurring in the Trenton, namely large and abundantly developed
acanthopores. In form, P. kospitalis is fairly typical, although
rather !nore inclined to form irregular masses than its Trenton
relatives, which are usually very regularly hemispherical or sub
conical in form. The specimen figured herewith is about typical
of the more regular roaria of the Richmond form. Occasionally
thin crusts are found, probably the basal portion of an incompletely
developed colony. . On the other hand fusiform or club-shaped
masses are occasionally met with.
P. kospitalis is very common in the Richmond series of rocks,
and comes as near ranging throughout the series as any species that
I know of. In the Waynesville, however, it is lacking except at the
very top of the formation, and I am not aware of its occurrence in
the Arnheim, which has lately come to be considered as a member
of the Richmond series.
.
1.34A10, 11,12,13,14,15,16,17, IS, 19,20,21,22 .... 1.41A2,
4, 5, 6, 7, 8, lOa, B2, ci, D1, 2, 3, E1, 3, 4, 5, 6, 7 ....1.12E3,
Dl-6, F3.
PROBOSCINA AULOPOROIDES (Nicholson).
Plate XXXII, figs. 4, 40., and 5.

A.lecto auloporoides Nicholson, 1875, Pal. Ohio, II, p. 267, pI. xxv,
figs. 2-2b.
"Polyzoary creeping,.adnate, of narrow branches, which divide
at more or less acute angles, and repeatedly inosculate, so as to give
rise to a complicated network, the meshes of which are usually
more or less elliptical, and have a long diameter of one line, less or
more. Cells tubular, partially immersed, but free close to their
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apertures, sometimes uniserial, but more commonly arranged in two
.alternating rows, and sometimes irregularly disposed at the points
of anastomosis of the branches. About six or seven cells in the
space of one line. Cell apertures terminal, circular, of the same
rliameter as the tube, the last portion of the cell being more or
less conspicuously elevated. above the general surface.
"This form seems to have been usually regarded as identical
with Aulopora arachnoidea, Hall, to which it bears a considerable
superficial resemblance; but it is certainly distinct, and it seems to
me to be an unequivocal Alecto. It is nearly allied to A. frondosa,
James, from which it is distinguished mainly by its much more
slender habit and graceful form, and by its generally having its
cells arranged in a single or double series. "-Nicholson, loc. cit.
1.33A3 .... 1.34AIO, 11, 12, C14a .... 1.41D3, E3, 4.
PROBOSOINA FRONDOSA (NIcholson).
Plate XXXII, tigs. S-Sb.

Alecto frondosa

~icholson,

1875, Pal. Ohio, II, p. 266, pI. xxv, figs.

S-3b.

"Polyzoary creeping, adnate, of reticulating and anastomosing
branches, which sometimes become more or less completely con
fiuent, and thus give rise to a thin expanded crust, or which may be
partially reticulated and partially confiuent. When the branches
form a network, the meshes are usually extremely variable in size
and disposition, but they are in general more or less oval, arid have
a long diameter of from half a line to a line or more. The cells
are uniserial on the narrowest branches, but biserial, triserial, or
multiserial on other parts of the coenoecium; elongated and tabu
lar, immersed below, but free toward their aperture, the terminal
portion of the tube being more or less elevated above the general
sudaee. Cells from six to eight in the space of one line. Cell
mouths terminal, circular, of the same diameter as the tube.
"There does not appear to be any reason for doubting that this
is a true Alecto. It is nearly allied to A. auloporoides, especially
as regards the size and form of the cells; but the greater width of
the branches, and their common .coalescence into crusts, together
with the greater number of the rows of cells over most parts of the
coenoecium, communicate to the fossil quife a peculiar appearance,
and appear to be characters of specific value. The above descrip
tion is drawn from type specimens kindly furnished by Mr. U. P.
James. The examples that I hin;e seen are parasitic upon the
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valves of Orthis and Strophomena, and up9n various Hpecies of
Chaetetes.
"I have seen one specimen, m the collection of Afr. Dyer, of
Cincinnati, in which the spaces between the cells are very minutely
porous or tubular, and I am informed by Mr. James that a similar
specimen exists in his cabinet. It is possible these IDay constitute a
distinct species. "-Nicholson, loe. cit.
Further description is not necessary for the identification of
this species. It is not uncommon in the Lorraine and Richmond
formations.
1.33A3 .... 1.34A12, 19-21, Bl-p, C13 .... 1.41Dl, E4, 6.
PTILODICTYA PLUMARIA James.
Plate XXIV, lIg. 1;

Plate XXXII, lIg. 6.

Ptilodictyd plumaria James, 1878, The Paleontologist, No.1, p. J.
"Polyzoary plumose, pointed at the base, divided into three
lobe-like parts -by longitudinal depressions commencing near the
base, which flatten out gradually as they approach the upper part.
with a row of elougated, oblique pits in each depression directed
outward and upward; the lower part of the central lobe gently
curving from the base upward to about half the length of the speci
men; the lateral lobes expand quite rapidly, and to thin edges-one
side at a sharper angle than the other. On the surface are several
rows of slightly radiating low nodes. Quite strong 10ngitudinaJ
wavy lines on the central lobe, from eight to ten in the spacfl of a
line, between which, measuring in the same direction, are about ten
circular or oval cell apertures in the space of a line. The cells on
the lateral lobes are quite indistinct on the only specimen yet ex
amined, caused by weathering. A small portion of the upper part
is covered with rock; the exposed part measures one and three
quarter inches in length, and seven-eighths of an inch in width at
the broadest part."-James, loco cit.
According to Bassler, James' type is from 'Warren County,
Ohio. The species oecurs at a number of localities in Ohio and In
diana.
1.34A17 (?) .... 1.41E6.
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HHINIDIC'rYA LATA (Ulrich).
Plate XXXII, figs. 7, 7a.

Dicranopora lata Ulrich, 1882, Jour. Oin. Soc. Nat. Hist., V, p. 166,
pI. vi, figs. 16, 16a.
"'l'he segments of this species are ahout one inch in length;
their width at the lower or simple end is about .08 inch; at the bi
furcated end the width is usually about .16 inch; th~ greatest
thicknes..~ rarely reaches .03 inch.
The two articulating branchlets
are remarkably short, being generally only about .05 inch; they are
only indicated by a narrow cleft in the widest end of the segment.
Cells with thick walls and :very small oval apertures. There are
about ten longitudinal rows of cells near the lower end, and at least
twenty just below the bifurcation. }Ieasured along the length of a
segment eight cells occupy the space of .1 inch. There are two
rows of obliquely arranged cell-apertures along each of the acute
margins.
"The wide segments, thick cell-walls, and remarkably short ar
ticulating branehlets constitute the distinguishing features of the
species. "-Ulrich, loco cit.
1.34A9.
RHINIDIC'r¥A PARAIJLEI.,A (JUIlles).
Plate XXXII, fig. 8.

Ptilodictya pamllela James, 1878, The Paleontologist, No.1, p. 5.
(Not figured.)
"Polyzoary a flattened, linear, unbranched, two-edged frond.
about one line wide, longest example observed one inch. Surface
gently convex celluliferous on both faces; edges very thin and
sharp. Eight or ten alternating rows of elliptical cells arranged
between longitudinal lines; one row on each edge having an oblique
direction. Cell apertures not raised, five or six in the space of a
line measuring longitudinally. "-James, loc. cit.
The above description is adequate for the recognition of the
species. According to Bassler, R. gran1tlosa James is the· same.
species as R. paralella, the granulose individuals representing mere
ly the more mature stages of the species.
1.34C13, 14a.
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RHOMBOTRYPA CRASSIMURALIS Ulrich.
Plate XXIII, figs.. 2-2c.

MonotrypeUa crassimtwalis Ulrich, 1890, Geol. Illinois, VIII, p. 452,
pI. xxxviii, figs. 2-2f.
"Zoarium dendroid, dividing dichotomously or otherwise at in
tervals from ten to eighteen mm.; branches with low rounded mon
ticules, whose centers are about two mm, apart. Zooecial tubes
after passing through the axial region with a steady curve, open at
the surface with direct circular apertures, 0.1 mm. in diameter, 111'
ranged in regular curved series, about eight in two mm. Inter
spaces thick, flattened centrally, then sloping down to the zooecial
cavities; thickest on the monticules, where a few illy defined meso
pores are generally distinguishable. Tangential sections vary con
siderably in the appearance of the interspaces, sometimes showing
open spaces of diverse form and size. between the ring-like walls of
the zooecia; at other times the interspaces seem to be filled with a
light colored calcareous deposit. In transverse sections the tubes
in the axial portion ot the branch are very thin walled and regu
larly rhomboidal or pentagonal. Diaphragms wanting in the axial,
very few in the mature region; numerous 'and thick in the inter
spaces.
"This species belongs to the same section of the genus as M.
quadrata Rominger, and M. subquadrata Ulrich, though differing
very obviousy from them. All three agree in having the tubes in
the axial region regularly rhomboidal. Another peculiar feature
is the habit of changing the direction of the rhombs at intervals of
a.bout one mm. This peculiarity is readily noticed in rough ver
tical fractures, which exhibit concentric, alternately smooth and
rough or toothed spaces, each about one mm. wide. In thin verti
cal sections each change is marked by the origin of a number of
rapidly enlarging young tubes.
"The most striking feature of the species is the 'extreme thick:
ness of the interzooecial spaces. This character alone readily dis
tinguishes the species from its nearest allies. "-Ulrich, loco cit.
To this species I have referred a peculiar small, irregular, mas
sive, tuberculated specimen from near the top of the White
water division at Richmond, Indiana. A section of this specimen
is figured in this report. The external characters do not corre
spond to Ulrich's description, but the internal characters seem to
be identical.
1.41El.
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HHOMBO'£RYPA QUADRA'l'A (Rominger).
Plate XXIII. figs. 4·4b; Plate XXV, fig._ 5.

Chaetetes quadratus Rominger, 1866, Proc. Acad. Nat. Sci. Phila
delphia, 1866, p. 115 (not figured).
"In the blue limestone of :M;adison and Richmond, Ind., a well
marked form of Chaetetes is found In abundance, which I do not
see described. I propose for it the name Chaetetes quadratus. 
"It grows in coarse ramifications, with an even or slightly mon
ticulose surface. Tube orifices vary in size in different specimens
from one-fourth to one-third of a millimeter; those on the maculae
are somewhat larger; they are contiguous, polygonal or quadrate,
separated by thin walls. Intertubula~ ceUs entirely wanting.
"The quadrate tube form is particularly obvious on the ter
minal surface of branches, or on transverse sections. On the sides
of the branches the quadrate tube form gives tlie .surface a fanciful
appearance, which I cannot better explain than by cpm'paring it
with certain decorations of watch cases, consisting of concentric
circle lines crossing each other."-Rominger, loco cit.
The quadrate form of the zooec'ia as seen especially on the grow
ing ends of branches makes the identification of this species an easy
matter. I have found considerable variation in the form of the
zoarium, although there is surprisingly little in the internal charac
ters. The zoarium varies from submassive to strictly ramose; and
the surface is either smooth, which is the usual appearance, or pos
sesses low broad monticules. In size my specimens run all the way
from small cylindrical stems a few mm. in diameter to large masses
several centimeters in extent. The specimen figured is a subfron
descent branching form of rather large size.
This is one of the most persistent and abundant bryozoa in the
Richmond formation.
1.34A10, 11, 12, 13, 14, 15, 16, 17; 18b, 19-21, 22 .... 1.41A4, 5,
6, 7, 8 .... 1.41Cl, D1, 2, 3, E2, 3, 4, 6, 7.... 1.12E3, F3.
RHOMBOTRYPA SUBQUADRATA Ulrich.
Plate XXIII. Il.&'s. lI·lIb.

Monotrypella subquadrata Ulrich 1882, Jour. Cin. Soc. Nat. Hist.,
Vol. V, p. 249, pI. xi, figs. 4-4b.
"Zoarium ramose, the branches slender, cylindrical, and from
one to nearly two-tenths of an inch in diameter. Surface smooth,
without monticules or clusters of large cells. Cells usually quad
rate or rhomboidal, t~e apertures circular or broadly elliptical, and
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arranged in regular, more or less curved diagonal liues; at other
times the arrangement is peculiarly irregular.. Their walls are
moderately thick, and on an average twelve may be counted in the
space of .1 inch. A few smaller cells (which sections show to be of
the nature of interstitial tubes) are intercalated among the ordi
nary cells.
.
"Tangential sections show that the tubes have moderately thick
walls, which preserve, more or less distinctly, the primitive bound
ary line between adjoining tubes. Small interstitial tubes are al
ways shown, and although their number varies in different sections,
they are never numerous.
"In longitudinal sec~ion,<I the tubes in the axial region of the
branch have very thin walls, and diaphragms are usually wanting
in. this region. As they approach the surface their walls are mod
erately thickened, and comparatively remote horizontal diaphragms
are deyelop~d (from one-half to two tube-diameters distant from
each other). Occasionally the section cuts one of the interstitial
tubes, in which the diaphragms are about nearly as numerous as in
the ordinary tubes. The developmmlt of young tubes, by gemma
tion, takes place simultaneously in all the tubes at a point on a line
crossing the branch at regular intervals, with a strong upward.
curve. Eight or nine of these intervals occur in the space of .3
inch. In transverse sections the tubes in the central portion of. the
branch are thin-walled and strictly quadrate or rhomboidal.
"In many respects this species closely resembles M. quadrata,
Rominger, and might almost be regarded as a dwarfed variety of
that species, were it not for the certain presence of interstitial cells
in M. subquadrata. Another difference is found in the size of the
cells, Rominger's species having from seven to eight in the space of
.1 jnch, while in the new species there are about twelve in the same
space. Besides, M. quadrata is a much more robust species with
branches varying in diameter from three to six-tenths of an inch.
"As before remarked, I can not at present consider tae exist
ence of interstitial tubes in M. subqttadrata, as of more than spe
cific importance, in so far as it has reference to the separation of
the species from }rl. q1tadrata."-lnrich, loco cit.
If I correctly understand the characters of this species my col
lections contain but a single specimen, from the base of the Liberty
formation at Riclunond, Indiana. I am not sure, however, but that
I may have given more latitude to the common species R. quadrata,
than the author of the above species would approve of. At a num
ber of levels I have found small ramose forms that seemed to differ
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in no other respect from the typical R. quadmta, than in their
small size and shape. Since I did not detect any mesopores in these
specimens' I. eoncluded in each case to refer them to t:Q.e species
quadrata. If these small forms are to be referred to the above
. species, its range and distribution would be considerably extended.
RHOPALONARIA VENOSA Ulrich.
Plate XXXi, figs. 7, 7a.

llhopalonaria venosa Ulrich, 1879, ,Tour. Cin. Soc. Nat. Hist., II,
p. 26, pI. vii, figs. 24, 24a.
"Polyzoary creeping, adnate, branched, and forming a very
delicate network. Branches linear, with a straight central stripe
or series of cells, which has two branches springing, usually from
every junctlon of the cells, though sometimes at that of the second
with the third; these branches are again divided in a similar man
ner, and anastomose; this peculiar mode of growth gives the poly
zoary very much the appearance of the .venation in a leaf. Cells
uniserial, long acutely elliptical, and joined together at their con
tracted ends; length of the cells somewhat variable, but generally
about four occupy the space of two lines. Cell mouths not clearly
determined, but appear to be situated near the' middle of the cell.
"This form has only been observed, incrusting 8treptelasma
cornic1tl1tm [=8. rttsticum]. On account of the great delicacy of
the fossil, the fronds themselyes are rarely found, but instead we
. find a series of impressions on the exterior coat of the 8treptelasma,
which very well represent the fronds and cells of the same. "-UI
rich, lac. cit.
The specimen of this species figured in thi~ report is spread over
the shell of Rafinesquina alte1·uata. Another specimen was ob
tained at Richmond, Indiana. The types are from Waynesville
and Clat:kesville, Ohio. According to Ulrich and Bassler it is con
fined to the Richmond group.
1.34All .... 1.4IC2-3.
SPATIOPORA MACUJ,.0SA Ulrich.
Plate XXXII, tig. 9..

Sfatiopora maculvsa Ulrich, 1883, Jour. Cin. Soc. Nat. Hist., VI, p.
167, pI. vii, fig. 6.
"Zoarium forming large and very thin parasitic expansions,
usually adhering to the shells of Orthoceras, but in a few instances
to other objects. The surface shows at intervals of .18 inches,
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measuring from center to center, distinct groups of large cells,
which, very rarely, however, are slightly elevated above the general
level of the surface. The diameter of the cells in these clusters not
infrequently exceeds 1/55th of an inch, while that of the ordinary
cells averages about 1/110th of an inch. 1'he cell-walls are moder- .
ately thin, and at many of the angles are elevated into more or less
promineqt spiniform tubuli, which are larger and' somewhat more
numerous among the cells of the clusters mentioned. The cell-aper
tures are more or less irregular in shape, and never, on account
of the thickened wall angles, are strictly angular. Interstitial cells
are entirely absent. 1'h~ internal structure shows no striking pe
culiarities, and much resembles that of the type species.
"This species is not uncommon in the Cincinnati Group. It is
distinguished from S. aspera by the more distinct groups of larger
cells, smaller and less prominent spiniform tubuli, which are only
to be observed in finely preserved examples, the greater number of
specimens found being entirely smooth. "-Ulrich, loco cit.
To this species I have referred a specimen from the top of the
hill back of Yevay, Indiana.
SPATIOPORA '.qJBERCULATA

(~IIlue·Edwards

and HaiJne). "

Plate XXXII, fig. 10.

Chaetetes luberc'ulatus Milne-Edwards and Haime, 1851, Mono
graphie desPolypiers Fossiles des Terrains Palaeozoiques, p.
268, pl. xix, figs. 3, 3a.
"Polypier tres-mince, encroutant. Les mamelons sont CODl
primes et aHonges dans une meme direction longitudinale, assel.
saillants, long de 2 ou 3 millimetres, large d 'un ou d 'un demi, dis
tants entre eux de deux fois leur largeur. Le sommet des mame
Ions est un peu compact.e. Calices peu inegaux, de forme Ull pau
variable; ceux des mamelons pourtantull peu plus grands, et lar
ges d 'un. tiers de millimetre. Cette espece est tres-voisne du Chae
tetes mammulatus j elle paraJ:t en differer pourtant par ses mame
Ions toujour plus aHonges et moins saillants, et ses calices sont un
peu plus grands.
"SILURIEN (inferieur). Etats-Unis (Blue limestone): Cin
cinnati, Oxford, Springfield, Lebanon (Ohio).
"SILURIEN (superieur). Angleterre: Dudley.
"CoIl. de Yerneuil, T. W. Fletcher. "-Milne-Edwards and
Haime, loco cit.
A 'free translation of the above description will suffice for its
identification.
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Zoarium very thin, encrusting. The monticules are narrow and
elongate in the direction of the greatest length of the zoarium,
quite· sharp, two or three mm. long, about one or one half
wide and separated from each other by about twice their breadth.
The tops of the monticules are nearly solid. Zooecial apertures
somewhat lmequal in size, varying somewhat in form, those of the
monticules rather larger, about a third of a millimetre in diameter.
'l'his species is nearly· related to Chaetetes mammulatu8 from
the fact that its monticules arc always morc
which it differs
elongate and not so sharp, and the zooecial apertures are slightly
larger.
This and other species of the genus are commonly found grow
ing over the shells of Orthocerata. Nicholson has described S. cor
ticans, which he afterwards considered as a synonym of the present
species, and Ulrich later d!'lscribed S. montifera a species with
much more conspicuous monticules. Nickles and BasslElr consider
Nicholson's 'SJ)ecies valid.' All of these species have the elongated
monticules; drawn out in a common direction. The internal char
acters are indicated under the diagnosis of the genus.
Reported from Indiana in Kindle's list.. It occurs in the Lor
raine and Richmond formations.

in

STIGMATEI"LA CLAVIS (Ulrich).
Plate XXIV, figs. 2, 2a; Plate XXV, fig. 3.

Leptotrypa clavis Ulrich, 1883, Jour. Cin. Soc. Nat. Hist., VI, p.
161, pI. vi, figs. 3, 3a.
"Zo'arium growing parasitically, usually upon crinoid columns,
but not infrequently upon the stems of small branching bryozoa.
In thickness it varies from .02 to .15 of an inch, the largest speci
men seen being about one inch in length. Those growing upon the
crinoid uolumns usually heing club-shaped or subfusiform,. while
those upon other objects are variously and irregularly shaped.
Surface presenting at intervals of .1 inch, small clusters of cells a
little larger than the average, which in a few specimens are sl;ghtly
elevated above the general level of the surface. Cells of one kind
only, rather unequal in size, and irregular in arrangement, with
moderately thin walls, and an average diameter of 1/130th of an
inch, while the diameter of those in the groups seldom. exceeds
1/10Qth of an inch. When in a good state of preservation the spin
iform tub.uliare quite-prominent and pointed, and being numerous,
give the 7.oarium a characteristically hil;sute appearance.
[56]
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"Longitudinal sections show a spiniform tubulus between
nearly all of the thin and straight tube-walls. Th~ir internal
cavity is distinctly shown and comparatively large. Diaphragms
are usually developed at remote intervals, though often wanting.
No interstitial tubes have bE'en observed.
"In tangential sections the cells are seen to be thin-walled and
of rather unequal size. Spiniform tubuli of moderate size are
plentifully developed, placed at the cell-angles and often at points
between, in which ease. the walls are forced into their respective
cell-cavities on each side. No special series of small cells are ob
served in these sections.
"This species is probably most nearly allied to L. ornata, from
which it differs . principally in having more numerous spiniform
tubuli, which are also much more conspicuous, both externally and
internally. These differences will also apply to the other species."
~IDrich, Joe. cit.
.
IDrich and Bassler have recently placed this species in their
genus Stigmatella.
1.34C5, 6, 7, 11 .... 1.33A3.
STIGMATELLA CRENULATA Ulrich and Bassler.
Plate XXIV, figs. 4-4d.

.

Stigmatella crenulata IDrich and Bassler, 1904, Smithsonian Miscel
laneous Collections, XLVII, p. 34,' pI. ix; figs. l-4; pI. xiv, figs.
1,2.
.
"Zoarium composed of cylindrical, sub cylindrical or com
pressed,· frequently dividing stems 10 rum. or more in diameter,
arising from a broad base and forming a clump probably seldom
more than 50 mm.high. Surface even, but in well preserved ma
ture specimens spinulose because of the many acanthopores. Mac
ulae well marked, generally composed of mesopores which make
up the characteristic 'spots' but sometimes formed exclusively of
zooecia larger than the ordinary. Zooecial apertures small, about
9 in :l mm. with their walls thin and often beautifully inflected by
the numerous small acanthopores. Mesopores present, variable in
number but usually few and mostly aggregated in the maculae.
In the axial region the zooecial tubes have thin, finely crenulated
walls, and occasionally a diaphragm or two. In the mature region
the walls increase slightly in thickness, mesopores and acanthopores
develop, and thin diaphragms cross the zooecial tubes .and mes
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opores at varying though always comparatively remote intervals."
-Ulrich and Bassler, loco cit.
I have one specimen of this species from the top of the W aynes
.
ville formation, near Abington, Indiana.
STIOMA'l'ELLA IRREGULARIS (Ulrich).
Plate XXV, figs. 2, 28..

Chaetetes irregttlaris Ulrich, 1879, Jour. Cin. Soc. Nat. lIist., II, p.
129, pI. xii, figs. lO-lOb.
"'l'his form grows in small, free, and exceedingly irregular,
masses, having a diameter varying from less than three lines to fif
teen lines. Surface rarely nearly smooth, but is generally irregu
l::Ir!y and strongly nodulated. Ap~rtures of tubes polygonal,
nearly equal in size, from eight to ten occupying the space of one
line; walls of tubes comparatively thin. Interstitial tubuli are .en
tirely absent.
.
-
"Longitudinal sections of this species have a peculiar and
unique appearance. The tubes are seen to radiate from various
centers, which correspond in number to that of the prominent nod
ules observed on the surface. Transparent sections were taken
from many specimens, but no tabulae were observed crossing any
of the tubes. When the tubes are cut transversely they are seen
to be thin-walled and polygonal, with sometimes. a small or young
tube interpolated. The calcite filling the tubes is of darker and
lighter shadcs, giving sections a peculiar appearance, and when the
ends of the tubes are observed, it is divided by quite regular but
faint cruciform lines, as in C. quadratus and several other forms.
"This species is allied to C. lycopodJites, but is easily distin
guished by its peculiar growth, and in having no diaphragms cross
ing the tubes. It is also related to C. subglobostts, but that species
differs in having a more regular form, larger calices, and flexuous
or wrinkled tube-walis. C. irregttlaris marks a horizon of about
five hundred and fifty feet above low water mark in the Ohio river
at Cincinnati, and is nearly always found where that elevation is
exposed. "-Ulrich, loe. cit.
Ulrich and Bassler have recently placed this species in their
new genus BUgmatella. I am not sure that I have seen any speci
men in Indiana. It is listed in Kindle's list of Indiana fossils,
though from the locality given (Hamilton County) I atn sure that
either he or his authority is in error. Probably Hamilton County,
Ohio, is meant. I have included it. however, because it is most
likely to be found within this State.
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STIGMATELLA PERSONATA Ulrich and Bassler.
Plate XXIV, figs. a·3d.

Stigmatella personata Ulrich and Bassler, Smithsonian Miscella
neous Collections, XLVn, p. 35, pt!~i;~iigs. 1-3.
, "This is one of the non-mesopored species of the genus and
forms smooth, branching zoaria very much like S. crenulata and S.
spin.osa. From the former it is distinguished by having fewer
acanthopores, no meso pores, and in lacking the crenulation of the
walls in the immature region. From S. spinosa it is separated by
its larger zooecia, 7 to 8 being found in 2 mm. while 10 are re
quired in that species to cover an equal distance. The acantho
pores in S. personata also !lfford a difference, being but seldom
more numerous than the junction angles which they usually oc
cupy. In S. spinosa, it will be remembered, they are so abundant
that they almost completely surround the zooecium. "-Ulrich and
Bassler, loco cit.
The only specimen of this .species seen by me comes from near
the top of the Richmond series on Elkhorn Creek, near Richmond,
Indiana.
STIGMA'l'ELLA SPINOSA Ulrich and Bassler.

xxv, figs. l·ld.
Stigmatella spinosa Ulrich and B~ler, 1904, Smithsonian Miscel
laneous Collections, XLVII, p. 34, pI. ix, figs. 5-8.
"The method of growth in this species is similar to that obtain
ing in S. cren1tlata, but under a lens S. spinosa is distinguished at
once by having no mesopores and so many small acanthopores in
denting the zooecial walls that the surface appears granulose
rather than spinose, which term applies better in other species of
the genus. Continuing the comparison with S. crenulata, the 7.0
oecia are found to be a little smaller, about 10 occurring in 2.0 mm.,
and the axial portion of the tube walls straighter.
, 'Thin sections of this species are, both beautiful and instructive.
In vertical sections the periodic development of the acanthopores,
which is a feature of the genus, is shown especially well. Dia
phragms few and of irregular distribution. "-Ulrich and Bassler,
loco cit.
This form is repo~ted by Ulrich and Bassler as occurring in the
Richmond ~ormation at Versailles, Indiana.,
Plate
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STOMA',rOPORA ARACHNOIDEA (Hall).
Plate XXXII. figs. 2·2e.

Aulopora arachnoidea Hall, 1847, Pal. New York, I, p. 76, pl. xxvi,
figs. 6 a-c; and fig. in foot note, p. 76.
"(Joral ~onsisting of a fine weblike expansion, diffusely branch
ing and anastomosing, attached to the surface of other bodies;·
tubes narrow, slender, short, subclavate or straight, single; mouth
slightly elevated, opening 'obliquely upwards, smaller than the cell
below.
"This very delicate species, in some portions of its extent, bears
considerable resemblance to Alecto dichotoma of the Jura limestone
(LAMOROUX, Exp., p. 84, t. 81, f. 12-14; BLAINVILLE, Man.
d'Act..• p. 464, t. 65, f. 1; Aulopora dichotoma, GOLDFUSS,
Petrefa6ta, pag. 218, pI. 65, fig. 2); but other portions develop a
structure scarcely compatible with this genus, and I have there
fore placed it under the Genus AULOPORA. The illustration be
low presents a magnified view of a distinct part from that shown
on the plate, and exhibits the essential characters of AULOPORA.
It is the only species of the genus known to me in the lower term
of our system, and on this account is more interesting as showing
the early commencement of this peculiar form of coral, which is
known only in a fossil state. The lowest position in which it. has
been known previously, is in the Wenlock limestone, and the upper
limestone of the Caradoc (Silurian System, p. 676); others occur
in the Eifel (Devonian), and other species are known in the Oolite
and Jura limestones.
"This is not a common fossil in the Trenton limestone, though
it has been seen in several localities widely separated, thus proving
its great geographical range.':-Hall, Zoc. cit.
The reference of this delicate species to the coral genus Aulo
pora is of course no longer permissible. Whether it should be as
sociated with such forms as Stomatopora inftata, etc., in the genus
Stomatopora, is a question that can not be adequately discussed at
this point. I have taken occasion to call attention to the unsatis
factory condition of the genus Stomatopora and its related genera
in the diagnoses of those genera. S. arachnoidea has the zooeeia
immersed, in this respect more nearly resembling the two associated
species of Proboscina than the other species of Stomatopora such as
S. in/lata. 1'0 me the uniserial arrangement, or otherwise, does not
seem to be a character of generic importance, and as I have reo
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. marked elsewhere in this report, the genera will ultimately have to
rest on characters of higher phylogenetic importance.
S. arachnoidea is a widely distributed and exteusively ranging
form, being found in the Utica, Lorraine and Richmond.
5.9A31 ..•. 1.34Bl-3, 09, 18 .... 1.41B1 .... 1.12A2, Dl-6.
STO::\IATOPOltA INFLATA (Hull).
Plate XXXII, fig,,-. 1, 1a.

Alecto infiata Hall, 1847, Pal. New York, I, p. 77, pI. xxvi, figs.
7 a-b.
"Ooral attached, arachnoid; tubes short, much expanded above,
contracting at the aperture, and narrowing rapidly below; mouths
large, openiug obliquely upwards.
"This coral resembles the last in its mode of growth and gen
eral appearance; but the tubes are more expanded or vesicular
above, and the little mouths are proportionally more distinct. It is
clearly referrible to the Genus ALEOTO, in its mode of growth,
form, and arrangement of cells, which proceed one from the other,
each base being a little belo,v the aperture of the previous one."
Hall, loco cit.
_
This species is commonly seen growing over the shell of Rafines
quina alter-nata, or over other bryozoa, and in the Richmond forma
tion on the Streptelasma rusticum. It is a very delicate form, but
from the uniserial arrangement of the zooecia and their peculiar
swollen form it is easily distinguished.
'
1.33A3 .... 1.12A2 .... 1.41A7, D3, E2, 3.
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G]<~NERA.

CATAZYGA Hall and Clarke.

Shells rather large, subcircular or ovoid; valves more convex
than in Zygospira. 'A low median sinus in both valves; surface
with a grea.t number of fine radiating striae. Muscular impressions
of pedicle valve well defined, ·pedicle cavity deep, with a deeply ex
cavated, short, sharply defined longitudinally striated impression
in front of it. In the brachial valve is· a broad anterior and nar
row, elongate, posterior pair of scars. Spirals essentially the same
as in Zygospira, but with the apices of the cones converging toward
the median line in a plane just below the surface of the brachial
valve. Jugum persistently posterior in its position, originating as
in Atrypa, the lateral larp.ellae bending downward toward the bot
tom of the brachial valve and directed forward in lines that are
parallel for a short distance. Thence they bend inward and up
ward, meeting in a short angle in the space just behind the apices
of the spirals. (Hall and Clarke.)
CRANIA Retziu8.

Shell inequivalve, inarticulated, without perforation for a
pedicle; subcircular in outline, generally somewhat transverile
across the posterior margin; attached by the apex or the entire
surface of the lower valve. Ventral valve depressed-conical or
conforming to the surface of attachment. Dorsal valve more or
less conical with a subcentral, posteriorly directed apex. Sur
face of the valves usually smooth, sometimes ·spinose or with con
centric or radiating striae; In the interior of both valves are two
pairs of large adductor sc~rs, the posterior of which are close upon
the margin and widely stWarated, the anterior near the center Gf
the shell and close together, more a.pproximate in the lower than
in the upper valve. These posterior scars are often strongly ele
vated on a central callosity which surrounds their broad and thick
ened margins. Impressio*s of the pallial genital canals anterior.
The :tnargin of the lower valve is usually coarsely digitate. Shell
substance calcareous, strongly punctate. (Hall and Clarke.)
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DALMANELLA Hall and Clarke. '

Shells plano-convex or subequally biconvex. Pedicle valve usu-·
ally the deeper, often gibbous, elevated at the umbo and arched
over the cardinal area. Hinge line generally shorter than the
greatest width of the shell. Often a more or less conspicuous un
defined median fold and sinus on the pedicle and brachial valves
respectively. Surface with fine rounded bifurcating radiating
strire. Teeth in the pedicle valve quite pro~inent, thickened at
their extremities and supported by lamellae which are produced
forward surrounding a rather short suboval or subquadrate mus
cular area. Cardinal process in the brachial valve extends for
ward to the bases of the crural plates where it is broadened and
continued thence as a median ridge separating the muscular im
pressions. The inner surface of this process is divided by a faint
median furrow which produces two lobes at the posterior extremity,
and each of these lobes is again divided making the process quad
rifid. In some cases the two median divisions coalesce, making the
process appear trifid. In some species at maturity and in others
from abnormal growth this process becomes a broad plug which
fills the entire delthyrial opening. Dental sockets small; crural
plates often greatly elevated, especially in the plano-convex species,
usually ending abruptly. Muscular impressions quadruplicate,
sometimes with radiating ridges extending from the lateral and an
terior margins. (Hall and Clarke.)
DINORTHIS Hall and Clarke.

Relative convexity ·of the valves reversed (i: e. the dorsal valve
the most convex). Surface with strong rarely bifurcating plica
tions. Delthyrium sometimes partiall;y closed. Muscular area in
pedicle valve subquadrate, bounded by extensions of the dental
lamellae. In the brachial valve the muscular impressions are ob
scure; cardinal process erect, broad and frequently bilobed on ,its
posterior face. Shell structure impunctate. . (Hall and Clarke.)
HEBERTELLA Hall and Clarke.

Shells with convexity of the valves reversed. Surface covered
with numerous fine, rounded, closely crowded plications, crossed by
lamellose growth lines. Teeth in the pedicle valve large and sup
ported by thick lamellae which are continued as a strong ridge
around a short obcordate muscular area. This area is medially di:
vived by a prominent ridge upon the summit of which lies the
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linear scar of the adductors. The flabellate lateral impressions are
sometimes divisible into their two components, diductors and ad
justors, and in old individuals the impression of the pedicle muscle
is often distinct. Dental sockets in the brachial valve narrow and
inclosed beneath, and on the inner side by the strong crural plates.
Oardinal process elongate' and simple, Rometimes thickened, often
crenulate, but not lobed at its posterior extremity. The proceS3
unites with the inner bases of the crural plates and is produced
forward as a median ridge dividing the four muscular scars, which
are distinctly developed only in old shells. Shell structure fibrous
impunctate, the plications of the surface sometimes tubulose.
(Hall and Olarke.)
In some of the later species of this genus the shell is coarsely
punctate.
LEPTAENA Dalman.

Redefined by Hall and Clarke.
Shells plano-convex when young, concavo-convex at maturity.
Surface with conspicuous concentric wrinkles over the flatter por
tions of the valves. Where these cease the valve is often more or
less' abruptly deflected. Whole exterior covered with fine radiat
ing, thread-like striae, crenulated, in well preserved specimens, with
fine concentric lines. Outline transversely subquadrate or semi
ovaL Hinge line straight, making the greatest breadth of the shell ;
extremities often sub-auriculate. Oardinal area narrow, slightly
wider on' the pedicle valve, not denticulate. Delthyrium in the
pedicle valve covered by a Mnvex deltidium, perforated at the apex
by a foramen which is closed at maturity or encroaches upon the
apex of the valve. Deltidium most conspicuous in the early stages
of growth. Teeth very divergent and quite conspicuous, generally
supported by lamellae which are continued around the subcircular
muscular area of the narrow umbonal cavity. The muscular scars
consist of a narrow median or adductor, inclosed by flabelliform
diductors. In the brachial valve the area is linear, the delthyrium
is progressively filled by the growth of a callosity, which is often
deeply grooved along the 'center and sometimes perforated in the
line of division between the branches of the cardinal process. Oar
dinal process consists of two sessile diverging apophyses which have
broad, flat, striated surfaces of attachment, and are extended be
yond the hinge line. The sockets arc moderately deep; crural
plates usually not sharply defined, but are continued in a curving
line along the inner surface of the valve, partially embracing a
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pair of broad, ovate muscular impressions which are marked by
arborescent ramifications; recurving and again incurving, these
ridges partially surround a pair. of smaller muscular areas, lying
in front of the first. Posterior pair of muscular impressions di
vided by a ridge which originates at the cardinal process. Second
pair of impressions separated by a low slender median septum
which is a continuation of the interrupted posterior ridge. The
muscular area is divided into the following scars: a large posterior
pair (posterior adductors) the surface of which is covered with
arborescent ridges; an anterior pair (anterior adductors) close to
gether at about the center of the valves; an elongate narrow
median scar apparently divided throughout its length by a faint
ridge. At the line of geniculation, the interior surface is frequent
ly elevated into a very prominent, sharp, or abruptly rounded
crest. Spiral callosities for the support of the brachia have been
observed. (Hall and Clarke.)
LEPTOBOLUS Hall.

Shells small, fragile, subovate in outline; shell substance semi
phosphatic. Exterior with concentric growth-lines. Interior of
the pedi~le valve witb a notably large cardinal area, which is
sharply grooved. Beneath this area is a broad depression extend
ing nearly across the shell and divided by a low median ridge,
which bifurcates at its extremity, leaving, between its branches a
small central muscular impression. Tbis impression is bounded on
its sides hy a crescentic mnscular fulw:-um, which extends parallel
with the margins to the anterior portion of the shell. At a point
back of their centers each gives off a transverse branch extending
inward and backward. In the hrachial valve the cardinal area is
also well developed and distinctly grooved. The limits of the mus
cular scars are indicated by three septal ridges, one axial and one
on either side. All these ridges are bii'nrcated at their anterior ex
tremities. (Hall and Clarke.)
LINGULA Bruguiere.

Shell suh-equivalve; elongate-ovate, snhquadrate or suhtrigonal
in outline; slightly gaping at both extremities; brachial valve
somewhat shorter and with a slightly thickened hinge-line. Sur
face smooth, or concentrically and radially striated~ Pedicle long,
protruding from bctwecn the heaks of the two valves. Pe~icle
valve with a distinct cardinal shelf or area, divided by a depression
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widenillg froJ]] the apex anteriorly (the" deltidium"). Deltidium
bounded at the sides by elevated ridges, which at the anterior ends
are each developed into a small callosity. Mus~ular impressions
numerous, but usually distinct. In recent species there are twelve
upon each valve. These are: the umbonal, near the beaks; the
lateral, produced by three pairs of muscles; the anteriors;" the
middles; the externals; the centrals and the transmedians. The
muscular region in each valve is surrounded by the parietal bands
whic1 leave more or less distinct impressions on the shelL The an
terior internal surface of each valve bears traces of "two strong
pallial sinuses, which nearly meet in the axial line before reaching
the anterior margin. In front of and behind these are radiating
vascular markings. Shell substance composed of altt:rnating lamel
lae of chitinous "and calcareous material. (Hall and Clarke.)
LINGULASMA lJIrich.

Shells large, subquadrate, linguliform, sub-equivalve; brachial
valve considerably the deeper. Beaks apical, cardinal margins
gently sloping to the sides. Surface ,,;th concentric or radiating
lines and bead-like granules. Shell substance thick, largely cal
careous. Interior of pedicle valve with low, concave platform
which extends over one-half the length of the shell, and is not
hollowed on its anterior wall. Pedicle area largely inclosed within
the shell, making a distinct sheath or shelf, beneath which lie the
apical portions of the central and lateral muscular scars. Crescen
tic scars scarcely defined. Brachial valve deep, with high platform
of about the same extent as that on the other valve. sloping inward
near its anterior margin and continued axially into a strong sep
tum which reaches nearly to the front of the valve. Anterior walls
of the platform broadly excavated, and close against the base of the
septum hollowed out into short conical cavities. Crescent strongly
developed, sharply pointed backward at its center. Its lateral
curves are broad, reaching to the edge of the platform. Directly
in front of its central angle lies a short, sharp, median ridge, which
disappears near the center of the platform. Lateral and central
muscular ~cars well developed, (Hall and Clarke.)
PLATYS'J'ROPHIA King.

Contour spiriferoid; hinge line and area long and straight,
nearly equally developed on the two valves. Both valves very con
vex, the brachial being the more so, and bearing a very strong
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median fold corresponding to a deep sinus on the opposite valve.
Surface marked with strong; usually sharp, radial plications, a
variable number of which are on the fold and sinus. External
surface, when well preserved, finely granulose. Delthyrium open
in both valves, somewhat larger in the pedicle valve, and in old and
very gibbous shells it has often encroached upon the umbonal re
gion of the valve. Teeth thick and very pro,minent; muscular area
comparatively small, and often,' in old shells, deeply excavated in
the substaIJ.ce of the shell. Not readily divisible into component
scars. The cardinal process of the brachial valve is a simple linear
ridge, always small and sometimes nearly obsolete. Dental sockets
comparatively small; cruraJ plates large and thick, uniting at
their inner bases and produced into a prominent median ridge.
Muscular area quadruplicate. Shell structure very compact and
finely fibrous, without punctation. (Hall and Clarke. Cumings.)
PLECTAMBONITES Pander.

Redefined by Hall and Clarke.

Shells usually small, normally concavo-convex. Surface with
,very fine striae, often alternating in size. Hinge line making the
greatest width of the shell, extremities often subauriculate. Car
dinal area narrow in both valves, sometimes' obscurely crimulated
on the margins. Pedicle val¥e wjth a moderately broad delthy
rium, which is partially closed by a convex plate, but mostly occu
pied by the cardinal process of the opposite valve. Apical foramen
sometimes retained. Teeth prominent and supported by thickened
plates, which are continued in broad outward curves for more than
half the length of the valve, returning and uniting in the umbonal
cavity, thus limiting two linguliform muscular scars, inclosing a
more or less clearly defined adductor impression. Dental sockets
in brachial valve deep, often appearing to transect the cardinal
area. Cardinal process simple and erect, but by its coalescence
with the short prominent crural plates the posterior face appears
trilobate. The crural plates end abruptly as in Orthothetes; be
coming thickened at about the middle of their length, giying origin
to two low ridges or septa, which at first approach each other,
and thence continue forward with a slight divergence, thus form
ing the inner boundaries of two elongate m.uscular scars, which
are less sharply defined on their outer margins. The muscular area
is rendered quadripartite by two short transverse or oblique poste
rior furrows. Vascular impressions radial, sometimes digitate.
Shell substance fibrous, sparsely punctate. (Hall and Clarke.)
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PLEC rORTHIS Hall and Clarlre.

Valves subequally convex, plications strong, simpl,e or duplicate.
Cardinal area of pedicle valve low, Shell substance impunctate.
Muscular scars, dental lamellae, and cardinal process as in Ortkis
(s. s.). (Hall and· Clarkc. )
The prcsent'writer is inClined to doubt the value of this genus,
in as much as the fact that the plications may bc duplicate is prac
tically the only distinction between it and the genus Orthis (sensu
st1'icio) .
RAFINESQUINA Hall and Clarke.

Shells normally concavo-convex. Surface ornamented by radi
ating striae, of alternating size, crossed and crenulated 'by finer
concentric striae. Cardinal margins without denticulations. In
terior of the pedicle valve with the muscular area not strongly
limited; consisting of two broad flabellate diductor scars enclosin~
an elongate, more distinctly defined adductor. The faiutnel:!s
of the limitation of this area is in marked contrast to the
sharply defined muscular area in the corresponding valve of
Leptaena. In the brachial v8J.ve the cardinal process is more
closely sessile than in Leptaena, and there is frequently a linear
callosity between the branches. The posterior adductor scars have
the arborescent markings of Leptaena rhomboidalis, and these im
pressions are the only ones well defined, the anterior scars being
narrow and rarely retained with distinctness. From the anterior
margin of the muscular area radiates a series of irregular furrows
and nodose ridges, which are to some extent of vascular origin.
(Hall and Clarke.)
RHYNCHOTREMA Hall.

Shells large,' thick, often gibbous. Deltidial plates in adult
shells of great size, thickened and coalesced with the bottom of the
valve, their outer surface being concave. The pedicle passage en
croaches upon the substance of the valve, the foramen lying be
hind the apex and the passage itself inclosed by the thickened
deltarium. The teeth rest upon the thickened lateral walls of the
valve, and there appears to have been no development of dental
lamellae, unless at a very early period in the life of the shell, Me
dian septum in the brachial valve thickened and extending more
than one-half the length of the shell; the small cardinal process
rests upon the posterior extremity of the septllm. The bases sup
porting the crura are divided'by a very narrow median cleft, and
are remarkably broad and stout, and abruptly deflected to the deep
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dental sockets. 'fhe crura arise from the middle ()f this compara
tively broad hinge-plate, instead of from the margins of the dental
sockets. The muscular impressions are usually strongly developed;
a deep scar of the pedicle muscle ben'eath the deltidial plates;
the adductor impression in the pedicle valve often very marked.
Adductors of the brachial and diductors of the pedicle valve
more or less distinctly defined. (Hall and Clarke,)
Shell rostrate, surface covered with strong angular radiating
plications; a well defined fold on the dorsal valve and correspond
ing sinus in the ventral valve, a variable but always small number
of plications in the fold and sinus.
.
SCHIZOCRANIA Hall and Wbitfield.

Shells subcircular in outline, inequivalve, unarticulated. Pedi
cle valve flat or concave; apex subcentral. A deep triangular
notch extends from just behind the beak to the margin, where its
arc is about one-sixth of the periphery. The apex of this pedicle
notch is occupied by a triangular transverse plate or listrium,
varying in size v\,ith the age of the shell, but extending from one
fourth to one-third the length of the opening. Surface marked
by concentric growth-lines. No muscular impressions visible.
Brachial valve more or less convex, beak marginal. Surface radially
striated. The interior bears a pair of strong posterior adductor
scars, lying close together in the umbonal region, their outline is
subovate, and they frequently appear to be divisible into anterior
and posterior elements. In front of them at about the center of
the valve, are the small and faint anterior adductor impressions.
A low median ridge extends from tIle apex to beyond the center of
the valve. Shell-substance of perlaceous calcareous laminae, the
inner layers appear to be corneous. (Hall and Clarke.)
S'fROPHOMENA Rafinesque '(de Blainville).
RestrIcted by Hall and Clarke.

Shells transversely subsemicircular or semiellipticaL Greatest
width along the hinge line. Concavo-convex; surface with flne
radiating striae, which are equal or alternate in size. Pedicle valve
slightly convex at the um.bo but becomes rapidly concave toward
the middle; apex perforated except in old' age. Cardinal area
conspicuous, nearly vertical, delthyrium closed by a convex deltid
ium. Teeth widely divergent and sllPported by plates which are
produced into elevated ridges nearly surrounding the muscular
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area. Latter relatively short, subcircular in outline, deeply exca
vated and divided medially by a more or less distinctly defined
longitudinal ridge, which is often continueQ. over the pallial re
gion: Brachial valve concave at the umbo, becoming strongly con
vex farther forward j cardinal area. narrow, delthyrium rudimen
tary or incomplete. Dental sockets deep, continued as narrow
grooves or indentations across the cardinal area. Crural plates
extended laterally with a slight curve, not supported by septa ;
united at their inner margins to form a callosity upon which
rests the short, bilobed cardinal process, which scarcely extends be
yond the hinge line. The muscular surface of this process is cor
date in outline and is placed at a low angle to the plane of the
area. A low median ridge extend's forward from the hinge plate,
separating two large adductor scars, in front of which are two nar
row elongate impressions. Vascular and ovarian markings fre
quently well defined. Shell-substance fibrous, strongly punctate.
(Hall and Clarke.)
TREMATIS
Sharpe.
,

Shell subcirclar or transversely oval in outline. Pedicle valve
unevenly convex, more or less depressed over the posterior region j
apeX at or behind the center; directly beneath it begins the pedi
cle fissure, which transects the shell, vertically widening to the
posterior margin with straight or outwardly curving edges. Brach
ial valve evenly convex, with its apex marginal and slightly pro
jecting. Interior of pedicle valve shows a faint median furrow ex
tending from the angle of the fissure to the apex of the shelL This
groove widens at its apical termination and may represent a point
of muscular attaclunent. Sides of the fissure often with callosi
ties. j;'rom the apex of the valve extend radiating and branching
vascular sinuses. Posterior margin. of brachial valve much thick
ened and broailly grooved for the extrusion of the pedicle. This
thiekeriing does not form a cardinal area or shelf. Adjuster and
posterior adductor scars directly beneath and in .front of this
thickening. These scars separated by a faint median septum.
which passes forward, becoming more prominent over the tongue
shaped median elevation which separates the large central scars.
These impressions are oblique and not simple, each appearing to
be composed of two, or three, distinct scars, making a posterior,
median and anterior pair. Posterior pair small, sometimes quite
sharply defined; central pair much ·larger, anterior pair narrow.
Eutire impression deeply excavated. Surface of both valves more
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or less completely covered by a beautiful ornamentation consisting
of punctures or small pittings of various depth, arranged either
in quincunx or in radiating rows. Shell-substance with an outer
calcareous layel" and 'inner corneous lamellae. The outer layer is
coarsely punctuated by the pittings constituting the surface orna
mentation. The corneous layers are impunctate. (Hall and
Clarke.)
.
ZYGOSPIRA Hall.

Snells usually small. Outline subcircular or transversely oval.
Contour subplano-convex. Surface sharply plicate. Pedicle valve
with a median plicated ridge. Umbo narrow and prominent; beak
acute and incurved. Foramen t;longate, rarely apical, enclosed by
the deltidial plates. Hinge line long and straight; cardinal ex
tremities rounded. A distinct false area is formed by a pair of
ridges diverging. from the beak toward the cardinal extremities.
On the interior the teeth are moderately well developed and un
supported by dental lamellae. The brachial valve is depressed
convex in the umbonal region and bears a more or less conspicuous
median sinus. The hinge plate consists of two broad, stout proc
esses, diverging outwardly, grooved on their summits and sepa
rated from each other by a narrow, sharp cleft. They form both
the socket walls and- crural bases, and are supported by a low- me
dian ridge. Muscular impressions obscure in the typical species.
Crura short and straight at their union with the primary lamellae,
making a rectangular curve. The first half vol uti on of the ribbon
lies just within the margins of the valves, and the number of
volutions is small. The spirals have their bases parallel to the
lateral slopes of the pedicle valve and their apices directed ob
liquely toward the center of the opposite valve. Jugum continu
ous, variable in position and ihape; its apex always angular and
directed anteriorly. (Hall and Clarke.)
DESCRIPTION OF SPECIES.
CATAZYGA HEAD! BilUngs.
Plate XXXIII, figs. l·le.

Athyris keadi Billings, 1865, ;Paleozoic Fossils, I, p. 147, figs.
125-127.
" Desc·ription.-Broad oval or sub-pentagonal; both valves con
vex;. sides and front margin occasionally somewhat straight. Ven
tral valve rather strongly convex, most elevated about the llliddle
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or a little above; beak closely incurved, in contact wit.h the umbo
of the dorsal valve; umbo sommyhat carinated; an obscure mesial
sinus which is usually so slightly impressed as to constitute only a
flattening of the shell extends from the front margin to within
one-third of the length from the beak, where it becomes obsolete;
on each side of the sinus the shell descends with a somewhat flat
slope to the sides. Dorsal valve not so convex as the ventral; often
with an obscure mesial sinus.
"Surface with fine rounded radiating ridges, closely crowded
together, cL a nearly uniform size, from eight to ten in the width
of two lines.
"Length about 10 lines; width a little less thau the length.
"This species is dedicated to the late John Head, Esq., by whose
unfortunate death science has sustained a grievous loss.
Locality and formation.-On the south shore of the St. Law
rence opposite Three Rivers. Hudson River formation." -Billings,
t{

loco cit.
Richmond formation, Madison, Indiana.
CRANIA LAELIA Hall.
Plate XXXIII, fig. 2.

-

Crania laelia Hall, 1866, 24th Rep. New York State Museum (ad
vance sheets), p. 220, pI. vii, fig. 16. '
"Shell small, discoid or moderately convex on the upper valve,
somewhat narrowed towards the cardinal border. Apex of the
dorsal valve minute, not prominent, situated about one-third the
length of the valve from the cardinal margin.
"Surface marked by fine but very sharply elevated radiating
striae, which are sometimes tortuous, and frequently increased by
implantation. Ventral valve and interiors not observed.
"This is a distinct and well marked species, not easily to be
mistaken for any other now known to me. Its nearest analogue is
C. c1'enistria of the Hamilton group; but the striae are sharper,
with the apex more app!'essed, and somewhat differently situated."
-Hall, loco cit.
This species is easily recognized by its sharp radiating striae.
1.4IC2-3, D2, 3 .... 1.12F3.

[57]
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CRANIA SCABIOSA Hall.
Plate XXXIII, figs. S-Sa.

Crania scabiosa Hall, 1866, 24th Rep. New York State MUSelUtl
(advance sheets), p. 220, pI. vii, ·fig. J 5.
"Shell somewhat less. than medium size, usually discoid or lit
tle elevated, but sometimes prominent, irregular in outline; margin
thickened. Apex of dorsal valve eecentric, varying in different
individuals. Surface of valve having usually strong lamellose
lines of growth, which are sometimes obscured by the roughness of
the substance to which the specimen is attached, showin'g through
the shell or causing it to grow irregularly, by which it often as
sumes the features of the foreign body. Ventral valve unknown.
"This species is not unCDmmon; usually found attached to
shells of ~ther brachiopoda, and sometimes on CHAETETES and
other substances. The valves of Orthis lynx, Orthis occid8ntalis
and Str8ptorhynchus planumbona are often found with several ip
dividuals so crowded together as to give quite an irregular outline
to the specimens. "-Hall, loc. cit.
1.38P ... . 1.33A3 . ... 1.41 C1, D2, E6 .. ... 1.12A2, Dl-6.
DALMANELLA TEsrUDINARIA val'. EMACERATA Hall.
Plate XXXIII, figs. 5, 5a.

Of·this 8mac8rata Hall, 1860, 13th Report of the New York State
Museum of Natural History, p. 121. (Not fignred.)
, 'Shell semielliptical, length and width about as five to seven;
hinge-line nearly equalling the width of the shell. Dorsal valve
fiat, with a slight depression down the center; area extremely
narrow. Ventral valve depressed convex, slightly' elevated at the
beak, which is inclined over the area, but scarcely incurved; an un
defined elevation extending from the umbo towards the front, and
sometimes quite to the margin of the shell; area narrow, almost
linear.
"Surface finely striated; striae bifurcating, curving upwards,
and running out on the hingc-line. Interior of the dorsal valve
with two small teeth and a small cardinal process; valves thin.
"This species 'has the form and gencral characters of Orthis
t8studinaria; but the shell is much thinner than that species ordi
narily is in the same formation, and the striae are finer, there being
at least twenty more on the margin in shells of equal size. The
depression in the center of the dorsal valve, and elevation in the
center of the ventral valve, are far less conspicuous or I:lcarcely
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marked in some specimens, while the hinge-line is always propor
tionally longer than in O. testudinaria.
"Geological formation and locality. In the shales of the Hud
son River group near Cincinnati, Ohio. Received rroIll Mr. Car
ley, and' also collected in Iowa and Wisconsin. " -Hall, loco cit.
The larger size, greater proportional length of the hinge, and
mesial depression of the dorsal valve will sufficiently distinguish
this species from the associated D. rnultisecta. It is much less
abundant than the latter species.
5.9A14, 37 .... Also from the Eden shales on Tanner's Creek
near Guilford.
DALMANELLA TES'.rUDINARIA var. MEEKI (Miller).
Plate XXXIII, Figs. 6·6g.

Ortkis meeki Miller, 1875, Cincinnati Quarterly Journal of
Science, vol. II, p. 20.
"Shell small, plano-convex, rather depressed, transversely trun
cato-suboval, the length being about five sixths its breaath; hinge
line, perhaps, always a little shorter than the greatest breadth of
the valves; lateral margins generally rounding to the hinge, most
prominent at, or a little behind, the middle, and rounding to the
front, which 'is usually somewhat straightened, or very faintly
sinuous at the middle; or, presents a regular semi·circular outline.
"Dorsal valve nearly fiat, or slightly convex on each side of a
shallow, mesial sinus, that commences very narrow at the beak,
and usually widens rather rapidly to the front; beak very small,
scarcely projecting beyond the edge of the area, and not incurved;
area low at the middle, and narrowing off to nothing at the lateral
extremities of the hinge, slightly arched, and directed obliquely
backward; foramen very small, and filled by the cardinal process.
Interior very shallow, and provided with a slender mesial ridge
that extends about half way forward from the hinge, between the
muscular impressions, which are not usually well defined; scars
of posterior pair of adductor muscles smaller, and usually deeper,
than the anterior, and situated close back under the brachial proc
esses; those of the anterior pair three or four times the size of the
posterior, suhoval in form, and extending to near the middle of
the valve; cardinal process very small and trifid; 15rachial proc
esses, comparatively rather stout and prominent; internal surface
having the radiating striae of the exterior rather distinctly iln
pressed through, as it were, in consequence of the thinness of the
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shell, and finely granulnr, the granules being apparently connected
with the punctate structure of the shell.
"Ventral valve compressed convex, the greatest convexity being
near, or a little behind, the middle, along a more or less promineut
uudefined ridge, that sometimes, but not always, imparts a sub
carinate appearance to the central and umbonal regions; beak
small, projecting somewhat beyond that of the other valve, abrupt
ly pointed, and rather distinctly arched, but not strongly incurved;
area about twice as high as that of the other valve, and with its
sharply defined edges sloping to the lateral extremities of the
hinge, directed and arched obliquely backward with the beak; fora
men having near the· form of an equilateral triangle, but rather
narrowp.d upward to t.he apex of the beak, and partly occupied by
the cardinal process of the other valve. Interior showing the teeth
to be moderately prominent; concavity for the muscular impres
sions very shallow, small, somewhat bifid anteriorly, and not de
fined by a very distinct marginal ridge; scars of divaricator mus
cles apparently narrow, and situated on each side of a shallow
mesial depression, which seems to include, far back at its posterior
end, those of the very small adductors, merely separated from each
other by a hair line; impressions of the ventral adductor muscles
apparently wider and shorter than those of the divaricators; striae
and tine granules of the interior' as in the other valve.
"Surface of both valves ornamented by numerous, distinct, ra
diating striae, that usually bifurcate about three times between the
beak and the free margins; posterior lateral striae so strongly
curved that a part of them run 'Out oli the hinge line. Numerous,
very minute, regularly disposed, concentric lines may be seen by
the aid of a magnifier, most distinctly defined in the furrows be
tween the much larger radiating striae; while a few distant sub
imbricating, Rtronger marks of growth are usually seen in the adult
shells.
"Length of a medium-sized, mature specimen, 0.60 inch;
breadth, 0.75 inch; convexity, 0.25 inch. "-Miller, loco cit.
Miller says further that his species is the same as described
and figured by l\:Ieek in the Ohio Paleontology as Ortkis emacerata
Hall, and that Meek's specimens came from Hamilton, Butler
County, Ohio, and (probably) from Cincinnati, Ohio. Meek does
not say where his types came from. He says that the species oc
curs at Cincinnati, at an elevation of 250 feet above the Ohio
River, and that he has specimens differing but little from the
typical form, from higher horizons, both at Cincinnati and Butler
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County, Ohio. He also states that he has specimens from near the
top of the (Cincinnati) group from Hamilton, Ohio. Presumably
his types came from these localities.
In regard to the status of this species, it may be said first of all
that it is not Orthis emacerata Hall, as supposed by Meek. A
further complication has arisen, however, owing to the fact that
James, in 1879, four years after Miller described his species, de
scribed under the name of Orthis jugosa, the common form from
the Richmond formation, which was included by Miller in his
specie'3 meeki. I am making an effort to obtain both James's and
Miller's types in order to ascertain whether there is really a
nameable difference between the two forms. In the meantime, if
the specimens figured by Meek represent the Cincinnati form, I
should be inclined to the opinion that there is very little difference,
except in size, between them and the Waynesville form. I believe
that. I could match any of Meek's figures with specimens from
Weisburg, Versailles, or Madison, Indiana. I have reproduced
several of Meek's figures, and have given several figures of speci
mens from Versailles and Madison. The latter would certainly be
D. jugosa, if we recogmze James's name, but for the present I pre
fer to retain them under Miller's name of D. meeki.
1.34A3, 4, 5, 7, 8, 9, 10, 11, B4-5 .... 1.41B1, 2 ... . 1.12D1-B, E3.
DALMANELLA TESTUDINARIA var. MUUI'ISEC'l'A (Meek).
Plate XX;XIII, figs. 4-4c.

Orthis emacerata var. multisecta Meek, 1873 (James in MS.), Pal.
Ohio, I, p. 112, pI. viii, figs. 3a-d.
"This form, although somewhat variable, differs from the last
[Orthis emacerata 1 in bein$ smaller, slightly less transverse, and
in having its dorsal valve generally flatter, with usually, but not
always, a less defined mesial sinus; and its ventral valve with a les~
prominent mesial ridge. I ts surface striae are also a shade finer,
and the minute concentric lines in the furrows between the striae
more distinct. The grannIes of its entire internal surface are
likewise a little finer and more crowded.
"The cavity for the reception of the muscular scars of its ven
tral valve is also proportionally a little smaller, and sometimes dif
fers from that of the last, in wanting the bilobed character an
teriorly, seen in the same part of that shell. There are, again,
some slight differences in the form and proportions of the muscular
scars of its other valve, but I am not quite sure that these are con
stant.
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"The external differenc~s mentioned above give these shells a
perceptibly different aspect, when we place, side by side, a tray
ful of each, the form under consideration having altogether a
more delicate and less robust appearance. It may be specifically
distinct from the last, but I am not clearly satisfied that it is more
than a variety of the same. It differs from Mr. Davidson '13 figures
of O. testudinaria quite as strongly as the last; but it is'possible
that both may be only varieties of that species. "-l\feek, lac. cit.
The description given by Meek of this pretty little Brachiopod
is entirely adequate. D. multisecta is a smaller species than any
other representative of the genus in the Cincinnati region. Its
nearly circular outline is also a feature that marks it off from
the associated D. emacerata.
Dalmanella rnultisecta is the characteristic brachiopod of the
Utica formation (Eden shale) of Ohio, Indiana and Kentucky. It
is found in nearly every limestone layer in the formation, except
in the very lowest part. In many of the layers of the middle and
upper Utica this species completely fills the rock. The specimens
illustrated are from the upper Utica at Guilford, Indiana, from
the top of the railroad cut just south of the station. At this point
the species can be obtained by the thousands, in every stage of de
velopment from nepionic shells to the adults.
5.9A2, 10, 14, 21, 27, 29, 31,44 .... 1.34Co, 5, 6, 7, 8, 9, 10, 11,
13 .... 1.38A3, 5,7, 9, 11, 13, 15, 17, 19, 23, 29, 31, 32, 33, 35,45,
49, 59, 61.
DINORTHIS RETRORSA (Salter).
Plate XXXIII, figs. 7-7d.

01·tkis retrorsa Salter, 1858, Mem.· Ge?l. Surv. Great Britain, II,
pt. I, p. 373, pI. xxvii, figs. 3, 4.
"Ventral valve gibbous, the center rather raised. Dorsal flat.
broadly depressetl along the middle, edge not recurved; beak sup
pressed; area at an obtuse angle with the valve.
"This variety, if it can be considered so, comes nearest the val'.
subjugata of Hall's descriptions; it is quite distinct from 0,
anomala, Schloth. "-Salter, lac. cit.
This interesting Orthid seems to be confined to a single layer
of the Arnheim formation, where it is fairly common. I can not
believe with Davidson and others that this well marked form is
merely a variety of Ortkis porcata McCoy, neither do I entertain
Meek's doubts as to its being the species named by Salter. The
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best available description is undoubtedly that of Meek in the Ohio
Paleontology, from which I condense the following description:
Medium size, transversely suboval to subquadrate, the length
being about four-fifths the breadth. Hinge-line shorter than the
greatest breadth of the valves, with the lateral extremities abruptly
rounded, or very obtusely subangular. Lateral margins more or
less convex in ontline, and rounding to the front, which is regu·
larly rounded, or somewhat straightened along the middle. Valves
decidedly unequal or concavo-convex. Dorsal valve evenly convex,
most prominent near the middle with the anterior and lateral
slopes more gradual than the post'erior. Beak incnrved; area of
moderate height, more or less strongly incurved so as to sometimes
stand at right angles to the plane of the valves; foramen broadly
triangular. Ventral valve convex at the point of the beak, and
thence sloping toward the lateral and anterior margins; the an
terior central, and sometimes the lateral regions, being more or le8.'1
concave; beak obtuse or abruptly pointE-d, and strongly inclined
forward; eardinal area broad-triangular, well defined, flat, and so
distinctly inelined forward as to place the apex of the beak some
distance in front of the hinge margin. Foramen narrow-trian
gular, being often a little higher than wide, and extending to the
apex of the beak Interior of the ventral valve with the muscular
eavity quadrangular, deep, searcely reaching to the middle of the
valve, and sharply defined by a raised margin, which is perfectly
straight and uninterrupted across the front, in some specimens, and
reflected toward the beak in others, while its lateral margins are
somewhat wavy. Ventral adjustor muscle scars moderately dis·
tinct from those of the long triangular diductors. Adductor scars
well defined, subcordate, tapering anteriorly to a narrow point
between the anterior extremities of the diductors. Hinge teeth
apparently rather small and weak Vascular markings eonsisting
of two prindpal trunks, starting from the anterior-lateral angles
of the muscular cavity, and each immediately dividing so as to
send one branch obliquely outward and backward, with more or
less subdivisions; and another forward with an inward curve, and
also giving off more or less subdivisions on the anterior lateral
side. Surface ornamented by rather coarse rounded radiating
striae, some of which on the ventral valve are entirely simple,and
others bifurcate once or twice,; 'while on the dorsal valve they in
crease in number by the implantation of shorter ones hetween the
longer. A few rather distinct lamellae of growth are usually seen
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near the free margins of adult specimens. Under a magnifier
minuter concentri~ lines may be seen crossing the striae and inter
spaces; very minute granules are also present, having the appear·
ance of minute spine bases that sometimes leave pits when entirely
, worn off.
1.34B4-5 ... '. I have also seen the species rather common at a
similar horizon on Whitaker's Branch near Cold Springs, Indiauli.
DINORTHIS SUBQUADRATA Hall.
Plate XXXIV, figs. 1-lb.

Orthis subquadrata Hall, 1847, PaL New York, voL I, p. 126, Vl.
xxxii A, figs. 1a-o.
. "Subquadrate, the cardinal line forming one side, the sides and
Lase being nearly straight, with the angles rounded; cardinal line
less than the width of the shell, extremities curved; area small,
partially common to both valves; foramen moderate, triangular,
partially .common to both valves; dorsal valve nearly flat or
slightly depressed near the margin, elevated towards the beak,
which is small and well defined; ventral valve regularly convex,
with a shallow sinus along the center, producing a slight elevation
of the dorsal valve in front; surface marked by uniform sub
angular radii,\ which bifurcate near the beak, and again towards
the margin, those near the cardinal line curving upwards; radii
crossed by fine elevated concentric lines, which are very distinct
in the depressions between the rays.
"This form and the three succeeding ones [0. Occidentalis, O.
sinuata, and O. subjugata] are often confounded; but if the fol
lowing points are observed there will be little difficulty in distin
guishing the one under consideration by the external characters,
the internal markings being quite distinct.
"The form of a perfect specimen is subquadrate, as shown in
the figures; the surface is evenly marked by radii which bifurcate
twice, very rarely three times, before reaching the margin: the
upper lateral ones curve upwards, so as often to run out upon the
cardinal line, or the rounded slope near its extremity. This char
acter is never observed in either of the following species. The
visceral impression in the dorsal valve IS subquadrangular, and
broad below, the base being nearly on a straight line. The fora
men of the ventral or convex valve· is partially filled by a thick
medial tooth, which .projects above the plane of the area, and is
deeply striated on the hvo sloping upper ~nd outer sides. • " * "
-Hall, loco cit.
.
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'l'his species is reported by Hall from Cincinnati (T) and Ox
ford, Ohio, Maysville, Kentucky, and Madison, Indiana. It is in
reality strictly a Richmond form, and has never been found be
low the Liberty formation. Hall in his description has reversed the
usage of the terms dorsal and ventral. Otherwise the description
is quite satisfactory. The form is easily recognized by its sub
quadrate outline and depressed form. D. subquadrata is first met
with a little above the base of the Liberty formation, where it is
very abundant, being the dominant Brachiopod j and specimens
are occasionally met with throughout the remainder of the Liberty
!:',nd Whitewater divisions.
1.34A16, 17, 18, 19 .... 1.41A4, 6, 7, 8, 01, 2-3, D1, 2, E2, 3, 6
.... 1.12Dl-6.
HEBERTELLA INSCULPTA Hall.
Plate XXXIV, figs. 2·2d.

Ortkis insculpta Hall, 1847, Pal. N. Y., I, p. 125, pI. xxxii,
figs. 12a-c.
"Shell resupinate; dorsal [ventral] 'valve depressed-convex j
beak elevated, not in curved ; cardinal line less than the width of the
shell; area short j surface marked by fine elevated radii, which are
bifid on the umbo, and again regularly bifid or trifid towards the
margin of the shell; transversely marked by strong elevated concen
tric lines, which are particularly prominent between the radii, giv
ing an indented or sculptured appearance ~ the surface; interior
of the dorsal valve showing marks of the visceral impression, which
is peculiarly sculptured.
, "This species, of which a single valve only has been seen, is so
peculiarly marked as not to be mistaken among all the other species
of ORTHIS in the lower rocks. The cavity under the forameD is
large and deep, marked on its lower and outer extremities by two
pointed sacs, -and margined by a thickening of the shell around;
the visceral impression on the out..~ide of this cavity is of a doubk
auricular form, and sculptured by curved elevated lines. The
inner margin of the shell is impressed by the outer radii.
"This very peculiar form is usually associated with the fol
lowing forms in the Blue limestone of Ohio. [0. dickotoma, O.
subquadrata, O. occidentalis, etc.] Its very beautiful sculpture,
both internally and externally, is sufficient to distinguish it from
all other species in the rock. "-Hall, loco cit.
'fhe figures given herewith will convey a much better idea of
the peculiarly striking vascular markings of this species than any
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amount of description. Externally the marked crenulation of the
striae by strong concentric lamellae is the most conspicuous fea
ture. The general arrangement of the muscular impressions is
very much as in Hebertella occidentalis and H. sinuata.
The most interesting thing with regard to this species is its
limited range. So far, with a few possible exceptions, it has been
found only in a zone a few feet thick at the base of the Liberty
formation. It is taken by Foerste and Nickles to mark the base
of this formation. , 1 have collected a specimen from the White
water division, at Richmond, that although not well preserved,
s{,ems from its external char8.cters to belong ,to this species. It
hm; never been .found, so far as I am aware, below the base of the
Idberty formation.
1.34A1:3a, 13b, 14a, 14b, 15a, 16 .... 1.41B3, 02-3, E4.
HEBERTELLA OCCIDENTALIS Hall.
Plate XXXIV,

fig. 4.

O'f'this occidentalis Hall, 1847, Pal. New York,I, p. 127, pl. xxxii
A, figs. 2a-m; xxxii B, figs. la-i.
"Resupinate, transversely so,mewhat oval, or longitudinally
s('mioval; length and breadth about as 5 to 7; cardInal line equal
to the greatest width of the shell; area large, triangular, partially
common to both valves i foramen narrow, triangular, reaching to
the apex of the dorsal valve; dorsal valve convex towards the
beak, and usually Hattened or slightly convex towards the margin
(in old shells a broad depression in front); beak much elevated,
straight, not incurved; ventral valve regularly convex, with a
slight depression along the center; beak slightly projecting beyond
the cardinal line, and incurved; surface markcd by subangular
radii, whi('h bifurcate at one-half or two-thirds the distance from
the beak to thc base; radii crossed by Hne sharp e!evated concen
tric lines, which are usually well preserved in the spaces between
the radii.
"'l'his species, in some of its phases, approaches in general as
pect to the last [0. S1tbquadrata], but differs in essential particu
lars. The length from beak to base is proportionally less than in
the last; the depth of the two valves together, when not com
pressed, is greater; the beak of the dorsal valve is more elevated,
the area larger and foramen longer; the beak of the ventral valve
is likewise a little more incurved; the radii are stronger, and do
not bifurcate near the beak; the concentric elevated lines are
sharper and finer; the striae are straight and direct, the last
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ones not bending upwards as in O. subquadrata. As the
shell becomes advanced, the dorsal valve presents an increasing de
pression towards the. margin, which finally becomes a broad, not
distinctly defined sinus. At the same time the slight depression in
the center of the ventral valve, similar to that in the IMtspecies,
does not reach the margin, and finally becomes obsolete. The
slight elevation in front, shown in the last, is exactly reversed in
this species.
,'These characters, when once observed, will not fail in enabling
the student to identify the species, and to distinguish it from any
others in the same geological position.
, 'The internal structure is not as well known as in the last, the
interior of the dorsal valve not having been seen. The interior of
the ventral valve corresponds in general character to the last; the
small medial ventral .tooth does not, however, reach as high as
the plane of the area, and it is thin and sharp, while the last is
thick. 'J.'hp interior surface is marked nearly to the beak with the
Impressions of the external radii; while in the last these markings
reach only a short distance from the margin. "-Hall, lac. cit.
Here, as in all of Hall's earlier descriptions, the terms dorsal
and ventral are used in the opposite sense from their present
usage. Between this and Hebertella occidentalis val'. sinuairt
thert' is a perfectly graded series of intermediate forms. The
character that I have taken as diagnostic of the species occi
dentalis is the presence of a slight sinus in the dorsal valve, usually
most conspicuous at a point about a third of the distance from the
beak to the front margin, although sometimes extending all the
way from a little in front of the beak to the front margin, .and
with the sinus of the ventral valve producing a pronounced inden
tation of the margin. The variety s'imtata, on the other hand, has
typically a small fold on the dorsal valve, beginning near the point
of greatest convexity of the valve and extending forward to the
frontal margin. Transitional forms between the two species are
seen in the lower part of the Richmond formation.
H ebertella occidentalis is especially characteristic of the White
water division of the Richmond formation, where it is found quite
constantly associated with both the long-hinged and the short
,hinged (P. senex) forms of Platystl'opkia acutilimta. In the
upper yart of the Liberty thi'l form is' found, but its place is SO~D
taken in the lower beds by the small form of H. sinuata. •
1.34A18, 19, 20, 21, 22 .... 1.41A4, 5, 6, 7, 8, 01, 2-3, Dl, 2, 3,
1:<Jl, 2, 3, 4, 5, 7 .... 1.12Dl-6, F3.
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HEBERTELLA OCCIDEN'l'ALIS vur. SINUATA Hall.
Plate XXXIV, figs. 3·3e.

Orthis sinuata Hall, 1847, Pal. New York, I, p. 128, pI. xxxii B,
figs. 2a-s.
"Semioval, with a sinus in front; cardmal line scarcely equal
to the width of the shell; dorsal area large, triangular; foramen
triangular, reaching to the beak, the upper margins sloping rather
abrutply from the beak; 'ventral area narrow linear, foramen broad
triangular, with a distinct medial tooth, which reaches as high
as the area; dorsal valve convex, its greatest elevation at the point
of the beak, which is acute; a depression along the center, which
becomes a sinus in older shells; ventral valve regularly convex in
young specimens, gibbous, somewhat emarginate and elevated in
front in older specimens; surface marked by strong, regular,
rounded striae which bifurcate in a nearly uniform manner about
half way to the base; . striae crossed by elevated sub-imbricating
concentric lines. A few imbricating lines of growth are distinct
toward the margin of the older shells.
, 'This species is distinguished from the last by the stronger and
more prominent striae, which· are likewise more regularly bifur
cating. The beak of the dorsal valve is more elevated and acute,
giving a greater height to the dorsal area. The ventral valve is
about equally convex or gibbous with the last, while it never ex
hibits any depression along the center. The depression or sinus in
the dorsal valve is usually more abrupt, deeper, and often accom
panied by a corresponding elevation on the ventrpl valve, which
does not occur in the preceding species [0. occidentalis]. The
young shells of the species under consideration are more gibbous
that the last, and have the beak of the dorsal valve more elevated
and acute, differing conspicuously in this respect from the previ
ous one.
"'l'he variations produced by age, and the difficulty of obtain
ing a series of specimens, often produce a confusion in regard to
these similar species, and it will frequently. be found a difficult
task to make the proper disposition of specimens.
"In the young shells of this species, looking upon the ventral
valve, the beak of the dorsal valve is distinctly seen projecting
beyond the umbo; but as ~he shell grows older, this part of the'
ventral valve becomes gibbous, and projects beyond the line of
the beak of the opposite valve. "-Hall, 100. cit.
The terms dorsal and ventral are here used in the opposite
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sense from their present signification. 'l'his variety is to be dis
tinguished from the species occidentalis by the presence of a small
fold in the dorsal valve where the latter species has a small sinus.
The other distinguishing characters mentioned by' Hall will be
found to be unreliable, except in the typical Lorraine form of the
variety sinuata.
This variety was formerly supposed to be restricted to the Lor
raine. It is, however, present in the Lower Richmond formatio~,
being replaced in the Whitewater division by the species occi
dentalis. In the Elkhorn division of the Richmond formation, the
large, Lorraine type of H. si1'~uata recurs in association with
Platystropkia lynx (var. morit-ltra) and Platystropkia laticosta.
1.33A3 .... 1.34AI0, 12, 13, 14, 15, 16, Bl-3, 014a, 14b ....
1.41A2, lOa, lOb, B3 .... 1.12E3, Dl-6, F3, A2.
LEPTAENA RHOMBOIDALIS Wilckens.
Plate XXXIV, figs. 5-5d.

Conchita rkomboidalis Wilckens, 1769, Nachricht von selten Ver
steinerungen, p. 77, pI. viii, figs. 43-44.
I have been unable, after repeated efforts, to obtain a copy of
the above publication in which the original description of this
species occurs. I shall be under the necessity, therefore, of depart
ing from. the usual procedur~ of first giving the original descrip
tion of the species.
This species has been so many times described and is so char
acteristic that with the excellent figures given herewith very little
in the way of further description will be nC'eded.
Leptaena rhomboidal1's has the ventral valve convex and the
dorsal valve concave as in Rafinesqu-ina. In contour the shell pre
sents a very considerable degree of variation. Some specimens are
twice as broad. as long, while in others the length and breadth are
nearly equal. The hinge line is nearly straight, but may make a
very slight bend at the beak in some specimens. The area of the
dorsal valve is very narrow and of about the same breadth through
out its length. 'l'he area of the ventral valve is somewhat broader,
especially at the beak. The angle which the two areas make with
each other varies with the age of the specimen from an obtuse to
an acute angle. At the beak of the ventral valve, in well preserved
material, is a well defined circular foramen. The surface of both
valves is covered with L_' radiating striae, and is especially char
acterized by brcaJ. rcunded, concentric undulations or rugae to
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the number of five or six (more or less). This latter character
gives to the shell an appearance that is extremely striking, and
. unlike that of any other brachiopod in the Cincinnati region. The
striae are crossed by fine concentric lines, giving the entire surface
of the shell a. beautifully crenulated appearance. The front por
tion of the valves is abruptly bent dorsad, sometimes at right
angles to the plane of the posterior portion of the valves. This
feature is not as prominent in the Richmond group specimens as
in those of higher format.ions (Niagara, etc.).
The interior of the ventral valve has a well defined muscular
platform extending about half way from the beak to the front
margin and qttite similar iu shape to that of Rafinesquina alter
nata. It is margined by a well defined ridge, and has a low indis
tinct mesial elevation.
rrhe cardinal process in the interior of the dorsal valve is promi
lIent and bifid, and projects well above the hinge-line. From in
front of the process a low round septum exteuds forward to the
geniculation of the valve. Immediately in front of the process this
ridge gives off on either side a thick lateral branch that bends
outward and then inward so as to enclose a nearly circular pit
that lodges the adductor muscle-one on each side of the median
septum. Impressions of the Brachia are occasionally seen on the
interior surface of this valve.
'l'his species, as ordinarily understood, presents one of the most
extraordinary examples of the persistence of a species known. It is
known from the 'l'renton, is common in the Richmond formation,
is a characteristic species of the Niagara series, is common in por
tions of the Devonian rocks and is known from the lower part of
the Mississippian system. This is indeed remarkable, if all of these
forms are to. be referred to a single species. On this latter point
there is room for a good deal of question. For my part, I am in
clined to think that a careful study of all of these forms will show
that they fall into a number of well defined speCies.
In the Cincinnati series the species is found only in the Rich
mond formation, and not by any means in all of the members of
that formation. It especially characterizes the upper part of the
Waynesville formation, but extends for from ten to twenty feet up
into the Ljberty formation. In the top of the 'Vaynesville forma
tion the species is very abundant.
1.34A10, 11. 12, 13a, 13b, 14a, 14b, 15a .... 1.12Dl-6, E:1.
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LIDPTOBOLUS LEPIS HaJJ.
Plate XXXIV, figs. 6, 6a.

LeptobohiS lepis Hall, 1871, 24th Report of the New York State
Museum, p. 226, pI. vii, figs. 19, 20.
"Shell minute, ovate, or broadly elliptical in outline, about
three-fifths as wide as long, and seldom exceeding seven-hundredth'!
of an inch in length; moderately convex, the greatest convexity
being about one-third of the length from the beak; ventral area
thickened; pedicel groove strongly defined; muscular impression
broad, extending more than onecthird the length of the valve;
muscular ridges of the dorsal valve strongly marked, the central
one extending two-thirds the length of the shell, the lateral ones
diverging from each other at a~ angle of about forty-five degrees.
and extending nearly to the middle of the valve. Extremities bifid.
"Surface of valves concentrically "marked by fine lines of
growth.' '-Hall, loco cit.
The types of this species are from the Cincinnati group at Cin
cinnati, Ohio.
1.34CI4a.
LINGULA COVING roNIDNSIS Hall and Whitfield.
Plate XXXIV, fig. 7.

Li111ltila covingtonensis Hall and Whitfield, 1875, Paleontology or
Ohio, vol. II, p. 67, pI. i, fig. l.
"Shell rather below the medium size, broadly and very ~egu·
larly oval, or elliptical in outline, the breadth and length being as
three to four, the apex of the 'shell scarcely more pointed than
the basal margin; surface of the valve very regularly convex
transversely, but in a longitudinal direction much more prominent.
toward the beak, becoming gradually more flattened toward the
front of the shell.
"Surface of the shell marked by sharply elevated, rather dh'!
tant, concentric lines; without other markings of any kind; sub
stance of the shell very thin.
"The example used in description appears to be a dorsal valve,
and is prohably somewhat shorter, and more rounded posteriorly,
than the ventral valve. The shell is somewhat remarkable for its
regular oval form and symmetrical outline, and in this respect
differs from any shell of the genus with which we are acquainted."
-Hall and Whitfield, loco cit.
'
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rrhe type is from about twenty-five to fifty feet above low water
level of the Ohio River at Cincinnati, Ohio.
I am not sure that I have detected the species in Indiana. Some
imperfect specimens from near the water level of the Ohio, oppo
site the mouth of the Miami River, may belong to this species.
PLATYSTROPHIA ACUTILIRATA (Conrad).
Plate XXXV, figs. 3-M.

Deltkyris a.cutilirata Conrad, 1842, Jour. Acad. Nat. Sci. Philadel
phia, VIII, pt. II, p. 260, pl. 14, fig. 15.
"Ventricose, with about thirty-two sharp, very prominent ribs,
and four larger costae on the mesial fold of the upper valve, which
is elevated, flattened at the sides, 'and convex on the back; hinge
extremely winged and acute; inferior mesial fold very profound;
beaks nearly equally prominent; cardinal area moderate, widest
on the inferior valve, profoundly impressed or obliquely inclined.
. {(Locality.-Falls of the Ohio River, Kentucky. Silurian
shale. "-Conrad, loco cU.
The locality given by Conrad for this common Richmond group
species is in error.
This is the most anomalous in form of any species of the
Orthidae, and one can readily pardon the early describers for
referring it to the genus Deltkyris (Spiriter) , for its superficial
resemblance to a Spiriter is all but complete. The triangular fora
mina of both areas would, however, distinguish it from ,that genus,
and the internal characters are altogether different..
As shown in the writer's paper on the Morphogenesis of Platy
strophia, P. acutilirata is a derivative of P. lyna; through P. lati
costa. The intermediate forms may be seen in the basal part of the
Liberty formation, where P. laticosta is, in places, very abundant.
All of the specimens of acutilirata found at this horizon are of
the decidedly angular form of P. laticosta and usually not as
acuminate or as greatly produced at the cardinal extremities as
the form found farther up in the formation and in the lower part
of the Whitewater division. The latter form has the plications
more rounded and the fold of the dorsal valve and sinus of the
ventral valve less strongly accentuated. At the same time the
cardinal extremities are sometimes so produced as to cause the
breadth to be as greJl.t as three times the length of the shell. The'
angle between the hinge-line and the lateral margin may, iu such
specimens, be as small as 40 0 • The number of plications varies
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from 18 or 19 to 37 or 38, of which three are almost invariably in
the sinns, and four on the fold.
For the short winged (gerontic) form found in association with
Rhynchotrema dentata in the upper part of the Whitewater divi
sion of the Richmond, I have proposed the varietal name of senex,
and it will be found next described under that caption.
1.34All, 12, 13, 14, 15, 16, 17, 18a, 21, 22, 23 .... 1.41A4, 5, 6,
7, 8, C1, 2, 3, D1, 2, 3, E2, 3, 4, 5, 6, 7 .... 1.12Dl-6, F3.
PI.ATYSTROPHIA ACUTILIRATA var. SIllNlllX n. var.

xxxv, figs. 4-4c.
Platystrophia acutilirata, gerontic form, Cumings, 1903, Amer.
Jonr. Sci., 4th ser., XV, pp. 36, 37.
'fhis form is so characteristic of the upper part of the range of
. Platystropkia acutilirata that it seems to me' best to give it 8.
varietal design~tion, although in 1903, when I first called attention
to the form;:I did not think it necessary to call it by any special
name. The features that distinguish this shell lire as follows:
Though P.· acutilirata is a much smaller shell than P. lynx of
th~ Lorraine, yet the thickening of the shell iu gerontic stages is
greater both relatively and absolutely. The acuminate cardinal
extremities are so thickened that this region of the shell becomes
filled up with shelly deposit. The thickening of the central and
anterior region of the shell is very great, so that the aatmil room
left for the lodgement of the soft organs of the animal is less than
III unthickened shells of a much lower index, and less both rela
tively and absolutely in gerontic stages than in ephebic stages of
the same individual. 'l'he convexity of the shell is also consider·
ably greater than in any other type of Platystrophia, the height be
ing in extreme cases 1.5 greater than the length, while in P. lynx
the extreme is 1.04, or height and length nearly equal, and in P.
laticosta it is 1.14.
The ehanges in contour due to senescence are profound. The
cardinal angle (the angle between the hinge line and the lateral
margin of the shell) may be in normal acuminate types of Platy-.
strophia acutilirata as low as 45 or even in some cases less; but
in the variety under consideration it becomes as great as 84 0 or
even 90"; the extreme variation is perhaps from 400 to 90". This
of course produces a most striking difference in the appearance of
the shell, and is liable'to cause the careless collector to confuse this
variety with P. lynx, from which, however, it differs radically in
Pla.te

0
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derivation. Probably thf!' onset of unfavorable conditions, which
are manifest in the changed lithological character of the beds con
taining this variety, as well as in the coming in of a more strongly
molluscan fauna, is largely responsible for the peculiar modifica
tion of the shell in Platystrophia, which characterizes the present
variety.
L41A8, D3, E1, 2, 3, 4 .... 1.60Hll.
PLATYSTROPHIA COSTATA Pander.
Plate XX*V, figs. 6, 6a.

Pommbonites costatus Pander, 1845, Beitrage zur Geognosie des
russisehen Reiches, p. 96, pI. xi, fig. 3.
I have been unable to obtain the publication in which the orig
inal description of this species is given. In 1902 I had an oppor
tunity to consult this rare work and I have published a tracing of
the original figure, in my memoir of the genus Platystrophia.
This little species, the P. dentata of Meek (P. qrassa James)
is characterized most of all by its small plump shell with only one
plication in the sinus and two on the fold. The hinge line is
usuaUy slightly shorter than the breadth of the shell farther fm'
ward.' The form of the areas and the strength of the plications is
relatively abont the same as in the other species of the genus.
Very little is known about the interior of the valves.
I have not coHected any specimens of the typical form of thh'l
species from any point in Indiana. In the lower part of the Lor
raine I have found an occasional specimen suggesting a diminutive
variety of this species, and I have listed them under this name.
They have the same number of plications and one plication in the
. sinus, but are not as plump as the typical form.
The typical (American) form is found at Cincinnati in the
Fairmount division of Nickles, that is in the lower part of the
JJorraine division, often, as I am informed, in considerable num
bers. The Dyer collection, at Harvard, contains great numbers of
this species, from Cincinnati.
1.34C13, 14a.
PLATYSTROPHIA LYNX (Eichwald).
Plate XXXV, fIgs. l-lg, 7-7c.

Terebra,tulalynx Eichwald, 1830, Naturhistorische Skizze von Lith
auen, Volhynien und Podolien, p. 2024, foot note. (Not fig
ured.)
.,
"Spirifer, cardine olongato, recto, vertice utriusque valvae
p"om'inulo, utraque valv(t sulcata, stratis sing1tlis transversis ex
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testae incremento exortis, numeros'issimis, margine dentatoj media
parte unius valvae prom,inula, quadrisulcata, alterius vero parte
eadem exclavata, profunda."-Eichwald, loco cit.
I have pointed out in my paper on the Morphogenesis of Platy
strophia that in all probability the original types of both P.
biforata and P. lynx belong to the biplicate form of the genus.
The evidence fot this is the fact that all of the Russian specimens,
whether of P. biforata or P. lynx, seen by me are of the form
mentioned. It is doubtful if the question could be settled any
more satisfactorily even by, an examination of the original types
themselves, since the critical character which distinguishes the
biplicate and triplicate types of the genus, namely the method of
origin of the plications of the fold Rnd sinus at the beaks of the
valves, is quite likely to be obliterated in the genotypes, which in
the case of both P. biforata and P. lynx were found in the drift.
However this may be, there is no ground upon which a distinction
may be based between the two types excepting the one mentioned.
In this country the form so common at the tops of the hills at Cin
cinnati'has always been referred to the species P. lynx. This is the
form which presents gerontic modifications and consequently ex
ceptional thickening of the shell and an exceptional robustness of
contour, as pointed out in my memoir on the genus. It does as a
matter of fact closely resemble in general appearance the Rus
sian form to which Eichwald applied the name of Terebratula
lyn:c. If the Russian form is of the same biplicate type as P.
biforata of Schlotheim, there is no reason for separating the two
specifically, and the nam'~ lynx falls to the ground unless we re
tain it as I have done for the multiplicate forms of the American
Ordovician having at the beak one plication in the sinus and two
on the fold, and at the front usually three plications in the sin'Qs
and four on the fold. P. b'ilorata will then indicate the form with
two plications in the sinus and three on the fold at the beaks and a
variable number further forward. The reasons for this restriction
are fully set forth in my paper on the genus and cannot be re·
peated here. The, usual distinction which paleontologists have at
tempted to make between P. biforata and P. lynx, based on the
general form and number of plications of the shell is of no value
whatever in a species so variable. P. lynx as thus redefined by me
will include not unly the Cincinnati form mentioned above, but all
American Ordoviciau forms having usually more than two plica
tiona in the sinus at maturity, and a hinge line of moderate length,
together with a moderately low fold and sinus. This includes
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. forms heretofore referred to both P. lynx and P. bqorata by work
ers in this country. 'fhe only American Ordovician form that be
longs to P. biforata as above defined is a small form found in the
basal part of the Ordovician in the Champlain basin and Canada.
The distinction between P. lynx and the other associated forms in
the Ordovician rocks of this country will be sufficiently evident
from the figures and descriptions of these associated forms, and the
present species may therefore be passed over without further com
ment.
The range of Platystrophia lynx is considerable. Small, but
typical forms are found commonly in the Trenton of New York,
Canada, Minnesota, Kentucky, Tennessee, etc., and the species is
very common in the Lorraine. I have shown also that a variety
of this species, very closely related to the typical form (var. mori
tura), occurs in the extreme upper part of the Richmond forma
tion. In the Indiana region the chief horizon of Platystrophia
lynx is in the upper part of the Lorraine, where it is often very
abundant and of large size. The best locality known to me for ob
taining large numbcrs of this species is at Vevay, near the 'tops of
the hills. Here I have col1ected thousands of good specimens. No
where in Indiana have I found more than a very few specimens of
the very gibbous form of this species that characterizes the top of
the Lorraine on the highest hills at Cincinnati (Mount Auburn).
I may remark in this connection that at Georgetown, 40 miles east
of Cincinnati, along Straight Creek below Arnheim, the zone char
acterized by the gerontic lynx seems to be separated by a very con
siderable thickness of rock from the zone of the normal form of
this species, and along Tanner's Creek the only specimen of the
gerontic form that I have seen is also from a horizon considerably
above that of the normal form, in what I have called the Rafines
quina zone. In his paper on the Geology of Cincinnati Nickles
lists P. lynx from the l\ft. Auburn beds only, with a variety from
the Bellevue beds, some 60 feet lower down in the section. What
he means by this variety, I do not profess to know. If it is the
normal form of the species, the two are evidently separated in the
CincInnati section by about the same interval as in the other sec
tions mentioned, and the Bellevue would correspond to the top of
my Platystrophia zone.
1.3:3A3 . ... 1.34B1-3, 14h .... 1.12A2 .. '.. 1.38Ba-h.
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PLATYSTROPHIA LYNX var. CY.PHA (James).

Orthis (PlatystropMa) cypka ,Tames, ]874, Cin. Quar. Jour. Sci.,

vol. I, p. 20. (Not figured.)
"Shell medium size; extremely gibbous; hinge line forming
spine-like projections, being over two thirds longer than the great
est breadth of the shell below; shell broader than long; convexity
equaling the body below the hinge extensions; cardinal area nar
row, and finely striated at right angles with the length. Dorsal
valve, remarkably elevated mesial fold, with slopes commencing a
little below the beak, and extending to the front, at an angle of
about 80 degree;; to the main body of the shell, where they turn at
nearly right angles and continue to the free margins; beak in
curved, not elevated above the other valve; the mesial fold consists
of two costae. Ventral valve, beak incurved, not elevated, nearly
in contact with the other valve. Sinus very profound, extending
to the front, which is bent over to nearly half the thickness of the
shell beyond 'the cardinal line of the dorsal valve; one strong ele
vated plication in the center of the sinus, arid an obscure rudi
mentary one on each side j lateral slopes concave.
"Twenty-two to twenty-six angular costae on each valve, about
eight of which commence on the cardinal line, and do not extend to
the beak.
"The line of junction of the two valves is nearly flat, or slightly .
rounded, and has a remarkably zig-zag appearance, forming, where
the sinus and mesial fold join, the letter W.
"Interior unknown.
, 'Width along the cardinal line one and a half inches, half
way below the hinge line less than one inch; length three quar
ters of an inch.
"This shell resembles somewhat some of the larger specimens of
O. cmssa, Meek, but it is more gibbous, has a more profound and
lengthy sinus, greater length of hinge line, and finer and more
numerous costae. "-James, loc. cit.
1 have recently received from Dr. Weller, of the University of
Chkago, the type lot of this variety from the James collection.
Among the several specimens represented in this type set are a
couple corresponding exactly to my form unicostata, mentioned
and figured in my paper on the genus Platystropkia, one fairly typ
ical though rather short example of P. acutilirata, and a specimen
of P. laUrosta. Since the description given by James applies es
pecially to the form with one plication in the (very profound)
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sinus (my form unicostata) , it may be well to recognize James'
name as a vari~tal designation. The variety differs from the typ
ical laticosta only in the somewhat greater depth of the sinus, and
in the presence of only One plication in the sinus. It does not bear
any close relation to P. costata (the P. crassa of James).
I have usually found the form in the upper part of the Lor
raine, sometimes in association with P. lynx and P. laticosta.
PLATYSrROPHIA LYNX ,ar. LATICOSTA (Meek).
Plate XXXV, figs. 2-2'b.

Orthis (Platystrophia) 7aticosta Meek, 1873, Pal. Ohio, vol. I, p.
] 16, pI. x, figs. 4a-f.
.
"This form scarcely attains to more than two-thirds the bulk of
the largest specimens of the var. lynx, and is always less gibbous,
proportionately wider on the hinge line, with more angular pos
terior lateral extremities, and, even in the largest 'individuals, it is
a much thinner shell. It likewise differs in having its mesial sinus
wider and much more profound at the front, and its mesial fold
more elevated and angular; while its lateral slopes are decidedly
more compressed, those on each side of the sinus being always con
cave, and the margins of the sinus very prominent and angular,
which, together with the prominence of the mesial fold, and the
greater length of the hinge line. impart a general angularity of ap
pearance not seen in the var. lynx. In the sinus there are nearly
always three plieations, the lateral two being smaller than the mid
dle one, or sometimes rudimentary; while occasionally one of
them is obsolete, leaving the large one, as usual, iu the middle, and
a smaller one on one side only. The mesial fold has generally four
plications (never more), the middle two being usually larger and
more prominent than the others, and separated by a larger and
deeper furrow. Its lateral slopes have generally only from five to
seven large, simple, angular plications on each side of the fold and
sinus; these being decidedly larger than on specimens of the var.
, lynx, of corresponding size.
"Internally, the ventral valve of this variety only differs from
that of the var. lynx, in having the cavity for the muscular scar.'!
much less deeply impressed, owing to the fact that the shell did
not thicken within, as in that form, as it advanced in age. The
interior of its dorsal valve shows the same rudimentary cardinal
process; while its muscular scars (which I have not .seen in thi;;;
valve of the var. lynx) are moderately defined, the posterior pair
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being corrugated, and much larger, as well as more widely sep
arated, than the anterior.
"In figuring this variety in the first volume Paleont. New
York, Prof. Hall compares it with the var. dentata of Pander,
mentioning some lJQints of difference. It attains a much larger
size, however, than that variety, and differs in having nearly al
ways three plications, instead of only two, in the sinus, which is
deeper, and its mesial fold more prominent, thus giving the gen
eral aspect of the shell greater angularity of outline.
"'fhe specimens for which Mr. James retains the name O. pro
fundo-su,lcata.. in his list, are much smaller than the average size
of the form here under consideration; but, with that exception,
and their usually rather shorter hinge, and somewhat less com
pressed lateral slopes, they seem to me to differ very little, if any,
from f'lpecimens of the same size of the variety under consideration.
On the other hand, they only differ from the young of the variety
lynx in generally having the mesial sinus deeper, and the fold more
prominent, with, perhaps, in most cases one or two plications less on
the lateral slopes. I have, therefore, found it very difficult to dis
tinguish this as a variety from young or dwarfed examples of the
varieties lynx and laticosta, though its more prominent fold, etc..
bring it nearer the latter. Figs. 2 a, b, e, d, of plate 10 [of Meek's
raper], show the form and usual size of this variety. It occurs 300
feet above the Ohio, at Cincinnati.
"Length of the largest example seen, 0.86 inch; breadth (at
hiuge line), 1.40 inches; convexity, 0.88 inch. "-Meek, loe. cit.
In my memoir on the Morphogenesis of Platystrophia, I have
discussed this variety and its phases at some length. In my paper
with Mr. lIfauck on the variation of Platystrophia, I have shown
that this variety is connected by an indefinite number of intermedi
ate forms with the typical P. lynx. A real new species is achieved
in P. acutilimta, between which and lynx the present form is
transitional.
Platystrophia latieosta is a very persistent form. It is found
first in the lower part of the Lorraine-a very small form. In the
middle and upper part of the Lorraine it is found in association
with the normal form of P. lynx, and it is here also that the great
est number of transitional forms to the last named species are seen.
In the top of the Lorraine, P. lynx disappears, but P. laticosta is
still found· sparingly in the Arnheim formation. In the greater
part of the Waynesville formation all forms of Platystrophia faiL
but in the upper part of this formation P. laticosta reappears in
\
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great Hum bet·" and typical fot'm, though uot attainiug as great size
as in the upper part of the Lorraine. From this point it continues
till well toward the top of the Liberty formation. There is then
another hiatus in the Whitewater division, where p, acutilirata is
dominant. The final appearance of P. laticosta is in the Elkhorn
division of the Richmond, where it is once more common, being here
also once more associated with P. lynx. In the Saluda formation
P. laticosta is also present at one or two levels. 'rhe occurrence of
this fossil is thus seen to be extremely interesting.
1.33A3 .... 1.34A8, 10, 11, 12, l8b, 22, Bl-3, C13, 14a, 14b ....
1.4lA10a, lOb, Bl, 2.... 1.12A2, F3, D1-G, E3 .... 1.38A63, 73, 83,
Ba-h .... 1.60H11.
.
PLATYSTROPHIA LYNX var. MORITURA n. var.

xxxv, figs. 5, 5a.
Platystrophia lynx, upper Richmond form, Cumhtgs, Amer.
Jour. Sci., 4th ser. XV, pp. 24, 25.
'rhisform of P. lynx is perhaps sufficiently distinct to warrant
a varietal designation; at least such a designation will be a matter
of great convenience in as much as the form marks a very definite
zone at the extreme top of the upper division (Elkhorn) of the
Richmond formation. In my paper on the Morphogenesis of Platy
strophia (1903) I have this to say of the present variety:
"In the extreme upper part of the Ordovician (Madison bed;;)
of Richmond, Weisburg and Laurel, Indiana, the writer found a
variety of Platystrophia lynx which is of exceptional interest. As
is well known, the so-called Richmond beds (Rhynchotrema zone)
contain exclusively the variety acutilirata associated almost con
stantly with Hebertolla occidentalis. At about 50 ft. below the
Clinton at Laurel and about 13 ft. to 15 ft. at Richmond, comes in
a large and decidedly transverse variety of P. lynx associated with
H ebertella sinllata. This association is a point of great importance
since it shows that these two forms of Platystrophia and Hebertel
la, so constantly met with together in the Lorraine, have lived on
together at some point through the Rhynchotrema hemera and here
under a recurrence of favorable conditions reappear, the former
with some modification, the latter with scarcely any.
"'rhis form of Platystrophia lynx has eight to eleven plications
on the lateral slopes, and the index may be as great as 1.9. ..c\.
number of individual" (5 out of 100) show a reductiori'of the lat·
eral plications of the fold and sinus. 41 41 *
Plate
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, 'That such a tendency to eliminate plications should affect 5
individuals out of 100, while in the Lorraine not more than one out
of a thousand exhibits anything analogous, is certainly not without
profound significance. There are in the present collection two
specimens of Platystrophia lynx from Vevay, Indiana, both of
which have three plications on the fold: One individual has four
in the umbonal region; and the other never developed but three
at .any stage. The first has an abnormally low index (1.1) and.
bears every evidence of lateral cramping during growth. This
would account for the failure of the fourth plication. The early
growth stages of the second specimen also show an abnormally low
index and the failure to develop the full number of plications is
therefore probably due to the same cause. The Richmond shells,
on the other hand, are very transverse at all stages, especially so in
the adult. The correct explanation of the obsolescence of plica
tions in this type as well as in the laticosta and costata types where
it is still more pronounced, is probably to be sought in a readjust
ment of the brachia, producing an elevation and narrowing of the
fold. "-Cumings, lac. cit.
The distinctive characters of this variety by which it may be
readily recognized, are the proportionally great breadth of the
shell, and the less convexity of the valves, together with a propor
tionally narrower fold and sinus with a tendency to obsolescence or
the lateral plications of the same. It can be distinguished from
the P. acutilirata val'. senex, by the much greater gibbosity of the
latter and the presence of growth varices near the beak which have
a decidedly lower cardinal angle than that of the adult. This
latter character infallibly differentiates the two forms when th(~
shell is well enough preserved to show it.
'fhis variety of P. lynx presents the closest resemblance to P.
biforata of the Silurian, of any form known to me. It is, however,
very distinct from the latter species. P. biforata as restricted by
me (loc. cit. pp. 41-44) has always at the beak three plications on
the fold and two in the sinus, while P. lynx and all the other Or
dovician species and varieties above the basal Trenton, have aiwaYf3
at the beak one plication in the sinus and two on the fold, no mat
ter how many there may be farther forward.
Since my paper on Platystrophia was published in 1903, I have
made a more extensive study of the Saluda formation in which I
supposed thi,~. species occurred, with the result that, as explaincll
elsewhere, I have come to the conclusion that there is a well defilled .
fauna 1 zone above the typical Saluda, and that it is in this upper
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zone that P. moritura occurs. This can be best seen at Richmond,
because it is there that the moritura zone is typically developed,
and most eompletely marked off from the underlying zones. From
about Osgood northward, however, there is in the upper part of
what has been heretofore designated the Madison beds or Saluda
formation, a zone of rather barren, dark colored limestone in which
the present form, together with its nearly constant associate, He
bertelta simwta, is found. This is, I believe, the southern repre
sentative of the Elkhorn division of the Richmond section. It will
be noted in this connection that, according to my studies, th~
Whitewater division of the Richmond series is above and not below
the typical Saluda; in other words that the Saluda is represente(l
in the Richmond section by the massive bed of limestone about 130
feet below the Clinton, this latter bed being the true horizon of
l'etradium mimi's_
.
1.41A10a, lOb, aud at the top of the Ordovician section abo1Lt
Laurel, Hamburg, and Osgood.
PLEOTAMBONI'l'ES SERICEUS (Sowerby).
Plate XXXVI, figs. l-le.

Leptaena sericea Sowerby, 1839, Murchison's Silurian System, p.
636, pI. xix, fig. L
" Semicircu18,r ; finely striated longitudinally, with a silky
lustre; a few striae deeper than the others'; larger valve convex:.
the other nearly flat; front not concave, considerably deflected at
the cdge.. I~ength 5 lines, width 10 lines.
"In general form this resembles L. lata of the Ludlow Hock,
but has much finer striae and more angular sides. The front also
is straighter, and there are no indications of spines. Sometimes a
few concentric lines of growth are conspicuous."--,.Sowerby, loco cit.
rrhe most interesting -fact in regard to this species is its great
range and distribution. It was described from British specimens.
but occurs commonly at a number of levels in the Ordovician of
this country ranging from the Trenton to the Richmond. The
only other species known in the Cincinnati group is P. plicatellus
Llrich, a small species found in the lower Eden shales. Near the
hase of the Liberty division of the Richmond, P. sericetts comes in
in such immense numbers in a number of layers, and especially in
the top of a strongly wave-mlirked layer, as to completely fill the
rock to the exclusion of almost every other fossil. T~ horizon is
one of the most constant and readily traced of the entire Cincin
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natigroup. My description and figures are drawn from specimens
taken from this horizon at Versailles.
The most striking superficial characteristic of the species is
that mentioned by Sowerby, namely, the silky luster due to the
finely fibrous nature of the shell substance and the unusually
smooth and glossy surface, with its very fine striae. The general
aspect of the shell is decidedly transverse, except in young speci.
mens, the breadth being ordinarily twice the length. In young
specimens the length and breadth may be nearly equal. The car
dinal line is ordinarily fitraight, only occasionally slightly arched.
Greatest breadth at the hinge. 'fhe cardinal angles are usually
slightly auriculate, and often sharply pointed. The contour of the
lateral and anterior margins varies from smoothly rounded or
nearly semicircular to subrectangular. Dorsal valve concave, es
pecially so in fully mature specimens. Beak obsolescent, and area
very narrow. Interior of the dorsal valve with a zone of small but
distinct pustules over the anterior and lateral portions, arranged
in a somewhat radial manner. Cardinal process conspicuous, tri
angular, trifid at the apex, and merging laterally with the crura
which are pointed laterally outward in a line parallel with the
hinge line. The lamellae arising from the anterior margins of the
crura run forward and inward so as to nearly meet in the median
line of the valve, enclosing together with the cardinal process a
distinct triangular pit, lying directly in front of the process.
These lamellae are continued forward as two prominent ridges,
slightly diverging, to near the front of the valve, where they be
come, in old shells, much thickened, and often support a number of
tubercles. 'I'he internal adductors were inserted between these
ridges; and outside of them, som~times outlined by a well defined
ridge are the impressions of the external adductors. In the middle
of the interior impression is to be seen, in well preserved specimens,
a third ridge, or septum, very much smaller and thinner than the
other two, but of about the same length.
The ventral valve is convex, somewhat more strongly curved
than the other valve. Area narrow. The interior of this valve
does not present the interest of the dorsal valve and it is much le88
often seen in collections. The teeth are small. Arising from the
bottom of the valve directly beneath eac'h tooth is a small ridge ex
tending obliquely forward and outward about one-third of the way
across the :Valve. In the median line of the valve a third ridge
arises at the' pedicle opening and after running forward about a
third of the way to the front of the valve bifurcates, the two
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branches running for a short distance nearly parallel with the
ridges mentioned above. These ridges are thus seen to bound the
two diductor scars.
Surface of both valves ornamented with excessively fine radiat
ing striae, ~very fourth or fifth one being slightly larger than the
others.

5.9A2, 6~ 8, 10, 14.... 1.34A9, 15b, 16a, 16b, 17, 18a, 06 ....
1.41Bl, 01, 2-3, D2, E4 .... 1.12E3, DI-6, P3 .... 1.38A3, 11.
PLECTORTHIS ELLA Hall.
Plate XXXVI, figs. 2·2c.

Ortkis ella Hall, 1860, 13th Report 0f the New York State Mu
seum of Natural History, p. ]21. (Not figured.)
"Shell small, ovate: valves nearly equally convex; hinge-line
extremely short, being scarcely more and sometimes less than one
third the width of the shell, and scarcely affecting the contour of
the margin, which slopes from the beak of the ventral to the lateral
margins a little above the middle of the valve. Dorsal valve gib·
bous subcircular; the beak extending a little above the hinge-line,
and the area extremely short. Ventral valve broadly ovate, slop·
ing from the beak; beak produced beyond the line of the opposite
valve, and pointed, not incnrved; area twice as long as high; fora
men narrow and extending to the apex of the beak, and sometimes
truncating the extremity.
, 'Surface marked by from fifteen to twenty simple, abruptly
rounded or subangular plications.
"'l'his small Ortkis is so peculiar, as not to be readily mistaken
for any other known in our strata. The short hinge-line and area,
and produced beak of the ventral valve, are characteristic features.
In some specimens the area is obscure or undefined, and the shell
has much the aspect of TREMATOSPIRA. It is a rare species,
and I have not seen more than twenty individuals, all of which pre
serve the characters given above, the variation being mainly in the
number of striae: those with fewer striae are frequently more gib
bous than the others. Length about one-third of an inch; the
width a little more.
"Geological formation and locality. In the calcareous shales
of the Hudson-river group, near Cincinnati, Ohio. From the col
lections of Mr. S. T. Carley and Mr. U. P. James. "-Hall, loco cit.
The above description, which is based on Cincinnati specimens,
does not need any additions. I have doubtfully referred several
imperfect specimens from the'top of the Lorraine at Vevay to this
species.
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PLEOTORTHIS PI,IOATELLA HIlII.
Plate XXXVI, figs. 3·3f.

Orthis plicatella Hall, 1847, Pal. New York, I, p. 122, pI. xxxii,
figs. 9 a-g.
"Broadly semioval, nearly equivalve, length and breadth about
a.s 3to 4; surface marked by strong radiating plicae, which are
usually simple, about 20 to 28 on each valve, crossed by simple ele
vated concentric lines, which are more distinct in the depressions
between the costae, and often obscure or obsolete upon their ex
posed surfaces; valves nearly equally convex, without sensible der
pression or elevation on either one, meeting at the edges in a
straight line; cardinal line not extending beyond the width of the
shell; area narrow; dorsal foramen extending to the beak.
"This species bears some resemblance to Orthis radians of
SOWERBY, but it proves clearly distinct on comparison with his
description; the plications are never so few as 15, and the shell is
never concave in front. The equal convexity of the valves, and
uniform, st:rong, somewhat sharp plications, are distinguishing
characters. 'fhe proportionate greater extension of the hinge line,
and less distance from beak to base, distinguish this shell from any
variety of O. pectinella, eve~ when the surface only can be seen."
-Hall, loe. cit.
This species occurs quite commonly in the Lorraine, especially
the lower part, associated with Platystrophia laticosta.
1.34B1~3, 013, 14a .... 1.3BBa-c .... 1.1~E3.
PLECTORTHIS PLIOATELLA var. l'RIPLICA'l'ELLA (Meek).
Plate XXXVI, figs. 4-4b.

01·this triplieatella Meek, 1872, Amer. Jour. ScL, 3d ser. IV, p.
281. (Not figured.)
.
"Note.-Among the specimens sent to me from Cincinnati,
Ohio, by Mr. A. S. Miller of that city, there are two examples of
an Orthis, agreeing in form and general appearance with O. plica
teila, but differing in being considerably larger, and in having a de
cidedly lower ventral area, with the· beak of the same valve more
iucurved than in any authentic specimens of that shell I have ever
seen. It also presents a curious triple arrangement of the costae,
caused by each of them giving off a smaller one on each side at
about half the distance between the beak and the free margins, the
main rib always continuing larger and much more prominent than
the others to the margin'j while the spaces between each bundle
thus formed are proportionally wider and deeper than we see in O.
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pl'icatella as usually found. These characters give this shell a pe
culiar appearance that leads me to think it will probably be found
to belong to an undescribed species. As I know nothing of its in
ternal character!'!, however, and the species of this type of Orthis
are known to be quite variable, I feel some doubts about the pro
priety of describing it as a new species. It seems to me, however.
to differ from the O. plieatella and O. fissieosta.in more important
characters than they differ from each other. Should other collec
tions show this form to be a distinct species, I would propose for it
the name O. triplieatella.
"The larger of the two specimens seen measures 0.70 inch in
length, 1.40 inch in breadth, and 0040 inch in convexity. "--Meek,
loe. cit.
].34013, 14a.
RAFINESQUINA AL'l'ERNATA (Emmons).
Plate XXXVII, fig. I-Ie.

Strophomena alternata Emmons, ]842, (Jeol. N. Y., Rep. 2d Dis
tl'ict, p. 395, fig. 3.
"No.3. Strophomena alternata, whose striae or markings are
alternately fine and coarse. This character is possessed, however,
by other species, and hence is not in itself to be relie{\ upon as
specific. "-Emmons, loe. cit.
This is, with the possible exception of Zygospira r1UJdesta, the
commonest arid most widely distributed brachiopod of the entire
Ordovician system. Its range extends from the 'rrenton to the
Richmond, both formations inclusive; and it is common in both
Europe and America wherever the Ordovician r:ocks are exposed.
The original descrjption by Emmons would not serve to identify
the species, but fortunately Emmons accompanied it with a good
figure, which I reproduce (plate xxxvii, fig. Ib) together with fig
nres of several specimens from the Ordovician of Indiana. The
figure of Emmons shows a shell with a ratio of length to breadth of
1.35, and with the lateral slopes at very nearly a right angle to the
hinge line which is perfectly -straight. The figure also indicates a
shell of only moderate convexity. According to Hall (1847), the
length and breadth are about as 12 to 15 (ratio 1.25), and the
hinge line is a little longer than the width of the shell farther for
ward, and slightly reflected at the extremities. "Dorsal valve de
pressed convex, sometimes more convex i~ the middle,,; suddenly de
flected near the margin and flattened toward the cardinal line;
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ventral valve concave, gradually or sometimes suddenly inflected
towards the basal margin [the terms dorsal and ventral are here
used in the opposite sense from their present usage]; surface
marked by fine rounded radiating striae, which alternate at un
equal intervals with coarser ones; striae increasing in number to
ward the margin of the shell, crossed by fine elevated concentric
lines and a few imbricating lines of growth. "-(Hall, loe. cit.,
p. ]02.)
Among the innumerable forms of this ubiquitous species it is
often difficult to say whether one is dealing in any given case with
the species alternata or with some variety. The form figured by
Emmons seems to be a sort of average or model form, for the
shell index (ratio of length to breadth) varies ""'idely both in the
direction of a less and of a greater ratio. The convexity may be
mu<!h less and is also often much greater, as is indicated by the
figures. The hinge line may be much shorter than the width of
the shell farthe.r forward, or it may be much longer. The shell
may be very thin and fragile (as in the variety {raeta) or very
strong and massive (as in the form called ponderosa). Where
these differences are well marked they have been distinguished by
varietal designations; but it must be confessed that forms are con
stantly met with that can with difficulty be placed in any of the
published varieties; and one must either put a very liberal in
terpretation upon the limits of these varieties or be constantly mak
ing new varieties. I have preferred the former course.
5.9A21, 31, 37, 41, 44, 50 .... 1.33A3 .... 1.34Al, 2, 3, 4, 6, 7,
8, 9, 10, 11, 12, ] 3, 14, 15, 16, 17, 18, 19, 20, 21, 22 .... 1.34Bl-3,
4-'5 ..: .. 1.34C5, 8, 9, ] 0, 13, 14a, 14b .... 1.41A4, 5, 6, 7, 8, 9, lOa,
Bl, 2, 3, Cl, 2-3, Dl, 2, 3, El, 2, 3, 4, 5, 6, 7 .... 1.12A2, Dl-6, E3,
F'3. and practically all other localities where the Cincinnati series
is exposed.
RAFINESQUIXA AIJ],];]RNATA

Yllr.

FRAOTA (Meek).

Plate XXXVII, figs. 5, 5a.

Sfrophomena aUernata val'. {meta Meek, ] 873, Pal. Ohio, I, p. 91,

pI. vii, figs. 3a-e.
"Very thin and fragile, smaller than the typical form, much
compressed, decidedly semi-oval, the length equalling or slightly
exceeding the breadth; lateral extremities rectangular, and not
deflected; lateral margins generally straight or a little convex in
outline behind, and rounding forward to the regularly rounded
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front; surface as in the typical form, excepting that there are
usuaJly more strongly marked imbricating laminae of growth
around near the free margins; interior of dorsal valve with mus
cular scars removed proportionally farther forward from the car
dinal process than in the typical and other varieties. "-Meek,
loc. cit.
This form occurs, sometimes in immense numbers, in the upper
part of the Lorraine formation. It is often difficult even among
thousands of specimens t,o find a single perfect one, owing to the
exceptionally fragile nature of the shell.
1.33A3 .... 1.34B1-3, 4-5, 1.34014b .... 1.38P.
RAFINESQUINA ALTERNATA var. LOXORHYTIS (Meek).
Plate XXXVII, figs. 2, 211,.

Strophomena alternata var. loxorhytis Meek, 1873, Pal. Ohio, I,
p. 91. (Not figured.)
"Attains a large size, moderately convex antero-centrally, or
rather depressed; much extended on the hinge line, with lateral
extremities acutely angular, flattened and scarcely ,deflected; area
very narrow; both valves marked near the cardinal margin, toward
the lateral extremities, by six or eight distinct, very oblique wrin
kles on each side."-Meek, loco cit.
Miller states that this form is found in the upper part of the
Cincinnati group, about 600 to 800 ft above low water mark in
the Ohio River (at Cincinnati), and that it is not common. The
form of which figures are given herewith is from the Waynesville
formation. I have not seen any form at a lower level that seemed
to me to answer to Meek's description, although Nickles lists it
from the Lorraine (Fairmount division). The Richmond forIn
seems to me to correspond very closely to Meek's description, ex
CEpt that the oblique wrinkles at the lateral extremities are faint
or lacking. It appears to the writer, however, that such wrinkles
ar!! apt to occur in old shells of almost any species of Strophontena
or Rafinesq1~ina, and are not diagnostic.
'
RAFINESQUINA ALTERNATA var. NASUTA (Conrad).
Plate XXXVII, fig. 4.

Strophomena nasuta Conrad, 1842, <Tour. Acad. Nat. Sci. Philadel
phia, VIlT, pt. II, p. 260. (Not figured.)
" Triangular; longer than wide, slightly winged; inferior va1v(~
with the mpbo and disc flattened; towards the base suddenly and
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concentrica11y bent towards the upper half; concentrically wrin
kled; radii distinct, rather remote, with thr~e or four minute in
termediate lines; base projecting and angular in the middle.
"This species ,resembles S. alternata and S. deltoidea in having
one '01' two of the central lines larger than the rest,but it isa
much flatter and proportionally longer shelL "-Conrad, loco cit.
The comparison tlf this shell with the typical R.alternata of
the Cincinnati group shows that 'it is a somewhat smaller form,
characterized especially by the· drawing in of the anterior-lateral
margins so as to give it a somewhat triangular aSpect, as indicated
by Conrad. The middle portion of the anterior ~argin ma.y even
be produced into a distinct lobe. The valves are also decidedly
more abruptly deflected at the anterior third than is the case in
the typical form, thus greatly increasing the convexity of the ven
tral valve, and to a less degree the ,concavity of the dorsal, valve.
The space between the valves is accordingly relatively greater'than
in the typical form. In surface ornamentation the variety does
not differ materially from R. alternata.
Found in the middle part of the Lorraine. 7.33A3 .... 1.12A2
.... 1.34C14b.; .. 1.34BI-3 .... 1.38P.
1.lAFINESQUINA ALTERNATA val'. PONDEROSA.
Plate XXXVII, figs. 3, 3a.

I am not sure that this is the form that has received the name
ponderosa from collectors and was figured under this name by
Hall in 1847.· The name has never been formally proposed, so far
as I am aware, and I therefore here propose it for the fairly well
characterized form of Rafine$quina alternata common in association
with' Platystrophia lynx and Hebertella sinuata in the middle part
of the Lorraine (Bellevue).
It differs from the normal type of the speeies in much the same
way that the very gibbous Platystrophia lynx of the "lynx" beds
does from the normal form of that species: that is, it is verJ:" mas
sive, as compared with the normal form, and all the muscular and
vascular markings ~re very deeply impr('ssed. ,The cardinal proc
ess is unusually large. The general outline of the shell is not par
ticularly different from that of the normal form of the species. I
should not say, as Hall does, that it ;represents merely the old in
dividuals of the normal form, but that it represents a gerontic
phase of the species that a'ffected nearly all of the individuals at
eertain horizons.
[59)

930

REPORT OF STATE GEOLOGIST.

RETZIA

GRANUL~FERA

Meek.

Plate XXXVI, tip. 5-5c.

Retzia' (Trematospira) granuUfera Meek, 1872,Proc. Acad. Nat.
Sci. Phila. (February, 1872), p. 318. (Not figured.)
"Shell transversely oval, the length being about four-fifths the
breadth, .:rnoderately convex, the convexity of -the two halves being
very nearly equal; lateral matgins rather narrowly rounded in
outline; front and anterior margins broadly rounded, or perhaps
the forJ;Uer sometimes straight or slightly sinuous in outline in the
midiUe; cardinal margin nearly straight on each side, and sloping
at an agle of about 140° from the beaks toward the lateral l;lX
tremities. Dorsal. valve nearly evenly convex, .its greatest promi
nence being perhaps slightly behind the middle; provided with
about. thirteen simple,' angula:r, radiating plications or costae, five
of which on the m.iddle are smaller than the others (the middle one
being smallest and not continued to the beak), and form together
a very low, flattened mesial elevation, scarcely rising above the gen
eral convexity; beak rather strongly incurved. Ventral valve of·
much the same form as the other, excepting that its beak is Some
what more prominent, perforated, and in curved upon that of the
other valve; while two of the middle costae are much smaller than
the others, and the first one on each side of these is intermediate in
size between the smallest central ones and the largest on the lateral
slopes; these four smaller ones being a little depressed so as to
form a shallow mesial sinus that is not continned to the beak.
Crossing all of these plications of both valves, are numerous fine
lines of growth; while the entire surface, as seen under a mag
nifier, is occupied by minute projecting points, like grains of ~and;
and, between these, a higher magnifying power shows the whClle
surfa,ce to be very minutely and regularly punctate.
"Length, 0.37 inch j breadth, 0.50 inch j convexity, 0.27 inch.
"Until the distinctions between the genus Retzia and the pro
posed genns Trematospira (if any exist) are better defined, and the
interior of the species here described can be determined, it is not
possible to say to which of these groups it most properly belongs.
"Specifically, however, it seems to be closely allied to Tremato
spira gibbosa of Hall, from the Hamiltoll group. Yet it differs, not .
only in having two to three more plications on each side, but also
in having five instead of three a little raised to form the mesilll
fold of the dorsal valve (the middle one being also much smaller).
and f011r depressed to form the mesial siuus (the middle two being

•
BRAOHTOPODA-DESORIPTIOK 011 SPEOIES.

931

much smaller than the others). It so nearly resembles the New
York form, however, that I should almost be inclined to suspeet
that it might be only a variety of the same species, if it were not
found at a so much lower horizon. It must be very rare, as I have
only heard of the single typical specimen being fuund. "-Meek,
loco cit.
Further description of this species is unnecessary. I have
seen but a single undoubted specimen of this species. This is the
specimen listed by me several years ago from the Eden shales at
Vevay, Indiana.
RIIYNCHOI'RlllMA CAPAX (Conrad).
Plate XXXVI, figs. 6·6h.

Atrypa capax Conrad, 1842, Jour. Acad. Nat. Sei. Philadelphia.
VIII, pt. II, p. 264, pI. xiv, fig. 21.
"Profoundly ventricose, with about twelve angular prominent
ribs, transversely wrinkled, and four ribs on the mesial fold of the
upper valve, which is wide, not profoundly elevated; inferior
valve with a profound mesial fold, and very prDminent ribs;
greatest depth of the two valves nearly equal.
"Locality.-Richmond, Indiana, in Silurian shale. "-Conrad,
loe. cit.
Without figures, Conrad's original description would scarcely
enable one to distinguish this species from numerous other Rhyn
chonellids. The presence of four plications on the fold and three
in the sinus is an absolutely constant character. The ratio of
hcight to length varies within very wide limits, young shells being'
always less gibbous than older ones. In fact, the nepionic and
neanic shells ar very thin, the length being several times greater
than the height. In very old (gerontic) shells, especially those
found in the Whitewater division of the Richmond formation, the
height may exceed the length by a considerable amount. The ratio
of breadth to length is also subjeet to considerable variation,
though not .as much as the ratio of height to length. In old shells
the beaks are closely in.curved and appressed and encroached upon
by the pedicle. The plications are strong and angular, and crossed
by numerous closely arranged sharp lamellae of growth, especially
.conspicuous toward the front of the valves, giving to, the shell a
very characteri!~tic appearance.
'rhis is, besides R. dentata, the only RhynchoIiellid in the Cin
cinnati group. Comparison between the two species is scarcely
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necessary, the single plication of the sinus of R. dentata alone suf
ficing to distinguish it from the present form. Rhynckotrema
capax ranges from the base of the Liberty formation to the middle
of the Whitewa.ter division, except that it is found sparingly, if
at all, in the Saluda in the southern part of the Indiana area. It
has heretofore been supposed to range throughout the Richmond,
but that this is a mistake is conclusively shown by recent careful
collecting. It is especially characteristic of the Liberty division,
1.34A13, 14, ]5, 16, 17, 18,19, 19-21, 22 .... 1.41A4, 5, 6, B3,
01, 2-3, Dl, 2, 3, E4, 5, 6, 7.... 1.12Dl-6, E3, F3. I have also col
lected this species near Bennington, Versailles, Osgood, Hamburg,
Brookville, Laurel, IJiberty and many other localities in Indiana,
where the middle and upper parts of the Richmond formation are
exposed.
RHYNCHOTREMA DEN'fATA Hall.
Plate XXXVI, figs. 7·7d.

Atrypa dentata Hall, 1847, PaL N. Y., I, p. 148, pL xxxiii, figs.
14a-c.
, 'Pyramidai, subtriangular; breadth somewhat greater than
the length; cardinal line short j margins of· the shell sloping ab
ruptly downwards; surface marked by about eight or nine strong
and deep plications, two of which are much elevated on the mesial
fold of the ventral valve; dorsal valve with the sinus broad, deep
and angular, wit.h a single plication in t.he center, extremely ele
vated in front; plicat.ions crossed by zigzag or advancing and re
treating filiform Hnes; beak of the dorsal valve small; acute, incurved, with no visible perforation. ,'If ,~ ;; "-Hall, ~oc. cit.
'Phis species, while very constant in the number of plications on
the valves, and absolutely constant, so far as I have observed, in
the number of plications of the fold and sinus, nevert.heless changes
most remarkably, as the shell becomes older, in the convexity of
the valves. In very old and gibbous individuals, the height may
exceed the length of the shell, while .in young individuals the height
is only a small fraction of the length. The youngest stages seen
(about 1 rum. in length) are decidely long and thin. Hall's de
scription, toget.her with the figures, will suffice for the identifica
tion of the shell, especially since there is no other with which it
can be confused-R. capax having constantly four plica.tions on .
the fold and t.hree in the sinus. The chief interest of R. dent,ata is
in the fact that it. marks a well defined z~ne of the upper p~rt of
the Richmond formation, and is also narrowly restricted in distri
bution.
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The best place to collect it is undoubtedly at Richmond, In
diana, where it is abundant in the Whitewater division, which it
characterizes. South from Richmond I have seen the speci€s at
1\ horizon similar to that of its occurrence at Richmond, in the
vicinity of Laurel, Indiana, and still farther south near Hamburg,
Indiana. South of this point I have not seen the species except an
occasional specimen at a horizon considerably lower. In the Tan
ner's Creek section I found two specimens at a level near the base
of the Liberty formation (1.34A1:la, 14a) and again on Whitaker's
Branch in Dearborn County, near Moores Hill, at a similar hori
zon. In the latter' place a single specimen was seen. At the higher
horizon, only, and at Richmond and vicinity only, in Indiaria, does
the species run through any considerable thickness of rock. At all
other localities and levels, in this State, the species is either rare
or confined to a few inches or at the most a few feet of rock. No
specimen, so far, has ever been found at Madison, Indiana.
This is another of the species of importance in working out the
stratigraphy of the extreme upper part of the Richmond forma
tion. Its associates in this connection are H omotrypa wortheni,
Montic~tlipora epidermata} Streptelasma divaricans,.H omotrypella
rustica, and Strophomena sulcata.
1.34A13a, 14a ... . 1.41A6, 7, 8, D3, E1, 2, 4, 5, 6, and in the
vicinity of Laurel, Hamburg, and Moores Hill, Indiana.
SCHIZOCRANIA FILOSA Hall.
PlB.te XXXIV.

figS.

8. 8a.

Orbicula ¥ filosa Hall, 1847, Pal. New York, I, p. 99, pI. XXX, figs.
9a-d.
"Orbicular; one valve more or less convex; apex marginal;
surface radiated with numerous fine elevated thread-like striae,
which are more or less prominent, depending on exfoliation of the
shell; intermediate striae ooming in between the others as they
recede from the beak, but the striae are not bifurcate.
"It is with some hesitation that I refer this ~hell to the genus
ORBICULA, since it presents same variation from the usual type.
'fhe young specimens are very convex, almost conical, but grad
ually become depressed and expanded as they increase in age and
size.
"A single specimen, which is partially exfoliated, presents the
marks of three visceral or muscular impressions, arranged some
what like those of CRANIA; but since the shell differs as widely
from types of that genus as it does from ORBICUL~, I should
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scarcely feel authorized to place it under that genus, in the present
state of our knowledge regarding it. The strongly striated surface
presents 8 deviation from the general character of shells belonging
to LINGULA or ORBICULA; but it is otherwise of the same
texture-black and glossy, as those shells. It likewise occurs asso
ciated with them, proving that its habitat was similar, deviating no.
more from these genera than they do from each other.
"As the shell exfoliates, th~ surface becomes smoother, and the
striae are nearly lost, except upoIi the margins."-Hall, loco cit.
'l'he types are from the upper part of the Trenton limestone at
Middleville, New York. It is reported in Kindle"s list from Madi
son, Indiana. I have not met with any .specimens of it.
S1.'ROPHOMENA NEGLECTA (James).
Plate XXXVIII, figs. I-lb.

St1'eptorhynchus neglecta James, 1881, The Paleontologist; No.5,
p. 4. (Not figured.)
"Shell resupinate; cardinal line longer. than the greatest
breadth of the shell farther forward, and more or less deflected at
the extremitieS of different specimens ; lateral margins sloping in
ward at first, then rounding regularly to the front. Cardinal line
of the dorsal valve linear, straight and slightly projecting over
the area of the otl;ter valve; umbone flat, slightly concave near the
beak in most cases, more or less highly convex at the middle, of
different examples, and curving abruptly to the lateral and front
margins. Surface covered with crowded, radiating striae, which
are fine and delicate at and just below the beak, becoming larger
as they advance toward the margins, where they are rounded and
strong; striae increased as the surface widens, by implantation,
but not always of a uniform size; in some cases they vary consid
erably, and are irregularly arranged, from one to three or four of
the smaller placed between two of the larger. Unworn examples
show the whole surface covered with very fine, delicate, sharp,
crowded, concentric, raised lines,crossing the radiating striae,
which are distinctly seen under an ordinary magnifier. About ten
of the radiating striae in the space of one line, at a quarter of an
inch forward of the beak, and three or four near the free margins.
"VentraJ valve: a strongly marked deltidium; cardinal area
flat and moderately broad, sloping gently each way from the pro
jecting beak, to the extremities of the lateral marglns, and stand
ing at an angle of 70 degrees or more with the dorsal valve; con
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vex near the beak, .and on the umbone.; and different examples
more or leas deeply concave near the middle, curving, to correspond
with the other valve, to the free margins. Surface of this valve
covered with radiating striae and concentric lines, similar to the
dorsal valve.
"The only feature of the interio" of this species that can be re
ferred to at this time is the deltoid process of the dorsal valve,
which differs materially from specimens and figures of other spe
cies; it is prominent, stands at a high angle with the valve, is
bi-Iobed, each lobe divided by a deep, strong depression or slit,
commencing at the beak and widening to the ends of the lobes.
, 'The breadth of the shell along the cardinal line, of different
specimens, varies from 1% to 2% inches, and from 1 to over
1% inches from beak to front. Other examples, supposed to be
the yonng of this species, are much smaller. In outline and dimen
sions most of the specimens resemble some forms of Stropkomena
aZiernata, Conrad. "--James, loe. cit.
Stropkomena filitexta Meek (non Hall) is considered as a syn
onym of this species. The appearance of the interior of the dorsal
valve of this species is thus described by Meek: "In the bottom
of the valve three low, nearly parallel ridges start forward, from·
near the base of the cardinal process, the middle one of which is
shortest, while the lateral extend to or a little beyond the middle
of the valve. Two others also originate behind the middle, between
these three, and extend forward parallel to each other, farther than
any of the others. Between these four longer ridges three very
slender much smaller raised lines may also somtimes be seen, while
a large area of the central region of the valve, including the ridges
mentioned, and a considerable space on each side of them, is occu
pied by small but distinct granulations, that show a tendency to
arrange themselves in radiating lines."
The majority of the specimens of tbis species seen by the pres
ent writer have been the interiors of the dorsal valve, hence the
foregoing description will, together with Meek's figures, prove of
very considerable value in the identification of the species. I know
rf no other snecies with a similar set of internal characters.·
·Slnce the above

written I. have received from Dr. Weller, the ·types of
There are two specimens of
somewhat dift'erent size and aspect, neither showIng the interior of either valve.
One of the specimens corresponds very well with the above description given by
.Tames. 'l'he other may not be the same species. Both are marked as coming from
Cincinnati, although in view of the loose way of labeling material, fqrmerly in
vogue, this may not necessarily be taken very literally. I am quite convinced, how
ever, that the larger. specimen, which corresponds best with James' description, is
WIU!

St1'ophomena 1teglecta, from the James collection.
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1.34A10, 17, 18, 19, 20, 21, 22 .... 1.41A6, 01, 2-3, D1, 2, 3, El,
2,3,4, 5, 6.... 1.12Dl-6, F3.
STROPHOMENA NUTANS Meek.
Plate XXXVIII, figs. 5-5c.

I, p.
77, pI. vi, figs. 1 a-f.
"Shell under medium size, sub-trigonal, strongly concavo-con
vex, comparatively thick and strong; hinge about equalling the
breadth of the valves; lateral margins usually somewhat straight
ened behind, where they meet the extremities of the hinge nearly
at right angles, while anteriorly they converge to the middle of
the front, which is prominent, and very narrowly rounded, or al
most angular in outline.
"Dorsal valve remarkably convex in the central or anterior cen
tral region, from which it rounds down abruptly to the lateral and
anterior margins, and slopes strongly posteriorly, the anterior lat
eral slopes being usually somewhat compressed, so as to impart to
the middle of the 'anterior region a degree of prominence, some
what like a mesial ridge, near the margin; whole umbonal region
flattened; area narrow, or sublinear, and directed nearly back
ward; beak not distinct from the edge of the ,area. Interior with
thebilid cardinal process short; sockets deeP, sub-trigonal, and
very oblique; socket-ridges rather prominent, thin, and continued
obliquely forward and outward, with an inward curve, so as to
form the lateral margins of the muscular impressions, which are
well defined, rather deep, strongly striated, and separated by a
short, mesial ridge coming from the base of the cardinal process;
while near the middle of the anterior edge of each there is some
times a little oblique prominence; central region in front of the
mmlcular impressions, sometimes showing four obscure parallel
St1'opkomena nutans Meek, 1874, Paleontology of Ohio, vol.

not the same species as the specimen from which Meek drew up his description of
the Internal characters of the dorsal valve of his S. jlUtelJ)ta. In the set of types of
the species S. 1Ietu8ta, from the James collection, is a l>'Pecimen showing the in

tel'lor of a dorsal valve, which corresponds' in every particular with the descrip
tion of the dorsal valve of S. jlUtclJ)ta, given by Meek. 'l'his specimen, however, does
not possess the 'wrinkles at 'the cardinal extremities that are supposed to charac- '
terlze S. 1Ietu8ta, aod in other respects does not closely resemble the specimens of
the type set In which" the latter character is shown. If the dorsal interior, abov~
mentioned, Is really an interior of S. 'l'etu8ta, which I very much doubt, then the
f'peclmens listed In the present report as S. neglecta l'ames. are to be referred to
vetu8ta, Instead. The status of most of the species of Sttopnomena' Is at present
In such an unsatisfactory condltlon, however, that I heilltate to make any changes
from the ordinary usage, till such time as the genns can be revised with all the
forms from all the horizons and localities at hand.

•
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ridges running directly forward, and separated from each other
by three shallow, narrow furrows, in the middle of each of which
there is a raised line; traces of other smaller and more obscure
ridges sometimes extend forward and laterally on each side of those
deseribed, while the whole internal surface' is usually minutely
granular.
"Ventral valve nearly flat, with a backward slope in the um
bonal region, and distinctly concave farther forward, in the an
terior central region; while the anterior and lateral margins are
abruptly curved downward parallel to those of the other valve;
beak scarcely distinct from the margin of the area, which is of
moderate height, flat, and extendS the entire length of the hinge,
with usually but little taper toward the lateral extremities; fora
men rather broad trigonal, and covered above by the convex
pselldo-deltidium, whicl1 is broadly and deeply sinuous on its inner
edge, for the reception of the cardinal process, and a kind of
pseudo-deltidium of the other valve, formed by the continuation of
the socket plates. Interior with the anh'rior and lateral margins
geniculated so as to form a marginal ridge that is deeply and
somewhat regularly furrowed across, while the ovarian spaces
within this marginal ridge are more or less flattened, and some
times granulated; hinge teeth moderately prominent, transversely
sub-trigonal, and striated on their anterior and posterior faces;
while from their inner bases the prominent dental ridges extend
forward and curve together, so as to form a strongly elevated mar
gin to the deep, sub-circular cavity for the reception of the mus
cular impressions; muscular cavity scarcely reaching the middle
of the valve, usually with its rim slightly notched (not emargin
ated) at the middle of' the front; while within its bottom it is
provided with a slender mesial ridge, with the narrow adductor
muscular scars on each side of it, and on the outside of these most
of the remaining space seems to be occupied by the striated scars
of the divaricator muscles, there being only a very small notch
'like impression close to the hinge tooth on each side, apparently
left by the ventral adjustor muscles.
'
"·Surface of both valves ornamented by very fine, closely ar
ranged, simple radiating striae, that increase by intercalation, and
are either nearly equal, .or sometimes have every third, fourth or
fifth one slightly larger than those 'between; while on well pre
served specimens, very minute, crowded, concentric striae may be
seen, by the aid of a strong magnifier, crossing the much larger
radiating striae.
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"Length of a mature specimen, 0.80 inch; breadth, 0.93 inch;
convexity, 0.50 inch. "-Meek, loco cit.
Mr. Meek cites his specimens from the "upper part of the Cin
cinnati group" in Butler, Warren and Clinton counties, Ohio.
The species' occurs in Indiana associated with S. planumbona in
the Iliberty formation.
STROPHOMENA PLANOCONVEXA Hall.
Plate XXXVIII, figs. 3·3e.

Leptaena planoconvexa Hall, 1847, Pal. New York, vol. I, p. 114,
. pI. xxxi B, figs. 7 a-d.
•
, . Shell resupinate, sub-planoconvex, often distinctly inequilat
eral and oblique; ventral valve moderately convex; dorsal valve
nearly fiat or slightly concave; cardinal line extending consider
ably beyond the width of the shell, and often produced into small
acute ears; surface marked by rather coarse radiating striae, which
bifurcate towards the margin of the shell; apex usually, and per
haps always, perforated; foramen closed; cardinal area narrow.
"'fhe most obvious characters of this shell are its resupinate
form, the nearly fiat dorsal' valve, and frequent inequality of the
two sides, or the greater extension of the cardinal line on one side.
III these features alone it is dissimilar to all the other species of
the genus in the lower strata. In its nearly fiat valve it ap
proaches to the ORTHIS; while the extension of the cardinal line,
and closed foramen, are characters. belonging to LEPTAENA, as
well,also, as its general habit, which is different from the true
ORTHIS.
, 'In some of its varieties, and particularly in the ventral valve
being fiat near the beak, it resembles the last species [Leptaena de
jlecta.], but differs essentially from it in the coarser nearly equal
striae and absence' of concentric elevated linea, as well as other
important characters.~'-Hall, loc. cit.
Reported by Hall from numerous localities in Ohio, Indiana"
etc., in the Cincinnati series.
'fhe terms dorsal and ~entral are used by Hall in the oPl?osite
sense from their present usage;
1.34C14a.
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STROPHOMENA PLANlJMBONA Hall.
Plate XXXVIII, .figs. 4·4d.

Leptaena planumbona Hall, 1847, Pal. New York, vol. I, p. 112, pI.
xxxi B, figs. 4 a·e.
. , Shell resupinate, robust, length and breadth as 9 to 11; car·
dinal line straight, suddenly defiected at the extremities, equal to
or greater than the width of the shell; sides a little contracted
just below the cardinal extremities, leaving slightly salient angles;
ventral [dorsal] valve flat or slightly depressed near the beak,
elevated and very convex: in the middle, somewhat abruptly and
concentrically deflected towards the margin; dorsal [ventrall
valve flat on the disc, slightly elevated towards the beak, and de
flected to correspond to the other valve; surface marked by radiat
ing striae, every third, fourth or fifth of which is alternated by a
stronger one; entire surface' (in perfect specimens) marked by
fine concentric elevated lines, and a few imbricating lines of
growth .
•, This is a very neat, symmetrical species, presenting very little
vat'iation of form. The concentric lines are often obliterated, and
the surface shows only the radiating striae. The remarkable flat
ness, which often amounts almost. to a .depression of the convex
valve near the beak, is a distinguishing character in all the sp~ci
mens I have ex~ined. The sides of the shell are suddenly con
stricted just' below the extremities of the hinge line, producing
small salient ears; the ventral [dorsal] valve is very convex just
forward of the middle, and the opposite valve equally concave. "-
Hall, loe. cit.
It has become the custom to refer this species to S. rugosa of
Rafillesque and de 'Blainville, following a suggestion made by King.
in 1850, only three years after Hall's species was named. The
most recent discussion on this subject that has come to my notice
is a note on the species by Mr. J. M. Nickles, in the American
Geologist (Oct. 1903). With the opinion of Nickles I quite agree.
No one who has collected numbers of this species can look at th«
fignres given by de 'Blainville and believe that they were intended
to represent the common Strophomena planumbona. They mayor
may not have been intended to represent Leptaena rhomboidalis.
I believe, with Nickles, that we should go 'Qack to Hall's name,
planumbona, and I have therefore quoted his as the original de
scription rather than de'Blainville's.
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'fhis is a very common species in the Richmond formation, or
rather in the division now knpwn as the Liberty formation. This
zone it characterizes better, perhaps, than any other species.
1.34A12, 13, 14,.115, 16', 17, 18,19, 20, 21, 22 .... 1.41A4, 5, B2,.
;~, 01, 2-3, Dl, 2, El, 3, 6.... 1.12Dl-6, E3.
STROPHOMENA PLANUMBONA ¥lir. SUBTENTA Hall.
Plate XXXVIII, figs. 6·6g.

Leptaena subtenta Hall, 1847, Pal. New York, 1. p. 115, pI. xxxi
B, fig. 9a-b.
"Resupinate, semioval; ventral valve convex in the middle;
cardina.I extremities deflected, somewhat abruptly cnrvlng towards
the margin, and flattened on the umbo; sudace marked by fine
equally bifnrcating striae, which are crenulated by concentric lines,
obliquely wrinkled on the cardinal 'margin; interior of the hinge
showing two projecting tooth-like processes, with a narrow space
between them for the passage of a ligament; lateral teeth spread
ing widely.
"I find, among the drawings of Mr. CONRAD, the figure of a
'rrenton species, with this name attached. I have not seen the
same in New-York, but tlle specimen figured is from a western lo
cality. It bears all the essential marks of the sUecies cited, and I
have therefore introduced it under that name. It will,· doubtless,
be found again in New-York. The cardinal margin bears some re
semblance to CHAETE'I'ES, but a careful examination does not
show any spires. The strong oblique wrinkles form a distinguish
ing feature. "-HaU, loco cit.
The localities given by Hall are Oxford, Ohio, where the species·
is said to be associated with Dalmanella testudinaria (probably D.
mecki), Rafinesquina alternata, and Plectambonite.'$ sericeus; and
at Trenton Falls, New York (doubtfnlly). This association would
make the type come from about the base of the Liberty formation.
Schuchert considers this form a variety of S. planumbona, and
with this I fully agree. In fact, I am almost prepared to go still
further, and not even distinguish it as a variety. My observation
leads me more and more to the .conclusion that the oblique wrinkles
seen on the cardinal extremities of species of Strophomena and
Raji.nesquina and r~lated genera are due to slight causes (old age,
espe('jally) that affect occasional individuals rather than the
Speci4lS, or any considerable section of it. As to the differences in
internal features, one will certainly despair if one tries to separate

•
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the two forms on this basis. The form figured by Meek (internal
valve of his S. plicata) does indeed look quite different from the
figure of the interior of the ventral vlllve of S. planumbona 011
the same plate. I have figured the ventral valve of another speci
men, however, which might with almost equaL propriety be referred
to S. planumbona, S. s'ubtenta, or S. planoconvexa. Why we
should give such latitude to variations in RafinesqU'ina alternata,
and so narrowly restrict them in Stropkomena, is a question that
must occur to anyone familiar with the two genera. The tendency
to can these forms of Stropkomena species seems to me to be due
more to caprice and accident than to anything in the relations of
the forms to one another. I wish to ta.ke issue squarely with those
who call every slight difference in form specific.
This variety occurs at the following localities:
] .34Al:3b, I5b, 17, 19, 21, 22 .... 1.34A12 ..-.. 1.41D2.... 1.12F3.
S'l'ROPHOMENA SINtJATA Meel,.
Plate XXXVIII, figs. 2-2e.

Strophomena sinuata Meek, 1873, Pal. Ohio, I, p. 87, -pI. v.
figs. 5a-f.
"Shell semicircular, or forming rather more than a semicircle,
moderately convex, with valves nearly equal, the dorsal being mm!t
.~onvex in the central and anterior regions, and the ventral near
the umbo; hinge neady or quite equalling the greatest breadth;
lateral margins forming more or less nearly right angles with the
hinge line, or sometimes rounding to the same, and rounding regu
larly to the front, which forms a semicircular curve, with rarely
a slight sinuosity at the middle.
"Dorsal valve flat at the beak, which is not distinct from the
cardinal margin, usually a little raised in the middle at the front,
so as to form a low, broad, undefined mesial prominence; cardinal
area narrow and inclined backward; interior. with a low, small,
deeply lJipartite cardinal process, from which diverge three small
ridges, the two lateral of which extend obliquely outward to form
the margins of the rather well defined sockets for the reception
of the teeth of the other valve, while the third ridge is central, and
extends a short distance forward; muscular scars not visible in
any specimen examined.
"Ventral-valve moderately convex at the umbo, which is not
very prominent or arched, and has a minute perforation at the
apex; front with usn ally a broad, shallow, undefined depression;
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lateral regions more or less nearly fiat; cardinal area well devel
oped, tapering to the lateral extremities, fiat, and inclined more
or less obliquely backward; foramen closed by a prominent, trian
gular deltidium; interior showing small, somewhat saucer-shaped
cavity, formed by the low, sharp dental laminae, extending for
ward from the inner si·Ie of the rather well-developed oblique
cardinal teeth, and curving a little toward each other, without
meeting at their inner ends; muscular scars not visible in any
specimen examined.
"Surface of both valves ornamented with rather coarse radi
ating striae, most of whicp- bifurcate once or oftener, while occa
sionally'a shorter one is intercalated between two longer, crossing
the whole, occasional small marks of growth, and finer, but ob
scure, concentric st:r:iae may be seen by the aid of a lens, on well
preserved specimens.
"Length of a rather large specimen, 0.65 inch; breadth, 0.88
inch; convexity, 0.30 iuch.' '-Meek, loco cit.
The type is from the Cincinnati formation about 350 feet above
low water of the Ohio, at Cincinnati, Ohio. I have seen it at a
similar horizon near Manchester Station, on Tanner's Creek.
STROPHOMENA SULCATA (de VerneuU).
Plate XXXVI, figs. 10-100.

Leptaena sulcata de Verneuil, 1848, BulL Geol. Soc_ France, 2d
ser., vol. V, p. 350, pI. iv, fig. 4a, 4b.
"Coquille plate, subquadrangulaire, ornee de stries fines et
dichotomes comme la precMente [L_ planoconvexa]. Valve dor
sale Iegerement bomMe, offrant vers Ie front un sinus pro
noce qui releve Ie bord p.e la valve ventrale. Area triangulaire
sllrbaissee. Ouverture large, fermae par un deltidium complet.
Crochet perce d'un petit trou rondo Valve ventrale Iegerement
bomMe; area presque nulle, presentant, vis-a.-vis du deltidium de
la valve opposee, une ferme toute communication du dedans au
dehors. Malheureusement l'in!erieur des valves nous est inconnu.
"Rapports et differences.-Extremement voisine de la pre
cMente, cette espece n 'en differe que par son contuor general et
par Ie sinus de Ia valve dorsale. Ce sinus est constant, et Ia fait
distinguer, dans la plupart de collections d'Am~rique ou nous
I'avons vue. sous Ie nom que nous lui donnons ici.
"Gisement ct localites_-Le L. sulcata se trouve avec l'espece
precedente dans Ie calcaire bleu des Etats d 'Ohio et d'Indiana. Ce
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calcaire, comme celui de 'l'renton, appartient au systeme silurien in
ferieur. "-d'Verneuil, loco cit.
•
This species is commonly found in association with. Rkyncko
trem.a dentata, but it also occurs sparingly at lower horizons, and
its distribution is considerably more extended. I have never found
it, however, except in the upper divisions of the Richmond forma
tion.
In form this species is the most peculiar.of any of the Stropho
menas of the Cincinnati group, though it somewhat resembles 8.
sinuata. It is a small shell of semicircular outline, rather thicker
than is usual in the genus, and with rather coarser plications. The
convexity of the valves is nearly equal, but at the front the dorsal
valve possesses a peculiar elevation or low fold, corresponding to
a sinus in the ventral valve. The beaks are very small and the area
of the dorsal valve narrow, while that of the ventral valve is well
defined and rather high. Foramen with a convex deltidium. Apex
perforated by a small circular aperture.
1.34A19-21, 23 .... 1.41A7, 8, C1, D3, E1, 2 .... 1.12Dl-6. I
have also collected it at Laurel, Indiana, and about Hamburg,
and Osgood, not far from the top of the Saluda formation. This
zone may represent the thinned southern end of the Whitewater
division.
#
TREMATIS MILLEPUNCTATA Hall.
Plate XXXIV, figs. 9·9c.

1'1'ernatis millepunctata Hall, 1866, 24th Rep. New York State
Museum (advance sheets), p. 221, pI. vii, figs. 22-25.
"Shell small, suborbicular, transverse on the ventral side and
lenticular in profile. Ventral valve strongly convex below the
middle, more depressed above; with a narrow deeply depressed
pedicle-opening, the margins of which are flattened for a space
nearly equal to the breadth of the opening. Dorsal valve more
elongate, most convex above the middle; the beak pointed and
projecting considerably beyond the opposite valve; with a de
pressed or concave triangular area. Interior of the dorsal valve
marked near the middle hy two comparatively large semicircular or
reniform muscular scars, the breadth across the two more than
equal to one-third of the diameter of the valve; the center of the
valve has also a sUght mesial septum.
"Surface strongly: punctate in concentric curves passing. from
the cente;r of the shell outwards, extending through the shell near .
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the front of the valves, and diStinctly marking the cast: . inner
layers of the shell not punctate.
"Specimens of this species have been sent from Cincinnati, and
published and figured as the T. terminalis of Emmons. It differs
from that species, however, in being more transverse, with a less
convexity of the ventral valve and more prominent beak of the
dOrsal valve; and also~ in the character of the punctate structure.
The Trenton species is distinctly punctured, the puncta passing
through the shell, showing most distinctly on partially exfoliated
specimens; while in this species they are entirely confined to the
exterior layers of the shell. It is also destitute of the radiating
striae always found on T. terminalis when the shell is partially
exfoliated.
'''J'he specimens of this species usually measure about half an
inch in length and five-eighths of an inch in width. I have re
ceived them from Mr. S. P. Carley, Mr. U. p, James, and other
sources. "--Hall, loe. cit.
L34.A13a, 15b, 17.
TRIllMA.TI& RIllTICULA.RIS (Miller).
"

Plate XXXIV, fig. 10.

Orania reticularis Miller, 1875. Cincinnati Quarterly Journal of
Science, vol. II, p. 280, fig. 22.
"Surface marked by punctures, arranged, 38. shown in the
figure, in a peculiarly beautiful manner. The rows of punctures,
from the cardinal margin, on each side the> apex, curve downwards
a little, as they ascend toward the aRex. The rows as they leave the
lateral margins form the sanie curves, so that the rows soon cross
each other, giving the punctures the rhomboidal lorm, and the
surface the checkered appearance, formed by curved lines gradu
ally approaching aud crossing each other, like 'engine turnings'
on a watch-case.
"Length of a specimen, 0.08 inch; width, 0.11 inch; convexity,
0.04 inch.
"The specim'en figured is one of a number found, attached by
the lower or ventral valve to the under side of a worn piece of
Tetradium fibratum, near Brookville, Indiana, by Mr. Ed. R.
Quick, a collector of that place. The specimens vary in form con
siderably, but the punctat~ surface is as distinct and uniform as
it is in Trematis millepunctata. The shell has the same appearan~e
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that the shells lu!.ve in the latter genus, and it may be tha.t it is a
true Trematis .
. "The acute apex and the variability of form, however, ha.ve in
duced me, at present, to class it with Orania. The lower valve.
and interior are unknown. "-Miller, loco cit.
ZYGOSPIRA. CINCINNA.TIENSIS Meek.
Plate XXXVI, figs. 9-9b.

Z ygospira cincinnatiensis Meek, 1873, Pal. Ohio, vol. I, p. 126, pl.
xi, figs. 5 a-c.
.. This variety or species differs from the last [Z. moaesta], in
its larger size, greater proportional breadth, more prominent mesial
elevation, with a larger and deeper sulcus along its middle, and in
the deeper mesial sinus of its dorsal valve, and the more spreading
character of its lateral plications. Its plications likewise differ in
being proportionally· coarser, and more angular, and more fre
quently show a disposition to bifurcate, particularly those on the
sides of the mesial elevation of the ventral valve, and within or
near the mesial sinus of the dorsal valve. Its lateral margins are
likewise generally more compressed; and the beak of. its ventral
valve rather more strongly incurved.
"Under a strong magnific'r, in a favorable light, extremely mi
nute, regular and closely crowded concentric striae may sometimes
be seen on the sides of the plications, and other protected parts of
the shell. 'rhese are similar to those sometimes seen on the last,
but more distinct.
.
"Although this is possibly a distinct species from the last, it
would, I should think, be rather difficult to distinguish young ot'
small examples of it from that shell. Renee, I am inclined to think
that it may be only a robust variety of the same.
"IJength of one of the largest examples, 0.41 inch; breadth,
0.52 inch; convexity, 0.25 inch. "-Meek, loco cit.
This species occurs at a number of levels in the upper part. of
the Eden formation.
1.3402, 5, 6, 7, 8, 9, 10, 11 .... 5.9A29, 31, 35 .... 1.38~.17, 21,
24, 37, 45.

•
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ZYGOSPIRA MODESTA Ball.
Plate XXXVI, figs. 8·81. '

Atrypan,..odesta Hall, 1847, Pal. New York, vol. I, p.141, pI. xxxiii,
fig. 115.
"Suborbicular or planoconvex, with the beak extended; width
a little greater than the length; cardinal line distinctly marked
and somewhat extended; dorsal valve ('onvex, with an elevated
ridge along the center, occupied by four plates which are stronger
than the others; beak prominent, incurved and perforated, the
perforation extending below the beak and occupying a portion of
the area; ventral valve depressed-convex, broadly oval or nearly
circular, with a broad but ill-defined sinus along the middle, the
central plication stronger than the others, with a smaller one on
each side; each valve with about 18 simple rounded plications;
surface obscurely punctate.
"This neat and beautiful little speCies well merits the name
bestowed upon it by Mr. SAY, which I am happy to preserve. It
is a rare species in New-York, while it is abundant in Ohio, Indiana
and Kentucky. It is, in a large number of specimens examined,
very constant in the characters given above. The central elevated
portion co~sists of four stronger plications, which appear to be
in two pairs, from being separated in the middle by a deeper and
wider groove, while the groove between each pair is narrower than
between the other plates of the shell. These characters, with the
stronger plication in the center of the ventral valve, are constant,
and apparently reliable in distinguishing the shell. The mesial
sinus on the ventral valve, which is scarcely conspicuous in young
shells, becomes deeper and more strongly marked in older ones, and
produces a strong depression in the front of the shell."-Hall,
loe. cit.
No other species known to me from the Cincinnati series is as
ubiquitous as the species described above. It occurs in the great
majority of my collecting zones from the middle Ed~n to the top
of the Cincinnati series. Even Rajiinesquina alternata, wi~h its
varieties is not more persistently present than Zygospira modesta.
Nor have I observed that the latter species presents any degree of
variation. Certainly not enough to warrant an additional name.
Though usually not particularly abundant, in several zones it be
comes the leading fossil, occasionally completely filling the rock.
This is the case especially in the Rafinesquina zone at severa.llevels.
In the Lorrain~ the species is usually common, and in washings
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. from this formation, specimens of Z. modesta of all sizes from the
nepionic stage, half a millimetre in diameter, to the adults, are
so common that one almost tires of picking them out. In the Rich
mond formation it is usually less common, but nearly always
present.
5.9A8, 25, 29, 31,44,50 .... 1.33A3 .... 1.34A1, 3,7,8,9,10,11,
12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, Bl-3, 4-5, C5, 10, 11,
13, 14a, l4b .... 1.4lA2, 4, 5, 6, 7, 8, 9, lOa, lOb, Bl) 2, 3, C1, 2-3,
D1, 2, 3, E2, 4, 5, 6.... 1.12A2, Dl-6, Ea, F3 .... 1.3.8All, 13, 17,
21, 23, 24, 29, 31, 32, 37, 41, 55, 63, Ba-h, and at practically all
other localities..
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Ot\STEROPODA AND PTEROPODA.
DIAGNOSES OF GENERA.
BELLEROPHON Montfort.

Symmetrically illvolute, subglobose shells, with or without an
umbilicus, the latter never very large in the typical section; VOhl
tions more or less 'rounded on the back; aperture' generally ex
panded, usually with a callosity on the inner lip; outer lip with a.
more or less deep emargination behind which there is a well de
veloped slit-band or an elevated blunt keel; surface sculpture con
sisting of more or less strongly developed striae of growth only.
(Ulrich.)
BUCA.c~IA

HalL

Restricted by Ulrich.

Shell consisting :of from three to five more or less depressed
volntions coiled in Qne plane, with generally a wide umbilicus and
not greatly-never abruptly-expanded aperture. Surface mark
ings consisting of equal or unequal revolving riblets and lines of
growth, together producing a more or less cancellated appearanee,
Revolving lines wavy or wrinkled, oblique, especially in the umbili
cus, crossing from the ventral side of a whorl to the dorsal slit
baUlI in the space of about one-half a" volution. Frequently they
are interrupted by ,strong lamellae, the wavy edges of which are
parallel with the lines of growth and the apertural margin. Aper
ture transverse and somewhat reniform in the typical section,
higher and relatively larger in the B. nashvillensis section. In the
former the lips are thin, the outer one sinuate, and the sinus pro
longed into a rather long narrow median slit; in the latter the
lip is rather thiel, and the slit shorter. Slit-band'distinct, raised
or depressed. (Ulrich.)
CLATHROSPIRA Ulrich.

Shell depressed-conical, sometimes subleriticular; base more or
less convex, its bulk usually nearly equal to the apical part; um
bilicus very small or wanting; volutions not very numerous, some
times slightly turriculate or strongly angular near the mid-height;
aperture oblique, subquadrate, the inner lip slightly rMected or
merely thickened, the outer deeply notched at the peripheral angle;
no l<lit; band nearly vertical and situated upon the periphery of
the whorls. The surface beautifully cancellated. (Ulrich.)
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CONRADELTJA Ulricb.

Shell coiled sym,metrically, general form as in Oyrtolites and
OxydisGus, the volutions enlarging gradually and being strongly
keeled dorsally .. Aperture oval or subcordiform, widest in the
middle or below, without callosities of any kind, nor with a sinus
in the outer lip. Prom the aperture to a. point about half around
the dorsal circumference of the last volutiqn there is a narrow open
slit lying between two sharply elevated edges; behind this point
the slit is closed over and forms an ordinary slit-band with distinct
lunulae. Surface with close or. distant transverse imbricating
lamellae, the auterior edges of which are zigzagged and sometimes'
greatly spread out. Lamellae plicated, the successive folds often
arranged so as to .form small revolving rjdges; over' all ve:r:y fine
lines of growth. (IDrieh.)
. CYCLONEMA Hall.

Shells turbinate or ponical, thin, spire short, composed of few
more or less ventricose volutions; no umbilicus; surface sculpture
consisting of numerous revolving lines and small ridges crossed
obliquely by sharp liues of growth; aperture oblique, varying
from rounded to subquadrate; inner lip more or less thickened, re
flected, always excavated. (Hall, Ulrich.)
CYCLORA Hall.

Subglobose, shell thin, spire short, consisting of a few whorls;
columella smooth, slightly reflected over a minute umbilicus, aper
ture circular. (HalL)
CYRTOLITES Conrad.

Shell coiled in the same plane, symmetrically or nearly so;
volutions two or three, scarcely contiguous, the last occasionally
free, enlarging gradually, carinated on the back and often on the
sides, giving a subquadrate cross-section; aperture not abruptly
expanding, with or without a median notch in the outer lip; no
slit-hand; shell thin, without callosities of any kind; surface sculp
ture reticulated or cancellated, consisting of straight or obliquely
curved regular transverse lines -connected by short ohlique lines.
(Ulrich.)
HOLOPEA Hall.

Shells conical, ventricose, more or less oblique or nearly direct;
aperture round ovate; margin entire; surface marked by simple
fine curved striae, or cancellated. (HalL)
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The above is Hall's original diagnosis of the genus. Ulrich
thinks that the group formed by the species now referred to
H olopea is composite and contains material for several genera.
HORl\HY.rOUA Salter.

Shell elongate, beaded, practically imperforate, composed of
rather numerous (eight to fourteen) rounded or subangular
whorls; aperture acuminate subovate, narrow and more or less
prolonged below; outer lip with a broad and deep V-shaped notch
. and no slit; band median or submedian, generally obscure, of mod
el"ate width, fiat or slightly concave, in the perfect condition mar
gined on each side by a delicate raised· line; surface marked with
lines of growth only; these are never very sharp and always sweep
backward very strongly, from below especially, to the band, (ill-'
rich.)
.
HYOLITHES Eichwald.
Shell symmetrical, conico-pyramidal, composed of calcium car
bonate, posterior portion often divided off by a transverse septum;
one side flattened, and the margin of the flattened side projecting
somewhat above the opposite wall. Surface with fine transverse
striae, or longitudinally striated, or both.
CONULARIA Miller.

Shell rectilinear, inversely conical, rectangular to' rhombic ill
cross-section, with' usually sharp edges, acnte or truncated poste
riorly. Each of the transversely striated or ribbed lateral faces
divided into longitudinal halves by a superficial groove, corre
sponding internally to a median ridge. Posterior portion of the
shell divided off by septa. Aperture constricted by four triangular
or linguiform in curved lobes of the anterior margin. (Pilsbry.)
LIOSPIRA Ulrich.

Shell sublenticular, the spire low, depressed conical, almost
smooth, the sutures very close, scarcely distinguishable; volutions
sllbrhomboidal in section, flat, gently convex or slightly concave
above, sharply rounded at the periphery, convex below, and not in
frequently angular at the edge of the umbilicus. The latter is
usually present but may be filled entirely by an extension" of the
inner lip, in other cases it may be open uuring the younger stages
only. Aperture deeply notched; band scarcely distinguishable as
such, wide, situated on the narrow onter edge of the whorls though
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chiefiy upon the upper side. . Surface markings very delicate,
rarely preserved, consisting generally of exceedingly fine trans
verse lines bending strongly backward on the apical side to the
peripheral band over which they continue with little interruption
to sweep sharply forward again on the lower side. Faint revolv
ing lines occasionally observed. (Ulrich.)
LOPHOSPIRA Whitfield.

Shells with more or less elevated spires; whorls closely coiled
throughout or only in the upper part, the last often exhibiting a
tendency to become disconnected; whorls angular on .the periphery
and bearing from one to five distinct carinae; central or peripheral
keel' strongest and most prominent carrying the band, which is
~btusely rounded, or niore or less distinctly trilineate, with the
median line heavier and more prominent than the other two; axis
rarely, if ever, solid; an umbilicus, Ul:lUally of very small size,
nearly always present. Inner lip generally thickened, often
slightly twisted, turning around the umbilicus so as to form a kind
of hollow pillar. Outer lip more or less deeply notched, but the
center of the notch, which lies at the peripheral angle, is never pro
longed into a slit. Surface markings parallel with the apertural
edge; occasionally cancellated by fine spiral lines. (Ulrich.)
MICROCERAS Hall.

Convolute, volutions few, horizontal, rapidly diminishing from
the aperture; aperture subrhomboidal; shell subcarinated ,upon
the back, chambered? (Hall.)
l\1inute shells, gregarious in habit, in form like Gyrtolites. Al
ways of a black or brownish color, with the surface perfectly
smooth and generally glossy. Possibly dwarfed varieties of other
species. (Ulrich.)
.
.
OXYDISCUS Koken;

Strongly compressed, disciform shells; volutions' embracirig
very little, expanding gradually to the aperture, sharply keeled;
aperture somewhat lanceolate or subtriangular, Without an inner
callosity; outer lip with a deep V-shaped excision, continuing in
the dorsal keel as a long and very narrow slit; behind the slit the
summit of the keel may show a more or less distinct band with
lunulae, or merely a uelicately bordered raised line. Surface mark
ings consisting of growth lines only. These bend strongly back
ward in ,passing from the ventral side of the whorl to the keel
(Ulrich.)
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PROTOWARTHIA Ulrich.

Aperture large but not abruptly expanded, the outer lip bilo
bate, with a broad and more or less deep sinus but neither a slit
nor band; dorsum convex, never carinate; umbilicus closed; sur
face markings very fine, generally consisting of more or lessob
scure crowded lines of growth and delicate revolving striae: The
inner lip forms a thin granulose deposit over the dorsum of the
inner end of the last whorl and extends on each side around the
umbilical region. This portion is cQvered with interrupted or in
osculating lines. (Ulrich.)
RAPHISTOMA Hall.

Shell sublenticular or plano-convex, the spire flat, the sutures
close; volutions triangular in section, sharply angular and genel'
ally thin at the periphery; there is neither a slit nor a band;
umbilicus varying in size but nearly always present; ;;tperture
turning backward slightly so as to form a shallow notch at the
outer angle; lines of growth only; on the flattened upper surface
these are slightly sigmoid and usually interrupted by a raised line
between the two curves; passing over the acute edge they turn
strongly forward and finally back again into the umbilicus. (Ul
rich.)
SALPINGOSTOMA Roemer.

Shell symmetrically coiled in one plane; volutions numerous,
enlarging gradually, scarcely ever embracing, the consequence
being a large open umbilicus. Aperture abruptly expanded at
maturity, trumpet-like; peristome thin, the outer portion slightly
sinuate. Inner volutions with a slit band as in Bucania. This is
replaced in the outer half of the last whorl by a long narrow opeu
ing or slit which, however, d~es not extend to the apertural expan
sion, but is closed some distance behind it. Surface marked with
simple or sublamellose lines of growth and more or less oblique.
irregular and sometimes interrupted or wavy revolving lines.
(Ulrich.)
SOHIZOLOPHA UlrIch•.

In every respect like Lopkospira excepting that the apertural
notch is prolonged into a long parallel-edged slit. (Ulrich.)
TROOHONEMA Salter.

Shell turbinate, umbilicated;· spire varying in height, base gen
erally flattened yet sometimes quite ventricose; whorls not numer··

GASTEROPODA AND PTEROPODA-DESCRIPTION OF SPECIES.

953

ous (4-8), varying from .strongly angular to rounded, always with
two more or less prominent ridges or angles between which lies a
broad vertical, usually flat or concave, peripheral space; a third
ridge usually near the suture, while a fourth usually surrounds
the umbilical cavity. Other, but smaller ridges, may occur though
chiefly on the basal balf of the whorls. Lines of growth crossing
the whorls from above obliquely backward, often vertical and not
infrequently inclined in the opposite way on the peripheral band.
In the last case the outer lip is broadly notched at the extremity
of the upper peripheral angle. Aperture usually very oblique;
ppritreme complete; inner lip varying in thickness, not reflected.
(Ulrich.)
TRYBLIDIUM Lindstrom.

Shell pate1liform, ob'loate, narrowest anteriorly, forming a very
low cone; apex anterior, nearly marginal. Muscular scars in seven
or eight diseonneeted pairs, arranged in an oblong circle, the an
terior pair drawn out and meeting in front beneath the beak. Sur
face usually marked by coucentric lines 0:1' growth only; OCCB.'liou
ally ~lso by obscure broad radial plications. (Ulrich.)
DESCRIPTION OF SPECIES.
BELLEROPBON GORBYI Mlller.
Pla.te XXXIX,. figs. l-lb.

Belleropkon gorbyi Miller, 1891, Gool. Nat. Hist. Indiana, XVII,
. p. 694, pI. xiv, figs. 7-9.
"Shell medium size, involute, longer than wide. Volutions ex
panding very moderately, rounded over the dorsum, and suban·
gular on the sides. Umbilicus deep, sideS covergingwith a slightly
convex outline from the subangular sides. Mesial band or keel
narrow, subangular. Aperture wider than high, subelliptical or
reniform. Lip moderately thickened at the inner whorl, but not
spreading, thinner on each side of the sinus in the outer margin.
Surface beautifully sculptured and ornameuted by numerous wav
ing lines that curve forward from the mesial band on the dorsum
and backward over the sub angular sides, without interruption, and
down the converging sides to th,e umbilicus.
"'rhis is a beautiful species, and d.istinguished from all others,
in rocks of the same age, by the reniform aperture, sub angular
sides and surface ornamentation.
"Foun~ by Prof. S. S. Gorby, in the Hudson River group, in
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D~arborn County, Indiana, and now in his collection. The specifie
name is in honor of the collector. "-Miller, loco cit.

BELLEROPHON MOHRI Miller.
Plate XXXIX, figs. 2·211..

Beller()phon moht'i Miller, 1874, Cincinnati Quarterly Journal of
Science, I, p. 306, fig. 30.
-,' Shell involute; outer volution abruptly expanded at the aper
ture, both in length and breadth; inner volutions comparatively
small; dorsum· angulated and strongly keeled; outer lip, rapidly
expanding in a rounded outline upon each side of a shallow sintl~,
curving abruptly at the point <;If greatest expansion, and, with the
inner lip, forming a line nearly at right angles with the plane of
the volutions; inner lip thickened and bearing a prominent node in
the middle; surface nearly smooth in the specimens examined, but
faint traces of fme lines may be observed, curving with the shape of
the shell downward from the sinus, at the outer edge of the ex
panded aperture.
"Aperture two inches in breadth, while the body whorl, just at
the commencement of the expansion, is only one-half inch across
it in the same direction.
"This species is remarkable for the strongly carinated dorsum,
and for the great expansion of the aperture in proportion to the
size of the inner whorls composing the body of the shell.
. "'fhe specific name is given in honor of Paul Mohr, Sr., of Cin
cinnati, an experienced and extensive collector of fossils and miu
era1<l, and member of the Cincinnati Society of Natural History.
"I found the species at Richmond, Indiana, in the upper part
of the Cincinnati Group,associated with Gypricardites hainesi."-
Miller, loco c~·t.
According to ulrich, not uncommon in the upper part of the
Riehmond formation at Richmond, Indiana. (Whitewater 7)
BELLEROPHON SUBANGULARIS Ulrich.
Plate XXXIX, figs. 3·3b.

Bellerophon subangltlaris Ulrich, 1897, Geol. Nat. Rist. Surv. Min
'nesota, III, pt. II, p. 920, pI. Jxiv, figs. 14-16.
"Having no umbilicus this species is related to B. clausus and
B. recurvus, but it is distinguished at once from both by its suban
gular dorsum, and relatively narrower and somewhat triangular
aperture. Its snrface markings are rather distinct a~ld regular;
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011 the dorsal slopes they sweep badcwal'd gently to the carina."- .
Ulrich, loco cit.
rfhe types are from the Richmond formation, Richmond, In
diana.

BUCANIA CRASSA Ulrich.
Plate. XXXIX, figs. 4·4b.

Bucania crassa Ulrich, 1897, GeoL Nat. Hist. Surv. Minnesota, III,
pt. II, p. 893, pI. lxvii, figs. 46-48.
"This species, though closely resembling B. f rankfortensis and
B. naskvillensis in many respects, will be distinguished almost at a
glauce by its uniformly convex instead of subangular dorsum.
'l'his difference, in conjunction with a greater relative width of the
whorls, causes the aperture to be proportionally wider. The lower
lip also, though strong, has a longer slope and its surface is less
convex. The umbilicus is somewhat smaller and more abrupt than
ill B. ff'ankfortensis, and the shell is more globose.
"The specimen figured has suffered considerably from macera
tion, the slit~band and all, excepting the strongest of the surface
markings, being quite obliterated. On two other specimens, neither
as complete as the one illustrated, there is a low, yet well defined,
rounded dorsal ridge, and in one this is accompanied on each side
by a faint furrow, while anteriorly it terminates in an open slit
about 17 mm. long. Whether this dorsal ridge was originally flat
or concave on the summit, and bore lunulae, we are unable to say.
Still it is to be expected that such a condition obtained un the per~
fect shelL As to the surface markings, what remains of them in
dicates a sculpture similar to that shown in our figures of B. linds
leyi and B. naskvillensis.
"The shell in this and the species with which we have compared
it is unusually thick for the genus, especially on the ventral side of
the volutions, and casts of the interior must look very different
from the shells themselves. We have not,however, seen any casts
which seemed at all likely to belong to either. "-firich, loco cit.
'fhe types are from the uppermost beds of the Richmond for
mation at Richmond, Indiana.
BUCANIA SIMULATRIX Ulrich.
Plate XLII. figs. 9. 9a.

Bw;ania simulatrix Ulrich, 1897, Geol. Nat. Hist. Surv. Minnesota,
III, pt. II, p. 892, pI. lxiii, figs. 48, 49: pI. lxvii, fig. 45.
"Shell large, known from casts of the interior only. These
consist of three or four comparatively slender and loosely coiled
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volutiolls, leaving a large umbilicus ill which all the inner whorls
nre clearly exposed. Volutions somewhat reniform in section, nar
rowly rounded in the ventral third of the sides,. the ventral sur
face gently concave, the dorsal part of the section nearly semi-cir
cular. Last volution obtusely carinated, with the dorso-ventral di
ameter increa.,?ing toward the aperture more rapidly than is the case
with the inner volutions, the height and width of the whorl just be
hind the aperture being about equal, while at the smaller end the
two dimensions are respectively about as three to five. Aperture
somewhat triangular-ovate, wide below, the expansion taking place
chiefly at the lower part of the sides. In the cast the expansion ap
pears very abrupt, but doubtless it is mueh less so in the shell it
self. Inner lips slightly reflexed at the sides, thick centrally;
outer lip broadly and deeply sinuate. Surface markings un
known; slit long. The best specimen seen has the following dimen
sions: entire hight 46mm.; hight of aperture 29mm.; greatest
width of saine 33mm.; width and hight of last vohition just be
hind the aperture about 23mm.; hight and width of }nner end of
sa.me 5 .and 8.5mm. respectively; greatest dia.meter of umbilicus
about 23mm.; length of slit about 31mm.
"'l'he hight in this species is relatively greater than in B. frank
fortensis, which we consider as more closely related than any of the
other species. The aperture also is less nearly triangular, the aper
tUl'al margin as seen in a side view, less uniformly curved, the um
bilicus larger, and the volutions more evenly rounded on the back.
The next species, B. crassa, is a more closely coiled and heavier
shell, having, therefore, also a smaller umbilicus. The form of the
mouth and sinus is also different. Casts of B. simulatrix resemble
those of the a!,/sociated Salpingostoma rickmondensis in a remark
able degree. For comparison see the description of that species."
-Vlrich, loco cit.
'l'he types are from· the Richmond formation, Richmond, In
diana.
CLATHROSPIRA SUBCONICA (Hall).
Plate XLI, tlgs. 8-8b.

Pleurotomaria S1.tbconica Hall, 1847, Pal. New York, I, p. 174, pi.
xxxvii, figs., 8 a-e~ Also p. 304, pI. lxxxiii, figs. 3 a-e.
"Trochiform; spire elevated, apex acute; volutions about five,
flattened above, with a projecting carina just above the suture;
last volution strongly carinated on the outer edge, and marked with
a spiral band, ventricose below; aperture transverse, subquadrate,
angular on the outer side and round below; surface marked by
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fine striae, which bend gently backwards from the ~uture, and more
abrnptly on the lower part of the whorl j spiral band a distinct
groove, margined by sharp elevated edges, upon which the striae
bend backwards in an abrupt curve; below this the striae bend
gently forward, and thence curving backwards, terminate in the
umbilicus; longitudinal striae crossed by transverse sharp elevated
linea which are finer than the longitudinal ones.
, 'This is a beautiful trochiform shell, with a symmetrical coni
cal spire, and beautifully cancellated surface. The finer concentric
striae are often obliterated from wearing or maceration, the longi
tudinal ones only remaining, and these also are often obliterated.
'fhe spiral band is distinct on the last volution, and the striae upon
it appear to be crowded into ridges. The snture is formed just at
the lower margin of the band, leaving it visible at the lower edge
of the higher volutions. In casts of this species, the onter angle
of the last volntion is distinctly carinated, as also the lower margin
of the higher volutions.' '-Hall, lOG. cit.
Occurs .probably at many localities in Ohio and Indiana in the
Lorraine and Richmond formations. According to Ulrich there is
considerable doubt of the occurrence of this species in the Cincin
nati region.
CONRADELLA DYERI (Hall).
Plate XXXIX, figs. 8!8c.

Cyrtotites dyeri Hall, ] 871, 24th Report of the New York State
Museum, 1872, p. 230, pI. viii, figs. 7, 8. (Advance sheet pub
lished in 1871.)
"Shell small, laterally compressed, Lnsisting of two or more
volutions, the outer one embracing the inner for about half its
breadth, bearing a moderately wide umbilicus, in which may be
seen a portion of the preceding volution; sides of the volution con
vex, obtusely subangular near the margin of the umbilicus into
which it curves abruptly and more gradually decliues with a slight
convexity, toward the salient subcarinate dorsum. Transverse sec
tion cordiform, broadest near the umbilical margin.
"Surface of shell marked by from eight to twelve nearly equi
distant revolving ridges, with sometimes smaller intermediate ones,
and also crossed by numerous closely arranged transverse lamellose
ridges having .a double backward flexure between the· revolving
lines, and a general retral direction towards the keel of the shell.
"The species differs in its surface markings from any of the
forms heretofore described. "-~Hall, loco cit.
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The character of the surface markings will make the identifica
tlon of this pretty species an easy matter.
1.34A16b .... 1.12Dl-6 .... 1.12F3.
CONULARIA FORMOSA Miller and Dyer.
Plate XLII, fig. 2.

Conularia formosa Miller and Dyer, 1878, .Jour. Cin. Soc. Nat.
llist., I, p. 38, pI. i, figs. 12, 12a.
"This species in general form is pyramidal, somewhat quadran
gular, angles furrowed, and sides somewhat rounded as in C. tren
tonensis. The surface is marked by rounded furrows, separated
by obliquely transverse ridges, extending from each angle of the
shell diagonally towards the mouth, and meeting those from the op
posite angle in the middle of each side. These ridges are orna
mented with small nodes or tubercles at the junction with the
striae, which cross the furrow on the side toward the apex of the
shell. The rounded furrows are crossed uy striae, which are about
twice as numerous as the transverse ridges, and which terminate on
the ridge toward the mouth of the shell in a small tubercle. The
longitudinal striae do not cross the transverse ridges, nor are they
continued in straight lines on the opposite sides (the magnified
view is erroneous in this respect), but on the contrary the striae,
whkh cross the furrows, !l0mmence at the ridge toward the apex,
at a point between the tubercles, and crossing the furrow towar~
the mouth terminate at the tubercles.
"This species is readily distinguished from C. trentonens'is,
which it most resembles in general form, by the tubercles on the
transverse ridges. Even hadly exfoliated specimens may be distin
guished by the aid of a pocket magnifier.
'''fhe specimen illustrated is from the collection of C.oR Dyer,
and was found in the. upper part of the Cincinnati Group, near
Versailles, Ind., by Dr. W. H. H. Hunter. Another specimen,
showing very prominent tubercles, was collected by Dr. C. A. Mil
ler, on the top of the hills near the city of Cincinnati, and is now
in S. A. Miller's collection."-Miller and Dyer, loco cit.
CYCLONEMA BILIX (Conrad).
Plate XL, figs. 2-2d.

Pleurolomaria bilix Conrad, 1842, Jour. Acad. Nat. Sci. Philadel
phia, VIII,pt. II, p. 271, pI. 16, fig. 10.
"Spire conical; volutions four; sides subrectilinear at base,
suddenly contracted at the suture; surface with spiral raised striae
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alternated in size; large volution abruptly rounded in its greatest
circumference; base flattened and striated.
"LocaUty. Richmond, Indiana, in limestone of the age of the .
. rocks of Salmon river series, ·New York. Lower Silurian.
"This species is the constant associate of PTERINEA carin
ata, in the limestone of the west, termed 'Cliff limestone.' This
species of Pterinea is limited in New York to the Salmon river
shales, and eminently characterises the formation. "-Conrad,
loco cit.
This species, or rather forms supposed to belong to it, has been
the cause of a good deal of confusion to collectors. Weare in
debted to Ulrich for a restriction of typical C. bilix to the Rich"
mond group. form, and the erection of a considerable number of
new species, some of which are described elsewhere in this report.
The differences between these forms are in most cases exceedingly
slight; nevertheless they ordinarily have different ranges. Whether
01' not they should be considered as species or only good varieties
may be left .for discussion in some more appropriate place. I have
taken my figure from Ulrich rather than Conrad, because· the
former is certainly better suited to illustrate the characters of the
species.
1.34.,<\,10, 16a, 20,21. ... 1.41C2-3, D1, 3, E1, 2, 3.
CYCLONEMA BILIX val'. FLUCTUATA (James).

a-abo
Cyclonema fluctuata James, 1874, Cincinnati Quarterly J oumal of
Science, I, p. 152 (not figured).
"Shell turbinate, depressed; breadth greater than the length;
volutions four or five increasing rapidly in size, the first one flat
tened on the under side; aperture sub(.val, oblique; suture broad
and deep; inner lip thickened, outer lip thin and sharp. Surface
marked by revol ring lines, varying "in size and distinctness, in some
~xamples being sharp and prominent, in others scarcely visible to
the naked eye, crossed by fine striae, or lines of growth, which, to
the sharply defined ones, give the shell a beautifully ornamented
appearance. Volutions with oblique undulations, and a broad re
volving depression near or above the center, most conspicuous on
the body whorls, sometimes extending to the apex.
"Height €If a large specimen about ]1,4 inches, breadth 1¥a
inches. Small ones less than %ths of an inch in height and
breadth. "--James, loco cit.
This form is considered as a variety of C. bilix by Ulrich. It
Plate XI" figs.
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is reported from the upper part of the Cincinnati group by James
from several localities in Ohio and Indiana. Ulrich reports it in
considerable abundance from Richmond and Versailles, Indiana.
OYOLONEMA HUMEROSUM Ulrich.
Plate XL, figs. 5·5c.

Oyclonema humerosum Ulrich, 1897, GeoL Nat. Hist.~ Minnesota,
III, pt. II, p. 1061, pI. lxxviii, figs. 43-46.
"The average size in this species is somewhat greater than in
either of the preceding forms, [C. infiatum and C. varicosum]
while the apical angle is generally wider and more constant, the
majority of the specimens varying comparatively but little either
way from 85°. The principal feature, however, is a. strOl~gly de
veloped shoulder, giving a deeper suture than in any other species
of the genus. This shoulder may be rounded or, especially in the
Richmond group form, quite angular. In the latter the slope of
the outer side of the last whorl is very often distinctly concave, and
not infrequently undulated in the direction of the line!,! of growth.
The same conditions occur less frequently though quite as· well
marked in the Lorraine form. The surface markings are fairly
constant. About ten principal subequal carinae occur on the outer
slope of the body whorl, and about the same number of smaller
ones on the periphery and base. The larger ones usually alternate
'with a much thinner set. "--Ulrich, loco cit.
Reported by Ulrich as very abundant in the upper half of the
Lorraine group at Cincinnati, and not !'are at several horizons in
the Richmond group at Waynesville, Clarkesville, Oxford and other
loealities in Ohio, and at Richmond, Versailles and other points in
Indiana. I have collected an abundant species or variety of Cyclo
nema in the Rafinesquina zone along Tanner's Creek since the new
railroad cuts were opened there, that apparently is this species.
This zone is not well represented in my Tanner's Creek section
because, at the time, there were few exposures of these beds. At
the present time they are completely and beautifully exposed in
the cuts.
O:rCLONEMA MEDIALE Ulrich.
Plate XL, figs. 4, 4a.

Cyclonema mediale Ulrich, 1897, GeoL Nat. Rist. Burv. Minnesota,
III, pt. II, p. 1059, pI. lxxviii, figs. 29, 30.
"Distinguished from C. Bilix Conrad, by its more ventricose
whorls and stronger revolving carinae. The under side of the
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whorls is fuller and the outer side (seen in the spire ) is always
distinctly and uniformly convex, there being no sign of a: shoulder
at the suture, nor of the median concavity, both of which occur
quite generally in Conrad's species. The suture is comparatively
shallow. There are two common varieties, one having three widely
separated strong carinae on the upper slope followed below by the
smaller and gradually decreasing and crowding ridges or lines, the
last occurring usually about the middle of the base. Much thinner
revolving lines generally occur between the larger. In the other
variety the revolving ridges are more equal in size and distribution,
and at least three more in number. On the body whorl they num
Ler between fifteen and twenty, but not more than eight or ten of
.thf'se show on the next whorl above, while in the first variety but
four· are shown. The apical angle for the whole shell varies
greatly but always is narrower for the upper turns than it is for .
the last two or three.
"The strongly carinated variety resembles and probably was
derived from C. vaiicosum Hall, but its whorls are less convex and
the upper part of the spire more slender, the entire shell of C.
med·iale consisting of six or seven whorls, while C. varicosum prob
ably never has more than five volutions. The columellar lip also is
straighter and both the revolving and transverse ridges and lines
stronger in Hall's t'lpecies."-Tnrich, loco cit.
This species of Cyclonema is, according to Tnrich,the common
form in the lower part of the Lorraine formation of Ohio and In
diana. No doubt most collectors have been in the habit of identify
ing this form as C. bilix. 'l'he latter, as will be seen, is a Richmoml
form.
1.33A3, 1.34CI4b, BI-3 .... 1.38P.
CYCLORA" MINUTA Hall.
Plate XL, figs. 6-6c.

Cyciora min7,tta Hall, 1845, Amer. Jour. Sci., XI1VIII, p. 294.
(Not figured.)
"Smooth; volutions about three, rapidly expanding towards
the mouth; spire moderately elevated; aperture round and well
defined_ The last whorl forms the principal part of the shelL
"Height of shell 1-30. to 1-20 of an inch.
"This species is exceedingly numerous among those obtained
by Mr. Carly~ there being twice aR many of thiR one 1l."I of all the
others. "-Hall, loco cit.
[61]
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There is still some doubt as to whether this and other minute
species generally comprised under the name of Gydora may not be
the young of other species of Gastropods. They occur, however, in
enormous numbers at horizons where other species are rare or lack
ing. a fact which admits of the interpretation that they are good
species. It is also possible that all of these' small shells are casts.
The height of the spire and the form of the aperture seem to be
the only characters in which this and the next species differ.
L34A1, 7, 8, 9, 10, 11, B4-5,· C13 ... . 1.12A2.
'
CYCLORA PARVULA Hall.

TtH'bo , par1!1tZlls Hall, 1845, Amer. Jour. Sci., XLVIII, p. 294.
(Not figured.)
"Spire elevated, volutions about four, smooth; first whorl angu
lated upon the centre towards the aperture; outer edge of the
aperture projecting downwards.
"Height of shell 1/15 of an inch. "-Hall, loco cit.
Reported from Versailles, Indiana, in Kindle's list.
CYCLORA PTJLCELLA Miller.
Plate XL, figs. 7·7b.

Gyclora pulcella Miller, 1882, Jour. Cin. Soc. Nat. Hist., V, p. 231,
pI. ix, figs. 9-9b.
"Shell small, rather wider than high, whorls three, which in
crease rapidly in size, suture well defined, aperture somewhat cir
cular, umbilicus moderately large. SudMe ornamented with nu
merous fine lines, extending from the suture a little obliquely back
ward. The cast of this species bears a resemblance to GycZora
rninuta, from which it is distinguished by its larger size and more
rapidly swelling volutions.· The shell is distinguished by these dif
ferences,. and also by the surface ornamentation.
"Shell about a line in height, and about a line and a half wide.
"The author collected this species in the upper part of the Hud
son River Group, :near Versailles, Indiana. "-Miller, loco cit.
CYRTOLITES ORNATUS Conrad.
Plate XL, figs. 8, 8a.

Cyr tolite.~ ot'nattls Conrad, 1838, Annual, Report of the New York

Geol. Surv. p. 118. (Not figured.)
"Gyrtolites or·1tatus.~Shen with transverse rounded ribs and
fine striae; periphery acutely carinated. I,ength, 1 inch. Local
ity, Washington ville, Oswego county [N. Y. ] . "-Conrad, lac. cit.
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The following very excellent description is quoted from Ulrich
and Scofield:
"Shell varying in diameter between 12 mm. and 30 mm., with
the average at about 23 mm. Volutions two or three, rapidly in
creasing in size, strongly and sharply carinate dorsally, rhombic
subquadrate in section; sides prominent and subangular or nar
rowly rounded along a line about three-fifths of the hight of the
volution within the dorsal carina, the dorsal slopes gently convex
and distinctly undulated by strong slightly curved transverse fur
rows and subangular ridges, the ventral or umbilical slopes almost
flat and usually without undulations; ventral side with a sharp
central furrow for the reception of the dorsal carina of the pre
ceding volution. Umbilicus well defined, wide and deep, the edge
wavy. Aperture a little wider than high, the height equalling
usually a trifle more than half the greatest diameter of the shell,
more or less rhombic-subquadrate, the outline often becoming a
little rounded with age. Entire surface covered with a delicate
network formed of raised lines running almost straight across the
whorls and short connecting lines arranged alternately, the result
being somewhat similar to the pitting of a: thimble. In a good
light, the network is generally distingui.shable without the aid of
a magnifier, and, excepting three specimens, quite uniform in
strtngth in different shells, there being on the outer half of the last
whorl nearly always seven or eight of the transverse lines and eight
or nine of the short lines in 2 mm. In the excepted specimens the
network is more compact, there being over ,the outer part of the last
whorl from ten to twelve of the transverse lines in the same space.
On another, with the reticulation unusually coarse, the number av
erages between six or seven. On the last specimen a good mag
I;lifier brings out some very fine lines of growth running through
the network. It is important to note that there is no perceptible
bacl<ward curvature of the transverse lines in nearing and crossing
the dorsal carina.' '-'(Jlrich and Scofield. Geol. Miun. vol. III, pt.
II, p. 860.
Reported inKindle's list from Versailles and 'Madi.son, Indiana.
According to Ulrich it occurs in the Lorraine and Richmond.
HELICOTOMA MARGINA'.rA Ulrich.
Plate XL, fig. 10.

lIelicotoma marginata CIrich, 1897, GeoL Nat. Hist. Surv. Minne
sota, III, pt. II, p. 1036, pI. lxxiv, fig. 39.
"Of this species we have- seen but the unique example of~hich
a view of the upper side is given on plate I,XXIV [of Minn. Rept.]
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It is remarkable chiefly because the lower part of the outer side of
its whorls is so prominently developed that it projects like a broad
flange."-Ulrich, loco cit.
The type is from the extreme top of the Richmond formation
at Elkhorn Falls near Richmond, Indiana.
HOLOPEA (?) HUBBARDI Miller.
Plate XL, figs. 11, lla.

lIolopea hubbardi Miller, 1893, GeoI. Nat. Hist. Indiana, XVIII, p.
:U8, pI. ix, figs. 39, 40.
"Shell a little below medium size, depressed conical; width a
little more than the height; whorls three, moderately and _uni
formly ventricose, the 18.st one constituting nearly the entire shell,
or four-fifth.<; of it; suture lllOderately deep; aperture subcircu
lar; umbilicus well defined; surface with close, fine striae, curving
backward and indicating the growth of the shelL
"The size, shape of the mouth and nmbilicus will distinguish
this species f-rom all others that have been defined.
"Found by J. F. Hammell and Prof. George O. Hubbard, in the
Hudson River Group; at Madison, Indiana, and now in their col
lections and -in mine. 'l'he specific name is in honor of Prof.
George O. Hubbard, one of the collectors. "-Miller, loe. cit.
HYOLITHES (1) DTJBITJS Miller and Faber.
Plate XLII, fig. 3.

Hyolithes ~ dttbius Miller and Faber, ]894, Jour. Oin. Soc. Nat..
Hist., XVII, p. 155, pI. viii, fig. 23.
"'}'his is a very, small species, rarely exceeding two-tenths of an
inch in length. Transverse section circular. It increases very
little in size from the commencement at an obtuse point. Some
times it seems to be slightly curved. All the specimens are casts
and very smooth. We are not sure that it is a Hyolithes, but if it
is not it is -quite anomalous, and deserves specific name. Frag
meuts of Trilobites occur in the same association, but they are
beautifully preserved, the tubercles on Oalymene I).ever appearing
better; while this species is like Hyolithes versaillesensis, with
which it is associated, and it would seem, therefore, impossible that
it should represent the broken spines of trilobites.
"It is quite common in the upper part of the Hudson' River
Group, at Versailles, Indiana, associated with Palaeoeoncka taberi,
cyclora pukella, Hyolithes versaillesensis, and other small fossils.
It is in the collections of both authors. "-Miller and Faber, loco cit.
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HYOLITHES VERSAILLESllJNSIS Miller and Faber.
Plate XLII, figs. 4, 4a.

Hyolithes versa-illesensis Miller and Faber, 1894, J.our. Cin. Soc.
Nat. Rist., XVII, p. 155, pI. viii, figs. 20-22.
"This is a small species, ordinarily about two-tenths of an inch
in length, and never exceeding three-tenths of an inch in length.
Transverse section subtrigonal, and sometimes one angle becomes
so obtuse as to make a transverse section planoconvex. One side is
always much wider than either of the others, and the angles ad
jacent thereto are usually much more acute than the other one.
The broad side is slightly convex. The apex is sharp-pointed. All
our specimens are casts and very smooth. While there are not
many characters to ascribe to this species, nevertheless it is doubt
less a Hyolithes quite different from anything hitherto'described.
"It is quite common. in the upper part of the Hudson River
Group, at Versailles, Indiana, assoc~ated with Palaeoconcha taberi,
Cyclora pulcella" and other small fossils: It is in the collections of
both authors. "-Miller and Faber, loco c~t.
LIOSPIRA VITRUVIA (Billings).
Plate XL, figs. 14-14b.

Pleurotomaria vitruvia Billings, 1865, Paleozoic Fossils, I, p. 171.
"Description.--Shell sub-lenticular; spire depressed conical,
whorls three. On the
smooth; apical angle from 120 to 130
upper side the whorls make a nearly smooth flat slope from the
apex to the margin, which is narrowly rounded, and shows some in
dications of a band. Below the margin convex, gradually increas
ing in prominence to the edge of the umbilicus which is rather
sharply angulated. In the umbilicus the whorls are nearly flat.
and sometimes forming an indistinct staircase to the apex. The
umbilicus is about one-third the, whole width, abruptly ascending
from the angulated edge to the apex. Surface nearly smooth.
"The whole of the aperture has not been observed, but several
silicified fragments shOw that the inner lip is nearly straight awl
approaching the vertical, slightly convex in its upper, and COIl
cave in the lower'half, giving an obscure sigmoid curve. It is much
eKtended downwards, making the depth of the body whorl at the
angle of the umbilicus at the aperture more than one-third the
whole height of the shell.
"Width from 12 to 18 lines; height from 9 to 12 lines.
"This species is allied to both P. americana and P. progne, but
0

0

;

I
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differs from the former in having the whorls fiat in the umbilicns
instead of rounded, while the latter has the umbilicus closed.
II Locality and formation.-Paquette's Rapids, on the Ottawa
River; Black River limestone. "-Billings, loe. cit. Reported
from Ohio and Indiana by Ulrich.
WPHOSPIRA ACUMINA1'A Ulrich and Scofield.
Plate XL, fig. Hi.

Lophospira acurliinata (or var. of L. perangulata) lllrich and
Scofield, 1897, Geo1. Nat. Hist. Surv. Minnesota, III, pt. II, p.
973, pI. lxxiii, fig. 8.
t, Hight 10 mm. or less; apical angle about 42°. Volutions seveb
or eight, all contiguous; peripheral carina very prominent, tri
lineate, the central part of the hand sharply angular; lower carina
very strong, upper carina wanting; no umbilicus.
"Resembles and perhaps is merely a later variety of L. peran
gttlata Hall, yet readily enough distinguished by its ~ore depressed
and more numerous' volutions, especially considering that it is a
smaller shell. It differs further in being relatively higher, the
apical angle being narrower, in the greater prominence of the
carinae, and in wanting the umbilicus which is so constantly pres
ent in Hall's species.
A variety of L. pulehella is rather
abundantly associated with this species at Spring Valley, Minne
sota. It may be distinguished at once by its relatively stronger
upper keel, L. acuminata being without this kee1."-lllrich and
Schofield, loco cit.
Reported by lllrich from the Richmond group at Richmond,
Indiana, and Blanchester, Ohio, and from near Spring Valley,
Minnesota.
LOPHOSPIRA AMPIiA Ulrich.
Plate XLI, figs. I-lb.

Lophospira atnpla lllrich, 1897, Geol. Nat. Hist. Surv. Minnesota,
III, pt. II, p. 981, pI. lxxiii, figs. 52-54.
t, Hight of Lorraine group specimens, 20 to 32 mm.; of Rich
mond group specimens, 22 to 50 rum.; apical angle 70° to 80°.
Volutions about six, the last equalling about two-thirds of the total
hight. Upper carina thick, near the suture, present on all volu
tions; lower carina nearly obsolete, represented by a broad swelling
or low ridge, above which to the prominent peripheral band the
surface is more or less concave. Inner lip very thick, almost or
entirely covering the minute umbilicus, very broad and turned
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obliquely downward and forward in the basal half. Surface mark
ings very strongly curved, unequal, on the whole not sharply de
fined.
, 'Closely related to L. oweni, yet easily distinguished by the
greatly thickened, broad and obliquely extended inner lip. 'l'he
apical angle also is greater, and the lines of growth are more
curved, especially at the base, while the upper carina does not fade
away on the last volutions as in that species. The presence of this
carina distinguishes from. the associated and otherwise similar L.
multigruma Miller. L. medialis, which is usually much smaller,
with the same number of volutions, a smaller apical angle and
more distinct umbilicus, also has no such carina. "-Ulrich, loe. cit.
This species is 'reported by Ulrich from the Lorraine forma
tion at Cincinnati, Ohio, and at Covington, Kentucky; and from
the Richmond group at Richmond, Indiana.
LOPHOSPlRA' BICINCTA (Hull).
Pla:te XL, figs. la-16b.

bieincta Hall, 1847, Pal. New York, I, p. 177, pI.
xxxviii, figs. 5 a-h.
"Obliquely subconical; spire elevated, acute; volutions four
or five, angular, rapidly eularging towards the aperture; last one
veutricose below, tricarinate, the lower carina hidden by the suture
. of the next volution at the upper inner angle of the aperture; cen
tral carina on the outer angle of the volutiou, margined on either
side by a sharp elevated line, with a narrow groove between, pro
dU(~ing a double spiral band; aperture oblong, angulated below;
surface marked by fine sharp striae, which bend gently backwards,
and are but slightly undulated in passing the first carina, from
whence they turn more suddenly backwards to the mesial band,
making an abrupt retral angle, and then bending forwards below,
pass in a vertical direction to the suture. In the last volutiQn the
striae pass vertically to the lower slight carina which corresponds
with the suture in the other volutions, and from thence bend
slightly backwards, curving into the umbilicus.
"'lihe minute description here give~ will be found perfectly ap
plicable to entire aud unworn specimens; but it is often found in
fragments and casts, with the surface markings more or less ob
literated. The double spiral band becomes obsolete, and. only a
single ridge is manifest; the lower carina on the last volutiou is
not visible in casts, and tnere is but an obscure indicatiou of the
M~trekisom'a
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upper One. The entire casts, therefore, present scarcely more than
the single marginal angle, in.dicating the direction of the mesial
band, and, in this respect, correspond with P. angulata cited above;
but the volutions in our shell are more ventricose. "-Hall, loco cit.
So much' confusion exists among collectors in regard to this
species, or rather in regard to forms that are commonly supposed to
belong to this species, that it seems to me advisable to quote at
length the description by Ulrich given in the Paleontology of
Minnesota.
"Volutions five or six, subangular; last one ventricose below,
tricarinate, the upper ones bicarinate, the lower carina hidden by
the suture; central or peripheral angle margined on either side by
a sharp elevated line, with a narrow groove between, the angle,
therefore, being composed of three lines of which the central one
is a little stronger and more prominent than the lateral ones;
lower carina thin, abruptly raised, the space between it and the
peripheral angle scarcely concave and almost perpendicular; upper
carina sharp, rather strong, removed a little more than a third of
the biconcave upper slope of the volution from the suture; aper
ture somewhat obliquely subelliptical, higher than wide, narrow
below, subangular at the lower inner corner; inner lip but little
thickened, slightly twisted, never completely covering the minute
umbilicus; outer lip very slightly sinuate. Surface marked by
fine sharp subequal striae, curving backward very gently from the
suture to the peripheral band; beneath the latter they pass in a"
vertical direction to the lower carina which scarcely interrupts
their course to the um.bilicus, near which only a slight backward
curve is noticeable. On the most perfect specimen seen all the
transve~:3e lines present the appearance of being minutely papil
lose or toothed, while the central line of the peripheral band is
crossed by straight lines of which there are nearly twice as many
in a given space as those coming from above and below.
"The most hlarked and important feature of this species is in
the exceeding shallowuess of the sinus or notch in the outer lip."
-Ulrich, Paleontology of Minnesota, 1897, p. 964.
As thus redefined and re~tricted, the species occurs in the Tren
ton rocks of Minnesota, Illinois and New York, Black River group
of Kentucky, and Richmond group of Minnesota. It is reported iu
Kindle's list from Madison and Ripley County, Indiana; but in'
view of: what has beeu said above it is doubtful if the species oc
curs at all in Indiana.
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LOPHOSPIRA HAMMELl Mlller,
Plate XLI, figs. 8·8a.

Murchisonia hammeli Miller, 1893, Geol. Nat. Hist. Indiana.
XVIII, p. 319, pI. ix, figs. 41, 42,
"Species a little below medium size ; conoidal; height one-third
more than the breadth; volutions four or five; suture veTY indis
tinct; umbilicus closed. The body whorl bears two furrows, two
sharply angular revolving ridges, and one less angular and fading
away toward the mouth. Above the body whorl there are only two
angular revolving ridges on each whorl. The aperture is partly
formed by the last whorl; the inner lip is thickened, the outer
one is thin. The aperture and revolving angular ridges will dis
tinguish this species.
"Found by J, F. Hammel and Prof. Geo. C. Hubbard, in the
Hudson River group, at Madison, Indiana. The specific name is in
honor of one of the collectors. "-Miller, loco cit.
I have not seen the types of this species, but judging from the
above description and Miller's rather poorly executed figure, it
appears to belong to the genus Lophospira. It occurs at the ex
treme top of the Ordovicion (Salu4a) at Madison, Indiana.
LOPHOSPIRA TROPIDOPHORA. (Meek),
Plate XLI, tlgs. 2-2d.

Pleurotomaria (ScalitesY) tropidophom Meek, 1872, Amer. JoUl'.
Sci., 3d aer. IV, p. 278. (Not figured.)
, 'Shell rather small, obliquely rhombic in general outline, as
seen in a side view; height somewhat grel'l.ter than the breadth;
spire conical, with an apical angle varying from 70° to 90°; volu
tions foul' to four and a half; each flattened, or sometimes slightly
concave above, with an outward slope from the suture to a prOlui
nent angle that passes around the middle of the body-turn, and
below the middle of those of the spire, to which it imparts a some
what turreted appearanee; suture moderately distinct, but not
channeled ; lower side of body-volution sloping rapidly inward
from the mesial angle, a little below whieh ther~ usually revolves
an obscure, undefined ridge; apert'ure rhombic. subquadrate; sur
face nearly smooth, but sometimes sb,owing under a mil.gnifier very
obscure lines of growth, that curve v~ry strongly backward as tbey .
approach the angle around the middle of the bOdy-volution, both
above and below-thus indicating the presence of a deep sinus i"
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the lip, that widens rapidly forward, though there is no defined re
volving band at the angle.
"Length or height, 0.55 inch; breadth about 0.50 inch.
"This shell possesses some of the characters of both Pleuroto
maria and Scalites. In general appearance it is most like some
types of the former; but it seems to be entirely without the revolv
ing band seen on the species of that genus. Its lines of growth, how
ever, have the very strong, oblique backward curve seen in those of
Scalites (in which group there is no revolving band), thus showing
that its lip, when entire, must have had a deep notch at the termi
nation of the angle of the body-whorl. 'rhis notch, however, does
llot appear to terminate in a deep sharply cut slit, as we most gen
erally see in Pleurotomaria, but it seems to have terminated at, and
widened rapidly forward from, the angle of the volutions. Spe
cifically, this shell is related to Pleurotomaria selecta of Billings,
from which it differs in having its striae of growth nearly obsolete,
and in wanting the revolving angle just below the suture, seen in
that species. "-Meek, loc. cit.
Ulrich considers L. rnultigruma Miller sp. as a synonym of L.
tropidophora Meek.
1.41E1, 5, A6.
MICROCERAS INORNATUS Hall.
Plate XL, figs. 9, 9a.

Microceras inornatus Hall, 1845, Amer. Jour. Sci., XLVIII, p. 294.
(Not figured.)
"Volutiolls about two, rapidly diminishing; spire equally de
pressed on either side, obtusely carinated or angular upon the back;
carina more conspicuous near the mouth, and gradually becoming
obsolete; aperture somewhat quadrangular; surface smooth.
- "Largest diameter 1/20 of an inch. "-Hall, loc. cit.
There is little to be added in regard to this shell, which is
chiefly characterized by its very small size, c-!1rinate volution, and
smooth surface.
1.34A1, Bl-3, C10.
0X;YDISCUS MAGNUS (Miller).
Pla,te XLI, fig. 5.

CYl,tolites magnus Miller, 1878, Jour. Cin. Soc. Nat. Hist., I, p.
103, pI. iii, fig. 10.
"Shell consisting of three or more ~olutions, very gradually in
creasing in size and rolled in the same plane. Each outer volution
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embraces one-third or more of the inner one. Dorsal side sharp
and well defined. Greatest convexity of each whorl near the inner
side, which is sub-angular. Transverse section of a whorl sub-trian
gular. Umbilicus alike on either side, rather wide and deep, and
showing about one-third of each inner turn.
"The surface of the shell, in the specimen examined, has been
too much eroded to determine the external markings.
"The greatest diameter of the shell is 11/10th inches; convex
ity about 3/10tlll. of an inch, though it was probably more ex
panded at the aperture, which is not preserved in our specimen.
"The description is founded upon a single specimen collected
by Mrs. Warren Shumard, in the upper part of· the Cincinnati
group, near Richmond, Indiana, and presented by her to Mrs.M.
P. Haines, from whom it was received for definition and illustra
tion. "-M.iller, loco cit.
PROTOWARTHIA CANCELLATA (Hall).
Plate XXXIX, figs. ·6·6b.

Bellerophon ~ncellatus Hall, 1847, PaL New York, I, p. 307; pL
lxxxiii, figs. 10 a-c,
.
"Involute, subglobose; aperture expanded, bilobate; dorsal
line subcarinated Y; surface cancellated by fine concentric and
longtitudinal striae; concentric striae arching on the side and'
meeting in a sharp angle upon the dorsal line; aperture with a
sinus in the dorsal margin.
•"fhe concentric striae are usually the more conspicuous, the
others being scarcely visible, except under a magnifier. The only
entire specimen seen is crushed, so that the original form cannot
be clearly defined; but the marking of the surface is sufficient to
distinguish it from any other species in the lower. strata."-Hall,
loco cit.
This is, according to Ulrich, the common form identified by
Hall and other American authors as BeUerophon bilobatus Sow
erby. ·1'he latter form probably does not occur in American faunas.
The present form is said to occur in the Trenton, Utica, Lorraine
and Richmond groups at numerous localities in :Minnesota, Wiscon
sin, Iowa, Illinois, Kentucky, Ohio, Indiana, Tennessee, New York
and Canada.
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PROTOWARTHIA SUBCOMPRESSA Ulrich.
Plate XXXIX, figs. Il-Ilb.

Protowarthia subcompressa Ulrich, 1897, Geol. Nat. Rist. Surv.
Minnesota, III, pt. II, p. 873, pI. lxiii, figs. 40, 44.
"Shell, large, compressed-subglobo~e, the greatest hight anel
width about as six is to four; back broadly rounded, sides .some
what fiattened, umbilicus closed, wanting; aperture semi~ovate,
outer lip thin, inner lip moderately thick and reflexed in the um
bilical regions; callosity extending over the whole front of the
inner volution, apparently smooth; sinus broad and about as deep,
the depth decreasing slightly with age; apertural lobes rounding
very gently to the sinus where the outline makes a rather sharp
curve. Surface marked by nne lines of growth and near the aper
ture by some obscure wrinkles. The callosity which extends over
the inner volutions exhibits the usual nne irregular revolving lines
in the umbilical regions. When the shell is removed, the cast shows
a narrow furrow down the center of the back and several more
faintly on each side. Greatest diameter 41 mm.; smallest diam
eter 29 mID.; width of aperture 27.5 mm.; hight of same (central)
19.5 mm.; width of inner volution 13 mm. ; depth of sinus 7 or
8 mm.
"This nne species, besides attaining a greater size than P. can
c-ellata, differs from it in being narrower and in wanting, as far
as known, the delicate revolving lines of that species. The umbili
cal callosity of the inner lip is also less and does not slope out
wardly, the edge qnly being reflected. Bellerophon morrowensis
Miller and Dyer, which also may belong to Protowarthia, is suffi
ciently known. According to the descriptions, it seems to differ in
having the dorsal' side sharply angular. P. planodorsata has a
wider aperture, revolving lines, and a fiat dorsum. ' '-Ulrich,
loco cit.
Versailles, Indiana, and Butler County, Ohio.
RAPHIsrrOMA RICHMONDENSE Ulrich.
Plate XLI, figs. 6·6b.

Raphistoma richmondense Ulrich, 1897, GeoL Nat. Rist. Snrv.
Minnesota, III, pt. II, p. 941, pl.lxviii, figs. 7-9.
"Shell 15 to 20 mm. in diameter, the spire almost fiat, the
hight between one-third and two-sevenths of the width; volutions
four, very slightly convex on the upper side, i. e., within the outer
edge, which forms a thin elevated rim; umbilicus very small in
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casts, apparently closed in shells. Surface striae fine and subequal
on' upper side, making the usual sigmoid curve, the change in
curves occurring near the middle of the whorls. Just before reach
ing the peripheral rim the striae make another short backward
turn. Beneath the periphery the striae are more unequal; at first
they turn forward, then' more directly inward.
, 'This species resembles the Chazy R. calyx Billings, but is
smaller and relatively wider. In R. crevieri, of the same author
and formation, the edge is blunter, and the lines of growth curve
more strongly beneath it. R. peracutum has an umbilicus and
differs in several other respects. A very similar species, differing
only in that it has a small umbilicus, occurs in the Stones River
group in Tennessee. "-Ulrich, loco cit.
The types are from Richmond, Indiana,-where according to Ul
rich good specimens are rare..
SALPINGOS'l'OMA. EXPAN SUM (Hall).
Plate XL, figs. 1-1 b.

Bucania expansa Hall, 1847, Pal. New York, I, p. 186, pI. xl,
figs 7 a-d.
"Convolute, trumpet shaped; volutions three or four, suban
gular, the last one elongated, rapidly enlarging and abruptly ex
panded at the aperture; aperture broadly semicircular or snb
lunate, with a sinus at the dorsal side; dorsal line obtusely cari
nated; section of the last volution. below the apertur_subtrian
gular; of the inner volutions, 8ubelliptical, with the extre:mities
obtusely angular; original surface striated. Specimen a cast.
"This shell is not unlike Bellerophon cornuarietis (SOWERBY,
Min. Conchology, tab. 469, fig. 2); but the volutions in that species
are represented as not contiguous. The species under considera·
iton differs from either of the two preceding in a very obvioul!
manner. The broadly expanded aperture and obtuse carina of the
last volution are prominent features; and in fragments the sub
triangular form of sections of the last volution are often sufficient
to enable us to identify. the species. The strongly marked carina
commences at the base of the last volution, and continues' to the
aperture. The volutions are closely pressed against each ot4er,
the convex dorsal side producing a corresponding depression on the
ventral side of the contiguous volution.' '-Hall, loe.cit.
This is not a Cincinnati group species, but is so commonly re
ported by collectors from rocks of this region that it has seemed
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best to reproduce Hall's original figures and description. The
species that is commonly mistaken for it according to Ulrich is the
S. rickrnondense.
SALPINGOSTOMA RICHMONDENSE Ulrich.
Plate XXXIX, figs. 7. 7a.

8alpingostorna rirkmondense Ulrich, ]897, Geol. Nat. Hist. Surv.
Minnesota, III, pt. II, p. 903, pI. lxvii, figs. 39, 40.
"Shell slightly exceeding medium size, the hight, including
apertnral expansion, 50 to 55 mm.; known from casts of the in
terior chiefly. 'l'hese consist of about three strong volutions, the
inner ones wide, depressed, sharply rounded on the sides, broadly
and evenly convex on the back, less convex and with a very slight
central cavity on the ventral side, the whole giving a transversely
elongate subeUiptical cross-section, whose width is a little more
than twice the hight. Dorso-ventral djameter of last volution in
creasing very rapidly in the outer half, while the transverse diam
eter enlarges very slowly. Just behind the apertural expansion,
where the volution is more or less compressed laterally, the dimen
sions in three specimens (casts) are as follows: Width 22, 23 and
24 mm.; hight 26, 27 and 27 mm. At the opposite side of the
shell the volution is about 15 mm. wide and 7 mm. high in all three
specimens. The umbilicus is of the usual size for the inner voln
tions, but for the entire shell it is comparatively small. This is
because
angular or narrowly rounded boundary moves gradu
ally toward the ventral side of the volutions, causing the wall of
the umbilicus to become more and more abrupt. Just behind the
aperture it is nearly or quite perpendicular, the ventral surface of
the volution being almost flat. Apertural expansion abrupt, ap
parently not very wide, with recurved edges, broadly ovate in out
line, slightly narrower above than below. Dorsal slit about 20 mm.
in length, beginning the same distance or somewhat more behind
the apertnral expansion. 'rhe slit is represented by a rough (frac
tured) ridge on casts. Behind it the cast is smooth, but in front of
. it there is a more or less distinct broad furrow.
"The. snrface markings have been observcd only on the back
of the second volution. Here they consist of about seven irregular
revolving ribs on each sid~ of a very narrow elevated slit-band. At
. intervals of about 1.5 mm. the ribs are interrupted by tranverse
lamellae. Where they are shown the volution has a width of 7 mm.
"Collectors have heretofore identified this species with Hall '8

t.
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Bu(!ania expansa from the Trenton of New York, but a comparison
proves it quite distinct. In the first place, though of about the
same size, there is one volution less. Next, the last volution is
relatively narrower and higher just behind the aperture, and the
latter very differently outlined. Finally, the last volution is no
where triangular as is the case in the Trenton species. Compared
with S. bueUi and S. SGulptilis the outer volution will be found
much larger especially as regards the dorso-ventral diameter.
"In practice the most difficult perhaps to separate from this
species is the associated BUGania sim'/J,lutrix. Though of widely
different affinities, casts of these two species, especially when, as is
usually the case, the aperture is imperfect, are very apt to be con
fused. Still, after familiarizing one's self with certain differences,
t.hey may be distinguished almost at a glance. In the first place,
the volutions of the Bucania are more slender. This difference is
particularly striking in' an apertural view, the small end of the
outer volution, in specimens of the same hight, being at least a
fourth wider in the Salpingostoma. In the Bucania again the
width of the last volution continues to increase quite uniformly in
stead of being almost constricted near the aperture. When the
latter is preserved the difficulties have vanished, lor this part is
readily distinguishable. "-Ulrich, loG. cit.
The types of this species are from Richmond, Indiana, from the
Richmond formation. My specimens are all from the Wh!tewater
division, occurring in association with Rhynch~trema den.ta.ta. It
seems to be most abundant near the top of this division.
1.41A8, E1, 4.
SCHIZOLOPHA. MOOREI Ulrich.
Plate XLI, ft!!'s. 7-7c.

8chizolopha moorei Ulrich, 1897, Geol. Nat. Hist. Surv. Minnesota,
III, pt.. II, p. 992, pI. lxv, figs. 31-37.
"Hight of Richmond group form 28 to 38 mm., width 27 to 41
mm.; apical angle of same.75° to 82° ;hight of Lorraine group
form from 20 to 29 mm., width vari~ble) usually about the same
as the hight; apical angle 615° in one instance; 83° in another,
usually about 75°. Of whorls there are at least six in the shell, but
casts of the interior, ift. which form the .species occurs almost in
variably, rarely if ever preserve more than three or four, the first
two or. three having been filled with shelly matter. In casts it is'
only the last whorl that is strongly carinate on the periphery, the
,
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upper ones being more or less rounded. The umbilicus is variable,
being as a rule relatively larger and lea& steep in the Richmond
group form, which we regard as the typical one for the species,
than it is in the Lorraine group variety. On the shell of the latter
the edge of the narrow umbilicus is angular. That a similar angle
surrounds the umbilicus in the typical form is doubtful, though
we have seen no specimen showing this part of the shell. Very few
casts give any idea whatever of the surface markings. ,As seen \
on gutta pereha impressions of natural molds of the exterior, they
appear as rather coarsely lamellose and strongly recurved lines of
growth. The convexity of the slit-band seems to grow less with age,
the elevated line on each side of it stronger.
"Formation and locality.-Lorraine group at numerous 'locali
-ties in the vicinity of Cincinnati, Ohio; reappears in the upper
part of the Richmond group, of which it is one of the most char
acteristic fossils, at many localities in Indiana and Ohio, being'
perhaps the most abundant at Richmond in the former state and at
Oxford in the latter. "-illrich, loco cit.
TROCHONEMA MADISONENSE UlrIch.
Plate XLII, figs. l·lb.

Trockomena madisonense illrich, 1897, Geol. Nat. Hist. Surv. Min
nesota, III, pt. II, p. 1051, pI. lxxvii, figs. 23-25.
"A large shell agreeing in most particulars with T. umbilica
turn, but having relatively higher and more ventricose whorls,
while the ridge, which generally surrounds tne umbilical depression
in this genus, is quite obsolete. The shell is thicker, the surface
markings stronger, the mouth very oblique and with thicker lips.
Casts of the interior of the two species are more alike than their
exteriors, yet those of the present may be distinguished by the
greater separation of the whorls due to the removal of a greater
thickness of shell. There is a wide notch in the outer and upper
portions of the peritreme which, with the somewhat, triangular
form of the aperture in a ventral vieyv, suggests relations with T.
eccentricum. Figures of that shell are given on the same plate with
those of this species, so that it is scarcely necessary to compare
them further. "-Ulrich, loco cit.
The types are from the Richmond formation at Madison, In
diana.
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'l'RYBLIDIUM INDIA.NIilNSIil Miller.
Plate XXXIX, fig. 11.

'l'ryblidium indianen86 Miller, 1891, Geol. Nat. Hist. Indiana,
XVII, p. 695, pI. xiv, fig. 14.
"Shell patelliform, oval, narrowed anteriorly, widened poste
riorly; greatest width behind the median, transverse axiB of the
shell. Apex within the anterior third of the shell, moderately
elevated. Greatest convexity of the shell immediately behind the
apex:. Shell sloping very gradually toward the posterior part of
the shell and more abruptly in front of the apex, until it ap
proaches the margin, where it graduates into a 'wide, very gently
convex marginal slope, whIch in front becomes nearly fiat. Sur
face of the sheli, though not well preserved in our specimen, evi
dently concentrically lined, but if other ornamentation existed,
it is wholly obliterated.
"The internal scars are unknown, but from external appearance
of the sheU, there is no reasonable doubt about the generic refer
ence.
"Found by A. C. Benedict, in"the Hudson River group, in
Fayette County, Indiana, and now in his collection. "-Miller,
loco cit.
TRYBLIDIUM MADISONENSE Miller.
Plate XXXIX, '1Ig, 10.

Tryblidium madisonense Miller, 1893, Geol. Nat. Hist. Indiana,
XVIII, p. 318, pI. ix, fig. 38.
"Shell medium size; apex high and almost straight above the
anterior line of the shell; the shell slopes from the apex and arches
a little toward the posterior part of the shell, but laterally and
in iront it descends abruptly to the margin; transverse section
ovate; surface marked with fine, close, concentric lines and a few
coarser ones, all of which appeal' to indicate lines of growth, in
stead of surface ornamenJation; internal scars unknown.
"The high apex and anterior position of it seem to distinguish
this species.
"Found by J. F. Hammel, in the Hudson River group, at Mad
ison, Indiana, and now in his collection.' '-Miller, loco cit.

[62]

978

JlEPORT OF STATE GEOLOGIST.

PELECVPODA.

DIAGNOSES OF GENERA.
ALLONYOHIA Ulrich.

a

Shell attaining large size, a little obliquely subovate in out
line, strongly conve~, most gibbous somewhat above and in £ront
of the middle, but with the point of greatest convexity situated
farther behind the' anterior extremity than in any of the other
genera of this fami~; beaks large, tumid, incurved, not terminal.
Hinge line short, ndt alated posteriorly; just benMth the beaks a
more or less well-de~ned, lobe-iike protuberance of the anterior side
contains the byssal ppening and usually forms the most anterior
part of the shell. $urface radially costate. Hinge short, appar
entl~r edentulous, ligamental area high; posterior adductor scar
large, deeply sinuate above, situated somewhat behind the niiddle
of the valves; Pal~a.l line si:r;tple, extending up the lnterior side
to the umbonal cavIW. (UlrIch.)
.
ANOMALODONTA MlIler.

Equivalve, inequilateral, byssal sinus on the anterlor side, im
mediately below the beak, cardinal tooth or elevation ~eneath the
umbone sloping posteriorly from the beak. Cartilage grooves run
ning from the cardinal tooth beneath the beak to the Jtermination
of the wing posteriorly, and varying in number in the ame species
with the size and age of the shell, and having the sabe number
of cartilage grooves dn the anterior side of the cardinal tooth, that
run together as thd pass into the bY8sai sinus, immediately be
neath the beak, whiCh vary in number under the same circum
stances. Adductor thuscular impression on the anterior side, be
low the byssal sinuS. The other muscular impression probably
placed posteriorly 0:4. the wing. (Miller.)
Concerning this genus Ulrich makes the following comment:
"Dr. Miller is ce:r1tainly in error when he says that there is an
'anterior muscular s~ar below the bys.'lHI sinus'. The depressed
subtriangular space, ~hich he mistook ror a muscular impression,
is without.doubt due:to some al;!normal thickening of the internal
surface of the valve. : The pallial line also is clearly shown in the
VII, 1893.)
specimens. "-(Ulricllt, Geol. Ohio,
.

,
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BYSSONYCHIA Ulrich.

General aspect as in Ambonyckia, Hall, excepting that the
beaks and umbones are ndt so fulL A well-defined byssal opening
in the upper half of the anterior side. Hinge with a striated liga
mental area, several small cardinal teeth and generally two or three
slender lateral teeth near the posterior extremity. Posterior ad
ductor impressions large, situated a little behind the center of the
valves. Pallial line simple, terminating in the rostral cavity.
(Ulrich.)
CI/IDOPHORUS Hall.

. 'rhe shells of this genus may be characterized as equivalved,
ineqnilateral; hinge wit~out teeth or crenulations; surfaee (par
ticularly in casts) marked by an oblique linear depression, extend
ing from the auterior cardinal margin towards the base, indicating
the place of the clavicle; i surface concentrically striated. (Hall.)
,

I:

CLIONYCHIA Ulrich.

Shells equivalve, mod~ately convex, subalate posteriorly; beaks
terminal, comparatively ~mall, not very prominent and but little
incurved. Cardinal line: straight, rather long, forming an angle
of less than 90° with the anterior sidl~. Surface marked concen
trically only. No byssali opening, the margins closing tightly all
around. Muscular impressions situated in the postero-cardinal
third, large, bilobed, the lower lobe much larger than the upper.
Pallial line simple, extending from the posterior adductor to the
rostral cavity. Hinge plate of moderate strength, without cardinal
or lateral teeth, excavated longitudinally for a linear ligament.
Upper part of anterior j:ldge thickened, producing a more or less
well-marked impression ,n this part of casts of the interior. An
terior pedal mnscle attached a short distance behind the beaks.
(Ulrich.)
CTENODONTA Salter.

Shell equivalve, clos~d, usually largest anteriorly, occasionally
subequilateral, with the beaks situated sometimes behind the mid
dl~, but usually more or less in front of that point; surface marked
by concentric lines of growth; beaks approximate, generally small
and never very prominent. Ligament external, rather small, situ
ated immediately behind the beaks; no striated area nor internal
cartilage pit. Hinge more or less arcuate, sometimes very gently.
at other times bcnt almpst at a right angle; with series of small
curved or geniculated transverse teeth, which diminish in size more
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or less gradually from the extremities to the beaks; the series are
continuous and gradually pass into each other in the typical sec
tion of the genus, but in other sections they are often interrupted
bcneath the beaks. Adductor muscular impressions two in each
valve, subequal, nearly always readily distinguishable, and some
times very deeply impressed, situated just beneath the anterior and
posterior extremities of the hinge; scars of small foot-muscles have
been observed in a number of species, one immediately above or in
front of each of the adductor scars; pallial line indistinct, simple, .
submarginal. (Ulrich.)
CYMATONOTA Ulrich.

Elongate solen-like shells, gaping more or less at both ends, with
the hinge line. long and extending in 11 straight line anterior and
posterior to the small beaks; ventral and dorsal margins subpar
allel. Hinge plate very thin, edentulous; valves united by a deli
cate linear external ligament seemingly extending the,. full length
of the hinge. Test very thin, marked externally with fine concen
tric lines, and on each side of the hing'3 line short wave-like fur
rows. Pallial line and muscnlar scars so faintly marked that even
in the best preserved specimens they can not be made out with
certainty. (mrich.)
CYRTODONTA Blllings.

Shell varying from· transversely or obliquely ovate to sub
circulaF, moderately ventricose. Beaks prominent, rather tumid,
, incurved, situated in the anterior third, fourth or fifth of the shell.
Surface marked with concentric lines of growth. No lunule nor
escutcheon. Hinge plate strong, nearly straight, often with a nar
row and not sharply defined ligamental area. Cardinal teeth well
developed, subequal, generally obliquely ('urved, sometimes nearly
horizontal, two to foar in each valve, !:Iltuated mostly in front of
the beaks. Posterior lateral teeth usually two 01' three in each
valve, strong, elongate, more or less curved and slightly oblique,
situated near the extremity of the hinge. Adductor muscular scars
placed immediately beneath· the two sets of teeth, both subovate,
the posterior very faint, the anterior only moderately impressed.
Pallial line simple. (mrich.)
ERIDONYCHIA Ulrich.

'l'his genus includes, as far as known, a small and comparatively
unimportant group of Lower Silurian shells, agreeing with Bys
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sonychia in all respects except that their hinges are entirely with
out cardinal and posterior lateral teeth. A well defined, striated
ligamental area, however, is present, and in the type species several
obscure and irreWllar small ridges beneath the posterior extremity
of th~ external area remind of the internal liga~ent supports of
Anomalodonta. But the obliqne cardinal fold of the latter genus
is not represented, and the acuminate bpa;ks and oblique form of
the shells gives them a peculiar expression, 80 that no other course
seemed open than to erect a distinct group for their especial bene·
fit. (IDrich.)
ISCHYRODONTA Ulrich.

Rhort or moderatel), elongate, thick bivalve shells, having small,
anteriorly situated beaks, with the hinge line straight or arcuate
and extended posteriorly. Hinge plate wide and strong, without
posterior lateral teeth, but wiith two strong cardinal teeth in the'
left valve, and one large one, and occasionally a small one on each
side of it, hi"the right valve. Ligament internal, posterior to thp
beaks, linear, supported by from one to three subcardinal ribs.
Anterior adductor impression large, deep, subovate, sharply defined
on the inner and upper side by a ridge extending from the cardi·
nal teeth to the base of the scar. A small pedal muscle was at
tached to the under side of the hinge plate immediately above the
inner side of the anterior' adductor scar. Posterior muscular scar
faintly defined, generally' but little larger than the anterior scar.
situated a little distance beneath the posterior extremity of the
hinge. Pallial line simple. 'rest thick, chiefly calcareous, without
the dark epidermis of the Modiolopsidae and Ambonyckidae. eul·
rich.)
MODIOLODON Ulrich.

Ovate shells of the same general type as Modiolopsis and Modio
morpka, but having from one to three oblique cardinai teeth in
each valve. (IDrich.)
MODIOLOPSIS Hall.
Restricted by Ulrich.

Shtlll more or less elongate, usually subovate, widest posteriorly;
valves moderately ventricose, closing tightly all around. Beaks
small, near the anterior extremity; umbones depressed by a flat
tening or depression: whi.ch crosses, the valves obliquely and widen
ing causes a straightening or sinuation of the basal outline. Hing,~
of moderate f)trength 1 rarely straight, generally somewhat arcuate,

982

REPORT OF STATE GEOLOGIST.

without well-marked teeth; an obscure oblique thickening beneath
the beak of one valve and a corresponding depression in the other
occasionally distinguishable. Ligaments linear, external and in
ternal, chiefly the former.· Anterior adductor impression subovate,
large, sharply defined on the inner side, occupying the greater part
of the small anterior end. Posterior scar very faintly impressed,
large, subcircular, situated near the center of the posterior third of
the cardinal slope. P&llial line simple. Anterior pedal muscle
forming a minute pit in the under side of the hinge plate beneath
the beak. Posterior pedal muscles large, attached just above and
in front of the adductor. (Ulrich.)
OPISTHOPTERA Meek.

Shell equivalve, usually triangular in outline, with the beaks of
moderate size, incurved and terminal, and the hinge line straight
and very long, in most cases forming a great pos~erior wing;
length greater than the height; anterior side more Or less abrupt.
In the typical section the greatest height is in the anterior hali,
and the surface marked with numerous and frequently bifurcating
costae. In another group of species provisionally regarded as COll
generic, the posterior part of the shell is the,highest, and the radi,
ating costae few and mostly simple. Byssal opening, muscular
scars and pallial line as in AnomaZodonta 'and Byssonychia. Hinge
with two small cardinal teeth in each valve, but so far as known no
posterior lateral tooth; external ligamental area usually narrow;
no internal ligament. (Ulrich.)
ORTHODESMA Hall and Whitfield.
Restricted by Ulrich.

Shell elongate, usually increasing slightly in height posteriorly.
Anterior end comparatively long, contracted in front of the beaks.
Valves moderately convex, usually with a strong umbonal ridge
and a broad mesial depression in front of it,their edges fitting
tightly along the straight or sinuate ventral margin, but leaving a
narrow gape at each end. Umbones prominent, wide, compressed,
often extending posteriorly as low cardinal ridges between which
the hitnge line is sunken. Hinge plate edentulous, very thin, long,
extending in almost a straight line from the posterior cardinal
angle, past the beaks, nearly to the anterior extremity of the shelL
Ligament linear, internal and external, the latter chiefly. Posterior
muscular scar large, very faint, elongate ovate; anterior scar large,
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though scarcely half the size of the pOi:lterior, well defined, ovate 01'
approaching semicircular in shape, the vertical diameter the long
est. Pallial line simple. Shells thin, marked externally with more
or less distinct concentric striae and wrinkles. (Ulrich.)
ORTHODONTISOUS Meek.

...

Shells rather small, rounded or 'ovate, subequilateral; 'valves
equal, moderately convex, with small beaks and no umbonal ridge.
Surface marked with very fine concentric lines and occasionally
with obscure rays on the post-cardinal slope. External ligament
occupying a narrow groove extending both anterior and posterior
to the beaks. Hinge with one strongly defined, subtriangular car
dinal tooth beneath the beak of the right valve, with a small pit
just in front of it and a corresponding large pit and a small tooth
in the left valve. Posterior lateral teeth long, two in the left valve
and one, two or three in the right. Anterior lateral teeth similar
to the postenor laterals only shorter. 'l'he large cardinal tooth (in
the right valve) is usually divided into three radially disposed por
tions. Pallial line simple, muscular impressions well defined,
though not deep, the posterior slightly the larger, both with a small
pedal muscle scar above and occupying the small spaces betw~en
the adductor scars and the :opposite extremities of the two sets of
lateral teeth. (Ulrich, diagnosis of Oycwconcha=Anodontopsis.)
ORTONELLA Ulrich.

Shell subquadl'ate, highest posteriorly, equivalve, very inequilat
eral, with moderately prominent beaks and umbonal ridge. Sur
face with concentric lines of growth. Hillge as in Oyrtodonta, Bill
ings, excepting that the c!lrdinal teeth are relatively stronger and
placed immediately beneath the beaks. A well defined lunule and
escutcheon present. Adductor muscular scars sub equal, the poste
rior one very faintly impressed,· ovate, imd situated just beneath
the posterior extremities of the lateral teeth, the anterior very
deep, sharply defined 'on the inner and upper sides by a clavicular
ridge extending obliquely backward from the hinge plate. Pal
lialline simple, distinct. Small pedal muscle attached to the under
side of the hinge plate immediately over the anterior adductor
scar. Casts of the interior marked by an oblique umbonal sulcus.
(Ulrich.)

I
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PI'IDRINEA Goldfuss.

Shell equivalve, inequilateral, with both sides alate, the anterior
alation short and the posterior drawn out. Cardinal margin more
or less oblique, internal ligamental area linear. Two or more
parallel teeth beneath the umbo, and several long posterior teeth.
Umbones anterior. Two large muscular impressions.. (Goldfuss-·
trru:lll'-tion. )
1'he valves are inequivalve, the right valve being flat, or nearly
so. The anterior teeth obscure, transverse; the posterior elongate
and nearly parallel to the cardinal margin. Posterior adductor
scar large; anterior small, strong, inserted below the anterior wing.
Pallial line simple. Byssal notch in the smaller valve.
RHITIMYA Ulrich.

Shell elongate, moderately ventricose, the dorsal and ventral
margins subparallel, gaping slightly at one or both eQils. Beaks
rather prominent, situated from one-third to one-fifth Qf'1;h~entire
length behind the anterior extremity; posterior umbonal ridge
rounded, never very prominent; mesial sulcus very wide, generally
very shallow, often, however, causing a sinuosity in the ventral
ma.rgin. Lunule very narrow, true escutcheon wanting, ligament
external, attached to the edges of the valves, extending the greater
part of the hinge line posterior to the beaks. Hinge apparently
edentulous, test very thin. Muscular and pallial attachments ex· .
ceedingly faint, not satisfactorily observed; posterior scar large.
Surface marked with unequal concentric lines a~d furrows, gath
ered into a series of strong folds on the anterior end. On the pos
terior half or more, the ventral part especially, the concentric lines
are crossed by closely arranged radiating series of small granules
or spines. (Ulrich.)
S~GWIOKIA

MeO>y.

This genus was founded by McCoy on Carboniferous species.
It is very doubtful if the Ordovician forms .referred to this genus

belong there.
SPHENOLEUM M1l1er.

Shell large, equivalve, inequilateral, elongate, cuneiform, ventri
cose; umbones prominent; beaks incurved at the anterior end;
cardin~ line at an angle of fifty or sixty degrees from the basal
line, and appearing wing-like toward the posterior end; lunule
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present; no escutcheon; ligament external; muscular scars and
hinge-line unknmvn. (Miller.)
Surface concentrically lined; occasionally with radiating striae.
Ligament probably both internal and external. (mrich.)
WHITEAVESIA Ulrich.

Shell ovate, more or less elongate, narrowing .anteriorly. Valves
moderately ventricose, fitting each other tightly. Anterior end
short, but not :xcessively so. Base gently convex, occasionally
straight, never sinuate. Mesial sulcus wanting. Beaks compara
tively large, full and rather prominent. Umbonal ridge generally
strongly rounded, sometimes subangular. Surface with concentric
lines of growth and often with radii or divaricating folds; the
radii sometimes restricted to the inner side of the shell, showing on
casts of the interior and not on the exterior of the shell itself.
Muscular scars and pallial line as in Mudiolopsis, excepting that in
the majoritly of the species they are very faintly impressed. Hinge
plate edentulous, very narrow, especially so under the beaks, a little
wider and grooved on each side for the reception of a linear in
ternal ligament. A similar external ligament probably also pres
ent. (mrich.)
WHITELLA UlrIch .

. Shell thin, obliquely quadrangular or suboval, equivalve, in
equilateral, more or less ventricose. Umbones very prominent, the
beaks strongly in curved ; umbonal ridge prominent, subangular or
sharpJy rounded. Cardinal margin straight or slightly convex, the
edges inflected to form a sharply defined escutcheon extending be
yond the beaks sometimes quite to the anterior extremity of the
shell; area finely striated longitudinally. Hinge line· straight,
from one-half to two-thirds the length of the shell, with two to
five rather oblique folds or teeth in front of the beaks. Posterior
portion of the hinge apparently edentulous. l.Jigament probably
both external and internal, the latter only along the posterior third
of the hinge line, where it was supported by an internal ridge lll·
each valve. Two simple adductor impressions, the posterior one
very faint; pallial line simple, marginal; interior of shell lined .
with a nacrous film. Surface of shell ",ithfine concentric lines,
and sometimes with stronger concentric undulations. (mJ4ich.)
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DESCRIP'l'ION OF SPEOIES.
ALLONYCHIA JAMESI (Meek).
Plate XLIII, fig. 2.

Megambon·ia jamesi Meek, 1872, Proc. Acad. Nat. Sci. Phila., 187:l

(February), p. 321. (Not figured.)
"Shell attaining a rather large size, a little obliquely subovate
in general form, rather convex, the most gibbous 'part being some
what above and in front of the middle, more or less abruptly cuneo
ate posteriorly and below; basal outline regularly rounded; pos
terior margin rounding into the base, and ascending with a convex
curve and forward inclination to the posterior extremity of the
hinge, which is not in the slightest degree alate; anterior margin
rounding into the base below, and slightly sinuous under the lobe
like protuberance, or rudimentary wing above, which is convex.
slightly more prominep.t than tile margin below, and defined from
the swell of the umboqal regions on each side, by an o,blique, sulcus
extending to the hing~ margin in front of each beak ; hinge equal
ing about two-thirds of the antero-posterior diameter of the valves;
beaks rather prominent, or rising distinctly above the hinge line,
but slightly oblique, 'and distinctly incurved; umbonal slopes
broadly rounded; longer axis of the valves moderately oblique to
the hinge line. Surface ornamented by very regnlar, rDunderl.
simple, and depressed radiating costae, a little wider than the fur
rows between, and numbering about five in a space of 0.30 inch.
near the middle of the lower margin.
"Height, about 2.05 inches; antero-posterior diameter, 2.16
inches; convexity, 1.50 inch.
"The .only specimen of this species I have seen is a cast of the
exterior, with portions ;of the ventral and anterior ventral margins
broken away. The bealk of its right valve projects rather decidedly
above that of the left i but I think this is due to accidental dis
placement of the valv~s, rather than to any inequality in their
size. It shows distinct indications of a well-defined, moderately
wide cardinal area, wi~est under the beaks, and narrowing to the
extremities of the hin~.
"Mr. James referr~d this species, in his list of the Cincinnati
fossils, 1"ith a mark of idouht, to the Lower Helderberg species, M.
spimleri of Hall. But; in addition to the rather widely different
geological horizons from which these two shells were obtained, they
seem to me to differ so !materinlly in form as to be clearly distinct
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species, even if similarly marked, while the typical specimen of ],1.
spinneri shows no traces o;f the regular radiating costae seen on the
species here described. It is true that the specimen of that species
figured is an internal cast, and ours a cast of the exterior, which
might account for the difference of surface characters, but this
would not produce the degree of difference in form, obliquity and
general physIognomy., To me, it appears to be much more nearly
like the typical species M. cardiiformis, from the New York Upper
Helderberg limestone, though clearly distinct in having much
larger costae as well as a wider and more defined cardinal area."
l\Ieek, loco cit.
Identified from the Lorraine at Lawrenceburg, Indiana.
1.33A3.
ANOMAr)ODONTA COSTATA Meek.
Plate XLII, figs. 6, 6a.

Ambonychia costata Me~k, 1874, Paleontology of Ohio, vol. I, p.
130, PI/xii, figs. 5 ~-c. Named but not described by James,
1871, Catalogue of th~ Lower Silurian Fossils of the Qincinnati
Group, p. 13.
"Shell of about me~ium size, moderately oblique, sub-ovate.
very thin, rather comp~ssed, the left valve being apparently a
little more convex than the other; basal margin regularly rounded;
posterior margin apparently broadly convex in outline; anterior
side truncated, or a little concave above, and rounding into the base
below; beaks pointed terminal, rather oblique, and rising moder
ately above the cardinal margin; umbonal slopes not angular, or
very prominent; hinge line straight, short, and ranging at an
angle of about 60° to the longer axis of the valves. Surface of
both valves ornament.ed :by about twenty simple depressed, radiat
ing costae (narrower th~n the flat interspaces) and fine concentric
striae of growth. ,
.
, 'Length, measuring j obliquely from the points of the beaks to
the most prominent pa~t of the basal margin, about 1.63 inches;
anterio-posterior diamet~r, about 1.10 inches; convexity of the two
valves, 0.54 inch.
:
"This form will be teadily
distinguished from the other known
I
species by its small n1.fmber, and more widely separated costae,
and rather compressed, harrow form. It also differs from A.. radi
ata [Byssonychia radia~}, in having its costae separated by flat in
terspaces, jn~tead of 'r~larly concave grooves, narrower than the
radii.' "-Meek, loco cit.

The types are from 350 feet above low water of the Ohio river
at Cincinnati, Ohio.
1.34C14b.
ANOMALODONTA GIGANTEA Miller.
Plate XLIII. figs. l·lb.

Anmnalodonta gigantea Miller, 1874, Cincinnati Qual'terly Journal
of Science, I, p. 17, figs. 7, 8, 9.
(' Shell equivalve, inequilateral, alate posteriorly and COID
pressed, more convex toward the umbones and anterior side, anterior
side abruptly declining, beaks rather sharp and slightly incurved.
Surface marked b'y 30 to 40 strong radii, same width as intermedi
ate spaces, which are concave grooves marked with concentric striae.
giving much the same external appearance as those of an Ambony
ckia radiata. Shell marked exteriorly, toward the margin, with
lines of growth and concentric striae, which cross the radii, render
ing it likely that concentric striae crossed the radii ov-m', the whole
surface of the shell, though they appear now to be smooth. Byssal
sinus immediately below the beak anteriorly, about lti of an inch
in diameter in a large specimen. Height of the shell from 2 to ':I:
inches, greatest breadth about 1/5 less. Shell quite thick about the
umbones and wing, but thinner toward the base. Large cardinal
tooth or elevation beneath the umbones, and sloping posteriorly
from the beak. The cardinal elevation on the left valve having a
depression to receive a corresponding elevation, though slight, on
the right valve. From the cardinal tooth there are from 4 to 11-1
lateral cartilage grooves extending posteriorly to the end of the
wing, and terminating with the shell, and there are, the same num·
bel' of cartilage grooves on the anterior side of the car!iinal tooth
that immediately run together as they pass into the byssal sinus..
The cartilage grooves vary in number with the age and size of the
shell. The shell is thickened on the anterior side, and appears to
show lines of growth passing through the sinus to its base. A large
muscular impression is found near the anterior margin, half way
from the sinus to the base of the shell, and there are appearances
that indicate another muscular impression on the posterior wing oJ'
the shell, near its termination. Greatest depth of a valve in a large
specimen, % an inch .
•, This is the largest bivalve yet known in the Cincinnati Group.
It may readily be distinguished from the Anomalodonta 'alata b;\'
the surfaee markings, though the general outline form bf the two
shells are nearly the same.
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."I found this species near Versailles, Indiana, about 40 miles
west of Cincinnati, and about 300 feet below the Upper Silurian
rocks; and I aLcso found what I believe to be a cast of the same at
Richmond, Indiana. I do not know that it can be found else
where, but the probabilities are that it can be found in the upper
part of the Cincinnati Group, from Madison to Richmond, and at
other places."-Miller, Zoc. cit.
Miller's specimens evidently came from somewhere in the
WaynesviUe formation. They could not have come from as Iowa,.;
300 feet below the Silurian, and have come from Versailles at all,
since the total thickness of the Versailles section is only about 170
feet.
.
Concerning this sp~cies Mr. Ulrich, who has given it very care
ful study, has this to say:
"Dr. Miller is certainly in error when he says that there is 'an
anterior muscular scar below the byssal sinus.' The depressed tri
angular spaee which he mistook for a muscular inpression is with
out doubt· due to some abnormal thickening of the internal surfalle
of the valve. Nothing of the kind has been observed in any other
of the numerous speclmens observed by me, while the true position
of the large muscular scar, which was left by the posterior ad
ductor, and not the anterior, is unequivocally shown in several
cases. The pallial line also is clearly shown in the specimens, and
as it runs through the space to which the muscle was supposed to
have been attached and on to the cavity of the beak, it affords the
very best evidence in favor of the view here adopted."
(Ulrich,
Geol. Ohio, vol. VII, 1893, p. 637.)
1.34A8, 10 .... 1.41A6, 7, D2, E2, 4 .... 1.12E3.
BYSSONYCBIA ALVEOLATA UlrIch.
Plate XLII, figs. 7. 7a.

Byssonychia alveoZata Ulrich, 1893, Geol. Ohio, VII, p. 631, pl.
xlviii, figs. 1-3.
"Shell of medium size, moderately convex, obliquely acuminate
ovate, wider than usual, with the basal half of the outline semi
circular; cardinal margin somewhat shorter than the middle length
of the shell; umbones full, beaks but little incurved, separated;
ligamental area very large; beneath the beaks the anterior side is
impressed, forming an obscurely defined sub cordate lunule, in the
lower part @ which the byssal opening is situated. Surface
marked by about fifty rounded radiating costae.
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"'l'he large ligamental area indicates relationship with B. gran
and B. obesa, both of which are restricted to a higher horizon.
The first is sufficiently distinguished by its carinate umbones; the
second is a more erect shell, with a shorter hinge line, narrower
area, and differently shaped byssal depression. The wide area
should separate the species at once from B. radiata with which a
carele.ss collector might confound it. <
"]I1m'mation and locality: Middle beds of the Cincinnati group,
Cincinnati, Ohio. "-Ulrich, loco cit.
1.34A15a, 19-21, C13, 14a, 14b.
(11:8

BYSSONYCHIA GRANDIS Ulricb.
Plate XLIV, figs. 1, 1a.

Byssonychia grandis Ulrich, 1893, Geol. Ohio, VII, p. 631, pI. xlvi,
figs. 6-9.
"Shell large, ventricose, sub quadrate, the length.atid hight as
ten is to thirteen; anterior margin sinuate above, broadly convex
in the lower two-thirds; outline of basal half semicircular; hinge
line about two-thirds as long as the shell is' at the middle of thl)
hight. Beaks projecting le!)s than usual, carinate, flattened on the
anterior side; apices separated widely, the intervening space occu
pied by a broad, striated ligamental area. Upper part of the an
terior side with a broad and deep impression in the bottom of which
lies the <byssal opening. Surface marked with about forty radiat
ing costae. These are rounded and broad in the lower half of the
shelL Posterior <lateral teeth small, two, situated near the ex
tremity of the hinge.
"This species probably attained a larger size than any other
known. It may be equaled in this respect by the associated B. cuI...
trata, a species that resembles it in its ontline and in having cari
nate umbones as well. But the present species is readily distin
guished from that one by its greater convexity, coarser and there
fore fewer costae, and by the large depression around the byssal
opening, this part of the shell being quite flat in that species. The
ligamental area, furthermore, is of a peculiar type and much nar
rower in B. cultrata, allowing the beaks to come into close proxim
ity. Despite the somewhat striking agreements, I am well satisfied
that the two species are widely distinct. In B. robusta, Miller, sp.,
the whole anterior side is flattened, the outline different, and the
beaks do not curve forward as in this species, nOrl'<&'re they as
widely separated. Despite these and other diiferencies, I wish it to
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be understood that I think it just possible that B. grandis is not
distinct from the species intended by Mr. Miller. I tried to see his
types but failed because they were packed away. I 'am therefore
obliged to rely upon his illustrations and to assume that they are
correct. Comparing:my' specimens with his figures it will be no
ticed tlj.at in the convexity of the valves. and the number of costae
the two' species agree very well, but in aU other respects they are so
obviously different that we are forced to regard them as specifically
distinct. The carinate umbones will distinguish the species from
all the other forms of the genus.'
.
." 'fhere remains to mention that the outline of the shell and
the coar~e rays, which however are rounded instead of flattened, re
mind one of Anomalodonta gigantea, Miller. That species, how
ever, is not so ventricose, and is without the large depressed area
which surrounds the byssal opening of B. grandis.
"Format·ion a.nd locality: Upper beds of the Cincinnati group,
Oxford and Clarkesville, Ohio. "-Ulrich, loco cit.
1.MAl, 8, B4-5 .... 1.4lEl.
BYSSONYCHIA OBESA Ulrich.
Plate XLII, figs. 8·8b.

Byssonyckia obesa illrich, 1893, Geol. Ohio, VXI, p. 630, pI. xlv,
figs. 10-12.
•, Shell usually of less than medium size, obese, ovate in outline,
exeept where the full and prominent beaks project beyond the regu
lar curve; hinge short, rounded behind; byssal openiug small, sit
uated high, the inner margin thickened so that a decided depres.
sion is formed in the anterior side of. casts of the interior. Radii
from forty-two to forty-five; length from 20 mm. to 33 mm.;
height (from beak to base) from 26.5 mm. to 40 mm.; thickness
from 15 mm. to 25 mm. In one specimen that differs a little from
the rest these measurements are respectively 27 mm.,3S mm. and
20mm.
"This species rarely occurs except in the. condition of casts of
the interior, but these are easily distinguished from B. radiata
Hall, sp., with which collectors have generally identified them, by
their more ventricose valves, more rounded form, and deeper byssal
excavation. From B. vera the species is separated by its greater
size, and more ventricose valves. B. grandis is much larger and
has carinated beaks, they being flattened on the anterior side; B.
suberecta is a more erect shell and has a longer hinge. Probably
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nearer than any of these species, at any rate in the general expres
sion of casts of the interior, is the Galena limestone species de.
scribed by Meek and Worthen as intermedia (Ambonyckia inter·
media) . Young specimens may be difficult to distinguish from
that species, but I have not yet seen any of B. obesa that were as
small as the largest of B. intermedia. Aside from the point of siz'3,
comparison shows lhat the Galena species' is, relatively speaking,
higher, and that th~ outline is less ronnded, especially in the pos
tero-cardinal region.
"Two large specimens from a lower horizon (about fifty feet
below the tops of the hills at Cincinnati), may belong to an early
variety of this species. As, however, they had at least fifty radii
we might be equally justified in regarding them as examples of a
gigantic variety of Q. vera. The length of the larger of the two is
about 60 mm.
'
"}!'ormation ana locality: Near the top of the Cincinnati
group at Richmond, ;Indiana, where it occurs in association with B.
rickmondensis, Ulrich, and Ortonella; hainesi, Miller, sp. "-Ulrich,
loco cit.
.
1.34A17 (1) ....1.41A7, 8, Dl, 3, EI, 2, 3, 5, 6. A common
Whitewater species. ;
BYSSONYCHIA PRAECURSA Ulrich.
Plate XLIII, figs. 8. 8a.

Byssonyckia praecursa Ulrich, 1893, GeoL Ohio, VII, p. 633, pl.
xlv, figs. 1, 2.
"'l'his form I regard as a small forerunner of B. rickmondensis,
B. rob1lsta, and possibly of B. cultrataas well. The shape agrees
best with B. richmo~densis, the principal difference being in the
hinge line which is a~'ways longer and sonletimes quite equal to the
greatest length of the! shell. The number of the costae varies from
thirty-eight to forty-tfv"o, the average number being the same as for
B. robusta and ten lefss than in B. richmondensis.
"In the number '~f costae and in the outline B. praecursa is
very much like the ty~ical form of B. radiata, Hall, sp. As a rule,
however, the latter is; a little more oblique, the hinge shorter and
the central part of its!valves a trifle wider. But the principal dif
ference lies in the flattening of the anterior· side in B. praeC1trsa.
"Formation and l1cality: Loraine shales, Loraine, New York;
also in the equivalent \middle beds of the Cincinnati group, at Cov
ington, Kentucky, and; Cincinnati, Ohio." -Ulrich, loco cit.
1.12A2.

.
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BYSSONYCHIA RADIATA (Hall).
Plate XLIII, fig. 4.

Ambonychia radiata Hall, 1847, Pal. New York, I, p. 292, pI. lxxx,
figs. 4 a-I.
"Equivalve, obliquely ovate, extending into acute curving
beaks; anterior slope nearly straight above, and rounded below;
posterior slope oblique, scarcely alate; surface marked by twenty
five to forty strong simple radii, which are crossed by fine concen
tric striae; radii flattened upon the top; the intermediate spaces
are regularly concave grooves, narrower than the radii, and marked
by concentric striae.
"This species has usually been referred to Pterinea carinata of
GOLD FUSS, but it appears to me specmeally distinct. The figure
of that author, which is larger than figs. 4 a, b of our plate, repre
sents the shell as having twenty-three or twenty-four radii, which
are proportionally stronger than in this shell, while specimens of
equal size with the figure of GOLDFUSS have from thirty-five to
forty radii upon each valve. On this account, principally, I am
disposed to consider the succeeding species [Ambonychia carinata:
as identical with that of GOLDFUSS.
, 'I regard both this and the following species as differing su f...
ficiently from PTERINEA of GOLDFUSS to be separated from
that genus, and to constitute species under the Genus A1\fBONY
CHIA, which is destitute of an anterior wing, while the posterior
side is expanded, though scarcely alate, never showing the distinct
wing which marks the AVICULA and nearly all the species of
PTERINEA.
"These specimens, though from different and widely distanl
localities, have all the same essential characters, and the radii are
always smaller and more 'numerous than the one cited. It differs
from A. bellistriata and A. orbicuZaris of the Trenton limestone,
both of which have finer radii and are of different form.
"Position and ZocaZity~ This is OIle of the most common fossil:>
of the Hudson-river gro~p, being found throughout the greater
part of its thickness, but' is unknown in the Trenton limestone or
Utica slate. It is abundant at Boonville and Turin, in Lewis
County [New York]; at Loraine, Jefferson County; at Pulaski,
Washingtonville and Mexico, Oswego County; near Rome in
Oneida County; and I have seen a single specimen from the ul
tered slates near Waterford, Saratoga County. This species is
likewise common in many western localIties, and I have specimens
[63}
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from Cincinnati and Oxford (Ohio), Madison (Indiana), and
Maysville (Kentucky). "-Hall, loco cit.
1.34B4-5, C14b ... . 1.41AB.
BYSSONYCHIA RICHMONDENSIS Ulrich.
Plate XLIV, figs. 2, 2a.

Byssonychia richmondensis illrich, 189:3,' GeoI. Ohio, VII, p. 632,
pI. xlv, figs. 3, 4.
"Shell large, high, triangular in a cardinal view, the anterior
side being flat; height, length and thickness of an average speci
men, respectively, 57 mm., 37 mm. and 30 mm. Beaks rather
prominent, triangular, carinate, curving very slightly forward, and
rather widely separated in casts. Anterior outline nearly straight,
the margin projecting a little in the lower part; base strongly con
vex, posterior margin broadly rounded; hinge line about two
thirds as long as the middle length of the shell, ranging at an angle
of about 95 0 with the anterior margin. Byssal opening large, in
casts appearing as an acutely elliptical low prominence, situated
about its length beneath the summits of the beaks. Costae of mod
erate strength; their number, though not certainly determined, is
not less than fifty. Posterior adductor scar and pallial line as
shown on plate 45 [of illrich's paper].
The shell of this species has not been observed, but the casts are
not uncommon, and with their broadly flattened and nearly straight
anterior sides are so easily distinguished from all other species of
the genus, except B. robusta, Miller, sp., that a name for them has
long been desirable. In 1880 (loc. cit.) Mr. Miller referred these
casts to his species robusta, but in a recent conversation he admit·
ted that they probably belonged to a distinct species. B. robusta,
as figured, is relatively not so high and has coarser rays, their num
ber being only about forty, while in B. richmondensis there are at
least ten more. B. cultrata is closely related, but differs decidedly
in its outline, being a wider shell and not so convex. The flatten
ing of the anterior side also is confined to the upper part, while in
the lower part the outline curves forward in a much greater degree.
"Formation and locality: Associated with Rhynchonella den
tata, Hall, and Orton ella hainesi, Miller, sp., in the upper beds of
the Cincinnati group at Richmond, Indiana.' '-Ulrich, loco cit.
This species is considered by Ulrich as equivalent in part to
Byssonychia rOb1tsta Miller, 1880, Jour. Cin. Soc. Nat. Hist., III,
p. :H5.
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The types are from the Richmond formation at Richmond, In
diana, where the species is associated with Rhynchotrema dentata.
1.34A19-21, 22 .. : .1.41A6 .... 1.60Hll.
BYSSONYCHIA SUBERECTA Ulrich.
Plate XLIV, figs. 3-3b.

Byssonyehia suberccta Ulrich, 1893, Geol. Ohio, VII, p. 634, pI. xlv,
figs. 13-15.
"Shell exceeding the medium size for the genus, moderately
convex, suberect, the length and height as five is to six. Hinge line
forming an angle of ab(}ut 105 with the anterior margin; this is
a few degrees wider than the posterior angle. Anterior outlinl~
gently sinuate in the upper half, and in the central part bendin~
forward enough to give the shell the appearance of leaning back
ward rather than forward; posterior margin broadly convex; bas.al
half with a semicircular curve. Beaks full, rounded, not very
prominent, bending somewhat forward and strongly in curved.
Greatest convexity in the umbonal region, but taking the surface as
a whole it is more uniformly rounded than in any other species of
the genus. Radiating costae rather small, fifty-five to fifty-eight OIl
each valve. Ligamental area about 3 mllL. wide, almost vertical, so
that in a dorsal view it appears as very narrow, with five or six
distinct longitudinal striae. Cardinal teeth apparently three in
each valve. Strong posterior lateral teeth are present, but whether
more than one in each valve could not be learned from the material
at hand. Byssal opening long though very narrow. Muscular ann
pallial impression as usual for the genus. In casts of the interior
the beaks are comparatively erect and obtusely pointed.
"This species has an outline that is closely similar to that of E.
ct£ltrata. The two species are also associated in the same strata,
but can be distinguished at once by the rounded instead of car
inated beaks of B. suberecta. The latter is also a little smaller.
B. t'adiata is probably more nearly allied, but has fewer costae and
is a much more oblique shell.
"]i'ormati01~ and locality: Upper beds of the Cincinnati group,
at Waynesville, Ohio, and Versailles, Indtana."-Ulrich, loe. cit.
1.~4A4 (1),20 .... 1.41A5, 7, El, 6 .... 1.l2F3.
0
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BYSSONYCHIA TENUISTRIATA Ulrich.
Plate XLIII, figs. O. oa.

Byssonyckia tenuistriataIDrich, 1894,' Geol. Nat. Hist. Surv. Min
nesota, III, pt. II, p. 500, fig. 39.
"Shell rather small, subovate, moderately ventricose in the um
bonai region and anterior half, compressed in the postro-cardinal
region where the 8urface is distinctly concave; anterior slope
strongly convex, but scarcely abrupt; beaks smail, projecting bUb
little, moderately incurved. Hinge line comparatively short, the
outline passing rather gently into the broadly-rounded POsteriOl'
margin; basal line strongly convex, eurving uniformly into the
ends; anterior side slightly concave above, neatly convex below.
Byssal opening small, its position high, it and the surface around
it appearing in casts 3.'> a distinct imprE'ssion immediately beneath
the beaks. Surface marked by very fine radiating striae and ob
scure concentric varices of growth, both showing through the mar
ginol parts of the shell, so as to be visible on good casts of the in
terior. The total number of the radiating striae is probably more
than seventy. Near the base of the specimen figured eleven were
cOIDlted in the space of 5 mm.
"This species is closely related to B. vera Ulrich, from the
utica horizon of the Cincinnati group of Ohio, differing from it
chiefly in its finer radiating striae and more impressed byssal
opening. B. intermedia 1\1. and W., of the Galena, has coarser
striae and is a more ventricose shell.-C"lrich, loco cit.
Reported by Tnrich from the Richmond formation at Richmond,
Indiana.
CLIDOPHORUS FABULA (Hall).
Plate XLIV, figs. 6, 6a.

Numtla tabula Hall, 1845, Amer. Jour. Sci., XLVIII, p. 295. (Not
figured.)
"Shell twice as wide as long, smooth; beaks moderately prom
inent; crenulations along the hinge-line very obvious; musculm'
impressions on the anterior side of the beaks very distinct in the
cast.
"Width of largest specimen 1/12 of an inch; generally less. '

HaU, loco cit.
Our view of this species rests rather upon the description of
. Meek than upon the inadequate description of Hall, given above.
I therefore quote Meek's description in full:
"Shell minute, or very small, tram;versely-subelliptic, moderate
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Iy convex; extremities narrowly rouuded, the anterior end being
narrower than the posterior; basal margin,forming a broad semi
elliptic curve; beaks rather depressed, slightly tumid, and placed
a little in advance of the middle; dorsal margin sloping gently
from the beaks, the anterior slope being rather less gradual than
the other, and, in the cast, a little con('[tve in front of the beaks.
Anterior muscular impressions distincltly defined by the internal
ridge, which leaves a rather deep furrow just.in advance of each
heak in casts of the interior.
"Lenth, 0.06 inch; height, 0.03 inch; convexity. about 0.02
inch. "
1.34B4-6.
OLIONYCHIA EXCAVATA Ulrich.
Plate XLIV, figs. 4, 4a.

Clionychia excavata Ulrich, 1893, Geol.· Ohio, VII, p. 651, pI. h,
figs. 4, 5.
"Shell as seen in a cast of the interior, of medium size, erect,
strongly convex, sub quadrangular, straight above, slightly sinuate
anteriorly, and rounded below and posteriorly; post-cardinal angl~
obtuse, perhaps rounded; length of hinge line about two-thirds of
the greatest width (length) of the shell; length and height re
spectively as six is to seven. Beaks compressed, scarcely projecting
above the hinge, separated by an unusually wide interval; between
and beneath them the greater part of the upper half of the an
terior side of the shell is deeply excavated. Muscular scar situated
lower than usual, placed just behind the center of the valves. Sur
face of east with distant lines of growth in the outer half.
"The hinge is shorter and the anterior excavation larger than in
C. lamellosa and C. erecta, two species of the lower Trenton rocks
of Minnesota and Wisconsin."-mrich, lac. cit.
The types are from the Richmond formation at Richmond, In·
diana.
CTENODONTA CINGULATA Ulrich.
Plate XLIV, figs. 0, oa.

Tellinomya cingulata mrieh, 1879, Jour. Cin. Soc. Nat. Hist. II,
p. 23, pl. vii, figs. 19, 19a.
"Shell of medium size, nearly circular, with a slight prolonga
tion of the posterior end, thus giving a little obliquity to the shell;
anterior and basal borders regularly rounded; p~sterior cardinal
margin slightly rounded aud sloping to the point of greatest ex
tension; beaks small, obtusely pointed, and not incurved; valves
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moderately convex, somewhat depressed just posterior to the beaks,
and along the cardinal. margin.
"Hinge plate wide, regularly, and rather strongly arched, oc
cupied by eight to ten teeth on each side of the middle, those at the
extremities bent to about a right angle, becoming more and more
straight toward the center.
"Surface ornamented by from six to eight very fine concentric
lines.
"Muscu]ar impressions and pallial lines not observed.
"Length, 0.72 inch; height, 0.68 inch: convexity, 0.22 inch.
"This species is related to T. pectunculoides, Hall, but its more
circular form,. less prolonged posterior border; the fine concentrie
striae and its larger size, will serve to' distinguish them externally,
while its smaller number of teeth, wider hinge-plate, and more ab
rupt curvature of the same, will separate them internally. "-ill
rich, loco cit.
The types are from the top of the Richmond formation at
Marble Hill, near Madison, Indiana.
1.12E3.
OYMATONOTA TYPlOALIS Ulrich.
Plate XLV, figs. 1·le.

Cym,atonota typ1:calis Ulrich, 1893, Geol. Ohio, VII, p. 662, pI. lv,
figs. 1-5.
"Shell elongate with the dorsal and ventral margins parallel,
the length three and one-half times the height, the greatest thick
ness, which is a little behind the center,. about two-thirds of the
height; anterior end nearly vertical, rounded but not uniformly,
the turn into the hinge line being rather abrupt; posterior margi'l
rounded, slightly oblique, most prominent in the lower half; ven
tral margin gently concave. Beaks apprt,ssed, scarcely prominenl,
situated one-fifth of the length of the shell behind the anterior ex
tremity; umbonal ridge and mesial sulcus rather distinct features,
cardinal region anterior to the beaks sharply compressed. Surface
with fine equal striae anterior to the beaks, of which not over hall
continue over the flanks of the shell where they take on an irregu
lar character, some being much stronger than the others; or several
may be united into a fold. The u.mbonal ridge is almost smooth.
but the upper part of the posterior cardinal slope is marked with
rather regular, ~trong, oblique folds. "-Ulrich, loco cit.
'rhe types are from the Richmond formation at Waynesville,
Ohio.
] .34A8 .... 1.41E6.
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CYRTODON'l'A CUNEATA (MiII~r).
Plate XLV, fir. 2.

Angellum cuneatttm Miller, 1878, Jour. Cin. Soc. Nat. Hist., I, p.
106, pI. iii, fig. 11.
"Shell medium size, ~quivalve, much elongated from the car
dinalline to the base, middle part sub cylindrical, where width and
depth are sub-equal; lower half wedge-shaped; umbones high, an
gular, and prominent anteriorly; beaks acuminate and incurved
over the cardinal line; hinge line straight, short, and nearly at
right angles to the longer axis of the valves. The cast is a little
convex on the anterior side, where there is some evidence of· a
byssus, and slightly winged on the posterior margin. Surface
marked by concentric lines.
"The specimen illustrated I collected in the upper part of the
Cincinnati Group, at Richmond, Indiana.' '-Miller, loco cit.
ISOHYRODONTA DECIPIENS UlrIch.
Plate XLV, figs. 3·3c.

lsckyrodonta decipiens Ulrlch,1893, Geol. Ohio, VII, p. 673, pI. liv,
figs. 16-19.
"Shell scarcely attaining medium Rize, moderately convex, the
beaks small, the umbonal ridge distinguishable though not strong,
the outline almost regularly oval excepting that the cardinal region
is produced and angular at the poste:rior extremity. Surface
marked with numerous, strong and more or less irregular concen
tric lines of growth. Oardinal teeth nearly horizontal, three in the
right valve, the central tooth much the largest, and two in the left.
valve. Posterior to the cardinal teeth the hinge plate bears three
or four slightly diverging slender ridges, which served as supports
for the internal ligament. Muscular impressions subequal, strong
ly marked, the anterior one especially; pallial line distinct. In
ternal umbonal ridge undefined so that the surface of casts of the
interior is comparatively even.
"This species is founded upon an excdlent series of specimens,
most of them recently obtained from Prof. Joseph Moore and Mr.
John Misener of Richmond, Indiana. One specimen I had for c,lt
least ten years believed to belong to the similar Ortonella hainesi
Miller, sp., and it is the likelihood of confusion with that species
that has suggested the name decipiens. A careful comparison,
ho.wever, brings out a number of differences that will appear very
obvious to the student after he has once made himself 'familiar with
them. First, the surface markings are much coarser in the lschy

1000

REPORT OF STATE GEOLOGIST.

ro.donta j next, the' outline will be found to be not strictly the
same; then the Ortonella has a well developed lunule and escutch
eon, while the margin of the valves of the Isckyrodonta are not
in the least inflected i finally that shell has a different hinge, hav
ing true posterior lateral teeth.
.
"Compared with species of this genus, I. ovalis will be. found to
have a thinner hinge plate and more regularly oval shape, while
1. truncata is a higher shell, with fewer concentric surface mark
ings, and much more oblique cardinal teeth. "-Ulrich, loc. cit.
Report~d by Ulrich from near the top of the Cincinnati group
at Richmond, Indiana.
ISCHYRODONTA ELONGATA Ulrich.
Plate XLV, figs. 4, 4a.

lsckyrodonta elongata Ulrich, 1890, Am. Geol., VI, p. 175, figs.
12 a-c.
"Of ·this species only casts of the interior have been seen.
These may be described briefly as follows: Shell rather large
transversely elongate-ovate, widest posteriorly, strongly convex,
with point of greatest convexity a little in tront of the middle.
Beaks prominent, compressed, almost terminaL Cardinal margin
convex; posterior margin rather strongly convex, and generally
somewhat straightened in the lower half; basal margin straight or
faintly sinuate; anterior end abruptly. rounded, very short. An
terior muscular scar deep, sub quadrate, sjtuated beneath the beaks.
Just above it the small accessory scar.
"'fhe much greater length of this shell distinguishes it from I.
truncata, with which it is associated. The outline is much like
Modiolopsis modiolaris Com., but the casts of that species are not
so convex and the beaks less prominent.
" Associated with this species and 1. truncata I found several ex::
amples of a form apparently intermediate in character between' the
two. They are, unfortunately, not in nry good condition, but as
far as they admit of comparison it would appear that they repre
sent nothing more than a slightly elongate variety of 1. truncata."
-Ulrich, Zoe. cit.
Reported from near the top of the Cincinnati Group at Oxford,
Ohio, and Richmond, Indiana.
1.34A18b.
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ISCHYRQDONTA MISENERI Ulrich.
Plate XLV. figs. 5-5a.

Ischyrodonta mi,~eneri Ulrich, 1893, Geol. Ohio, VII, p. 675, pI. liv,
figs. 10, 11.
"This species, as far as known, is very similar to I. elongata,
and a detailed description is scarcely necessary. Though agreeing
in most respects very closely with that species, a comparison still
brings out differences that doubtless will suffice in discriminating
between the two species. The shell of 1. miseneri is considerabl.'T
smaller (the largest seen is about 38 mm. in length), comparatively
a little shorter, and subtriangular in outline. The posterior mar
gin is more oblique and considerably higher, and its junction with
the straight cardinal margin angular, while the post-cardinal re
gion is distinctly alate and thus quite different from the rounded
and sloping character of this part of the outline in I. elongata.
The umbonal ridge furthermore is a more decided feature. Of the
other species 1. decipiens is much shorter, 1. modioliformis longer,
and more produced and obliquely rounded posteriorly.
The specific name is given in honor of Mr. John Misener of
Richmond, Indiana, who collected and from whom I received the
hest specimens of the shell seen. "-{}lrich, loco cit.
According to Ulrich this species occurs at Richmond, Indiana,
in association with Rhynchotrema dentata, that is in the White
water division.
ISCHYRODONrA MODIOLIFORMIS Ulrich.
Plate XLV, tliS. 6-6c.

lschyrodonta modioliformis Ulrich, 1893, Geol. Ohio, VII, p. 676,
pI. liv, figs. 4-9.
, 'Shell scarcely attaining mediuDl size, moderately convex.
modiola-like, elongate subovate, the base straight or very gently
sinuate, the back straight for a short distance behind the beaks,
then cuffing very gradually down into the very obliquely rounded
posterior margin; anterior end short, shnrply rounded, much nar
rower than the posterior.· Beaks small, situated a short distance
pehind the anterior extremity; both the mesial sulcus and the urn
bonal ridge are but little developed. The cardinal slope and the
posterior part of the surface is marked with rather strong, sub
regular, concentric furrows, of which from ten to fourteen may be
counted in the space of 10 lilli. Besides these furrows a set of
very fine concentric lines, barely visible to the unaided eye, are to
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be observed on well preserved specimens. The anterior part of the
surface seems to be smooth, the furrows at any rate ceasing sud
denly a short distance in front of .the middle of the shell.
"In cast~ of the interior a narrow and more or less distinct um
bonal ridge may be traced from the beak to the pallial line a short
distance behind the center of the cast, while in front of the ridge
there is usually a well defined depression or sulcus. Anterior mus·
cular scar strongly elevated, very oblique, sharply defined on the
upper side, occupying the greater part of the small anterior end
and extending a little posterior to the points of the beaks. Pos
terior scar very faintly impressed, nearly twice the size of the an·
terior, situated just within the sloping post-cardinal border of the
cast. Pallial line distinct only in the ventral part of the valves.
Close to the cardinal border of the casts a long and slightly im
pressed line represents the· support of the internal ligament. Of
cardinal teeth there seem to have been but two, one in each valve,
the right above the left. 'rhe scars left by the small pedal muscles
occupy the usual position immediately in front of the cavity be
tween the filling of the beaks.
"This well marked species, of which I have seventeen speci.
mens, is probably nearest 1. elongata. It is, however, a much
smaller shell and readily distinguished by its narrower form, more
oblique posterior margin, and different surface markings, the con
centric lines of growth extending almost uniformly over the whole
surface in that species.
"In a general way I. modioliformis greatly resembles several
species of Modiolopsis, but that it is not really related to them is
proved by the fact that it has the shell structure, cardinal teeth
and small anterior pedal muscles of a true Ischyrodonta."-ID
rich, loc. cit.
The types are from the Richmond formation at Richmond, In
diana.
1.41E1,4.
ISCHYRODONTA OVALIS Ulrich.
Plate XLV, figs. 7·7b.

Ischyrodonta ovalis illrich, 1892, Geol. Nat. Rist. Surv. Minne
sota, Ann. Rep. XIX, p. 242, fig. 27 a-d.
"Shell small, modera.tely ventricose, almost regularly elliptical
in outline, with the greatest width and tbickness midway between
the ends; width and length about as two is to three. Beaks small,
situated near the anterior extremity, compressed by a flattening of
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the snrface which, expanding, extends over the greater part of the
ventral slope. Edges of valves meeting at the center of the ventral
margin, apparently gaping a little at the ends. Umbonal ridge
prominently rounded, cardinal slope abrupt, very little concave.
Surface marked with strong lines of growth and a few finer con
centric striae, both inclining to be irregular.
"Hinge plate arcuate, widening posterior to the beaks, grooved
as for the reception of an internal ligament. Cardinal teeth two,
projecting downward and backward from the hinge plate, which is
thin at thi"l point, and supported by an internal process that seems
to extend up into the cavity of the beak, and projects on ea~h side
of the teeth so as to give the whole the appearance of a quadrifid
tooth. Anterior muscular scar rather small, occupying the an
terior extremity of the shell.
"This species is not strictly congeueric with the types of Ischy
rodonta (Amer. Geol., vol. 6, pp. 173-175), but there is no other es
tablished genus known to me offering a closer agreement, and be
fore I can consider the erection of a new genus as fully justified, I
wish to see the main peculiarities of the shell confirmed in other
species. The uncertainty of the position of the species is increasel1
by the fact that it might be referred, with equal propriety perhaps)
to the genus Matheria, of Billings. I infer therefore that we are
dealing with an undescribed generic type having somewhat inter
mediate relations between ]latheria and Ischyrodonta."-Ulrich,
loc. cit.
Reported by Ulrich from the uppermost beds of the Cincinnati
group, near Richmond, Indiana.
.
ISCHYRODON'l'A. '.rRUNCATA Ulrich.
Plate XLV, figs. S-Sc.

lschytodonta truncata Ulrich, 1890, Am Geol., VI, p. 174, figH.
11 a-e.
"Shell of medium size, moderately convex, subquadrate to
broad-oval, widest posteriorly. Cardinal margin straight or faint
ly arcuate, nearly as long as the shell. Anterior end very short,
rounding nniformly into the convex btsal margin. From here the
edge makes a sharp turn (in the post-basal region) into the some
what truncate but convex posterior margin, meeting the posterior
extremity. Surface of the thick shell smooth between a limiterl
number of impressed lines of growth.
"Hinge plate thick and wide, flat; the cardinal teeth strong.
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Anterior muscular impression deep, its outline somewhat top
shaped, pointed below where the well marked pallial line runs into
it. Posterior scar very faint, large subeircular, situated near the
postero-cardinal angle. In casts of the interior the beaks are prom
inent, compressed, while a well marked furrow extending from the
beaks nearly to the center of the base, gives rise to an obtuse UID
bonal ridge of which no sign is apparent on the exterior of the
shell. Another but less deep and shorter furrow occurs in the
space between this and the anterior muscular scar.
. , An average specimen of the typical form has the following
dimenMons: GrE:'atest length, 35 mm.; greatest hight, (from pos·
terior extremity of hinge line to posterior portion of base) 30
mm.; from postero-cardinal angle to antero-basal region 31.5 mm. ;
from beaks to postero-basal region 35 mm.; greatest convexity of a
cast of the interior of a specimen of the same size, 16 min.
"This species ought not to be confounded with any other known
.to me from the Cincinnati rocks. I have seen specimens of it la
belled Cypritardites kaine.~i S. A. Miller, a shell occupying the
same horizon, but there is little reason for confusing the two sinee
Miller's species has posterior cardinal teeth, is less convex, and not
so high posteriorly. "-IDrich, loco cit.
•
This species is reported by IDrich from Richmond, Indiana.
near the top of the Cincinnati group (Whitewater division).
ISCHYRODONTA UNIONOIDES (Meek).
Plate XLVI, figs. 1, la.

Anodontopsis f unionoides Meek, 1871. Amer. Jour. Sci., 3d. ser.,
11, p. 299. (Not figured.)
"This species has at least all the external characters of the
genus, including the last, but nothing is ImoWIl of the nature of its
hinge. Specifically it differs from the species Milleri, not only in
being very much larger than the adult size of that shell, but in hav
ing its anterior outline more regularly rounded, and its posterior
obliquely subtruncated above, and with its most prominent part
below the middle. Its ventral margin is also much straighter in
outline; while its beaks art more depressed and placed decidedly
nearer the anterior side, and its dorsal margin is not declining on
the posterior side of the beaks as in the last. It likewise differs in
ha ving its posterior umbonal slopes more convex on a line from the
beaks to the posterior basal margin.
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"Length, 1.73 inches; height, 1.11 inches; eonvexity, 0.63
inch. ' '-Meek, loc. cit.
Reported by Meek from the same locality as A. millen. (=Or
thodontiscus millen.)
MODIOLODON DEOLIVIS Ulrich.
Plate XLVI, figs. 2, 20..

Modiolodon declivis Ulrich, 1893, Gool. Ohio, VII, p. 654, pI. liii,
figs. 3,4.
"Of this species also only casts of the interior have been seen.
These are so much like those of M. subrectus that a detailed descrip·
tion is unnecessary. On comparing the casts we find that M. de
clivis is more elongate, the length being twice as great as the
height; the ventra] margin is slightly sinuate instead of straight,
and the dorsal margin arcuate, the posterior part sloping doVl'Il
ward in a manner quite unusual in this family of shells. The two
ends are nearly equal, the posterior one being therefore relatively
narrower than in M. subrectus."-illrich, loc. cit.
The types are from the Richmond formation, at Richmond; In
diana.
1.34B4-5 (?)
MODIOLODON OB'roSUS Ulrich.
Plate XLVI, figs. 4, 4a.

,}[od;i,olod(}n obt~~.~us Ulrich, 1893, Geol. Ohio, VII, p. 654, pI. Iii,
figs. 20, 21.-Modiolopsis modiolari.~, Hall and Whitfield, 1875,
Pal. Ohio, Vol. II, plate II, fig. 17. (Not M. modiolaris, Hall,
1847, nor Pterinea modiolaris, Conrad, 1838.)
"Shell large, compressed-convex, oblong, subovate or obscurely
quadrangular, highest behind, though unusually wide and blunt in
front. Cardinal margin very long, distinctly arcuate, passing
gradually into the regularly curving anterior margin; post-car
dinal angle obtuse, sometimes roul!l.ded but. always projecting be
yond the line of a regular curve; posterior margin nearly erect,
not strongly curved, except at the base where the outline turns
rapidly forward into the basal line, which may be straight or more
or less' sinuate. Ventral and dorsal margins nearly parallel in the
posterior two-thirds, the height in this part of the shell comparing
with the length about as six to eleven, while the height at the beak
is represented by a little more or les.s than four. Beaks small,
scarcely distinguishable, situated very near the anterior end; um
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bonal ridge inconspicuous, low, defined only on the lower side by
the broad mesial depression. Surface marked by rather fine con
centric lines of growth. Shell .thick, especially in the anterior
part. Anterior muscular scar large, deep, of rounded or ovate
shape. Hinge plate wide, furnished with long cardinal teeth im
mediately over the muscular scar. There appear to be three teeth
in all, one large one in the right valve and two more slender in the
left.
"In a form obtained from the upper beds of the Cincinnati
group, which I shall consider provisionally as belonging to this
species, the anterior end is narrower and the anterior muscular scar
almost straight on the inner side. . A good specimen measures as
follows: length, 79 mm.; central height, 43 mm.; anterior height,
23 mm. It is this variety that seems to correspond with the figure
given, as above cited, by Hall and Whitfield as of Modiolopsi.~
modiolaris. If this specimen is correctly represented by their
drawing, it cannot belong to Conrad's species nor even to the genus
Jlodiolopsis, since it had well developed cardinal teeth.
"This large shell finds lts nearest ,30ngt>ners in the three species
described on the preceding pages and figured on plate 53 [of lJl
rich's paper], but as the means for Mmparison are thus at hand
and as the differences between the forms must be obvious to every
one, it is not necessary to point them out."- Ulrich. loco cit.
Hall and Whitfield report this species from Ciucjnnat~, Ohio.
'l'he typical form of the species occurs at Cincinnati about 350 feet
above low water of the Ohio River.
1.34A8.
MODIOLODON SUBOV ALIS Ulrich.
Plate XLVI, figs. 3·3b.

Modiowdon suboval;is Ulrich, 1893, Geol. Ohio, VII, p. 6'55, pI. Ii,
figs. 11-13.
"Shell; as seen in casts of .the interior, subovate, highest pos
teriorly, rather compressed-convex, thickest a little above the mid.
dIe, the hight and length about as two is to three; length varying'
in different specimens between 35 mm. and 50 mm. Dorsal outline
slightly' arcuate; posterior margin somewhat oblique, generally fi
little straightened (scarcely truncate) in the upper half and weB
rounded in the lower, at other times more uniformly curved; bas~
broadly rounded, ascending anteriorly; .anterior end very short
and small, regularly curved. Beaks vt>1'y small, scarcely distin
guishable, situated far in front; no distinct umbonal ridge; mesial
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sulcus comparatively deep in the umbonal half, not sharply defined
hO"W{lver anywhere.
"Anterior muscular scar very faint, prominent, occupying
about half of the small anterior end; pallial line moderately dis·
tinct, submarginal posterior scar very faint, back of cast deeply
channeled, indicating either a strong binge plate or an escutcheon
in the shell, the former most likely. Cardinal teeth were present
but they are not sho~ clearly enough in casts to be described.
Surface of casts with a few distant lines of growth.
"This species is closely related to M(ldioZopsis truncata, Hall,
but may be distinguished by its more nearly oval outline, and
deeper mesial or umbonal sulcus. In the outline it is more like the
type of the genus M. oviformis but the casts of that species are not
channeled dorsally in any degree comparable with M. subovalis.
"Respecting the generic position of the species, I see nothing to
oppose an arrangement with Modiolodon.The same applies also to
Modiolopsis truncata, because it is unquestionably congeneric with
M. subovalis. Until the latter was discovered and studied I found
Hall's species (truncata) most troublesome to classify, and for a
time I was inclined to place it into the new genus Eurymya, found
ed upon Modiolopsis plana, Hall."-Ulrich, Zoc. cit.
From the Richmond formation at Versailles, Indiana, and reo
ported in Kindle's list from Richmond, Indiana.
MODIOLODON SUBREC·.rUS Ulrich.
Plate XLVI, figs. 1'j·5a.

Modiotodon sub rectus Ulrich, 1893, Geol. Ohio, VII, p. 653, pI. !iii,
figs. 5, 6.
"'l'his species is known only from casts of the interior. Of six
specimens the largest is 47 mm. long and 27 mm. high, the smallest,
29 mm. long and 17 mm. high. Cardinal and basal margins nearly
straight and subparallel, diverging slightly posteriorly; posterior
margin obliquely subtruncate, obtuse-angular above, more prom
inent and strongly rounded in the lower half; anterior end short,
small, the upper margin sunken considerably beneath the dorsal
outline. Beaks compressed, prominent anteriorly, situated well
forward, on a line with the baCk, scarcely incurved, separated by a
well defined, wide, channel-like depression extending posteriorly
from the points of the beaks half the length of the cast. Umbonal
ridge and sulcus strong, extending from the beaks obliquely down
ward to the central third of the base; and producing a decided
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compression of the antero-basal third of the cast. Anterior mUi>
cular scar very strong, obliquely ovate, large, occupying the greater
part of the small anterior end. The inner side of the elevated
scar is marked with about six horizontal folds. Pallial line and
posterior adductor impression indistinct. The casts exhibit no indi
cations of the surface markings. The hinge plate seems to have
been strong, while of cardinal teeth the evidence at hand indicates
two in each valve, one larger than the other.
"The casts of this spec,ies might be confounded with those of
small specimens of lschyrodonta eZongata, lJlrich, but a careful
comparison will show that the lllodioZod011. is narrower posteriorly,
the dorsal and ventral margins being more nearly parallel and also
straighter; the ventral margin is not sinuate, and there is no small
pedal muscular scar above the anterior adductor impression, while
the inner side of the latter is thrown into folds instead of being
sharply edged. Excep~ing the following species there is no other
known to me with which it need be compared.
"That M. s'ltbrectus is not an lschyrodonta is :;thown by th~
black film so characteristic of the lllodiolopsidae which is retaineo
by two of the specimens. The absence of the small pedal muscles
over the anterior adductor impressious also is significant. ''-In
rich, Zoc. cit.
The type is from the Richmond formation, Richmond, Indiana.
MODIOLODON TRUNCATUS (Hall).
Plate XLVI, figs. 6, 6a.

1I:lodiolopsis trunratus Hall, 1847, Pal. New York, I, p. 296, pi.
lxxxi, figs. 3 a-b.
"Oblique, transverse, sub-trapezoidal; the cardinal and basal
margins diverging from the anterior extremity, convex; beaks near
the anterior extremity, with an obscure elevated ridge extending
obliqnely to the base; posterior extremity obliquely truncate; mus
cular impression very distinct, a little in advance of the beaks, and
at the anterior extremity, in the cast projecting beyond the margin.
, 'This shell differs but little from some of the varieties of M.
modiolarisj but it is proportionally broader, and the beaks are
closer to the anterior extremity, while the muscular impression
seems to be placed' upon the very margin of the shell. It is much
less common than M. modioZaris, and the few specimens examined
appear to be constant in the characters . given.
It bears a
close resemblance to the figure of DE VERNEUIL cited above.
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but it is less ventricose, our specimen being crushed and destitute
of the shell. "-Hall, loco cit.
Reported by Hall from Cincinnati, Ohio. Reported from In
diana in Kindle's list.
MODIOLOPSIS CONCEN'l'RlCA Hall and Whitfield.
Plate XLVII. fig. 8.

ModioZopsis concentrica Hall and Whitfield, 1875, Pal. Ohio, II, p.
86, pI. ii, fig. 18.
"Shell of medhun size; elongate ovate in outline; broadest
near the posterior end, and contracted in front of the beaks. Hinge
line arcuate, gradually declining toward the extremity and round
ing into the posterior margin, which is more sharply rounded be
low than above the middle; basal line gently curved, becoming a
little sinuate at or about the anterior third of its length; anterior
end narrowly rounded. Beaks small, and compressed on the back,
projecting buUittle above the hinge. Surface of the valves moder
ately convex when not distorted by pressure; most prominent'
above the umbonal ridge, which is low, and broadly rounded; not
forming a conspicuous feature of the valve. A very slight and
rather undefined mesial sulcus crosses the valves from the beak to
the sinus of the baSal margIn.
"Surface of the shell marked on the cardinal slope and poste
rior end by regular, even, concentric furrows, from three to four
of which occupy the space of an eighth of an inch in their strong
est parts. These furrows are most distinctly marked near the
cardinal margin, and become obsolete in crossing the umbonal
ridge; .existing on the basal portions and anterior end only as fine,
irregular, concentric striae of growth. Anterior musc~ar impres
sion strongly defined and proportionally large; forming a rather
distinct, subcircular or reniform protuberance on the anterior end
of the casts; posterior impreSsion not observed; pallial line often
distinct on the anterior half; partly composed of detached trans
verse pustules.
"The specimens of this shell observed in collections have gen
erally been found among and considered as identical with those
of Modiolopsis modiolaris, but it is always of much smaller size,
being generally not more than two-thirus as long when fully grOWll
as the ordinary sized individuals of that species, and although the
ge~eral form is very similar, the concentric markings of the car
dinal slope and posterior end readily distinguish them. These
[64]
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markings are of such a nature that they are usually preserved on
all specimens retaining any specific markings. The specimens are
frequently much distorted by compresiion, and when the pressure
has been vertical, or in the direction of the plane of the shell, thA
convexity is considerably increased, often causing them to appear
nearly cylindricaL
'''rhe species resembles very closely Modiomorpha concentrica
of the Hamilton formations of New York (Modiola concentrica of
authors) in its general appearance and snrface markings, so much
so that it might readily be mistaken for that shell; but the con
centric, undulating striae becoming obsolete on the umbonal and
anterior portions of the shell, will serve, we think, as an unfailing
means of distinguishing them-the striae on that species continuing
over all parts. "-Hall and Whitfield, loc. cit.
The types are from Waynesville, Ohio. Reported from Indiana
in Kindle's list.
MODIOLOPSIS VERSAILLESENSIS Miller.
Plate XLVI, figs. 7, 7a.

Modiolopsis versaiZlesellsis Miller, 187<.1:, Cincinnati Quarterly
Journal of Science, I, p. 150, figs. 18, 19.
"Equivalve, in equilateral, oblong, expanded and compressed
posteriorly; basal margin !3ontracted or arched up:ward, below the
beaks; cardinal line straight; beaks near the anterior extremity,
.and slightly more prominent than those of the Mod·ioZopsis modio
lam j umbones subangular and extending obliquely, posteriorly;
surface marked by concentric lines; muscular impression circular
and deep, below and anterior to the beak; mesial ridge between it
and the umbonal cavity; hinge line plain and smooth, except a
slight ligamental depression below the beak.
"Length of specimens examined varying frqm % inch to 2lj2
inches; breadth and thickness in proportion to the length.
"This species differs from the Modiolopsis modiolaris, in having
a more prominent beak, more angdlar umbones, different hinge
line, and ligamentary attachments, and in having the muscular im
pression farther anterior to the beak. Casts of the two species
might not be distinguishable lrom each other.
"This species was found by me at Versailles, Indiana, about 300
feet below the rocks of the Upper Silurian, and associated with
AnomaZodonta gigantea, Anodontopsis (1) MiZleri, PZeurotoma~a
trop£dopkora, TeUinomya occidentaZis, etc. "-Miller, Zoc. cit . . ;'.
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Apparently Miller obtained the species from the Waynesville
formation, or the base of the Liberty. His statement that the
specimens came from a level 300 feet below; the Upper Silurian is
interesting in view of the fact that the total thickness of the Ver
sailles section does not exceed 170 feet.
OPlSTHOPTERA CASEl Meek and Worthen.
Plate XI,VII, figs. I, 1a.

Ambonyckia (Ml::gaptera) casei Meek and Worthen, 1:866, Proc.

Chicago Acad. ScL, vol. I, p. 23. (Also Geol. Surv. Ill.,. vol.
III, 1868, p. 337.)
"Shell trigonal, compressed, subequivalve, extremely inequi
lateral, posterior side long, compressed and strongly alate; the
wing very large, produced, pointed, and not separated from the :
. alate posterior margin by a distinctly defined sinus; margin below
the wing, sloping obliquely forward to the basal angle; cardinAL
margin the longest part of the shell, straight and much compressed
from immediately behind the beaks. Anterior side truncated
nearly vertically from the beaks, about half way down the front.
thence sloping slightly backwards to the basal angle. Basal mar·
gin produced downwards, anit terminating in a distinct angle,
slightly in advance of the middle. Umbonal slopes very prominent,
anlS'ular, or sometimes apparently bicarinate, straight, and extend
ing from the beaks, near the anterior margin, to the most promi
nent part of the base, ranging at an angle of about 65° below the
horizon of the hinge-line, and providerl with a longitudinal sulcm;
below the middle of the valves. Beaks strldght, rising a little above
the cardinal margin, and quite terminal. Surface ornamented.with
distinct, irregular, alternately large~ and smaller, thread-like radi
ating striae, with less diStinct concentric lines, and a few distinct,
stronger marks of growth, which sometimes form prominent, im
bricating, subspinous projections on the umbonal angle.
, 'Length, as inferred from the direction of ·the lines' of growth.
about 2 inches; height, 1.73 inches; eonvexity, 0.64 inch. " 
:Meek and Worthen, Geol. Surv. Ill., vol. III, 1868, p. 337.
I have not been able to obtain the Proc. Chicago Acad. Sci.,
1866.
The descriptiari is followed by a discussion of the generic rela·
.
tions of the species; which Iomi!:
The type is from Richmond, Indiana.
1.12E~. F3 .... 1.60H1L
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OPISTHOPTERA OBLIQUA Ulrich.
Plate XLVII, figs. 2-2b.

Opisthoptera obliqua, Ulrich, 1893, GeoL Ohio, VII, p. 646, pI. xlix,
figs. 6-8.'
"Shell small, trianuglar, highest ill the posterior third, and
thickest along the oblique anterior'side; hifige line as long ~s
the shell. posterior margin vertical, gently convex, basal margin
narrowly rounded; anterior side very abrupt, almost flat, forming
an angle of about 55° with the hinge. Beaks rather large, promi
nent, but little incurred [sic.] and separated by a considerable in
terval in casts of the interior. Ligamental area very wide. Sur
face marked with small, apparently bifurcating costae, of which
those near the cardinal margin are if anything smaller than else
where. On the whole they may be described as subequal.
'.
"This species doubtless is closely related to O. extenuata, the.
two species being very similar in their anterior halves. Still, it is
highly improbable that they will ever be confounded, since they
are so different posteriorly, this part of the outline being vertical
and slightly convex in the present form and deeply sinuate cen
trally and prolonged above in that one. The ligamental area also
is much larger in O. obliqua. Compared with O. alternata it is
found that the valves though more convex are not as uniformly
rounded, the anterior side more oblique and much more abrupt,
and the costae of nearly equal size instead of alternately large
and small. None of the other species are near enough to require
comparisons.
"Associated with O. obliqua we find Byssonychia richmonden
sis, another species having the anterior side fiat. But as it attains
a much larger size, is relatively much higher and almost erect, and
has it much shorter hinge, they are not likely to be confused. "-
Ulrich, loco cit.
Richmond formation, Richmond, Indiana (Whitewater divi
sion).
ORTHODESMA OANALICULATUM Ulrich.
Plate XLVII, dgs. 4-4b.

Orthodesma .canalioulatum firich, 1894, Geol. Nat. Rist. Surv.
lViinnesota, III, pt. II, p. 520, pI. xxxvii, figs. 7:11.
"Shell elongate, the length three times the hight; cardinal and
basal margins straight, nearly parallel; posterior margin oblique,
rounding into the hinge line, below which it slopes backward with
a gentle curve to the postero-basal extremity where it turns abrupt

PELECYPODA-DESCRIPTION OJ" SPECIES.

1013

ly into the basal line i anterior end contracted in front of thE,
beaks. of mo<;ierate length, rounded, most prominent a little above
the middle. In a side view the beaks project very little, are com
pressed by a broad shallow sulcus which crosses the valves and
occupies a large part of the anterior three-fifths of the shell; um
bonal ridge rather distinct, extendifg from the beaks to the postero·
basal extremity. - In a cardinal vrw of casts of the interior, the
only condition in which the species has been noticed, the hinge line
is ~trongly depressed, lying at the *ottom of a wide and deep chan
nel, deepest between the widely sFparated beaks and gradually
shallowing posteriorly. Casts usltally almost smooth, exhibitin~
only a small number of obscure coincentl'ic furrows. One specimen
preserves a small part of the she~l and this shows that near the
dorsal edge the outer surface is ,marked with somewhat regular'
raised lines, about six of them in ~ mm. The best preserved casts
exhibit in the posterior half of th~ mesial sulcus a number of ob·
scure radii. Anterior muscular s~ar sharply defined at the inner
side, rather small, broad-oval or c ircular, occupying the middle
two-fourths of the upper half of the auterior end. Posterior im
pression somewhat larger than t e anterior, subcircular, with a
narrow prolongation· extending fbrward nearly parallel with the
posterior cardinal margin. Palltal line di'stiuct in the anterior
half, consisting (on the casts) of ~ straight row of obscure pustUle,;
extending in a slightly oblique d~reetion from the base of the an·
terior adductor impression towarq a point much nearer the ventral
i
border.
, . 'I'here are several peculiar features about this species. (1) I
have never seen its valves separ~te, a fact indicating, if it is not
fully accounted for by the next Icircumstance, a strong ligament.
(2) Its natural position seems t~ have been with the anterior end
down, and so it is commonly foq.nd in the shales, and in conse
quence is often greatly shortened. by pressure. (3) The channel
like depression of the hinge i andi (4) the unusual course of the an
terior half of the pallial line. These peculiarities distinguish thl)
species readily from all other~ of the genus known."-ffirich,
loco cit.
I
Reported from the upper be4s of the Cincinnati series in Ohio
and Iudiana (Ulrich).
'

·
t
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ORTHODESMA

REC'fU~l

Hall and Whitfield.

Plate XLVII, figs. 6, 6a.

Orth()desma recta Hall and Whitfield, 1875, Pal. Ohio, II, p. 9:1:.
pI. ii, figs. 7, 8.
"Shell elongate, soJen-like in outline, two and a half to three
times as long as wide, the cardinal anti basal lines posterior to the
beaks straight and Pliral1el; anterior end abruptly contracted be
neath the beaks to one-half the width of the body of the shell,
somewhat extended and abruptly rounded at the extremity; pos·
terior end as broad as the body of the shell, obliquely rounded,
longest at the postero-basal angle, and gently sloping backwards to
the extremity of the hinge line; beaks small and compressed; sur
face of the valves between the umbonal ridge and the anterior con
tracted portion depressed, forming a broad, shallow, and unde
fined sulcus, strongest toward the beaks, and becoming obsolete or
lost in the general flattening of the shell before reaching the basal
1ine, in which it scarcely produces any perceptible feature.
"The surface of the valves is marked by irregular, concentric
lines of growth, and by several stronger 11ndulations, which become
somewhat regular on the posterior slope for a shQrt distance be·
low the hinge line. T,p.ere are also appearances of one or two ob-·
seure secondary ridges on the cardinal slope between the umbonal
ridge and the cardinal margin, extending from near the beak to the
posterior end of the shell. This latter feature is extremely faint,
and may be often not observable.
"The species is not readily confounded with any other found in
the same geological position, except, perhaps, O. curvata, from
which it may be distinguished by the contraction of the basal line
and the greater postenor breadth of the shell in that species. It
somewhat resembles Orthodesma parallelo;=Orthonota parallela,
Hall, Pal. N. Y., Vol. I, p. 299, pI. 82, fig. 7, from the Hudson
River group of New Y?rk, but it differs in the greater contraction
of the anterior end, the; broader beaks, the broad, undefined depres
sion of the median portion
of the valves. and in the form of the
1
posterior end of the shell, which in that species is rounded, while
ill this one it is obliquely truncate. The surface characters also
differ very materially iiI the two forms, that one having fine, even,
regnJar, concentric lines over the anterior two-thirds of the valves. "
-Hall and Whitfield, we. cit.
The type is from the Richmond formntion at Waynesville, Ohio.
It is reported ill Kindl~'s list from Madh;on, Indiana. I have not
seen any specimens of it.
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ORTHODESMA SUBANGULATUM Ulrich.
Plate XLVIl, >figs. 7, 7a.

Orthodesma sUbangulatum Ulrich, 189;3, Geol. Ohio, VII, p. 660,
pI. lv, figs. 21-23.
"This species is closely related to O. rectum, H. and W., the
type of the genus, but may be distinguished by a number of minor
differences, chiefly in the matter of outline. The shell is more
elongate, the posterior height being less and only about one-third·
of the entire length. The ventral margin is straighter and sinuate
rather than convex, while the central and dorsal outlines are mor(~
nearly parallel. The anterior end is uniformly rounded instead
of being oblique with the most prominent point in the upper part.
Finally, the posterior margin is a little more oblique. Of other
differences we may mention that the umbones seem to have been
somewhat smaller and merely flattened instead of sulcate, while the
umbonal ridge is stronger and more curved.
"'l'he Trenton species O. subnasutum (Modiolopsis subnasuta,
Meek and Worthen), is higher posteriorly, while O. ourvatum,
Hall and Whitfield, has a more rounded posterior end and more
sinuate ventral margin. None of the other species are near enough
to require comparisons. "-tnrich, lao. cit.
Upper beds of the Cincinnati group, Richmond, Indiana.
ORTHODONTISCUS MILLERI Meek.
Plate XLVII, figs. S·Se.

Anodontopsis ? millen Meek, 1871, Amer. Jour. Sci., 3d ser. II,
p. 297. (Not flgured.)
"Shell ovate, rather compressed or only moderately convex,
the greatest convexity being a little above and slightly in advance
of the middle, extremities more or less narrowly rounded, basal
margin longitudinally semi-oval in outline, the most prominent
part being near the middle; cardinal margin sloping from the
beaks at an angle of 130 to 135 and rounding into the lateral
margins; beaks only moderately prominent, somewhat obtuse and
not very convex, plaeed more than one-third the length of the
valves from the anteri<>r end. Surface smooth, or only with obscure
lines of growth.
"Length of a :rpcdium sized adult specimen, 0.83 inch; height,
0.59 inch; convexity, 0.30 to 0.33 inch.
"It is not without considerable doubt that I refer this shell to
McCoy's genus Anodontopsis, since it does not seem to correspond
0

0
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exactly in its hinge characters to his description of that genU8.
if 1 correctly understand him. As the hinge of Artodontopsis.
however, has not yet been illustrated, and different authors do not
always describe the sanie hinge exactly in the same way, I have
concluded to refer our shell, for the present, provisionally to
Anodontopsis. If a new genus, however, it may be called Ortho

dontiscus.
, 'Prof. McCoy described the hinge .of his genus as follows:
'Hinge line shorter than the shell, with a posterior long slender
tooth or cartilage plate extending just below it (double in the right
val ve), and another similar but shorter one in front of the beaks;
and then adds that there is 'occasionally one small cardinal tooth
beneath the beak.'
" In the shell here described, the hinge may be characterized as
having one rather well defined, subtrig011al, or somewhat obliquely
extended cardinal tooth under the beak of the right valve, and a
corresponding pit under the .beak of the left valve, with sometimes
a slight prominence or rudimentary cardinal tooth just in advance
of this pit; while of posterior lateral teeth there is in the right
valve one long tooth ranging parallel to the cardinal margin, with
a parallel furrow above and below it for the reception of two pos·
terior iaters in left valve, the lower one of which is more promi
'nent, and the upper merely linear or rudimentary. 'rhe furrow be
tween these two posterior lateral teeth of the left valve is. well de
fined, and receives the tooth between the two furrows in the other
valve. Below the lower of these furrows on the posterior side of
the right valve, there is" a very slight marginal ridge, that may
sometimes assume the character of a second posterior lateral, but
it is most prominent anteriorly, where it connects with the cardinal
tooth, of which it seems to be rather an oblique posterior prolonga
tion than a distinct tooth. On the anterior side there is one shorter
anterior lateral tooth in the right valve, also ranging parallel to
the hinge margin, and above and below this a little furrow for
the reception of two small anterior laterals in the left valve, which
receive between them that of the right valve.
"The pallial line is certainly simple, and the muscular impres
sions well defined, the posterior one being larger than the other,
and provided with a small accessory scar above just under the pos
terior ends of the posterior lateral teeth. The ligament or cartil
age was probably small and internal, as there are no traces of an
external ligament to be seen, the valves fitting close all along the
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hinge margin. .No lunule or escutcheon is to be seen in any of the
specimens.
'''fhe specific name is given in honor of S. A. Miller, Esq., of
Cincinnati, Ohio, who sent on to the Smithsonian Institute the
first specimens of this shell I have seen. I am also indebted to
him for some broken valves showing the hinge. For the use of a
good specimen showing the hinge of the left valve I am likewise
under obligations to C. B. Dyer, Esq., of Cincinnati. "-Meek,

loco cit.
This shell is said by Meek to come from forty miles west of
Cincinnati, from above the middle beds of the Cincinnati group.
In Kindle's list it is said to come from Versailles, which would
make it a Richmond group form.
ORTONELLA HAINESI (Miller).
Ple.t~

XLVII, figs. 9-9d.

Cypricardites kainesi Miller, 1874, Cincinnati Quartely Journal of
Science, I, p. 147, figs. 12, 13.
"Equivalve, inequilateral; margins subparallel, diverging pos
teriorly; beaks sharp, projecting over the hinge line and slightly
in curved ; umbones snbangular, with a ridge extending posteriorly
and curving toward the base. where it becomes obsolete; cardinal
teeth unknown; lateral teeth two, one much longer than the other;
muscular impression below the beak anteriorly.
"The cardinal teeth, in the valve, figure 13 [of Miller's paper J.
being destroyed, as sh{)wn by the letter t, the number and char
acter could not be ascertained.
"Surface marked by fine concentric lines.
"Length 1 3/20 inches; width, 19/20 inch; greatest depth
through the umbones 12/20 inch.
"The specific name is given as a compliment to ~£rs. M. P.
Haines, an earnest and devoted naturalist of Richmond, Indiana,
who has collected a very fine cabinet and studies to appreciate it. "
-Miller, loco cit.
From ~hat Miller says about the locality at which this species
was found. it would correspond to some portion of the Whitewater
division. IDrich says it is found associated with Rkynckotrema
dentata about forty feet below the top of the Richmond formatiml
(Whitewater division).
'
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PTERINEA CORRUGATA (James).

Avicula corrugata James, 1874, Cincinnati Quarterly Journal of
Science, I, p. 239. (Not figured.)
"Shell (left valve) oblique, subrhomboidal; cardinal line
greater than the breadth of the shell farther forw~rd; umbone
prominent; beak compressed; anterior ear rounded on a line
with the margin of the shell; posterior ear triangular, extending
beyond the margin below. Anterior umbonal slope abrupt; pos
terior slope gradual to the point of the ear and the back margin.
Surface marked by crowded concentric lines of growth, strongly
corrugated from the umbone to the front, giving to that part of the
surface a finely sculptured appearance, but not extending to th~
wings or ears.
"Breadth, measuring along the cardinal line, about one inch;
length from the back obliquely to the front, seven eighths of an
inch. "-James, loco cit.
Reported by James from the Richmond formation in Waync
County, Indiana (Richmond?).
PTERINEA DEMISSA (Conrad).
Plate XLVIII, fig. 1.

Avicula demissa Conrad, 1842, Jour. Acad. Nat. Sci. Philadelphia,
VIII, p. 242, pI. xiii, fig. 3.
"Elevated; inferior valve plano-convex, concentrically wrin
kled, and occasionally slightly furrowed; anterior wing triangular,
the upper margin on a line with that of the posterior' wing, which
is extended beyond the line of the posterior extremity; beneath
the wing the posterior margin is nearly straight, and but slightly
oblique; upper valve flat, and concentrically furrowed with wide,
shallow, concave grooves; summit of umbo on a level with the hinge
line. "-Conrad, loco cit.
Hinge line much longer than the body of the shell. Anterior
wing extended, when perfect, into a rather long acute point, form·
ing nearly one-third of the length of the hinge, measured from
the point of the beak. Posterior wing' large, rather obtusely
pointed, and extending as far as the body of the shell below; a line
drawn from the beak to the center of the base forms an angle of
about 65 or 70 degrees with the posterior hinge line. Left valve
strongly cQnvex; right valve concave. (Meek.)
1.41A6, 7, lOb, Bl, Dl, 3, C2-3, El. ... 1.12E3, F3.
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PTERINEA INSUETA (Emmons).
Plate XLVII~. fig. 2 •

.d.m·cula insueta Emmons, 1842, Geol. New York, Rep. Second Dist., _
p. 399', fig. 110, No.5.
"No.5. Avicula insueta, belongs to the Mohawk valley. I
did not find it in the slate of the Second district. "-Emmons,

loco cit. .

,

This shell is reported f'rom Madison by Cornett, but quite cer
tainly does not occur there or anywhere else in the Cincinnati
group.
RHYTIMYA BYRNESI (Miller).
Plate XLVIII. figs. 3-Sa.

Orlkodesma bY1'nesiMiller, 1881, Jour. Cin. Soc. Nat. Hist., IV,
p. 76, pI. I, figs. 7-7b.
"Shell of medium length and breadth, but proportionally very'
thin. Oardinal and basal margins sub-parallel, but gradually di·
verging posteriorly to the posterior third of the shell. The car
dinal line is straight, posterior to the beaks, for about one third of
the length of the shell, from which point it gradually declines to
near the extremity, which is abruptly rounded. Anterior end con
tracted beneath the beaks, and beautifully rounded in front. Basal
line concave in the middle part, for about one half the length.
Beaks small but nearly or quite uniting j umbones flattened, and.
from which, there is a shallow expanding depression, directed a
little posteriorly, and crossing the valves-to the basal line.
"Surface of the valves marked hy concentric lines, and cov
ered by numerous little spines.
•
"Length, 1 2-10 inches; height, 5-10 inch; thickness, 25-100
inch.
"This species is founded upon a specimen preserving the shell,
and also upon .the matrix from which the shell was taken, collected
by Dr. R. M. Byrnes, in whose honor I have given the specific
name, in the upper part of the Hudson River group, near Weis
burg, Indiana, and now belonging to his collection. It is peculiar
in preserving the markings of the spines 'which covered the surface,
in the matrix, and also preserving the J..ases of them on the shell,
which may be readily observed with an ordinary magnifier. It
will be distinguished from other species by the fact that its thick
lless is only half its height, and only one fifth its length, as well
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as by other peculiarities. .As this species was covered with numer
ous spines, it becomes interesting to knO\9" whether other species in
the same genus were also thus' ornamented. "-Miller, loco cit.
Richmond formation,Weil'lburg, Indiana.
SEDGWICKIA FRAGILIS Meek.
Plate XLVIII, figs. 4, 411.

Sedgwickia Y fragilis Meek, 1872, Pl'oc. Acad. Nat. Sci. Phila.,
1872, p. 323. (Not figured.)
"Shell rather small, apparently very thin, longitudinally oblong
or suboval, rather distinctly convex along the umbonal slopes from
the beaks toward the posterior basal margin, and down near the
anterior side, while just under the beaks a rather strqngly markerl
impression descends, widening and deepening as it appr(\aches thc
base; basal margin subparallel in its general outline to the dorsal,
but diverging more or less posteriorly, where it is most prominent
and distinctly sinuous toward the front: posterior margin wider
than the anterior, and more or less truncated; anterior extremity
very short, and rounded or somewhat truncated; hinge line
straight, and shorter than the entire length of the valves, appar
ently very slightly inflected behind the beaks, which are raised a
little above the cardinal margin, incurverl, contiguous, tIattened on
the outer sides, and placed near the anterior end, with a slight for
ward inclination. Surface ornamented· with moderately distinct
lines and irregular minute wrinkles of growth.
"The only specimens of this species yet known to me are too
imperfect to afford exact meqsurement, though they seem to have
been, when entire and llndistorted, about 0.90 inch in length, 0.73
inch in height, and 0.40 inch in convexity. They present some
appearance of having been gaping behind and in the anterior ven
tral region. One specimen looks as if it had been truncated, with a
backward obliquity from below upward behind, but this may be
due to distortion.
"I am far from being satisfied that this shell is congeneric with
the forms for which Prof. McCoy proposed the nameSedgwickia,
as nothing can be determined from the specimens yet known in
regard to its hinge and muscular and pallial impressions. Possi
bly it would be nearer right to call it Modiolopsis fragilis; but
there is something in its physiognomy that suggests affinities to
Carboniferous types referred to Sedgwickia and Allorisma."
Meek, loco cit..
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Doubtfully reported from Madison, Indiana.
'rhe type is from 350 ft. above low water mark at Cincinnati,
Ohio.
SPHENOTJEUM RICHMONDENSE Mlller.
Plate XLVIII, fig. o.
Sphenoleum riclJ,mondense Miller, 1889, North ~~merican Geology
and Paleontology, p. 513, figs. 925, 926. '
, 'Shell large, cuneiform, ventricose, beaks incurved at the an·
terior end, pointed; umbones pigh, defined; cardinal line at a high
angle, having a wing-like posterior end; anterior end rounded
below the ltmule. Distinguished from S. cnneiforme, which it much
resembles, by its shorter form and more angular umbones. Possi·
bly more specimens may show a gradation from one form to the
other, and if so, this specific name will fall' into the synonomy.
Collected by Charles Faber in the upper part of the Hudson River
group, at Richmond, Indiana. "-Miller, loco cit.

TELLINOMYA HILLI Miller.
Plate XLVIII. fig. 6. '

Tellinomya hilli Miller, 1874, Cincinnati Quarterly Journal of
Science, I, p. 230, fig. 20.
"Shell somewhat oval in outline, the posterior end prolonged,
with the cardinal border nearly straight, until it bends somewhat
circurlarly to the point of greatest extension; anterior end quite
regularly rounded; basal margin forming a semi·elliptic curve;
beaks near the auterior end moderately promiuent, greatest convex
ity immediately behind the beaks; surface smooth. Hinge line oc
cupied by three small teeth anterior to the beak and ten small teBth
posterior to it. Some difficulty has been experienced in determin
ing the number of teeth from their indistinct character in the
specimen exami.ned, and it may be that there are actually more
than we have stated. Muscular impressions and pallial line not
observed.
"The very slight curvature of the hinge line and the minute
character of the teeth, as well as their straight transverse charac·
tel', may leave some doubt as to whether or not this shell belongs
to the genus 'l'ellinomya.
,
"The specific name is given in honor o~ Dr. H. H. Hill, of
, Cincinnati, who has been an active collector in various departments
of natural history. for a number of years, and very prominent in
the organization and management, from the beginning, of the Cin
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cinnati Society of Natural History. His private cabinet sparkles
with mineral gems, is ornamented with the rarest and finest speci
mens of the 'workmanship of the Indians and Mound Builders, and
bears upon its shelves many of the choicest. fossils of the Cincin
nati group.
"I found this species in: the upper 50 feet of the Cincinnati
group, about three mil~s south of Osgood, Indiana; and nearly fifty
miles west of Cincinnati. The valves were found quite abundant,
though not well preserved, on slabs, associated with Beyrichia stri
ato-marginatus. An entire specimen was not found. "-Miller,
lac. cit.
Imperfect specimens in the writer '8 collection may belong to
this species. Saluda.
WHHEAVESIA OlNOlNNA'I'IENSIS (Hall and Whitfield).
Plate XLVIII, figs. 7, 7a.

Modiolopsis cincinnatiensis Hall and Whitfield, 1875, PaL Ohio, II,
p. 88, pI. ii, figs. 14, 15.
"Shell of medium size or, smaller; elongate ovate, or narrowly
'sub-elliptical in outline; widest posteriorly, and abruptly con
tracted in front of the beaks; hinge line slightly arcuate, and a
little more than half as long as the shell posterior to the beaks;
posterior margin obliquely sloping, with a slight convexity, from
the extremity of the hinge line to the postero-basal angle, which
is the point of greatest length of the shelL Basal line gently curv
ing throughout its length in most cases, but in some examples be
coming slightly sinnate opposite or a little posterior to the beaks.
Anterior end narrow, not very extended, and ,sharply rounded.
Beaks small, appressed ;-projecting but little above the hinge line,
and situated just within the anterior third of the length of the .
shell. General surface of the shell moderately convex; most prom
inent along the posterior umbonal ridge, which is sharply rounded
or obscurely angular ;umbonal slope abrupt and slightly convex.
An obscure, shallow mesial depression extends across the valves
from the beaks, reaching the basal line just behind the anterior
third of the length.
"Surface marked by numerous, irregular, concentric lines of
growth, which are often strongly marked, but without any definite
arrangement; a little stronger on the anterior portion of the shell ,
than elsewhere. The substance of the shell is thin, and the surface,
when perfect, quite polished.
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"This species bears considerable resemblance to the larger spec
imens of the form identified with and figured as 1ll. anodontoides,
Cour., in Paleontology of New York, Vol. I, p. 298, pI. 82, fig. 3b,
but differs in the greater breadth posteriorly, and'in being much
contracted in width in front of the beaks. From the other forms
given on the same plate as the same species it differs more strongly,
and can nol: be. readily confounded with them. The specimen rep
resented by fig. 3a of the same plate, which is the original of the
species used by Mr. Conrad for description, and that which must
be considered as possessing the true specific characters, is much
more angular along the umbonal ridge; the hinge line is propor
tionally longer, and the anterior end of the shell shorter and
broader than in the species under consideration. "-Hall and Whit
field, loe. cit. .
Reported by Hall and Whitfield from near the base of the Cin
cinnati formation at Cincinnati, Ohio; and in Kindle's list from
Richmond, Indiana. It almost certainly does not occur in the
Richmond formation.
WHITEAVESIA PHOI.lADIE'ORMIS. (Hall).
Plate XLVIII, fig. 8.

Jlodiolopsis pkoladiformis Hall, 1851, Report on the Geology of the
Lake Superior Land District, p. 21:3, pI. xxx, figs. 1 a-c; pI.
xxxi, fig. 1.
"Shell oval-obovate, elongate; base slightly arcuate in the mid
dIe; convex in the middle and compressed towards the posterior
extremity; umbones prominent, hinge-line slightly arched, and, in
some specimens, nearly straight; muscular impression large and
strong, near the anterior extremity; surface marked by strong
folds or ribs, which, originating on the hinge-line, diverge an<i
curve gradually downward to the base.
"All the specimens of this peculiar species, which I have ex
amined, are more or less distorted, so that we may not be fully
acquainted with the form. The peculiar surface-marking, how
ever, is unmistakable, and in hearly all the specimens is preserved,
in some degree, even in casts. There appears to be considerable dif
ference in the size of these ribs in different specimens, and it is
possible that we have among them two species, which, for the pres
ent, however, we prefer to regard as one. The form in many speci
mens is similar to that of M. modiolaris, but in the surface-mark
ings it is very distinct. In some specimens, however, from the same
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locality, which appear to belong to M. modiolaris, I have observed
concentric ribs similar to those in the species now described. In
that species, however, they appear more arched, and confined to
the region of the hinge-line, gradually losing themselves in the con
centric striae, and are quite obsolete toward the base. Neverthe
less, we have never observed this feature in the New York speci
mens, and these western ones, thus marked, prove a distinct
species.
"Geological Position and Locality.-This species occurs in the
marly beds, constituting the higher portions of the Hudson-river
group, on the eastern shore of Little Bay des Noquets. It is asso
ciated with M, modiolaris and Ambonychia radiata, with two or
three species of Orthoceratites. "-Hall, loco cit.
Reported by Miller from Richmond, Indiana.
WHITELLA OBLIQUATA Ulrich.
Plate XLVIII, figs. lO-10d.

Whitella obliquata Ulrich, 1890, Am. Oeo1., VI, p. 177, 178, fig.
13 a-e.
"Shell large, oblique, subrhomboidal in outline, produced in
the postero basal region, v~ntricose, with point of greatest convex"
ity above the middle; beaks rather small, prominent, slightly in
curved, situated one fourth of the length of the hinge line from
its interior extremity, umbonal ridge well marked, the cardinal
slope concave. Anterior end small, narrowly rounded above, merg
ing gradually into the evenly and only moderately convex ventral
margin. Posterior end sharply curved and produced below, gently
convex and sloping forward in the upper half to meet the slightly
convex, cardinal margin. Escutcheon well marked, wide, shallow
est in front of the beaks. Anterior muscular scar elongate. Hinge
thin, the posterior half sImple, the anterior h~f, of the left valve,
with two long slightly oblique teeth just beneath the beak, and two
shorter parallel ones at the anterior extremity.
"The dimensions of cast of the interior, of the average size,
are as follows: greatest length 50 mm.; greatest hight 38 mm.;
greatest convexity 24 IIlIIi. A large specimen is 59 mm. long, and
42 mm. high.
"This species is related to W. sterlingensis (Dolabra sterling
ensis, M. and W.) but has a longer hinge line, is less convex, wider
posteriorly, and more oblique, the angle included between the hinge
line and the umbonal. ridge being much narrower. W. hindi (Oyr,

PELEOYPODA-DESCRIPTION OF SPEOIES.

1025

todonta hindi Billings) is much more acutely produced posteriorly,
being besides on the whole a more elongate shell, with the umbones
also more tumid. "-mrich, loco cit.
illrich reports this shell from the upper beds of the Cincinnati
group at several localities in Indiana and Ohio.
WHITELLA UMBONATA Ulrich.
Plate XLVIII, figs. 9-9c.

Whitella umbonata mrich, 1890, Am. Geol., VI, p. 178, figs. 14 a-d.
"A detailed description of this species is scarcely necessary,
since the main point in identifying it is to distinguish from W.
obliquata. On comparison it will be found that the beaks and
. umbones are much larger than in that species, the postero-dorsal
slope shorter- and more abrupt, the hight comparatively greater
and the outline in general somewhat different, particularly in; the
ventral rf:gion where the margin is more convex than in W. ob
liq'uata. W_ quadrangularis (Cypricardiies quadrangularis Whit
field) is much shorter and more erect.
"In a large specimen the hight and length are respectively 47
mID. and. 60 mID.; in a small specimen 38 mID. and 45 mm.; great
est convexity of the latter 25 mm. "-firich, loe. cit.
This species is reported by firich as occurring at Blanchester,
Middletown and other localities in Ohio and Indiana, in the upper
beds of the Cincinnati group (Richmond).
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CEPHALOPODA.
DIAGNOSES OF GENERA..
The generic disposition of the species of Cephalopoda described
in this report is, it must be confessed, unsatisfactory. Neverthe
less, I do not see how they can well be ptflCed in the various genera
erected by Hyatt, until very much further study has been devoted
to them with special reference to the young stages of growth; and
just at present the material is not .availahle for such studies. This
is especially true of the species referred to the genus Ortkoceras,
since most of them are founded on fragments wl:tich lack the crit
ical characters that might enable one to place them in their proper
genera. As restricted by Hyatt OrthoC/j'ras is not a~ Ordovician
genus; nevertheless I believe it is better for the present to leave the
species from the Cincinnati group, which have ordinarily been re
ferred to that genus, .where they are, awaiting a finafrevision when
adequate material is at hand. In the case of the species which is
identified with Cameroceras proteiformo, if it is that species, I
believe we should recognize the distinctions insisted upon by Hyatt
anti place the form in the genus Endoceras, as restricted by that
author. I have accordingly disposed of it in that way.
CYRTOCERAS Goldfu8S.

Shell long, conical, gently curved, aperture sometimes con
tracted; siphuncle straight or expanded between the septa, and
variable in position, but usually at the outer edge. (Miller.)
ENDOCERAS Hull.

Smooth or annulated orthoceracones. Funnels reaching from
septum of origination/to the next apicad of this, but no farther.
Septa pass entirely around the siphuncle. Organic deposits in the
form of endocones, and taper off at the center into a spire that is
sometimes tubular ahd hollow, or again flattened and elliptical.
This is the endosiph1l1~cle. (Hyatt.)
GOMPHOCERAS Sowerby.

Stout short orthoceracones and cyrtoceracones similar to some
species of Pkragmocems, but straighter, stouter, and less com
pressed in form, a~d gerontic aperture less contracted laterally.
Hyponomic sinus shorter, and curvature exogastric. (Hyatt.)
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GYROOERAS DeKonink.

Discoid, rolled in one plane; volutions in contact or open, but
not embracing; transverse section circular, elliptical, scutiform,
or polygonal; body chamber large and sometimes straight or tan
gent to the spiral; opening hollowed out on the exterior border like
the Nautilus; septa arched and frequently project, curving back
ward; siphon slender, cylindrical, and usually subcentral toward
the convex border, but sometimes found within the concave border;
surface tuberculous, having imbricating excrescences or ringed
with projecting fringes from the septa. (Miller.)
ORTHOCERAS Breynius.

Shell conical, straight,or nearly so; body chamber large, be
hind which the shell is composed of numerous chambers separated
by convex, transverse septa, with simple edges, at right angles to
the longer axis of the shell; siphuncle central, subcentral or ec
centric, cylindrical or dilated in the chambers; surface smooth or
transversely or longitudin~lly striated, OJ' furrowed.. (Miller.)
DESCRIPTION OF SPECIES.
CYRTOCERAS AMOENUM Miller.
Plate XLIX, fig. 1.

Cyrtoceras amoenum Miller, 1878, Jour. Cin. Soc. Nat. Hist., I, p.
105, pI. iii, fig. 8.
"Shell large, gently arched, and very gradually tapering; sec
tion slightly elliptical, the dorso-ventral diameter being a little
more than the transverse. Body chamber contracted toward the
front. Septa moderately arched. In the specimen figured, the
body chamber is followed by six thin chambers hefore reaching
what appear to represent the mature size; another specimen shows
only five of these thin chaJl1bers between the oody chamber and the
mature sized shell chambers. Where on the back of a shell the
septa are nearly 2-10ths of an inch distant, the transverse diam
eter of the shell 1 3-10ths inches, and the dorso-ventral diameter
1 5-10ths inches. Measuring on the side, however, the transverse
diameter of the 'shell is equal to the thickness of almost nine shell
chambers. Siphuncle small, and situated very close to the margin
on the dorsal or outer side of the shell. Outer shell and surface
unknown.
"The specimen illustrated has a dorso-ventral diameter of
1 ·1-1Oths inches, and transverse diameter a little over 1 2-10ths
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inches. It contains twenty-three chambers, including the thiD. ones,
between the body chamber and the broken end in a length of 2lh
inches.
.
,'I coUected the specimens at Richmond, Indiana, in the upper
part of the Cincinnati group, and near the top of the bluffs which
abut the river. "-Miller, loco cit.
Whitewater.
OYRTOOERAS HALLIANUM d'Orbigny.

Cyrtoceras hatleanus d'Orbigny, 1850, Prodrome de Paleontologie,
I, p. 1. (Not figured or described.)
"9. Halleanus, d'Orb., 1884, C. lamelZosum, Hall, 1847. Pal
aeont. of New-York, t. I, p. 193, pI. 41, fig. 2 (non Verneuil,
1842). Etats-Unis, New-York, Trenton-limestone."-d'Orbigny,

loco cit.
'rhis species reported in Kindle's list as occurring at Madison,
Indiana (on the authority of Cornett) , i~ not a Cincinnati group
species.
OYRTOOERAS TENUISEPTUM Faber.
Plate XLIX, figs. 2, 2a.,

Cyrtocems ifnuiseptum Faber, 1886, Jour. Cin. Soc. Nat. Hist.,

vol. IX, No.1, p. 18, pI. i, figs. 3 ,a-c.
. "Specimen medium size, with slight curvature and tapering
very- slightly. Composed of twenty thin septa, equal in width and
rather circular in section. Siphuncle small and dorsal. Specimen
is thirty two mm. in length, and measures in section seventeen
mm. in its greater, and fifteen mm. in its lesser diameter.
"3a is a dorsal view of a larger specimen of the same species,
having five septa and a body-chamber showing the sinus. The
body-chamber is 27 mm. in length, and rueasures in section 23 mm.
in its greater, and 20 mm. in its lesser diameter.' This specimen
has a thick shell, but shows no external markings. It also shows
that a coral had begun its growth in the body-chamber and ex
tended somewhat beyond it. This species has about seventeen
septa to an inch. 3a is a remarkable specimen, !ls it is the only
one figured and known to me of this group with a complete body
chamber.
"Collected by the author in the Cincinnati group near W aynes
ville, 0., and at Versailles, Ind. "-Faber, loCo cit.
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CYRTOCERAS THOMPSONI MlIler.
Plate XLIX, Figs. 3, 3a.

Cyrtoceras t/wmpsoni Miller, 1893, GeoI. Nat. Rist. Indiana, vol.
XVIII, p. 323, pI. x, figs. 7, 8.·
., Shell medium sized, rather rapidly increasing in size and
slightly but regularly curved j transverse diameter one-fifth greater
than the dorso-ventral; broadly rounded on the dorsal and ventral
sides and more narrowly rounded on the lateral sides; tra~verse
section elliptical.
"Septa very slightly arched, almost transverse in the young
shell and distant from each other in the younger shell about one
tenth the transverse diameter, but nearer the body chamber in
maturer shells about one-twelfth the transverse diameter; siphun
cle very small and close to the outer margin. Outer shell thin and
smooth or marked by fine transverse lines of growth, of which there
is some evidence on the specimen described.
.
"Our specimen is from the middle part of the shell and shows
no part of the body chamber. Part of the outer shell is quite well
preserved. It will be distinguished from other species by the
transverse elliptical section, close septa and gentle curvature.
"Ji'ound in the Hudson River Group, at Longw.ood, Fayette
County, Indiana, and now in the collection of A. C. Benedict. The
specific name is in honor of Prof. Maurice Thompson, late State
Geologist of Indiana. "-Miller, Zoc. cit.
ENDOCERAS PROTEIFORlIIE Hull.
Plate L, figs. I-ld.

Endoceras proteiforme Hall, 1847, Pal. New York, I, p. 208, pIs.
:dv, to I. and liii.
"General form cylindrico-conical, more or less elongated, often
compressed, tapering somewhat unequally in different specimens;
young specimens terminating in an extremely acute point; sur
face marked by distinct transverse striae, which usually appear
like narrow subimbricating bands, with one edge well defined and
more elevated than the other, more or less distinctly striated longi
tudinally; striae varyiD;g from extreme tenuity to distinct elevated
thread-like lines; section circular; septa distant from one fifth to
one fourth the diameter; siphuncle eccentric or submarginal.
"I am able to characterize three distinct varieties of this spe
cies, which are the prevailing forIllS j these depend mainly on the
surface markings of the young shell. The old shells are recognized
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by a large submarginal siphuncle, which usually contains a smooth
cylindrico-conical embryo tnbe or sheath. This tube is sometimes
irregularly tapering, and always free from visible surface mark
ings or sculpture. Within this embryo tube are thc young shells,
sometimes perfectly formed Orthocerata, and at other times desti
tute of septa or siphuncle. These young shells are also frequently,
found separate from the parent shell or embryo tube, when we
are compelled to rely upon the surface markings for their determi
nation. The position of the sipuncle, convexity of septa, and some
other characters, are ,usually constant in all the varieties, which
only exhibit· a change in the character of the surface. In the ab
sence of septa and siphuncle, which is of common occurrence in the
young shell, the character of the surface is reliable for determining
the species. ' '-Hall, loco cit:
'
The characters of this species are better indicated by Hall's fig
ures, which I reproduce, than by the above description, which is
rather vitiated by the fact that these fossils were not thoroughly
nnderstood at that time. The great siphones of these huge Cepha
lopods, as remarked by Clarke, were favorite retreats for other
species of Cephalopods, and to such adventitious species belong the
so-calle,d youp.g shells mentioned by Hall, and upon which he based
several of his varieties. The specimens that have come under my
notice in Indiana are all of rather small size, as compared with
the immense size of some of the examples known from the New
York formations. They seem to have all the characters of E. pro
tei/orme, however, aside from size, and I see no reason for making
any other qisposition of them.
All of my specimens, which are imperfect fragments, are from
the Richmond formation.
1.34A17, 19 ... . 1.41A9.
OO:lfPHOCERAS INDIANl:<JNSE Miller alld Faber.
Plate XLIX, figs, 4·4b,

Gomphoceras ind:ianense Miller and Faber, 1894, Jour. Cin. Soc.
Nat. Hist., vol. XVII, p. 137, pI. vii, figs. 3, 4, 5.
"Shell medium or a little above medium size. Transverse sec
tion ovate. Ventral or narrow side of the ovate outline nearly
straight, while the opposite or dorsal side is strongly arched from
the apex to the mouth .. Body chamber forming nearly half the
length of the shell; the specimen illustrated' has part of the tenth
air chamber, and another specimen has pa~t of the eleventh air
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chamber preserved, and apparently it approximates close to the
apex. Probably, if complete, these spooimenswould not have more
than thirteen or fourteen air chambers. Septa moderately con
cave, the concavity not amounting to the depth of an air chamber,
and almost equally distant from each other, from the apex to the
body chamber. The increase in the diameter of the shell is not
followed with a corresponding increase in the distance of the septa
from each other, or in the length of the air chambers. The sutures·
curve forward over the dorsal or convex side of the shell. The
greatest transverse diameter is in the lower half of the body cham
ber. The siphuncle is marginal on the straight or ventral side, and
abruptly expands in the cavities of the short air chambers to two
and a half or three times its diameter at the septa. The aperture
is unknown.
, 'The external shell is thin, transversely wrinkled and smooth.
The surface being smooth, the transverse wrinkles do not appear
as lamellose lines of growth, nevertheless the wrinkles may mark
stages of growth in the shell, though they do not conform to the
septa or sutures.
"This species does not resemble Gompkoceras eos from rocks of
about the same geological age. Gompkoceras eos is longitudinally
ovoid, but not transversely ovoid. This species is not longi
tudinally ovoid, for the lateral sides are flattened, the ventral side
nearly straight or slightly convex and the dorsal side convex, but
transversely it is more or less ovoid. Gompkoceras eos has propor
tion:;illy a much shorter and more robust body chamber, more nu
merous air chambers and more arcuate septa, and the siphuncle is
ececntric in the middle of the greater diameter of the shell. We
have a good specimen of Gompkoceras cos, having eight body cham
bers, and will give some measurements for comparison. The' body
chamber is 1 85/100 inches long; 2 60/100 inches in diameter
dorso-ventrally or through the siphuncle; and 3 20/100 inches in
diameter laterally; the length of the air chambers is 1 65/100
inches, making the total length of the entire specimen 3 50/100
inches; the lateral diameter of the last or eighth air chamber is
2 10/100 inches, and dorso-ventrally nearly 2 inches, though it is
broken on the siphuncular side so the latter measurement is not
accurate. 'l'he specimen illustrated has a body chamber 1 80/100
inches long; 2 80/100 inches in diameter dorso-ventrally; and
only 2 inches in diameter laterally; the length of the two speci
mens does not differ very much; but the eighth air cha.mber in the
specimen illustr/1ted has a dorso-ventral diameter of 1 80(100

•
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inches and a lateral diameter of only 1 40/100 indles. The outer
shell and aperture of Gompkoeeras eos are unknown, but our ,cast
shows a deep notch at the ventral side or the aperture, which in
dicates that the species here described is not congeneric with it.
"l'IIr. Faber collected three specimens of this species, one of
which is illustrated, in the upper part of the Hudson River group,
near Versailles, Indiana, and Prof. Hubbard and Mr. J. F. Ham
mel eollected a number of specimens in the same range, associated
with Cyrtoeerina madisonensis, near Madison, Indiana. "-Miller
and Faber, loe. cit.
I have specimens from the Richmond formation on Tanner's
Creek, too imperfect for certain identification, that may belong to
this species.
GYROCERAS

BAE~I

(Meek and Worthen).

Plate LI. fig. 1.

Trockdceras Y baeri Meek and Worth~n, 1865, Proc. Acad. Nat.
Sci. Philadelphia, 1865, p. 263. (Not figured.)
"Shell subdiscoidal, consisting Qf about two or three rather
rapidly enlarging volutions, which are more broadly rounded on
the outer surface than on each side, and about one-fourth wider
transversely than their dorso-ventral diameter; each inner whorl
slightly impressing the inner side of the succeeding turn. Umbil
ielL'] a little more than half the dorso-ventral diameter of the outer
volution, and showing all the inner vollltions. Spire apparently
scarcely rising above the upper sudace of the last turn. Septa
rather distinctly concave on the side facing the aperture, sepa
rated on the outer side of the whorls, at a point where the dorso- _
lateral diameter is about 1.25 inches, by spaces measuring 0.35
inches-all showing a very slight backward curve on the rounded
periphery, and passing nearly straight' across e~ch side. Surface,
siphon, and non-septate portion of the shell unknown.
"Greatest breadth of the· septate part of the shell, 5 inches;
height (estimated), about 2.50 inches. Dorso-ventral diameter of
the volutions, increasing about three-fold each turn.
"The specimen from which this description was drawn up is
defective on one side. so that it is not easy to determine whether
or not its whorls are coiled in the same plane, though they have
the appearance of being somewhat oblique, and hence we have
placed it provisionally in the genus Tro ckoceras. Should it be
found, however, when more nearly entire specimens can be ex,am
ined, that its whorls are coiled all upon the same plane, it. would

CEPHALOPODA -DESCRIP'fION OF SPECIES,

1033

belong either to the genus Litttites or N alttilus, and hence its name
would become Lituites Baeri, or Nautilus Baeri.
•, The typical specimen does not show the position of the siphon,
but a fragment found near the same locality, and at the same
horizon, apparently of this species, though possibly belonging to
another shell, has the siphon placed about its own breadth outside
of the center. It pierces the septa from without inwards or back
wards, as in Nautilus.
.
., At a first glance this sheH would seem to resemble Orypto
ceras (Lituites) undatus, as represented by fig. 3, pI. 13, vol. i.
~alaeontology of New York, but on a closer inspection it will b~
at once seen to differ materially in the more rapid increase in the
breadth of its whor~, and in the proportionally smaller size and
greater depth of its umbilicus, as well as being apparently not
coiled on a plane.
"The specific name is given in honor of Dr. O. P. Baer, of
Richmond, Indiana, to whom we are indebted for the use of the
typical specimen."-Meek and Worthen, loco cit.
The type is from the Richmond formation at Richmond, In
diana.
ORTHOCERAS BILINEATUl\I UnII.
Plate LIt figs. 2-2b.

Orthoceras bilineatum Hall, 1847, Pal. N. Y., vol. I, p. 199, pI. xliii,
figs_ 2 a-d.
"General form cylindrical, gradually tapering, marked by
slightly arched or undulating rounded annulations distant about
two fifths the diameter; surface marked by longitudinal sharp
elevated lines, whi~h alternate with finer lines in equal number;
transversely marked by fine scarcely visible striae, which are in~
terrupted by the longitudinal lines; section circular; siphuncle
eccentric.
"Two series of longitudinal lines, one being more than twice
the elevation of the other, are distinguishing features of this fossil.
The annulations are more arched on the back than in the last
species [0. textile], but still rounded. The transverse fine striae,
under the magnifier, give a kind of varicose appearance, being
closely arranged and slightly arched between the longitudinal ones,
following the oblique direction of the annulations. 'fhe difference
in the size of the longitudinal and transverse lines is a striking
peculiarity of the species, rendering it readily distinguishable from
the last. "--Hall, loe. cit.
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Hall's types are from the lower shaly strata of the Trenton
limestone at Middleville, Turin and Lowville, New York. The
species is reported in Kindle's list from Madison, Indiana, but it
very probably does not occur in the Cincinnati series.
ORTHOOERAS BYRNESI Miller.
Plate LI, fig. 4.

Ortkoceras byrnesi Miller, 1875, Cincinnati Quarterly Journal of
Science. II, p. 126, fig. 13.
"Shell medium size, very long, and slowly tapering; arch of
the chambers about equal to the distance between the septa, and
distant about one seventh the diameter of the shell; siphuncle ec
centric or crossing from one side to the other, and consisting of a
series of slightly ovate enlargements in each chamber. The great
est diameter of the siphuncle is as much or a little more than the
distance between the septa, while the septa are pierced with holes
about two thirds the diameter of the siphuncle.
"The ~istance between the septa does not always increase uni
formly, as the shell enlarges its diameter, but take a large number
of chambers and the increased distance between the septa becomes
manifest. It is likely that the increased distance between the septa
is more uniform in rapidly tapering shells than in the longer and
more slowly changing ones.
, 'Found on the hills back of Cincinnati; range unknown.
"Specific name given in honor of Dr. R. M. Byrnes, of Cincin
nati. "-Miller, loe. cit.
On the basis of strong similarity of the longitudinal section to
that figured by Miller, I have referred a speci14en from Manchester
.station, Indiana, from the upper part of the Lorraine to this spe
cief!. I admit that from the imperfect nature of the specimen the
identification is worth very little.
ORTHOOERAS OARLEYI Hall and Whitfield.
Plate LIl, fig. 1.

Orthocems carleyi Hall and Whitfield, 1875, PaL Ohio, II, p. 98,
pI. iv, fig. 19.
"Among the fossils received for examination from the Hudson
River formation there is a very interesting specimen of Ortho".
ceratite, which does not appear to belong to any described species,
but is in such a state of preservation as to present bnt few dis
tinguishing features. Still, the conditions under which it presents
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itself are of such a nature' as to make it one of considerable inter
est. The specimen consists of an inner septate tube of a little more
than five inches in length, with a diameter at the lower end of
about three-eighths of an inch, by about seven-eighths of an inch
at the upper end, giving an increase of half an inch in the length
of five inches, or one-tenth of the length. This tube is surrounded
by two others, one within the other; each of the three being sepa
rated by a space of about an eighth of an inch on either side, giv
ing to each about the same degree of expansion. The spaces be
tween the tubes are filled with sedimentary matter; that between
the inner and n!iddle tube being composed chiefly of finely commi·
nuted organic remains, while that between the two outer tubes is
composed of fine silt chiefly, and in some places of crystalline mat
ter. 'fhe septa of the inner tube are closely arranged, eight of the
spaees measuring one inch where the upper end of the spaee meas
ured is seven-eighths of an inch in diameter, those below being a
little closer. These are all either empty spaces, or filled only by
crystalline matter. There is not the least evidence of septa or
partitions of any kind across the spaces between the several tubes.
The specimen lies imbedded in the roek, and weathered away to
near the center of its diameter, but the section at the end shows
that the inner tubes rest upon, or nearly upon, the inner surfaces
of the surrounding ones, as though they had settled to this posi
tion after they had been imbedded in the·sediment. These condi
tions would seem to indicate that there had been no very intimate
connection between the several tubes, and that the spaces between
the outer ones and the inner septate portion had been open to the
access of foreign matter, while the inner septate portion had been
closed, or that the outer tubes had been independent of each other,
and of the inner ones, and had only drifted into each by accident.
If this has really been the case, these outer· tubes must 'be only the
terminal chamber or chambers of habitation, and must have been
of unusual length, as the degree of tapering would carry the mid
dle tube to within a few inches, if perfect at the lower end, of the
point of a specimen nearly or quite fifk>en inches in length. The
probability, however, is that they are only fragments of outer
chambers that have drifted upon the inner ones by accident.
"The first sight of the specimen might be taken for a beautiful
example of the genus Endoceras; but true examples of this genus
are septate in the outer tubes, while the inner ones are free from
septa. The reverse is, however, the case'in the example before us."
-Hall and Whitfield, loco cit.
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The type is from the Richmond formation at Fayetteville,
Brown County, Ohio. I am very un~ertain about \ts occurring in
Indiana.
OR'rHOCERAS DUSERI Hall and Whitfield.
Plate LIl, tlgs. 2-2b.

Ortkoceras duseri Hall and Whitfield, ] 575, Pal. Ohio, II, p. 97,
pI. iii, figs. 2-4.
Shell of medium size, rather rapidly and gradually enlarging
from below upwards, the diameter increasing to twice the size in
the space of four and a half .inches. Transverse section circular;
length of the outer chamber not deterniined. Septa moderately
concave, and closely arranged, but gradually increasing in dis
tance with the increased size of the shell-six chambers occupying
the space of one inch where the diameter of the shell is one and a
half inches at the upper one of those measured; nearer the joint
there are ten to twelve in the same distance where the diaD;leter
is only three-fourths of an inch. Siphuncle eccentric, situated a
little nearer to the center than to the margin; very small .where
it passes through the septa, but expanding within the chambers to
about four times its diameter at the other point, and forming a
flattened bead-like body within each chamber .
. "Surface of the shell apparently smooth, except that the edges
of the septa are raised above the genera] level, in the form of nar
row rings. This feature may possibly be due, in part at least, to an
expansion of the. septa during the process of petrifaction, but it
would scarcely seem to be the case, as the feature is too regular,
and only shows where the external sholl is wholly or partly pre
served. The rings are often some little wider on the surface than
the thickness of the septa. Where the surface is most perfectly
preserved there is also a finely reticulate or net-like character,
dividing the surface into small rhombic figures of microscopic di
mensions, having their longest diameters corresponding to the
length of the shell, and presenting a surface similar to that fre
quently produced by the attachment of bryozoans; but the regu
larity is so great that this can not have been the origin of the fea
ture; neither have the rhombs anything like a radial structure or
direction in any part, as would have· been the case if they were
the result of the growth of a bryozoan. Along one side of the
shell and directly opposite to the position of the siphuncle, there
is a narrow, raised, longitudinal line, extending the entire length
of the tube, but slightly interrupte.:t just above each one of the
annular rings.
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"The species resembles somewhat the O. c'rebriseptum, Hall
(Paleontology of New York, Vol. I, p. 313, pI. 87), but increases
much more rapidly in size, and does not possess the longitudinal
markings of that species. In the rapid expansion of the tube it
corresponds nearly with O. Sieboldi, Bill.; from the island of Anti
costi; but the. septa are much more numerous, that one having
seventeen in the space of seven inches, while this one has the same
number in the space of two and one half inches. "-Hall amI Whit
field, Zoc. cit.
The type is from the Richmond formation at Waynesville, Ohio.
I have with great hesitation listed a specimen as this species, com
ing from a slightly lower horizon on Tanner's Creek, Indiana.
,

ORTHOCERAS GORbYI Miller.
Plate LII, fig. 8.

Orthocems gorbyi ,Miller, 1893, Geol. Nat. Hist. Indiana, XVIII,
p. 322, pI. x, fig. 2.
"Shell about medium, size, among specie!'; from the Hudson
Uiver Group, very long, slowly and gradually enlarging from be
low upward, and increasing' in diameter only .04 of an inch in an
inch in length; transverse section subcircular; septa very mod
erately concave, closely arranged, thirteen of them occurring in a
distance equal to the diameter of the shell, where the diameter is
1.1 inches; surface marked by broad furrows or undulations that
cross the shell at an angle of twenty or twenty-three degrees from
the ventral to the dorsal side. The tWI) specimens examined are
casts, but one of them bears a few. fine longitudinal lines that indi
cate the surface of the shell was so marked; body chamber and
siphuncle unknown.
"This species will be distinguished by its elongate form, close
septa and inclined undulations.
"Found by A. O. Benedict, in the Hudson River Group, in
Franklin County, Indiana, and now in his collection. The species
is named in honor of the State Geologist. "-Miller, lac. cit.
ORTHOCERAS JUNCEUM Hall.
Plate LI, figs. 5-5e.

Orthoceras junceum Hall, 1847, Pal. New York, I, p. 204, pI.
xlvii, 3 a-f.
"Slender, terate-cylindrical, tapering very gradually; septa
thin, distant from one fourth to one third the diameter; outer
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chamber deep; siphuncle small, central; section circular; sur
face finely striated transversely, but without longitudinal striae.
"This species presents a surface marked precisely similar to
Endoeeras p"oteiforme, var. lineolatum; but· the shell is much
more slender and gradually tapering, the siphuncle being always
central. The septa, towards the outer chamber, are more closely
arranged, sometimes two ()r three in the usual space of a single
one.
"This is a constant species, presenting no important variation
in its characters. All the specimens seen are imperfect, and t4e
interior is often filled with crystalline matter, which obliterates the
septa and siphuncle. The outer chamber, though incomplete, is
proportionally very deep. Very little variation in size has heen
observed in all the specimens obtained. "-Hall, loe. cit.
Reported in Kindle's list from Madison, Indiana. This IS a
Trenton species and very probably does not occur in 'Indiana. I
have given figures and description, however, because Nickles in his
list of Cincinnati fossils includes it among the species reported
from the Utica formation. If he is correct, it may possibly be
found in rocks of the same age in Ip.diana.
ORTHOCERAS MOHRI Miller.
Plate LI, fig. 3.

Orlkoeeras mohri Miller, 1875, Cincinnati Quarterly Journal of
Science, II, p. 124, fig. 10.
"Shell elongated, tapering very regularly, at the rate of about
0.16 inch to the inch, to an acute point. Septa rather strongly
arched, and distant about one fourth the diameter of the shell.
(Measurement of three different polished specimens produced the
following result: Diameter 0.62 inch, septa distant 0.15 inch;
diameter 0.60 inch, septa distant 0.12 inch; diameter· 0.25 inch,
septa distant 0.06 inch.) Siphuncle central, and having the ap
pearance of a connected series of oval beads, with the larger ends
directed forward, and gradually diminishing in size, as the dis
tance between the septa becomes less -and less. Greatest diameter
of the siphuncle about or a little more than one fourth the diam
eter of the shelL Outer chamber more than one fourth the length
of the shell, measuring to the end of the siphuncle. Outer surface
of the shell in good· specimens smooth, and not showing the septa
within.
.
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"Polished specimens show septa commencing to form in the
body chamber, in advance of the siphuncle; those near the siphun
cle approaching, while those more distant only commencing to leave
the outer shell.
"I found this species near Versailles, Ind., about 300 feet below
the Upper Silurian rocks, associated with Anodontopsis millen,
Anomalodonta gigantea, Modiolopsi~ Versaillesensis, Cyrtolites
ornatus, showing the outer shell and surface markings, and other
fossils better preserved than I have 'found them elsewhere. The
specific name is given in honor of our paleontological friend, Paul
Mohr, Sr., Esq. "-Miller, loc. cit.
Probably from somewhere in the Waynesville formation. There
, is not 300 ft. of Oraovician rock in the Versailles section.
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OSTRACODA.
DIAGNOSES OF GENERA.
CERATOPSIS Ulricb.

Valves somewhat obliquely subovate, widest posteriorly, straight
dorsally, with a thick rounded semicircular marginal ridge, and
two submedian ridges extending obliquely upward from the mar
ginal ridge, the anterior one reaching the dorsal edge, the other
shorter and smaller; . post-dorsal end of n;targinal ridge raised into
strong spine-like or mushroom-shaped process, beaded or fimbriated
along one edge or around the flattened top. Free edges of cara
pace as in Ctenobolina, being thick, and having 'false borders.'
(Ulrich.)
CTENOBOLINA Ulricb.

Carapace small, elongate-suboval, strongly convex, the poste
rior two-fifths more or less decidedly bulbous or sub globular, and
separated from the remainder by a deep, narrow and more or less
oblique sulcus extending with a gentle curve from the dorsal mar
gin more than half the distance across the valves toward the
postero-ventral border. The anterior three-fifths often with an
other oblique but less impressed sulcus. Valves equal, the dorsal
margin straight, hingement simple, the' ventral edge thick, and
the true contact margins generally concealed, in a lateral view,
by a 'frill' or flatteRed false border; surface granulose, smooth,
or punctate. (Ulrich.)
ENTOMIS Jones.

Shell subovate or fabiform; valves with a slightly curved sub
median vertical furrow extending to hinge line; in front of fur
row occasionally a rounded tubercle. Surface marked generally
with raised, concentric, transverse or longitudinal lines. (Ulrich.)
EURYCHILINA Ulrich.

Carapace with a lon.g, straight hinge line; semicircular, oblong
subquadrate, or somewhat rollIided in outline; generally with a
well defined subcentral vertical sulcus and a more or less promi
nent node immediately behind it. Except at the dorsal side, the
valves are sourrounded by a wide marginal area, externally either
flat or convex, and usually marked in a radial manner; on the
inner side deeply concave, an outer wall being raised almost to the
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level of the true or closing edge of the valve; area. terminated in
most cases by a narrow rim-like border. Hinge simple. Surface
beautifully reticulated, pitted, granulose or smooth. (Ulrich.)
LEPERDITIA Ronault.

Carapace more or less convex, often large, suboblong or semi
ovate in outline, with an oblique backward swing; dorsal edge
straight, often angular at the extremities; ventral outline rounded,
. sometimes a little produced at the· middle; greatest thickness in
the ventral half, the lower edge usually being also blunt; valves
up.equal, the right the larger and o\'erlapping the left; overlap
chiefly ventral, simple, o~ the furt-her entrance of the ventral edge
of the left valve is prevented by two or more papillae set within
the overlapping edge of the right; hinge simple. Surface fre
quently horny in appearance, smooth in most cases, granulose or
minutely punctate in others; a small tubercle or "eye-spot" is
generally present on the antero-dorsal fourth, and a large, rounded
subcentrally situated sunken muscle-spot is seen on the inner side
of the valves and not· infrequently distinguishable on the exterior
also. (Ulrich.)
PIUMITIA Jones and Holl.

Carapace small, varying in outline, usually subovate, but the
hinge is always straight; valves equal, uever'overlapping, gen
erally provided with a narrow border; in, or to one side of, the
middle of the dorsal half, a well-marked pit or sulcus; the pit
may be rounded or situated subcentrally, or it may be drawn out
vertically so as to extend from the dorsal margin half across the
valve; on one or both sides of the sulcus the surface may be
raised into a low, rounded or ridge-shaped prominence. Surface
of valves punctate, reticulate, or withoot ornament; in rare cases
it seems to have been minutely granulose. (Ulrich.)
TETRADELLA Ulrich.

,

Carapace somewhat oblong, often subquadrate, never tumid,
-with the hinge line straight. Surface depressed, with a semi
circular ridge; within the enclosed space two simple or slightly
modified, equal or unequal, and more or less nearly vertical ridges
unite below with the marginal ridge and extend upward from it,
one in many cases failing to reach the dorsal margin. Free edges
usually with a simple flattened border; in one case (T. subquad
rata) thick and with the contact margins concealed by a "false
border." Surface smooth or granulose. (Ulrich.)
[66]
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DESCRIPTION OF SPECIES.
BOLLIA PUMILA Ulrich.
Plate LIlI, figs. 12, 12a.

Bollia pumila Ulrich, 1890, Jour. Cin. Soc. Nat. Rist., vol. XIII, p.
117, pI. xii, figs. la, lb.
"Valves oblong-subelliptical, the anterior end somewhat nar
rower than the posterior, and with the point of greatest extension
near the antero-dorsal angle; .from here the edge curves backward
into the uniformly convex ventral portion; posterior end rounded,
nearly vertical, forming an obtuse angle where it joins the dorsal
margin; the latter is never quite straight, but protrudes more
or less in the central third of its length. A narrow ridge runs
nearly parallel with the free edges, the abruptness with which it
rises above them varying slightly. The ends· of the inner or horse
shoe shaped ridge characterizing the genus are bulbous and project
a little beyond the dorsal margin; the curved portion thin, gen
erally a little oblique, and well separated from the nia'fginal ridge.
"Size: Length, 0.86 mill.; height, 0.52 m,m.
, 'This species is smaller than usual in this genus. Its chief pe
culiarity is the bulbous enlargement of the ends of the horse-shoe
ridge. It is too clearly distinct from. B. persuloata, fir., to require
comparisons. "-Ulrich, loo. oit.
The types are from the Richmond formation at Weisburg, In
diana. It is also known from other localities in Ohio and Indiana.
CERATOPSIS CHAMBERSI (Miller).
Plate LIII, figs. 1, 1a.

Beyriohia okambersi Miller, 1874, Cin. Quar. Jour. Sci., vol. I, p.
234, fig. 27.
"Shell small, subreniform, dorsal margin straight, nearly as
long as the entire length of the shell, basal margin subelliptical;
anterior end wider than the posterior. The body of the valve is
crossed by two broad, deep sulci, one of which is situated imme
diately behind the eye tubercle in the anterior third, the other in
the middle third of the shelL The projecting basal margin is
marked with a depression throughout its length, and bordered with
a carinated edge.
"The eye tubercle is about as long as the breadth of the shell,
and rises like a half corie . from the extreme anterior end, with the
flattened face in the rear marked by fine oblique'lures: very much
resembling in appearance, when magnified, the teeth of a comb.
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"Greatest length of the shell about 1/15 inch; breadth, one
third less.
"This species is readily distinguished from all others by the
remarkable eye tubercle. In other respects it most nearly resem
bles B. 'oculifer (Hall), though not exactly corresponding with it.
"I first found it in the excavation l?r Columbia Avenue, in
Cincinnati, about 150 feet above low water mark; subsequently I
found it at Richmond, Indiana, in the upper part of the Cincinnati
group, thus indicating that its range is coextensive with the ex
. posure of the blue limestone. I found, however, only one slab at
Richmond and two at Columbia avenue bearing the fossil, and do
not know of any others having been found, but, considering its
great range, we must expect to find it in some locality in great
abundance, and the only reason this has not thus far been accom
plished is most likely owing to the extreme minuteness of the
fossil.
, 'The sp~ific name is given in honor of our most eminent nat
uralist and learned entomologist, V. T. Chambers, Esq., of Coving
ton, Ky. "-Miller, loc. cit.
Miller, above, reports this species from the Richmond forma
tion at Richmond, Indiana. From the statements of Ulrich, how
ever, there would seem to be some doubt about the typical form
of the species occurring in the upper part of the Cincinnati series.
Apparently he would refer the Richmond forms to his variety
robusta.
OERATOPSIS CHAMBERSI var. ROBUSTA Ulrich.
Plate LUI, figs. 2, 2a.

Oeratopsis charnbersi var. robusta Ulrich, 1894, Geological and
Natural History Survey of Minnesota, voL III, pt. II, p. 677,
fig. 50.
"This designation is proposed for the variety which occurs in
the upper beds of the Cincinnati group at numerous localities in
Ohio, Indiana and Kentucky, and in the equivalent Hudson River
group strata of Minnesota. So far as known it is not to be found
below the horizon of Orthis subquadrata Hall, and Rhynchotreta
capax Conrad, It differs from the typical form of the species in
having all the ridges somewhat thicker, and the post-median one
much larger. In many cases the latter is nearly or quite equal to
the anterior/ridge, and extends like it entirely across the valve.
The ventraiportion of the carapace al."o is thicker, and the mar
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ginal ridge sub angular where the contour turns abruptly inward
. to the false border.' '-mrich, loco cit.
Reported by IDrich from Richmond and Versailles, Indiana.
Liberty (?).
CERATOPSIS OCULIFERA Hall.
Plate LIlI, figs. 3, Sa.

Beyrichia oculifer Hall, 1871, 24th Report of the New York State
Museum, p. 232, pI. viii, figs. 9, 10.
"Carapace small, seldom exceeding seven-hundredths of an inch .
in length, by three to four-hundredths in the greatest breadth in
the largest specimens; valves obliquely subreniform, broadest near
the anterior end, with a straight hinge line, which is a little shorter
than the greatest length of the valve; anterior end projecting be
yond the hinge; center moderately convex, with a proportionally
broad, deep channel just -within the margin, extending all around
it, except for a short distance at the posterior extremity near the
dorsal margin. The body of the valve is crossed obliquely by two
deep furrows, having their origin on the dorsal margin, the pos
terior one situated a little more than oDe~third of the length of
the valve from the posterior extremity and extending fully two
thirds across it; the anterior furrow is situated just behind the
anterior. third of the length, and in its lower portion is more
strongly curved forward than the other. Eye tubercle large, pedun
culated, very prominent, and spreading at the top, its surface equal
to about one-third the width of the valve, and its height at the
posterior margin equal to the breadth of the top, while the anterior
margin is but little elevated, giving an obliquely sloping circular
surface, with a denticulated b01;der. This surface, under a strong
magnifier, is seen to be covered by fine eye-like facets, similar to
those of the eyes of Triliobites of the genus ILLAENUS.,
"This species is very distinct from any other described, in the·
form and strength of the transverse furrows, and especially in the
great prominence of the club-shaped eye tubercle. So' far as Cali be
ascertained, it is the first species of this group of crustaceans in
which the eye facets have been detected. "-Hall, loco cit.
1.34C10.
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CTENOBOLINA CILIATA var. HAMMELl (Miller and Faber).
Plate LIB:, fig. 6.

Beyrickia kammeli Miller and Faber, 1894, Jour. Cin. Soc. Nat.
Hist., XVII, p. 157, pI. viii, fig. 26.
"Carapace medium size, dorsal margin straight and nearly as
long as the greatest length of the valves. Anterior and posterior
extremities broadly rounded, the anterior being slightly the wider
of the two. Greatest width of the valves at the anterior third,
where the width is to the length of the dorsal margin about as
three is to four. Basal margin rounded, and slightly advancing at
the anterior third. Valves moderately convex, with a border on
the anterior r posterior, and basal margins, separated from the valve
by a sharply-defined line or groove. The border on the basal mar
gin is about one-sixth the width of the valve, and it narrows to
about two· thirds that width at the antero-dorsal angle, and to about
one·third that width at the postero-dorsal angle. The body of the
valve is constricted by two sulci, directed obliquely backward from
the basal border of the shell; the anterior one arises at the groove
separating the border from the body of the shell, at the antero
basal margin, and when half way aeross the valve bifurcates, the
stronger sulcus directed forward toward the antero dorsal margin,
and the shallower one fading. out before it reaches the dorsal mar
gin of the shell. There is thus formed, anterior to this sulcus, a
large, convex, rounded area, and between the branches of this
sulcus and the dorsal margin a depressed, convex, subtriangular
area. Between the two oblique sulci there is a convex ridge more
prominent than the rounded area in front, and which extends far
ther toward the basal margin than either the anterior or posterior
convex areas. The posterior oblique sulcus fades out before it
reaches the dorsal margin. The area between the posterior oblique
sulcus and the posterior extremity of the valve is wider, but not
as prominent as the more central ridge between the oblique sulci.
"The surface of the valves is. distinctly granulous. The mar
gin of the border, as seen from the interior side of the shell, is
fringed or ciliated in the same manner as Beyrichia ciliata.
"This species, when compared with Berychia ('-iliata, is propor
tionally wider; has a wide border, while that species has only a
linear border i has deeper sulci. and a more convex ridge between
them. Judging from some recent publications on the Ostracoda,
there are those who would affix a new generic name to this species,
but what light that would shed upon its characters, or how it
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would advance knowledge or assist in classification, we are unable .
to understand. We'think it is a.true Beyrichia.
"Found in the upper part of the Hudson River Group, by one
of the authors, at Versailles, Indiana, as&ociated with Cyclora pul
cella, Palaeoconcha faberi, Hyolithes t'crsaillesensis, and other
small fossils.
"The spe~ific name is in honor of Mr. J. F. Hammel, the well
known geologist of Madison, Indiana. "-Miller and Faber, loco cit.
ENTOMIS MADISONENSIS Ulrich.
Plate LIII, figs. 8. 8b.

Entomis madisonensis Ulrich, 1890, Jour. Cin. Soc. Nat. Hist., vol.
XIII, p. 107, pI. vii, figs. 12a, 12b.
"Valves oblong-ovate, the back straight but short, the ends
subequal and curved almost uniformly into the much more gently
convex ventral edge. Sulcus deep, nearly central, extending from
the dorsal edge fully two-thirds across' the valve, bending forward
a little at its lower extremity. Anterior half moderately convex;
posterior half more so, and rising abruptly from the sulcus. Sur·
face smooth.
"Size: Length, 1.3 mm.; height, 0.78 mm.
"This, and a much larger for~ from the Niagara of Indiana,
are the only species of Entomis at present known to me from
American rocks. Though appar~ntly a true species of the genus,
E. madisonensis does not seem to be very closely related to any of
the European forms.
"The strong sulcus will distinguisb it from species of Primi- .
tia. "-Ulrich, loco cit.
The types are from the .uppermost beds of the Cincinnati series
at Madison, Indiana, where it is said to be rare,
EURYCHILINA STRIATOMARGINATA Miller.
Plate LIlI, fig. 9.

Beyrichia striato-marginata Miller, Cin. Quarterly Jour. of Science,
I, p. 233, fig. 26.
"Shell small, semi-elliptical; dorsal margin straight, rounded
at both 'ends; basal margin elliptical. Valves strongly convex,
with a single depression extending from the middle of the dorsal
margin, at right angles, about half the breadth of the shell~ Bor
der one third the width of the shell, and finely striiited or lined
from the shell outward.
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"Length about 4/60th inch, and width about 2/6Oth inch; cone
vexity nearly as great as the width.
, 'I found this species in the upper fifty feet of the Cincinnati
group, about fifty miles west of Cincinnati and about three miles
south of Osgood, Indiana. "-Miller, loco cit.
Saluda.
LEPERDITIA CAECIGENA Miller.
Plate LUI, figs. 10-lOc.

Leperditia caecigena Miller, 1881, Jour. Cin. Soc. Nat. Rist., voL
IV, p. 262, pI. vi, figs. 5, 5a.
"Length usually about 12/100 inch, breadth about 8/100 inch,
and thickness about 4/100 inch.
"General form subovate. Ringe line straight, a little more
than half the length of the valves. Anterior end narrower than
the posterior, extending but little beyond the hinge line, when it
rapidly curves into the ventral line below. The posterior part is
broadly rounded, and constitutes beyond the hinge-line full .one
third the length of the valves. Valves most convex at the posterior
third. Surface smooth and eye-tubercle obsolete.
"This is a true Leperditia, as one valve overlaps the other.
"The author collected this species in the upper part of the
Hudson River group at Versailles, and near Osgood, Indiana. The
specimens illustrated and described are in his collection. "-Miller,
loco cit.
Reported by IDrich from near Madison, Indiana.
PRIMITIA CINCINNATIENSIS (MlIler).
Plate LUI, figs. ll-l1d.

Beyrichia cincinnatiensis Miller, 1875, Cincinnati Quarterly
Journal of Science, II, p. 350, fig. 25.
"This is the smallest Beyrichia, known to me, in the Cincin
nati rOcks. It belongs to the unisulcate group of 'simplices,' and
is very closely related to the Leperditia. General form elliptical,
with straight dorsal edge. Surface of the valves smooth, convex,
with a single depression extending from the middle of the dorsal
margin across about or a little over half the breadth of each
valve. Ventral and terminal margins bordered by a very narrow
depressed rim.
"Length of specimen about 2/100 inch; breadth about two
thirds the length,
"It is found associated with B. quadrilirata, on slabs, about

a
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three miles east ofWeis~urg on the 1. & C. R. R., and with the
same fossil and B. chambersi about two miles north-east of Fort
Ancient, on the L. M. R. R. The rocks at each of these places are
about 300 feet below the upper Silurian. "-Miller, loco cit.
Arnheim.
PRIMITlA IMPRESSA Ulrich.
Plate LIlI. figs. 7·7 d.

Primitia impressa Ulrich, 1890, Jour. Cin. Soc. Nat. Rist., voL
XIII, p. 131, pI. x, figs. 3 a-c, 4· a-c.
"A small, ovate species, rather tumid, with the dorsal and ven
tral margins nearly equally convex, and the ends equal, or the
anterior slightly the widest. The free margins usually with an
indistinct flange. Sulcus situated centrally, or a little in front of
the middle, unusually deep, extending from the dorsal edge nearly
half the distance across the valve, terminating abruptly. Just
behind the sulcus a more or less faint swelling.
" Size: Length, 0.6 mm.; height, 0.3~ mID.
"The valves of this species are more convex than those of P.
fabulina, Jones and Roll, and P. humilis, Jones and Roll, to both
of which it is closely related. . Both of those species differ further
in having the posterior end wider, and the point of greatest con
vexity further removed from the dorsal edge. There is no species
known to me from American rocks resembling this sufficiently to
make comparison necessary. "-lTIrich, loco cit.
1.34A1, 3, 4, 7, 8 0).
TETRADELLA

QUADRILIRA~A

Hall and Whitfield.

Plate LIlI, lIgs. 4, 4a.

Beyrichia quadrilirata Rall and Whitfield, 1875, Pal. Ohio, II, p.
105, pI. iv, figs. 6, 7.
"Carapace minute, the larger individuals seldom exceeding
three-hundredths of an inch in length, and often not more than
that size. Form sub-quadrangular, longer than wide, the propor
tions being about as two to three, and a little the wiliest at the
anterior third of the length. Dorsal margin straight, a little less
than the length of the valve; ends squarely rounded, and the basal
line scarcely flattened. General surface of the valves flattened,
but marked by transverse furrows, four in number, three of which
are distinct and deep, extending across, or nearly across, the valve;
the fourth is less distinctly marked and extends hu't'little more
than half way across the valve. The furrows divide the surface
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of the valves into transverse ridges, whi.ch are situated, one at each
end, and one at each' third of the length. Those situated at the
ends are :qarrow and abruptly elevated; that at the anterior third
of the length does not reach quite to the dorsal margill; while that·
of the posterior third is much the strongest, rapidly widens in
the lower part, and divided along the middle by the fourth, or
smaller furrow, which gives it the character of a strong ridge, bi
furcating in the lower half. The central furrow is wider than the
others, oblique in its direction, and somewhat curved in its course
toward the ventral border. The margin of the valves is strongly
and abruptly depressed below the general surface, forming a nar
row, flange-like projection around the ends and basal portions.
Surface of the crust not spinose or granulose under a lens of mod:
erate power.
"The species somewhat resembles B. trisulcata, HalL from the
J-lower Helderberg group, in the general expression of the valves,
but differs in the relative position of the furrows. The specimens
vary considerably in the strength of the ridges, these, in some cases,
being broad and rounded, as in the specimen figured, while in
others they are sharp and narrow, leaving broader furrows be
twe~n. "-Hall and Whitfield, loco cit..
The types are from the Richmond formation near Waynesville,
Ohio. The species is also reported by Ulrich from Richmond and
Versailles, Indiana, from the Richmond formation.
TETRADELLA QUADRILIRATA var. SIMPLEX Ulrich.
Plate LIlI. figs. 5, 5a.

Strepula quadrilirata Val'. simplex illrich, 1889, Contributions to
the Micr()...Paleontology of the Cambro-Silurian rocks of Call
ada, II, p. 55, pI. ix, fig. 13.
"Figure 13, plate IX [of Ulrich's paper] represents a variety
from Stony Mountain, Manitoba, that may be designated as var.
simplex. It differs from the typical form in having the postero
median ridge simple instead 'of bifurcated below. The vertical
plates which divide the anterior edge of the typical form intO' shal
low cavities seem also not to have been developed except to a very
limited extent. A very similar variety occurs in the Trenton shales
of Minnesota. "-TJlrich,loc. cit.
Reporteg by Ulrich fromW'eisburg, Indiana, from the· Rich
mond format~on.
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CIRRIPEDIA.
LEPIDOCOLEUS JAMESI (Hall and Whitfield).
Plate LIll, figs. lS·lSd.

Pl1tm'ulites jamesi Hall and Whitfield, 1;,75, Pal. Ohio, p. 106, pI.
iv, figs. 1·3.
"General form of the plates triangular, with the apex a little
inclined to one side, the lateral margins gradnally and rapidly
diverging from the initial point, one of them considerably longer
than the other. Basal margin sigmoidal, the convex portion situ
ated next to the longest lateral face, the concave portion to the
shorter, and the shorter lateral margin deflected downwards in
some cases (probably the marginal row of plates).
"The surface of the plates is flattened or slightly convex on
the sides, and very faintly depressed along the middle, the whole
marked by rather closely arranged, . annulating, and scaliform
transverse lines parallel with the basal or sigmoidal margin, and
marking stages of growth. These transverse lines are usually
faintest neal' the apex, and gradually inerease in width with the
increased growth of the plate, but in some eases they are quite
irregular in their distances.
"The length fro~ the apex to the basal margin of the plate is
usually a little greater \han the transverse diameter, and seldom
exceeds a sixteenth of an inch, the largest specimens seen not meas
tuing a line in their greatest diameter. "-Hall and Whitfield,

loco cit.
I have seen many fragments of a species probably the same
as the above, though I do not feel that the identification is a sure
one.
5.9AB .... 1.34A3, 4, 7, 8, 10, 12, 15a .... 1.3408.
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TRILOBITA.
DIAGNOSES OF GENERA.
ACIDASPIS Murchison.

Cephalon semicircular or semiellil'ticaI, thickened margiu
spinous and genal angles produced into spines of greater or less
length. Glabella with one large median lobe and two on either side,
one or more spines frequently project backward from the pos
terior margin of the glabella. Eyes prominent. Thorax with
eight or nine segments; pleurae laterally ex tended into long spines,
ridged. Pygidium small, .margined with spines.
CALYMMENE Broglliart.

Body oval in outline, POss€,ssing the power of enrolement tn
perfection; glabella conical, strongly convex, divided by three
pairs of deep lateral grooves; eyes small; hypostoma quadrate,
notched. Thorax of thirteen segments, axial furrows deep; pygi
dium or from six to eleven segments, Hot distinctly marked off
from the thorax. (Beecher.)
CERAURUS Green.

Body very much depressed and slightly tapering. Cephalon
scarcely trilobate; cheeks large, fiat, with small remote oculiform
tubercles; posterior (genal) angle of the cephalon spinous. Thorax
with twelve articulations. Pygidium rounded at the end, hut
terminating on each side with two slightly curved spines. (Green.)
DAI,MANI'l'ES Emmrich.

Glabella with three well-marked lateral furrows; genal angles
produced into spines; eyes large, prominent, and with many dis- .
tinct facets; pygidium triangular, frequently pointed or mucron
ated, with more than eleven segments, sometimes twenty or more.
(Beecher.)
ASAPHUS Brogniart.

Cephalic and caudal shields of nearly equal size, with broad
infolded margin; glabella expanded, nearly smooth; free cheeks
large; hypostoma deeply farked; eye"! large and prominent;
thoracic segments eight; pygidium not strongly segmented, often
nearly smooth. (Beecher.)
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Subgenus ISOTELUS DeKay.

Same as in Asaphu8, but with broad unsegmented pygidial
axis at maturity.

.

.

PROETUS Steininger.

Head-shield semicircular, with thickened marginal rim; gla
bella well defined, extending nearly to the anterior margin, lateJ,"al '
furrows obsolescent, basal lobes often present. Eyes large, cres
centic, near the glabella; thoracic segments usually ten, pleura
grooved; pygidium semicircular, margin entire, axis elevated, seg
mented; limb ribbed. (Beecher.)
TRINUCLEUS Lhwyd.

Cephalon with a broad, regularly pitted border, produced be
hind into long genal spines; glabella prominent; thorax of six
segments; axis narrow; pygidium triangular, wide" short.
(Beecher.)
,
"

DESCRIPTION OF SPECIES.
ACIDASPIS CERALEP'£A (Anthony).
Plate LIV. figs. 1. la.

Ceratocephalia ceraZepta Anthony, 1838, Amer. Jour. Sci.,
XXXIV, p. 379, figs. 1, 2.
"CeratocephaZa ceraZepta.-Clypeo antice rotundato, subplano,'
granulato.
"Margine crenulata.
"Cornibus prorsum expansibus et gracilibus.
"The buckler is semi-lunate, surface covered with fine granu
lations resembling shagreen; its margin is raised, presenting a
rounded rim, over which pass two antennae, distant from each
other where they pass over about one fourth of an inch. These
antennae extend one third of an inch beyond the rim, and are
only one third of a line in diameter, forming a character from
which we derive our specific name, 'ceralepta' (slender horned) ;
their extremities are broken off, and it would appear that they
have been several lines longer; they diverge a little at their ex
tremity, being about one line more distant there than at the mar
gin of the buckler; they are inserted about ope line within the
rim. Between the horns there is a triangular process extending
from the rim back as far as their insertion; this ,.lla$ two deep
sulci on each side, separating it from the antennae. No abdomen
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or tail has yet been found, which could be identified as belonging
to this species.
"Only two specimens ar~ known to have been found, both by
myself. They were discovered among the rubbish thrown down
from a quarry, half a mile from this place [Cincinnati]. Millions
of fragments may be found there of C'alymenes, Isoteli, etc., and
we may hope a more perfect specimen of our own species.
, 'When first shown to some scientific friends, it was pronounced
a part of Ceraurus pleurexanthemus, and Dr. J. Green so judged
it from an imperfect east shown him. Those who have since had
an opportunity of comparing my specimen with a Ceraurus Pleur
exanthemus found in this vicinity this spring, have discovered that
it cannot be confounded with it. Among those who thus doubted
at first, and afterwards became conv;inced, T may mention Dr. J. A.
Warder of this place, who, on a recent visit to Springfield, Ohio,
found among some fossils belonging to his sister a specimen of
what he deems another species belonging to the same genus with
the present. On consultation, we have concluded to form a new
genus, to be called Ceratocephala (horned head)."-Anfhony,
loe. cit.
'fhe figures given herewith (after Meek) are of two fragments
similar to those from which the above original description was
drawn up. Anthony's description applies to the pygdium which
he mistook for the cephalon of his species, as pointed out by Meek,
the "antennae" being the two pygidial spines.
I have referred fragments from the Utica formation at Vevay
(1.38 A 24 and 29) to this species.
ACIDASPIS CINCINNA'l'IENSIS Meek.
Plate LIV,

ft".

2, 4 (1).

Alyidaspis cincinnatiensis Meek, 1873, Pal. Ohio, I, p. 167, pI. xiv,
fig. 3.
"Cephalic shield, and most of the thorax unknown. Pygidium,
exclusive of its spines, about three times as wide as long, and ap
proaching a sub-semicircular outline; its anterior margin being
Rtraight all the way aeross, and about one-third of its posterior
margin in the middle transversely truncated, while on each side
of this the posterior lateral margins are straight to the anterior
lateral angles; mesial lobe prominent at the anterior end, where
it is about'~ wide as each lateral lobe, but becoming rapidly de
pressed and narr.owed posteriorly, composed of only two well de
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fined segments; lateral lobes fiat, excepting a ridge that extends
obliquely backward and outward from the anterior segment of the
mesial lobe, across. each, to the posterior lateral margins, where
these ridges terminate in prominent, rounded, diverging spines;
while the posterior lateral margins between these spines and the
lateral angles are each armed with four smaller slender spine,;
directed obliquely backward and outward; four similar smaller
spines also occupy the truncated middle part of the posterior
margin between the larger ones, Surface smooth, excepting a few
very minnte scattering asperities on the ~pines .
." Of the thoracic segments, the posterior one, and a part of the
next one in advance-of it, are seen in connection with the pygidium
in the matrix. These show that the posterior extremity of the
mesial lobe of the thorax is about as wide as the lateral lobes,
moderately arched upward (not forward), and nearly or quite
smooth, while the lateral lobes are fiat. The pleurae of the pos
terior thoracic segment are smooth, and have each a ~trong mesial
ridge extending straight outward to the lateral extremity, where
it cnrves abruptly backward, and is produced into a.long, sharp
spine, extending as ·far backward as the longest spines of the
pygidium, or farther. The anterior margin of each of these pleurae
has also the character. of a more slender, depressed marginal ridge,
that likewise terminates in a backward curve, bnt much smaller
lateral spine, just in front of the larger one, while there is behind
the larger mesial ridge a narrower, fiat margin, that runs out to
nothing before reaching the outer extremity.
"Length of pygidium, exclusive oJ spines, 0.19 inch; breadth
of do., 0.55 inch. Transverse diameter of first thoracic segment in
advance of pygidium, 0.70 inch; length of each pleurae, 0.23 inch;
anterior-posterior diameter of the same, 0.08 inch; length of larger
lateral spine of each, 0.38 inch.
"That this species is distinct from the form I have referred
to Dr. Locke's A. crosotusJ seems to be evident, not only from its
much larger size, but because it shows no trac~ of the rather dis
tinct, closely set granulations seen on all parts of that species, and
differs in other details. In many respects it appears to be closely
related to A. prevosti of Barrande, so far as we have the means of
comparison; ·but still it wants the distinct surface granulations of
that form, and hence would doubtless be found to present other
differences, if we had the entire fossil to compare. ,III
"I hav,e also before me a right, movable cheek of an Acidaspis
from Cincinnati, that may, judging from its size and general ap
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pearanoo, belong to this species. Its posterior extremity is pro
duced in the form of a long, stout, rounded spine, covered with
little asperities, while the margin of this cheek is armed by about
twelve short digitations. The inner or under side of this specimen
is represented by our figure 4, of plate 14 [of Meek's paper]. Fig.
5 of the same plate represents the inner side of another similar
cheek, with a more slender terminal spine, longer digitations, and
a greater breadth between the eye and the digitate margin, from
a higher position in this series, at Dayton, Ohio.
"Mr. James's collection also contains two specimens of the
glabella of one or two'species of Acidaspis, with a long spine pro
jecting backward from the occipital portion. They differ enough
in details to belong to two distinct species, and yet may belong
to varieties of the same form. Of course, without other specimens
showing these parts in connection, it is not possible to determine
what relations they may bear to the pygidium for which I have pro
posed the :dame A. cincinnatiensis. I suspect, however, that one or
the other, or both, belong to that species, and yet they may be quite
distinct from it. It was evidently to one of these forms that Dr.
Locke referred, in Vol. XLV, p. 223, of the Am. Jour. Sci. and
Arts, published in 1843, as possibly belonging to his A. crosot·us.
They are certainly ,distinct from that form, however, not only in
their much larger size, and the possession of the long appendage
to the back part of the head, but in the form and comparative
sizes of the lateral lobes of the. glabella. They seem to be related
to A. grayi of Barrande, though differing in details.
"If these specimens should be found to belong to a distinct
species from any of those yet named, I would propose for it the
name Acidaspis rhynchocephalus, in allusion to the beak-like ap
pendage of the back of the head. "-Meek, loe. cit.
I have seen only a few small fragments that may belong to this
species.
1.12E3.
ACIDASPIS CROSOTUS (Locke).
Plate LIV. figs. I'i. l'ia.

Ueraurus crosot-ns Locke, 1842, Amer. ,Jour. Sci., XLIV, p. 346,
wood-cut.
"Messrs. Billiman-I enclose to you a drawing of a new spe
cies of trilobite, evidently of the genus Ceraurus of Green. It is
one of the smallest, and at the same time one of the most elegant
of this fa~ily of extinct crustaceans; this drawing being magni
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fied three times in linear dimensions. Fragments of this species
have been repeatedly found in the rocks of this vicinity, especially
the fringed margin of the shield; but it was not until last summer
that I. procured a specimen so nearly entire as to determine its
generic relations. When Dr. Green established the genus of Ce
ramus, it consisted of only one species, the Pleurexantkemus. But
now that other species very closely allied to that are found, the
justice of his discrimination is very apparent. I have named this
new species crOl~otus, from the Greek word, signifying fringed.
Dr. Green's description of his species-'Clypeo, postice arcuato,
angulo externo in mucronem valde producto, occulis minimis re
motis, post abdomine in spinam arcuatam utrinque extenso'-ap
plies quite well to the crosotus; but this last differs from the
former in having the shield pectinate or fringed anteriorly. The
·spines of the shield and of the several ribs are more nearly straight.
Besides the spines terminating the ribs, there are six slender teeth,
similar to those of the anterior fringe, attached, not to ribs, but
to the termihal margin of the tail, four of them between the two
last costal spines,·. at a, and the other two outside or anterior to
the same, at b. Each of the costal arches is marked by two tuber
cles or 'pimples' (one in the other species), one on its middle, and
the other at the commencement of the free spine in which each
costal arch terminates. These tuberCles form four rows or lines
down the body, two on each lateral lobe, the inner one being in the
direction of the distant eyes."-Locke, lac. cit.
As I have seen only small fragments referable to this species
I have reproduced the figure given by Meek in the Ohio Paleon
tology. From Meek's description I condense the following addi
tional points:
Subovate or SUb-elliptic in outline. Cephalon semicircular in
outline, lateral angles produced into slender, sharp, somewhat
curved spines that extend outward and backward to about oppo
site the fifth or sixth segment. Glabella with an oblong, subeUip
tic outline, the widest part being somewhat behind the middle and
behind the eyes. Two lateral lobes on each side, of slightly oval
outline, with the~r long diameters directed a little obliquely out
ward and forward; the posterior slightly larger than the anterior,
and both separated from the middle lobe of the glabella by well de
fi.ned. furrows. Anterior lobe about as large as all four of the
lateral lobes, twice as wide as the narrow part of the glabella and
apparently rounded in front. Between the lateral lobe and each
eye is a sort of outer or supplementary lobe as large as each two
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of the lateral lobes, and from the outer side of each of these pro
trudes the small prominent palpebral lobe. Eyes unknown, but
apparently small. Neck segment large, prominent, with a central
tubercle, and well defined by the neck furrow, which arches for
ward in· the middle. Thorax nearly twice as long as the cephalic
shield, and about one-fourth wider than long, exclusive of the pro
duced extremities of the pleurae, segments slightly arching up
ward, but not forward. Lateral lobes comparatively rather de
pressed and rounding off gradually toward the lateral margins.
Pleurae terminating in sharp spines directed outward and more or
iess backward, the posterior ones being longer and directed more
backward. Pygidium small, and with its mesial lobe composed of
about three or four segments; lateral lobes consisting apparently
of about four segments, each of which terminates in an acute
spine, the lateral ones of which are larger than the pthers, and
curved backward. Entire surface rather coarsely granular, the
granules being larger on the head than elsewhere; while on each
pleura a large granule occurs at a point about half way o,.;.t to the
knee, at which point there is also some appearance of another
granule.
I have referred to this species fragments from near Guilford.
1.34C6.
CALYMENE CALLICEPHAIJA Green.
Plate LIV, figs. 6-6c.

Calymene callicepkala Green, 1832, Monograph of the Trilobites of
North America, p. 30, cast No.2.
"Clypeo antice attenuato, figura liliiformi in fronte depicta;
oculis minimis; abdomine quatuordecim articulis; corpore plano.
"The buckler is subtriangular; on the front there is a figure in
high relief, somewhat resembling a fleur de lis, or, perhaps more,
the capital of a Corinthian column. The oculiferous tubercles are
rather lower down on the cheeks than uanaL The articulations of
the abdomen and the tail cannot well be distinguished from each
other; fourteen in all may be easily counted. The middle lobe of
the abdomen is nearly equal in breadth throughout. The ribs, or
costal arches, are not grooved or bifurcated at their extremities.
Length nearly two inches and a half.
"This beautiful species is in the Philadelphia Museum, where
it is labeled as being found in 'Hampshire, Virginia.' It is min
eralized by a dark yellowish limestone. It differs from C. Blumen
bachii in the form and number of its articulations; in the shape
[671
•J I
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of the head; in having only two flat tuberculous elevations on
the front; and in other particulars.
"In the cabinet of the New York Lyceum, and in that of J. P.
Wetherill, Esq., there are some examples of this species from the
Miami river, near Cincinnati, Ohio. I have also seen it from In
diana, in a dark coloured limestone, very much distorted. It has
never been found at Trenton Falls, or at any other locality, as far
as my knowledge extends, which yields the true C. Blumenbachii."
--Green, loco cit.
'
The illustrations given herewith will make the identification of
this common and characteristic species easy, without further de
scription. It is perhaps the most sOt!.ght after by amateur col
lectors of any fossil in the Cincinnati series, and in the more
accessable localities perfect specimens are becoming increasingly
rare. Its x:ange is coextensive with the Cincinnati series, though it
is abundant at comparatively few levels.
5.9A2 ... . 1.34A1, 3, 7, 8, 10, 11, 13b, 14a, 14b, 15a, 15b, 16b,
]7, 19·21, 22 .... 1.34B4-5 ... ·.1.34C5, 6, 7, 10, 11, 13, 14a... .
1.41B1, 3 .... 1.41C1, 2-3 .... 1.41D1, 2 ..•. 1.41E4 .... 1.12A2 ... .
1.12Dl-6 .... 1.12E3.
CERAURUS PLEUREXANTHEMUS Green.
Plate LIV, figs. 9-Sb.

Ceraurus pleurexanthemus Green, 1882, Monograph of the Trilo
bites of North America, p. 84, cast No. 33, fig. 10:
, 'Clypeo postice arcuato, angulo externo in mucronem valde
producto; oculis minimis remotis, post-abdomine in spinam arcu
atam acutam utrinque extenso.
, 'The exact contour of this species cannot be perfectly ascer
tained from our specimens; it.seeIllS, however, to have been lunate.
rrhe horns of the crescent which form the posterior angles are very
distinct, 'and they project like curved spines, some distance on each
side of the head. The middle lobe or front is faintly scalloped on
each side along the cheeks. The cheeks are rather large, and are
furnished with two small oculiform tubercles, very remote from
each other, and quite near to the anterior portion of the buckler.
'{'he abdomen is composed of twelve articulations. The lateral
lobes of the abdomen are fiat, and each of the ribs, at about half
their extent, is marked on the upper surface, with an elevated pim
ple. These little pustules are nearly on a line with the oculiferous
tubercles of the buckler, and present two par,allel ranges down the
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bop.y, one on each side of the middle lobe, and are terminated by a
curved spine, which projects to some distance beyond the tail of t~e
animal. Length, .one inch and a fourth.
"This remarkable organic relic was fOlmd near Newport, in the
State of New York. It is embedded in black limestone shale, and
so exceedingly depressed is this animal that a very thin lamen of
the slate removed from the surface would destroy every vestige of
its appearance. I am indebted to my early friend, Professor T. R.
Reck, for the use of this valuable petrifaction, which now belongs
to the cabinet of the Albany Institute."-Green, Zoc. cit.
o.f this species I have seen only an imperfect, but lIDmistak
able, pygidium from the base of the Lorraine at Manchester, In
diana, and another fragment from the base of the Waynesville
formation near Harmon's Station, Indiana. For the identification
of the first I "am indebted to the iate Dr. C, E, Beecher, to whose
opinion on such points only the highest regard can be paid. So
far as I am aware, the species has not heretofore been reported
from this horizon of the Cincinnati region. 1.34 C 13 and 1.34 A 3,
CERAURUS ICARUS (Billings).
Plate LIV, figs. 8, 811..

Ohei1'urus icarus Billings, 1859, Canadian Naturalist and Geolo
gi&t, voL V, p. 67. (Also Geol. Canada, Report of Progress-'
18GB-page 219, fig. 231.)
DALMANITES BREVICEPS Hall.
Plate LIV, figs. 10, 1011..

Dalmania breviceps Hall, 1866, 24th Report of the New York State
Museum, p. 223, pI. viii, figs. 15, 16. (Published in 1866, re
published in 1872.)
"Body broadly ovate in general form, having its greatest width
across the base of the cephalic shield. Head subcrescentiform, the
anterior margin very slightly produced in front of the glabella.
Frontal lobe of glabella transversely elliptical, the breadth nearly
twice as great as the length, separated from the anterior lobe by
deep narrow furrows. Anterior lobe transversely subovate, promi
nent; middle and posterior lobes obsolete; occipital ring narrow,
distinctly defined.
"Eyes very prominent, with five lenses in the central vertical
range, but the number of vertical ranges cannot be determined;
palpebral lobe depressed. The outel' border of the movable cheeks
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is thickened and rounded, and the space between the border and
t1).e eye dEpressed. The posterior spines long and broad, reaching
to the sixth thoracic segment.
"'I'horax with the axial lobe highly eon vex and the lateral lobes
strongly geniculate, subequal in width, rapidly tapering posteriorly
'from the fourth or fifth segment. Segments curved forward on
the top of the axial lobe, and the furrows on the pleura strongly
marked.
"Pygidiuni obtusely pointed behind, the lateral borders inclos
ing an angle of about 120 0 , the anterior border rounded; the num
ber of articulations not clearly defined, but apparently numbering
about ten or twelve, besides the terminal one; those of the laterf;ll
lobes have been more numerous.
"The entire surface, so far as can be R('Cn Ull the specimen, has
been finely pustulose.
"This species differs "from all others describ;>d. in the short
cephalic shield, and in the absence of middle anJ pu!"terior glabel
lar lobes. In general form, it resembles Dalmania ca.uicC[:~alia of
tlIe 'frenton limestone of New York; but differs conspict:ously in
having spines on the posterior angles of the cephalic shield."
Hall, loco cit.
Doubtfully reported from Madison, III diana.
ISOTELUS MAXIMUS Locke.
Plate LV, fig. 1. (Isote!us gigas.)

isotetus maximus Locke, 1838, 2d Annual Report of the Geol.
Surv. Ohio, p. 247, figs. 8, 9.
The description given by Locke in ] 838 of this species is of
so untechnical a sort as to be of very little value, were it not for
the figures with which he accompanies it. I extract from his re
marks whatever can be said to have any special bearing upon the
diagnostic characters of the species in question.
Locke's specimen has a "kind of shovel shaped termination at
both ends >If< >If< «< large eyes, placed on the highest part of his
body, «< "" >If< The animals were of various sizes, from less than
an inch in length to 21 inches "" 'It «< [the specimen] is a
fragment of the under margin of the tail or post abdomen of the
animal, and when viewed sideways, exhibits a convex and a con
cave part precisely like the' moulding' called the' O-gee' "" «< ..
I am not sure that my specimen is not actually an overgrown mega
lops of Green j the character' cauda suborbiculari limbo lato.' ap·
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plies exactly, and the only definable difference which I can per
ceive between Dr. Green's specimen and my own is that the length
of the post abdomen in his specimen is two thirds of its width.
while in mine it is less than two thirds. The size, which is hardly
a character, is very different, his being 5 inches, and mine 21 in
length. I merely propose it as a new species, under the name 01'
maximus, leaving it for those who have the means of more extensi ve
comparisons than I possess to determine the question:"-Locke,
loco cit.
Clarke has pointed out in the Paleontology of Minnesota that
the sole distinction between this species and the Isotelus gigas is in
the presence of genal spines in l maximus and the absence of these
structures in t. gigas. The spinous individuals are also in the
New York and Minnesota specimens always smaller.' Locke has
indicated spines in the sketch which 'he gives of his extraordinarily
large specimen. In general, my observation indicates that even
very large individuals in the Cincinnati region possessed the genal
spines. I have not seen any perfect specimens of either species
of Isotelus; in fact, the majority of the specimens are in an ex
ceedingly fragmentary condition, but several of these of very con
siderable proportions show the genal spine.
The general features of the two species can readily be seen in
the figure of 1. gigas (after Hall) given herewith. The following
points bJlought out in Clarke's description apply to both species:
The c.ephalon and pygidinm are elongate sub-triangular, the
~xtremities subacute, slightly flattened or extenuate. The facial
sutures meet at an acute angle at, or just behind the frontal mar
gin. The glabella is obscurely deflned, and more obscurely lobate,
tt'aces only of the lateral furrows being visible in an oblique light.
'rhe cheekM bear an intramarginal furrow, above which their gen
eral surface is elevated into a more or leRs conspicuous node,
crowned by the eye. The occipital ring and furrow are quite obso
lete. The axial furrows of the thorax are quite distinct, the axis
itself broad, considerably more than one-third the width of the
thorax. The lobation of the pygidinm is very obscure, the dorsal
.furrows hardly distinguishable.
So far as I can determine, the common species in the Cincinnati
region possesses the genal spines, and should therefore be referred
to Isotelus maxim1ts. Many of the fragmf;nts seen, however, do not
show this critical part of the species, and in such cases no speciflc
determination could be attempted. Specimens showing the spines
were obtained at the following localities:
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5.9A14 .... 1.33A3 .... 1.34A3, 4, 5, 15b, 16, 18b, 19-21. ...
1.34C13 .... 1.4102-3, E6 ... . 1.12A2.
PROETUS SPURLOCKI Meek.
Plate LIV, fig. 13.

o

Proetus spurlocki Meek, 1872, Amer. Jour. Sci., 3d series, III, p.
426. (Not figured.)
"Gene;al form, exclusive" of the spines of the cephalic shield,
ovate-subeUiptic, with moderate couvexity. Cephalic shield having
the form of half an ellipse divided through its shorter diameter, its
posterior margin being straight, an9-' its anterior narrowly rounded;
posterior lateral angles produced into long sharp spines, that ex
tend back nearly or quite the entire length of the thorax;· glabella
a little less than one-third the breadth of the posterior part of the
head, separated from the cheeks on each side by a well defined fur
row, but without having the neck furrow behind distinctly marked;
other characters of the glabella unknown; eyes sublunate, nearly
their own length in advance of the posterior margins of the cheeks.
"'l'horax apparently shorter than the head, showing in the
specimen examined only seven segments (one or two being probably
concealed by the slipping backward of the cephalic shield); me
sial lobe moderately prominent, scarcely equalling the breadth of
the lateral lobes anteriorly, and tapering more rapidly backward,
with its segments not arching forward. Lateral lobes less convex
than the middle one; pleurae nearly straight and transverse, and
furrowed for a little more than half way out, with their outer ex
tremities merely rounded in front, and nearly rectangular behind,
without any distinct backward curvature.
"Pygidium semicircular, scarcely one-half as long as the
cephalic shield, and provided with a smooth flattened margin;
mesial lobe moderately prominent, narrower than the lateral, taper
ing posteriorly, where it terminates rather abruptly, without passiug quite upon the flattened margin, showing only very obscure
traces of five or six segments on its anterior half. Lateral more de
pressed than the mesial one, and with flattened margins rather
more than one-third the breadth at the anterior end of each, and
each showing obscure traces of six or seven furrow~d segments.
"Entire surface smooth.
"Length of a specimen apparently very slightly shortened by
the slipping of the cephalic shield a little back upon the thorax,
0.33 inch; breadth at the widest part across the posterior part of
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the head, 0.25 inch; length of head, 0.27 inch; do. of pygidium,
0.11 inch.
" Until I saw the published figure of Proetus parviuseulus Hall,
I had thought it possible that this might be the same, although it
did not seem to agree in several characters with those mentioned in
the previously issued description of that species. On comparing
it with the figure of that form, however, it will at once be seen to
present well marked differences. In the first place, its cephalic
shield is decidedly longer in proportion to its breadth, and more
narrowly rounded in front; while the posterior lateral spines of
its cheeks are nearly or quite twice the proportional length of those
in P. parviu8eultts. Its eyes are also placed decidedly farther for
ward, and its neck segment is much less distinctly defined. When
we come to its thorax, we also see equally well marked differences,
its pleurae not being curved backward and falcate as in that
species, nor having their furrows extending so far outward. It
almost certainly has one or two segments less, though the slight
slipping backward of the cephalic shield leaves some little room
for doubt on this point. I have, however, also an inferior speci
men before me, belonging to the collection of Dr. H. H. Hill of
Cincinnati, believed to belong to this species, and this .certainly
has only eight thoracic segments. Again, the pygidium of our
species differs in having distinctly flattened, smooth and very ob
scure furrowed segments on the lateral lobes, that do not extend
out upon this border, while upon that of P. pa1'viu8culu8 the seg
ments are strongly defined, without furrows, and extend very
nearly or quite to the border, so as scarcely to leave any flattened
margin.
"'l'he specific name is given in honor of T. W. Spurlock, Esq.,
of Cincinnati, who discovered some of the new fossils loaned to
the Ohio Survey, and is well known in that city for his long devo
tion to the study of the natural sciences. "-Meek, loe. cit.
'l'he above description needs no supplementing. I have a frag
ment referable to this species from the base of the Lorraine at
Manchester Station, Indiana. 1.34C1:1. The type is from 100 ft.
below the tops of the hills at Cincinnati, O.
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TRINUCLEUS CONCENTRICUS (Eaton).
Plate LIV, fig. 11

concet~trica Eaton,. 1832, Geol. Textbook, p. 34, pi. i,
fig. 2.
"Fillet in th0 form of a semi-ellipse cut in the direction of its
transverse diameter, and truncated so as to present the two ends of
the fillet in the line of the same diameter; punctures of the fillet
in about 4 or 5 eoncentric arcs, separated by alternating arcs of
fine elevated ridges; middle lobe of the head narrower than the
side lobes, more prominent, and tapering posteriorly; whole ani
mal short-ovate; side lobes wing-like, fiat, with very narrow joints.
The head is found in great numbers in the transition limeroek of
Glenn's J:4"alls, and in the. wacke variety of transition argillite on
the Champlain Canal, between Waterford and the Mohawk.
Three fignres, 7 A, B, C, Plate IV, of Brogniart, found in Russia
by Stokes, are the heads of this species; but Stokes did not find
the bodies. Fig. 6 of the same is probably a species of this genus.
'l'he head excludes all t.hese species from the genus Asaphus."
}l;aton, loe. cit.
'l'he pitted margin of the cephalon and three conspicuous pear
shaped lobes, and the long straight genal spines, are sufficient to
distinguish .this species, which is unlike any other Trilobite in the
same formations. The thoracic segments are rarely seen, but frag
ments of the cephalon are abundant at several horizons in the Eden
shales.
il.9A2, 4 .... 1.34C5 .... 1.38A23, 29.

Nuttainia
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ANNELIDA.
DESCRIP'l'ION OF SPECIES.
CORNULITES RICHMONDENSIS (Miller).
Plate XLll, fig. 5.

Tentaculites richmondensis Miller, 1874, Cincinnati Quarterly
Journal of Science, voL I, p. 234, fig. 28.
"Tube free or detached, straight, conical, gradually tapering
from the aperture to an obtuse point. Surface marked by strong
encircling annulations or constrictions, which are crossed by very
fine, regular, longitudinal striae.
"Length of a specimen about one inch; diameter at the aper
ture about 1% lines; width of the annulations at' the aperture
about half line, which grt¥lually diminish to less than one-quarter
that size, and become nearly obsolete as they approach the closed
end of the tube.
"While some of the tubes appear to be slightly curved toward
the point, yet the numbers observed, which are broken across each
other and across coral stems and other inequalities of the surface
with which they came in contact, indicate that the tubes were very
slightly, if at all, flexuous.
"They were found in the upper part of the Cincinnati group,
near Richmond, Indiana, by Mrs . .1\1£. P. Haines, on slabs, dispersed
and scattered in every direction, in great abundance. 'l'hey do
not appear to have ever been attached to each other or to any other
body, nor to have lived in clusters, yet on one particular slab, not
more than six inches squa.re, in the cabinet of Mrs. Haines, there
may be more than a hundl'ed tubes scattered, wholly without order,
in every direction. A slab, however, 'of that size, with a dozen of
these tubes on it, may be ;regarded as a reasonably good specimen.
"The tubes have a marked resemblance to conchiolitcs , fica:
uosa (Hall), though they, may be readily distinguished by their
much larger size, straight. instead of curved form and free. instead
of attached habit. While I think that the latter are not always
curved nor always attached, yet that is the general condition in
which they are found, but this species does not appear to have
ever been attached, and it is doubtful whether it was in the least
flexuous in its living state. "-Miller; loc. cit.
'rhe type as indicated above is from Richmond. Indiana. The
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specimens which I have referred to this species are usually rather
smaller than indicated above, though in other respects they- con
form to the description. ~iller's figure does not show any longi
tudinal striae, thtmgh he mentions such in his description. All of
the specimens in my collection show the longitudinal striae very
plainly. An example of this specles is shown natural size on the
upper end of the slab containing a number o£ specimen~ of flaT,..
manella meeki from Versailles, Indiana. (PI. XXXIII, fig. 6g.)
If I have correctly identified it, it occurs rather abundantly in the
lower part of the Richmond formation, wherever the latter is ex
posed in Indiana.
1.34A3, 4, 7, 8, 9, 10, 11. ... 1.41Bl, 1.12E3.
CORNULITES TENUISTRIATUS (Meek and Worthen).

Tentaculites tenuistriatus Meek and Worthen, 1865, Proc. Acad.
Nat. Sci. Phila., 1865, p. 254. (Not figured.)
"Shell attaining a rather large size, gradually tapering, and a
little curved; annulations large, prominent, rather obtuse near
the smaller end; separated by rounded constrictions of about 0.10
inch breadth at the larger extremity of a specimen one inch or
more in length. Supface marked by numerous, very fine, regular,
closely arranged longitudinal striae, most distinctly marked in the
rounded depressions between the annulations. Aperture circular.
"Length, - 1.16 inches; breadth at the aperture, measuring
upon one of the rings, 0.25 inch; do. between the rings, 0.19 inch;
space occupied by four rings and the three intervening spaces at
the larger end, 0.30 inch; while the same space includes six rings
at the smaller end.
, 'This species resembles rllther closely the enlarged figure of a
form from the same horizon, referred by Prof. Hall to his T. ftexu
osa (pI. 78, fig. 26, Palaeont. N. Y. Vol. 1); but its annulations are
sharper, and its longitudinal striae more crowded; while the
natural size of the New York species is much smaller.
"Dr. Shumard has also described, under the name T. incurvus
(1\Iissouri Report, p. 195), a similar form, though his species is
much smaller, with· more crowded rings, while it also differs in
having minute annular striae; "-Meek and Worthen, loe. cit.
Reported in. Kindle's list from Richmond, Indiana. I have not
succeeded in obtaining a figure or spedmen of this species.
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CORl\'UUTES FLEXUOSUS (Hall),
Pla.te XXXII, fig. 11.

'1: entaculites ? fiexuosus Hall 1847, Paleontolgy of New York, vol.
I, p. 92, pI. xxix, figs. 6 a-d. .
"Tubes singl~ or aggregate, adhering, more or less curved at
the tip or along the whole length; surface marked by strong annu
lations, which are crossed by fine longitudinal striae; annulations
somewhat irregular; interior distinctly septate; septa with the
concave sides upwards.
"The mode of growth and the interior structure here developed
give us more information regarding the habits of this hitherto
doubtful fossil than we have before possessed. If the species in
question is a true TENTACULITES, of which perhaps we may
have some doubt, it appears to have been developed like many of
the corals, viz., a simple tube affixed at the base, occupied by an
animal which secretes calcareous matter, building up the walls of
the cell, and extending across it transverse septa as the tube be
came elongated. The structure of the tube, however, allies it more
nearly with Crinoideans than with Corals; and it is probable that
it was inhabited by a simply constructed animal of the same order.
"The specimen fig. 1a [of Hall's paper] first attracted my I;lt
tention by its curved tip, showing that it must have been attached
to some other body. A further careful search among a large num
her of specimens from Lowville enabled me to discover the at
tached group, which shows that an exudation of calcareous matter
attached them firmly to the shell, while a group of the cells of
Chaetetes lycoperdon have commenced their growth on the same.
"I have referred this, with some hesitation, to the genus TEN
TACULITES, both on account of its general form and mode of
adhering to other bodies, as well as from its internal structure,
which, however, has not heretofore been shown in the true TEN
TACULITES. All the other species known in our strata are
straight, rigid, and gradually tapering to a point, always separate,
and never known as adhering to other bodies. "-HaIl" we. cit.
'l'he type is from the Trenton Limestone, Lowville, New York.
The specimen of which I give a figure. is from the upper part of
the Utioo formation on Tanner's Creek, near Manchester, In
diana. This is, if I am not mistaken, the form commonly }{pown as
C. conica. The reference of this species to the worms instead of
the genus Tentaculites now rests upon secure evidence.
J'

f
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PLATE I.
lJeut1'icea undulata Bill .......................................... .
1. General view of !'llecimen. N."
Beatricea nodulosa .....................•.........................

Page
700
701

In. Longitudinal fectioD. N.
lb. Transverse section. N.
l,alJechia montitera. (Tlr...................................... , . . . ..

2.

704

Portion of n Inrge specimen which hus overgrown nn Orthocerns.

n."'"

2a. "Vertical redioll or ~ specimen from WaynesvllIe, O.
2b. TransYer,'e 1;p('(loll of the snme. U.

U.

Calal)oecia criul'it(;l'Ii: i.~ :Nidl.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

70:).

View of n slllall specimen. Natural size. N.
3a. Portion of the surface, enlarged. N.
ob. Interior of' a corallite, showing the septa and mural pores, en
In,rged. N.
3c. Section of n !'pecimen from Richmond, Indiana, showing the tabulae
and nll11'l11 pores. x about 1.5.
3.

ColmJli1(lrill ub;Golata Goldf ........................... , . . .. . .. . . ...

4.

703

Longitudinal section of a specimen from Osgood,Indiana, natural

size.
4n. ':'ransverse section of the same specimen.
"rolarea vetusta Hall. •.... .. . . .. .. . . . .... .. . . . . .. . . .. . .. . . .. . . . ..

5.

Surface of a [lOJtlon of a specimen from Ulchmond, Indiana.

Streptelasma di'paricana Nich .......
G. Small specimen with a single lateral bud. N.
Gn. Another specimen with four corallitee. N.
<• • • • • • • • • • • • < '

*Figure after Nicholson .
•• Figure after Ulrich.
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•

•
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705
x 2.
707
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PLATE II.
Pagt!
709
1. Surface of a portion of a specimen from Welsburg, Indiana. x 2.
lao VIew of a broken surface showing the corallites In longitudinal sec·
tlon. x 2.
lb. Transverse section. r 18.
lc. Longitudinal section. x 18.

'1'etradtum minU8 Safford............................ ,',...........

St1'eptelasma rusticum ,BilL ................. : ...• ~ ........... '. . . ..

708

2. Specimen from Tanner's creek, Indiana, natural size.
2a. Transverse section of a specimen from Versailles. x 2.
2b. Longitudinal section of the same. x 2.
strephoohetull rwhmoodensis Miller................................

3. Polished slab, showing several specimens, natural size. Ml."
3a. Longitudinal section. x 100. Ml.
ab. Transverse section. x 100. MI.
• Figure after Miller.

706
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PLATE III.
A.nomalo01'inll8 'inCU1"VU8 Meek and Worthen ..... :.. ... ... .. ....•. .. . ..

1.
lao
lb.
lc.

Page
716

Anterior view of a specimen from the Miller collection. M. '"
Posterior view of same. M.
An end view of the column at 0.43 inch above the root. M.
An end view of the column Ilear the body.. x 2.5. M.

728.
A large individual growing on the shell of Dalmanella, and show
ing the column-like appendage, broken at its free end. James collection.-.
Natural size. M.
LichenocrinU8 crate1'i-formilJ Hall ........... , ..........•........ , .. ,

2.

H(jteroorinU8 juvenill Hall.........................................

3. Side view of body, arms, and part of the column.
3u. Posterior view of a specimen. x 2. M.
3b. One of the discs of the column. x 2.5. M.

725

M.

Den!i1"ocrifVtl8 polydactylu..q Shumard................................

719,

Posterior view of the body and arms with portion of the column
attached. M.
4.

Heterocrinus heterodactylus Hall..................................
5. Posterior view. x 1. M.

5a. Same enlarged.

724

M.

U1'astereUa grandis Meek •................................ , ........

731
6. DOr!'1al view of a specimen with two of the arms folded over so as
to show their ventral sides. Haines collection. M.
6a. Piece of one of the rays enlarged. M.
6b. Dorsal side of same more highly magnified. M.

'l'aeniaster granuUferou8 Meek.............................. .......

733
7. Ventral view of a specimen showing part of the disc and portions
of the rays. x 2. M.
Palaeasterina spcciosu Miller and Dyer ........................ '.....

'8.

Dorsal view.

Dyer collection.

. "Figures after Meek.
t Figure after Miller and Dyer.

M. D.t

731

Plate III.
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PLATE IV.
,
Page
Xenoorinu8 baeri ~Ieek ........... ~'........................ '" . . . .. 734
1. Specimen consisting of the arms and pinnulae only. M.
la. Side view of the body and arms with the pinnulae. M.

DendrocrVnU8 easei :Meek. ...... ........ .•................•. .. .. ... 717
2. Anterior view with portions of some of the arms and part of the
column attached. ~I.
2a. Posterior view of young individual. Dyer collection.
2b. End view of the column. M.

M.

uiehenoerinU8 tubereulatus Miller.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • 730
3. Upper surface of a specimen from Richmond, Indiana.
lectlon. x 2. Miller.

Haines col·

[,iehenocrinus patte'rso1~i Miller.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

729
4. Top view of a specimen from Kentucky opposite Cincinnati. Miller.

~

2.

4a. Same, natural size. MUler.

Liehenocrinus dyeri Hall •.•...............•.....•........ " • . . . . • . 729
5., A specimen showing the upper side of the disc with its numerous
very small pieces, and the base of its appendage in the middle. "'Dyer col·
lection. M.

Lepaaocrinus 1!worei Meek........................................ ,
6. Side view of body and part of column. x 1. M.
6a. Another view of same showing the anal opening.
6b. Top view, enlarged. M.

727

M.

locrVnus subcrassus Meek and Worthen..... . . . . . . . . . . . . . . . .. . . .. . ..

726
7. Posterior view of a specimen showing the anal series of pieces. M.
7a. Side view of body and arms with a piece of the column. M.

Glyptocrinus ayeri Meek.................................... . . . . . . .
8.

Posterior view of body and lower part of arms.

722

M.

Glyptoerinus aeeaaaetylus Hall. ......•............ : . • . . . . . . . . . . . . . .

720
9. Side view of the body and lower part of the arms of an unusually
fin? specImen. M.

Ectenocrinus'simplew Hall .... ,. ..............................,......

720
10. Oblique posterior view of a specimen. M.
lOa. SIde view of body and portion of the arms of a specimen that
seems to ha,ve had the upper portion of its arms broken away and subse
quently restored during the life of the animal. M.
'

Lepiaoaiscus faberi Miller.. . . • . . . . . . . . • . • • . . . . . . . . . . . . . . . . . . . . . . . .

728
11. Enlarged view of an imperfect specimen on the shell of a brachio·
pod. MI.
'
'

Lichenoerinus crateritormis Hall. . . . . . . . . • . . . . . . . . • . . . . . .. . . . . . . • . .

728
12. Basal layer of platform showing its upper or inner structure ex·
posed by the removal of the disc plates and internallaminae.;r2. M.
12a. Upper side of disc with the long appendage removed.' K B. M.
12b. Side view of a similar specimen. x 2 Y.

Plate IV.
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PLATE V.
Puge
Oalapoecia cl'ibrifarmis Nicholson ...................., . . . . . . . . . . . . . .

1,

View of a fine specimen from Richmond, Indiana.

701

Natural size,

A 1111l1exopara filiasa. (American authors. nOll d'Orbigny) ... , , , ...... ,

70;;
2. View of II large specimen of this species from the upper part of
the Lorrlline at Vevay, Indiana.

Plate V.
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PLATE VI.
Amplexopora cingulata Ulrich.............. , . . . . . . . . . . . . . . . . . . . . . . .

1. Longitudinal section. x 18. U.
1a. Tangential seCtion near the surface.

Page
758

x 18. U.'

Amplcl1!opora septosa var. multispinosa Cumings.....................

765
2. Longitudinal section of a specimen from the Upper Utica at Milton,
Indiana. x 18.
2a. Tangential seciion of the same. x 18.
2b. Portion of tile surface. x 9.

A mplel1!opora petasifontl<i8 Nicholson. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

3. Tangential section. x 18. N.
3a. Longitudinal section of the same.

x 18.

760

N.

A 11IplcI1!opora pustulosa Ulrich.....................................

761

4. Longitudinal section. x 18. U.
4a. Tangential section. x 18. U.
4b. Portion of the surface. x 9. U.
d 111 plcaJopora robustu Ulrich............. . . . . . . . . . . . . . . . . . . . . . . . . ..
5. Longitudinal section. x 18. U.
5a. Tangential section. x 18. U.
5b. Portion of the surface. x 18. U.
/1 mplexopora septosa Ulrich.......................................

762

763
6. Longitudinal section of a specimen from the base of the Lorraine
at Vevay. Indiana. x 18;
6a. Tangential sectio~ cutting the deeper portion of the mature region.
x 18.
Gb. Tangential section of the mature region. x 20.

Plate VI.
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PJ...ATE VII.
Page
765
1. Longitudinal section of a large specimen from the upper part of
the Lorraine at Vevay, Indiana, x 18.
la. TangentIal section of the same, x 18.
lb. Portion of the surface of the same, x 9.
Amploxopol'a fiU/lsa (of Americflll aut/lOt·s) ........•.... ".", " ,...

Atactoporella multigrallosa t:lrich, ..... , .. , .....•.• , ... , , ....... , ,.

769

2. Tangential section. x 18. U.
2a. Vertical section. x 18. U,
Atactoporclla. mund'u/(t Ulrich ....... , . .... .. . . . . .. . ... .. .. .. .. . .. ..

770

3, Vertical section 'of a specimen from the Lorraine at Lawrenceburg,
Iudlana, x 18.
3a, Tangential section of the same. x 18.
ab. T:.ongitudinal section of a typical specimen. x 18, W.'
A tactopol'ella newpol'tensis Ulrich, ........ , . . . . . . . . . . . . . . . . . . . . . . . .

4.

Tangential section.

771

A tactoporella ortoni Nicholson .. , ...... .
5. Tangential section. x 18. F.

5a. Vertical section.

770

x 18. U.

x 18.

U.

Atactoporella schuchfl1'ti Ulrich ............. , ..... : .... , . . . . . . . . . . .

6, Portion of a tangential !lectiOll.
6a. Tangential section, x 18. U.

x 50.

772

U.

Batostoma implicatmn Nicholson ............... , . . . . . . . . . . . . . . . . . ..

774
7. Tangential section of the matm'e I'eglon of a specimen from near
Guilford, Indiana. x 18.

Batostoma jamesi Nicholson •.... , , .... : . , ........ , .......... , . . . ..

775
8. TangentIal section of the mature region of a spill;imen fr:om Guil
ford, Indiana. x. 18.
I
8a. Longitudinal section of the same. x 18.

Batostoma va-rians Jumes........... _................... , . . . .. . . . ..
9.
x 18.

778
Longitudinal section of a specimen from neflr Weisburg, Iudlonn

Plate VII.
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PLATE VIII.
Batost01na jamesi Nicholson.................... . . . . . . . . . . . . . . . . . . .

1.

Page
775

Surface of the same specimen as Pl. VII, fig. 8. x 9.

Ratostoma imptwatum Nicholson ........................ , ....... '"

2.

774
Surface of a specimen of this species from Guilford, Indiana. x 9.

Batostoma varians James..................................... .. ...

778
3. Surface of a specimen from near Welsburg, Indiana. x 9.
3a. 'l'angential section of the mature region of the same. x 18.
3b. Tangential ,sections of the mature and immature regions of another
specimen. x 18. U.
Batostoma varia,bile Ulrich................ ............. .. .. .. .. ...

4.

Longitudinal section of a specimen of this species.

777

U.

Bythopol'a meeki James ... '" ..... ...... .....• . .•......... . .. .. ...

783
Longitudinal section of a specimen from the top of the Waynesville
formation near Weisburg, Indiana. x 18,
5a. Tangential section of the mature region of another specimen. x 18.

G:

BlIthopm'a gracilis Nicholson. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . .

782
6. Tangential section of the mature region of a specimen from the
Lorraine at Lawrenceburg, Indiana. x 18.
6a. Surface of a specimen of this species. Enlarged. N.
6b. Surface of the species still further enlarged. N.

BlIthopora uelicatula Nicholson.. . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . ..

7.

Portion of the surface of a specimen, enlarged.

Buthopora arctipora Nicholson ~ ................................. ~ ..

8.

781

N.

Portion of the surface of this species greatly enlarged.

>..

780

N.

CaUopora andrewsi Nicholson. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

785
9. Portion of the surface of a specimen of this species from Lawrence
burg, Indiana. x 9.
9a. Surface of a specimen enlarged. N.

comm1~nis James ............. _............. '.
788
10. Portion of the surface of a specimen from Manchester Station, In
diana. x 9.

CaUopora onealli val'.

Callopora dalei Edwards and Haime. .................. .... .. .. .....

792
11. Portion of the surface of a specImen from Manchester Station, In
diana. x 9.

Plate VIII.
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PLATE IX.
Page
GaUopora tl'onaosa n. Sip ••• ,. . . • . •. .• • . •. . .•• • • . . . . . • •. . •• .• ••• • • •• 785
1. Tangential section of a specimen from the Whitewatel' division at

Richmond, Indiana. x 18.
la. Longitudinal section of the same.

x 18.

. GaZlopol'a 110dulftllu Nicholson.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

786

2. Longitudinal section. x. 18. N.
2a. Cross section. x 18. N.
2b. Tangential section. x 18. N.
21'. Portion of the surface. x 18.. N.
Gallopora onealli James....... ... . .. . ... . . ....... . . . ... .. ..... . ...

3. PortIon of a specimen from Guilford, Indiana.
3a. LongitudInal section. x 18. N.
3b. 'l'angential section. x 18. N.

OaUop(}ra onealli var. sioill(Jcroi~tes Nichoidon. . . . . . . . . . . . . . . . . . . . . . ..

4.

Longitudinal I'lection of a specimen

786

x 9.

01' this species.

I

189

x 18.

790
5. Longitudinal section of a specimen from Lawrenceburg, Indiana.
x 18.
511. Surface of same. x 9.

. Gallopol'a ranwsu d'Orbigny.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

GaUopor(J cf. ramosa . .•...•..•...........•.....•..•..•.•..•..•...•

6. Longitudinal section of a specimen from Weisburg, Indiana, from
the top of the pberty formation. x 18. The surface characters of this
specimen~are practically.identlcal with those of typical O. ratffWlJu.

Plate IX.
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Oallopara ramosa d'Orbigny....... , , ..... , .. , . , , .. , .. , .. , ........ "
790
1. Cross section of the stem of the type in the collection of d'Orbigny.

x 10. A. P.·
Oallopora rarnosa var. rugosa Edwards and Haime ...... , ..... ",...

793
2, Longitudinal Section of a specimen of this species from neal' the
top of the hill back of Vevay. Indiana. x 18,

Oallopora ct. rugosa ••. , .......• , ., •..••... , .•.....•... , ... , .. , , ...

3. TangentIal section of a specimen from the Whitewater division at
Richmond, Indiana. having the external charncters of O. rugosa. x 18.
3a. Longitudinal section of the same. x 18.

;"t,.. . . . . 795
4. Longitudinal section of a specimen from the upper Eden near Guil·
ford, Indiana. x 18.
4a. 'l'angential section of another specimen from a position Flli~htly
higher up in the section. x 18.
Oallopo1"a 8ubplana Ulrich .................................

OalZopara 8ubnodo8a Ulrich ..................... , .... , .... , ...... ,.

5.

79S
Longitudinal section of a specimen from near Weisburg, Indiana.

x 18.

.

5a. Surface of a similar specimen from the same locality. x 9.
Oalloparella c'irc.ulal'i,s James .... , ... ,.............................

6.
Sa.
Sb.
6c.

Vertical section of a specimen, naturnl size, .u.
Surface of a portion of the zoariuIll. x 18. U.
Vertical section. x 18. U.
Tangentia( section of the mature region. x 35. U.

OeramoporeUa di8tincta Ulrich. . . . . . . . . . .. • .. . .. . . . . . . .. . . .. . . . . . . .

797

799
7. View of a portion of the surface of a specimen from near Guilford,
Indiana. x 9.
• AnnaJes de PaJeontoJogie.

I

Plate X.
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PLATE XI.
Uhiloporella fiabellata Ulrich......................................

Page
802

1. Tangential section. x 18. U.
1a. Longitudinal section of a specimen froll! Manchester, Indiana, very
doubtfully referred to this species. 'x 18.
(Jeramoporella disti1wta Ulrich. . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. '791)

2. Tangential section.• x 18. U.
2a. Vertical section. x 18. U.
Ceramoporella grtJm1losa Ulrich ............. '. . . . . . . . . . . . . . . . . . . . . ..

799

3. Longitu'dinal section. x 18. U.
3a. Tangential section. x 18. U.
CeramoporeUa ohioensill Nicholson.......... . . . . . . . . • . . . . . . . . . . . . . . .

800
.
4. Tangential section. x 18. U.
4a. Vertical section. x 18. U.
4b.' Representation of a portion of the surface of a worn ,specimW! SUll'
[losed by Nicholson to belong to this species. Enlarged.' N.
4c. Portion of the surface of another worn specimen, doubtfully re
fened to this species by Nicholson. N.
4d. Surface of a specimen from near Weisburg, Indiana, )laving an ap
pearance similar to that of fig. 4c. A tangential section ,of this specimen
is given in fig. 4g. x 9.
4e. Surface of a specimen from Guilford, Indiana, presenting the ap
peamnce shown in fig. 4b. x 9.
41'. Longitudinal section of a specimen from the Lorraine at Vevay, In
dIana. x 18.
4g. Tangential section of a specimen from the top of the Waynesville
formation near Weisburg, Indiana. x 18. The specimen Is growing upon
a species of lJallopora.
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PLATE XII.
Ohiloporella ttalJellata Ulrich......................................

1.
1a.
lb.
species.

Page
802

Transverse section of this species. x 18. U.
Longitudinal section. x 18. U.
Surface of a specimen from Manchester, Indiana, referred to this
x 9.

Ooeloclerna alternat'um James............................. .. ... . ...

2 and 2a. Longitudinal sections. x 18. U.
2b. Portion of a transverse section. x 18. U.
2c. Portion of the surface. x 9. U.
2d. Portion of the surface of a specimen from Vevay, Indiana.

803

x 9.

8Q4
3. 'I'angential section. x 18. U.
3a. Tangential section of a specimen from the Utica formation at Ve-'
vay, Indiana. x 18.
Sb. Portion of the surface, showing one of the maculae. x 9. U.
3c. Portion of the surface of a specelmen from Guilford, Indiana, show
ing one of the maculae. x 9.
Ooeloclmna commune Ulrich... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

Oonstellaria constellata Dana..... . .... .......... ......... .. .. .. ...

804
4. Portion of the surface of one of the star-like clusters that consti
tute the chief feature of the genus. U.
4a. 'l'angential section of the fully mature region. x 18. U.
4b. Tangential section of the immature region. x 18. U.
4c. Portion of a tangential section of the mature region. x 50. U.
4d. Longitudinal section. x 18. U.
4e. Portion of a tangential section of a specimen from the base of the
Lorraine at Vevay, Indiana. x 18.

"late XII.
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808
1. 'l.'angential section througb one of tbe star·sbaped maculae of tbis
species. Weisburg, Indiana. x 18.
1~. LongitudInal section of same. x 18.
lb. Portion of the surface of a somewhat abraded specimen. The same
as 1a and 1. x9.
Constellaria, polystomella NicholsOll......................... : . . . . . ..

Constellarla limita1"'ls Ulrich.............................. . . . . . . . ..

806
2. Very perfectly preserved surface of a specitneu from \Veisburg, In
diana. x 9.'
Delcayia appre88a Ulrich. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . ..

809
3. 'l.'angential section of a specimen of this species froUl the collection
of the Yale Museum. . x 18.

Dekayia, pelltculata Ulrich ....................................... "

818
4. Tangential section of a specimen from the Lorraine formation at
Vevay, Indiana. x 18.
4a. Longitudinal section of the same. x 18.
Dekayia aspera EC;wards and Haime ................ " .... . ... .. . ..

810
5. Longitudinal section of a very perfect specimen of this specieR ill
the Redfield collection of the Yale Museum. x 18.
5a. Tangential section of tbe mature region of the same. x 18.
5b. Surface of the same. x 9.

Delcayia magna, Cumings.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

815
6. 'l.'angential section ofa specimen from the Lorraine at Lawrence
burg, Indiana, showing the small acanthopores. x 18.
6a. Longitudinal section of the same. x 18.

Plate XIII.
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Page
813
1. Tangential sectIon of a specimen from the Lorraine formation at
Vevay. Indiana. x 18.
la. LongItudinal section of the same. x 18.

Delcallia fronaosa vaT. cystata Cumings ...•............ ,. .. .. .. .. ...

Delcayia uZriclti var. roousta Foord.... . . ..... . ..... . .... . ... .. .. ...

826
2. Longitudinal section of a specimen from the uppel' part of the
Utica formation at Manchester Station, Indiana. x 18.
2a. Tangj!ntial section. x 18.
2b. Portion of the surface. x 9.
Dekallia ooseura Ulrich.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

816
3. Tangential section of the mature region of a specimen In the collec
tion of tne Yale Museum. x 18.
3a. Portion of tile surface of a specimen from Guilford, Indiana. x 9.

DeTcayia ulrichi Nicholson... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

824
4. Tangential section of a specimen from the upper Utica at Vevay,
Indiana. x 18.
4a. Tangential section of tbe fully mature region of a specimen from
near Guilford. Indiana. x 18.
4b. Surface of anotiler specimen from Guilford, Indiana. x 9.
Dekayia cf" uZrichi • •..••••....••....•.•.•...•••...................

5. Tangential section of a small ramose species from the base of the
Waynesville formation near Harmon's Station, Indiana, which may be a
v.ariety, of this species. x 18.
Dekayia Suof1'onaosa Cumings............ , . . . . . . . . . . . . . . . . . . . . . . . ..

821
6 and 6a. Portions of a tangential section cutting the submatul'e re
, glon and showing the two sets of acanthopores. x 18.
61Y. Longitudinal section of the same. Rase of tile Lorraine formation
at Manchester Station, Indiana. x 18.
6c. Portion of the surface of same. x 9.

Plate XIV.
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PLATE XV.
Page
812
type in the collection of d'Orbigny.

Delcayia f1'on,dosa d'Orbigny........................ '" . . .. . . . . . . ...

1. Longitudinal section of ~he
x 10.' A. P.
la. Longitudinal section of a specimen from the Lorraine at Vevay,
Indiana. x 18.
lb. Tangential section of the immature- region of a specimen from the
hase, of the Lorraine at Manchester Station, Indiana. x 18.
Ie. Tangential section of the submature region of a specimen from the
same locality and horizon. x 18.
ld. Tangential section of the mature region of a finely preserved speci
men from Brookville, Indiana. x 18.
Ie. Surface of same. 'x 9.
DeklJ;}/ia inf/,ecta Ulrich. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

814
2. I./mgitudlnal section of a specimen in tile Yale Museum, labeled by
Mr. Ulrich. x 18.
.
2a. Tangential section of same. x 18.
Dekayia pa1tpera Ulrich ...................... _. . . . . . . . . . . . . . . . . . . .

. 3. Longitudinal section of the type. x 18.
Ba. '.rangentlal Eection of same. x 18. U.

817

U.

Dekavia pl'olif/ca Ulrich .............................. '. . . . . . . . . . . ..

820
4. Tangential section of u specimen from the top of the Waynesyille
formation near Welsburg, Indiana. x 18.
4a. Longitudinal section of another specimen from tile sanle place.
x 18.
4b. Surface of a specimen from the Arnheim formation near Hal'mon's
Station"Indiana. x 9.
Dekallia 8ubra1l!-osfJ Ulrich........ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

823
5. Tangential section of the submature region of a specimen from the
Whitewater division at Richmond, Indiana. x 18.
00. Longitudinal section of same. x 18.

Plate XV.
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822
specimen ID. the Yale Museum, labeled by

Dekayia 8ubpulcltella Nicholson .......... , . , , , '. , " , • . . . . . . . . . . . . . . .

1. Tangential section of Ii
Mr. Ulrich. x: 18.
lao Portion of the surface o.(,a specimen showing the maculae of meso
:Pol"es.

N.

'Dekullia sp............. , .......................... '. . . . . . . . . . . . . .. - 

,

2. Longitudinal section of a specimen from the Whitewater division
at Rlehmond, Indiana, showing the presenee of an occasional acanthopore
of great size in the immature region. x 18.
2a. Tangential section of the same. Showing an occasional acantho
pore of extraordinary size. x 18.
820
8. Longitudinal section of a speCimen from Richmond, in which the
walls of the zooecia are unusually thlclt. Probably Ii fOrm of D. pmlifica·.
x 18.
'
fJekallia proZiflcat _...............................................

Erld,otrypa llimulatm Ulrich......................................

828
4. Tangential section of a specimen from the base of the Waynesville
formation near Harmon's Station, Indiana. x 18.
41:1.. Longitudinal section of a. typical example of the species. x 18. U.
4b~ Surface of a specimen. x 9. U.

E8charopora faZciformis Nicholson................................ ;.

830
5. Tangential section of a specimen from the Utica formation at Ve
vay, Indiana. x 18.
5a. Surface of a specimen from the Lower Lorraine at Manchester Sta
tion, Indiana. x 9.

E8charopora pavonia Edwards and Halme ... '.' . . • . . . . . . . . . . . . . . . . ..

832
6. , Surface of a well preserved specimen from the base of the Lorraine
at Manchester Station, Indiana. x 9.
H o11lotrypa A ustini Bassler .•..............'. . . . . . . . . . . . . . . . . . . . . . . .

7. Tangential section of, the type. x 20. B."
7a. Longitudinal section of the type. x 20. B.
Th. Portion of a tangential section. x 50. B.
*Figures after BllIIIller.

838

Plate XVI.
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PLATE XVII.
HOl1!otrypa col1!tltu,nis Bassler......................-... ,. .. . .. . .. . ..
I, Tang(>lltiai section of the type. x 20. B.
la. lJOIl;:itudlnal section of the type. x 20. B.

Page
839

lb. 'Iaugential section of a specimen from the. base of the Liberty for·
Illation near 'Yeisburg, Indiana. x 18,
.'
1('. IAlngitudiual section of the same. x 18.
1d. Surface of, same. x 9.

~

lIul1!Qtr'ypa cDnstellariformis n. sp ....................... " .. . . .. . ..

839
, 2. Longitudinal section of a specimen from the top of the Liberty for
lUation at Weisburg, Indiana. x 18.
. 2a. Tangential section of the same specimen. x 18.
2b. Surface of same. x 9.
Hornot'rypa C1tr1!ata Ulrich..... ... . .... ..... .............. .. .... ...

840
S. Longitudinal section of II specimen from the Lorraine formation at
Vevay, Indiana. x 18.
Sa. Tangential section ~f the submature regloll of the same specimen.
x 18.
3b. Surface of the same specimen. x 9.
Homotrypa eryUndrica Bassler .........•.......................... "

842
4. Longitudinal section of a typical specimen from the base of the
Whitewater division at Ri('hrtlond. Indiana. x 18.
4a. Tangential section of the same specimen. x 18.
H01notrypa da1Clloni Nicholson. ............. ..... . ............ ... ..

5. Longitudinal section of a spe('imen from Brookville, Indiana.
5a. Surfa<>e of same. x 6. ,

842
x 18.

Plate XVII.
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845
Longitudinal section of a typical specimen of this species, from the
the Liberty formation near Weisburg, Indiana. x 18.
Tangential section of same. x 18.
Surface. x 9.

Homotrypa ttabellari8 Ulrich....................... ....... .. .......

1.
base of
] a.
lb.

Homotrypa ttabellaris var. 8pinitera Bassler. . .. . ... .. . .. . . ... . . . ....

841
2. 1.'angential section of a specimen of this variety, from the White
water division on Elkhorn creek, near Richmond, Indiana. x ]8.

Homotrypa ttabellaris var. trondosa Cumings....... . ... . .... .. . ....

846

3. Portion of the surface of the tYrle. x 9.
3a. Tangential section of the same. x 18.
3b. Longitudinal section of the same. x 18.
Homotl'ypa curvata var. praecipta Bassler .... " . . . . . . .. . . .. . . . . . . ..

841
4. Portion of the surface of a specimen from the base of the Lorraine
formation at Manchester Station. x 18.
Homotl'lJpa nitida Bassler....................................... ,.
5. Longitudinal section of the tYDe. x 20. B.

5a. Tangential section of the type.

x 20.

848

B.

Homot1'1}pa nicklesi Bassler .... '" . . . . .. . . . . .. .. . . . . . . . . . . . . . . .. . ..
6. Longitudinal section of the tY!le. x 20. B.
6a. Tangential section of the type. x 20. B.

847

'Jate XVIII.
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Page
848
'1. Tangential sectIon of a specimen from the Lorraine formation at
Lawrenceburg, Indiana. x 18.
Ill.. Longitudinal section of the same specimen. x 18.
lb. Oross section of the same specimen. x 18.

Homotrllpa obliqua UlrIch ...................,........... ...• .. .....

Homot1'lIpa ramulosa Bassler...... ,............. ...................
2. Longitudinal section. x 20. B.

2a. Portion of a longitudinal section. x 50. N.
verted.)
2b. Tangential section. x 50. B.

849

(This figure is in

Homotrypa 'Worthen'i James.................................'..... ..

849

3. Longitudinal section. x 20. B.
311.. Longitudinal section of a specimen from the extreme top of the

Richmond series at Richmond. Indiana. x 18.
Sb. Tangential section. x 20. B.
3c. Portion of a tangential section. x 50. B.
Homotrypa sp................................ , ................... .

4. Longitudinal section of a species found in the 'Liberty formation
near Weisburg, Indiana. x 18.
, 411.. Tangential section of the same specimen. x 18.

cr. rustica Ulrich..... ...................... .. .... ... 851
5. Longitudinal section of a specimen from the Whitewater divisioll
at Richmond, Indiana. x 18.
5a. Tangential section of the same spooimen. x 18.
Homotrypella

Plate XIX.
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PLATE XX.
"eptotrypa calceola Miller Rnd Dyer ......................... '.' . . . ..

1.
1a.
lb.
1c.

Vertical section. x 18. N.
'rangential section. x 18. N.
Portion of the surface. 11: 18.
Specimen of the entire zoarlum. natural size.

Pagt'
853

N.

Leptotrypa discoidea Nicholson. . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . ..

851)
2. Tangential section. x 50. N.
2a. Portion of a longitudinal section. x 50. N. (This figure is in
verted.)
2b. Tangential section. x 18. N.
2c. Longitddinlll section. x 18. N.
2d-2f. Several views of a complete specimen, natural size. N.
"eptotrypa clava<:oidea James. .. .... .. . . . . .. .. .. .. . .. ... .. .. .. .. ...
3. Transverse section. x 7. N.

854

3a. Portion of a tangential' section. :x 18. N.
3b. Portion of the surface. x 18. N.
3c. An average specimen of the natural size. N.
aequali.~ Ulrich ....• ' ......... , ........ ' .. ... .. .. .....
856
4. Longitudinal section of the type. x 18. U.
4a. 'l'angential section of the type. :x 18. U.
4b. Surface of the type. x 18. U.
4c. Tangential section of a specimen from the Utica formation neal'
Guilford, Indiana, which seems to possess the characters of this species.
x 18.

MonotrypeUa

M onticulipora ep'iderm.ata Ulrich and Bassler. , . . . . . .. . . . . . . . . . . . . ..

857
5.' 'rangential section of a specimen from the Whitewater division at
Hichmond, Indiana. x 18.
5a. Tangential section, cutting the fully mature region of another speci·
men. x 18.
5b. The deeper portion of a longitudinal section of the last. x 18.
5c. Longitudinal section of the specimen of fig. 5. x 18.
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Page
Mouticlllipora mammulata d'Orbigny.. .......... ... ... .•. .. ......... 859
1. Longitudinal section of the type in the collection of d'Orbigny.

x 10. A. P.'"

•

la. Longitudinal section of a specimen from the Lorraine, at
burg, Indiana. x 18.
lb. 'J angentiaJ section of the same specimen. x 18.
Ie. Surface of a specimen from the same locality. x 9.

Lawr\'~l"p,

M onticulipom parasitica Ulrich .....................•...... : :'. . . . . •

862
2. Vertical section of a. specimen from th.e base of the Liberty forma
tion, near Weisbul'g, Indiana. x 18.
2a. Tangential section of the same specimen. x 18.
2b. Portion of the surface of the same specimen. x 9.
NicholsoneUu vaupe/i Ulrich....... ............... ... .. . .. .. .......

863
3. Tangential section of the fully mature region of a specimen from
the top of the Waynesvllle formation near Weisburg, Indiana. x 18.
3a. Deeper section of a specimen fr01l1 the upper Lorraine at Vevay,
Indiana. x 18.
3b. Longitudinal section of a specimen from the same locality. x 18.
3c. Surface of the specimen of fig. 3a. x 9.
H ol1lotrypella cf.. rustica Ulrich..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

4.

Portion of the surface of this species.

x R

• Annales de Paleontologie.

"

851

Plate XXI.
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PlIge
800
1. Longitudinal section of a specimen from the Lorraine formatiou
at Lawrenceburg, Indiana. x 18.
1a. Tangential section of the same specimen. x 18.
lb. Surface of a large and very perfect specimen from Lawrenceburg,
Indiana. x 9.
1c. Longitudinal section of the type in the &llection ofd'Orbigny.
x 10. A. P.

Pe1'onopora pavonia d'Orbigny............... : ................... '"

L'el'onopora vera Nickles.......... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

867
2. wngitudinal section of a specimen from the Utica formation near
llislng Sun, Indiana. x 18.
2a. Tangential section of the same specimen. x 18.
2b. Portion of the surface of same. x 9.

Petigopora asperula Ulrich........................................

3.
3a.
3b.
3c.

868

Tangential section of the type. x 18. U.
Vertical section. x 18. U.
Surface. x 18. U.
View of an entire specimen, natural size. U.

l'etigopora gregaria Ulrich... . . . . .. . . .. . .. . .. . . . . .. . . .. . .. .. .. . . ...

4. Tangential section. x 18. U.
4a. Vertical section. x 18.U.
41.+. Surface of a specimen. x 18. U.
4c. Several specimens of the natural size.

869

U.

Petigopora petechialis Nicholson.... . .. . . . . . . . . . . . . . . . . .. .......... 870
5. Portion of a frond of Dekayia, tronitosa upon which are several

specimens of this species. Natural size.···· N:.
5a. One of the specimens magnified. N.

'late XXII.
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Page
Pmsopom hospitaU,s Nicholson. . . . . . . . .. . . . . . . . . . . .. . . . . . . . . . . . . . . . 871
1. Tangential section of a specimen from. the top of the Waynesville

formation near Weisburg, Indiana. :x: 18.
la. Longitudinal section of the same. x 18.
lb. Portion of the surface of another specimen from-the same locality
and horizon. x 9.
.
RllOmbotrypa cra88imuraUI! Ulrich........... .... .......... .. .... ...

876
2. Longitudlnal section of the type. x 18. U.
2a. Tangential sectioQ.. :x: 18. U.
2b. Portion of the surface. :x: 18. U.
2c. Section of a specimen from near the top of the Whitewater dl·
vision at Richmond, apparently of this species. x 18.

Rhombotrypa 8ubquadrata Ulrich.. . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . ..

877

S. Longitudinal section of this species. x 18. ·U.
Sa. 'l'angential section. :x: 18. U.
Sb. Portion of the surface. x 18. U.
Rhombotrypa quadrata Rominger.. . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . ..

877
4. Section across the stem of a specimen of this species from the base
of the LIberty formation near Weisburg, Indiana. x 18.
4a. Tangential section of another specimen from the same place. x 18.
4b. Portion of the surface of the last. x 9.

Plate XXIII.
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Page
874
1. Tangential section of a specimen from the Whitewuter division at
Richlllond, Indiana. x 18.

l'tilodictya plU1naria James .•...... ~ ...........•.......... " ... , .. ,

Stigm ateUa clavi.~ Ulrich.......................................... 881
2. Tangential section of a specimen from Lawrenceburg. Indiana.
x 18.
2a. Vertical section of the same. x 18.
i'lti{lmMella perS01tata Ulrich and Bassler. . . . . . . . . . . . . .. . . . . . . . . . . ..

884
3. IJongitudinal section. x 20. U. and B. *
3a. Tangential section of the sume. x 20. U. and B.
Sb. Portion of a tangential section. x 50. U. and B.
3c. Tangential section of a specimen from the top of the Richmond
formation. on Ell,horn creek, near Richmond, Indiana. x 18.
3d. Longitudinal section of the same. x 18.

,'!iigmatella crenulata Ulrich and Bassler.. . . . . . . . . . . . . . . . . . . . . . . . .. 882
4. Longitudinal section of this species. x 20. TT. and B.
4a. Tangential section. x 20. U. and B.
4b. Portion of a longitudinal section, showing the structure of the walls
that characterizes the genus. x 35. U. anli B ..
4c. Tangential section of a specimen from the top of the Wayne~vi1le
formation near Abington, Indiana. x 18.
4d. Longitudinal section of the same specimen. x 18.
• Flgures after Ulrich and Bassler.

'late XXIV.
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Stigmatella spinosa U1i'ieh and Bassler;., ..... , . . . . . . . . . . . . . . . . . . . .

884
1. Tangential section. x 20. U. B.
la. Portion of a tangential section. x 50. U. B.
lb, Longitudinal section. x 20. U, B.
Ie. Portion of a longitudinal section. x 50. U. B.
Id. A SIJecimen of this species from the Waynesville formation on Tan·
ner's creel;::. Tangential section. x 18.

8tigmatella il'regulal-i8 Ulrich ........•........ , . . . . . . . . . . . . . . . . . . ..
2. Longitudinal section of this species. x 20. U. B.
2a. Portion of a tangential section. x 50. U. B.

883

St igmatelZa clavis Ulrich .............. ; , . . . . . . . . . . . . . . . . . . . . . . . . ..
3.. Portion of a tangential section. x 50. U. B.

881

Ample.1!opora sp.................................................. .

4. Longitudinal section of a specimen from the extreme top of the
Liberty formation at Weisburg, Indiana. x IS.
4a. Tangential section of the same. x 18.
4b. Longitudinal section of a specimen from a little lower in the Lib
erty formation near Weisburg. x IS.
4c. Deep tangential section of a specimen of the same species from
Richmond, Indiana. x 18.

Rhomootrypa qualkata Rominger.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . • .
5. View of a specimen of this specIes, natural size.
the Waynesvllle formation on Tanner's creek, Indiana.

877
From the top of

Plate XXV.
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Pl~ATE

XXVI.

Amplexopora pustulosa rJrich ............. '............... . . . . . . . ..

1.

View of a specimen, natural size.

U.

l'implelJ)op(Jra peta8iformi.~ Nicholson.. . . . . . . . . • . . . . . . . . . . . . . . . . . . . ..

2.

Page
761

View of a typical specimen, natural size.

760

N.

Amplexopora cingulata Ulrich......... . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

3.
diana.

J58
Specimen from the middle Lorraine at Manchester Station, In

Amplexopora septosa Ulrich............................. , . . . . . . . . ..

763
Specimen from the base of the lJOrraine, Vevay, Indiana.
AmplelCopo-ra septosa, val'. multispinosa Cumings ....... ,. . . . . . ... . .. 765
5. Specimen from the lower Lorraine or upper Utica near Milton, In- ,
diana.
4.

Atactopol'ella mund'ula Ulrich. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 770
6. Large example of this species growlug upon the frond of Dekayilt
t1'Ondosa, from Lawrenceburg, Indiana.
l'ltactoporella newpol'tensill Ulrich .................. , .. , . .. .. .. .. .. .

7.

Typical specimen of this species.

Atootoporella ortoni Nicholson ..... '" ....... " .. .. .. .. . . . .. .. . . ...

11.

Portion of the surface .of a specimen.

771

x 55.

AI·throstylus tenuis James .......................... , ... .... .. .....

8.
8a.
8b.
8c.

770

U.

768

Reverse of a sp~cimen. U.
Celluliferous face, enlarged. U.
Cross section of the stem. U.
A zoarium of this species, natural Size., U.

Arthropora shafjeri Meek .............•.•. :........................

767
9. A fine example of this species from the base of the Liberty forma
tion near Weisburg. x 18.
Arthropora cleavelandl .Tames........................... ........... 76(;
10. A typical example of this species. Cincimlati, Ohio. x 6. B.
Bernwea primttiva Ulrich................................. ...... ...

12. Portion of the surface. x 18.

Batostoma vCtria/)ile Ulrich............................. .... ........

13.

779

U.

A specimen of this species, natural size.

7'77

U.

Batostoma varians James.................. ............... ...... ...

778
14. A specimen from the Richmond formation near Weisburg, Indiana.

Bythopora arctipora Nicholson .........•................. , ...... ...

15. SpeCimen natural size. N.
.
15a. Specimen from the Utica shales at Guilford, Indiana.

x 9..

780

Plate XXVI.
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Bythopol'a deUcatula NIcholson...•.....•... '. . . . . . . . . . . . . . . . . • . . . . • •

1.

Typical specimen of this species.

Page
781

N.

BlI t hoporp; oracili8 Nicholson ............•....... , . . . . . . . . . . . •. . . . ..

782
2 and .'2a. Two typical specimens of this species from the upper part
of the Lorraine, near Manchester Station, Indiana.
B11.thopora parvula James...........•........... " .....•......•....

783
8. A specimen from the upper Utica near Guilford, Indiana, apparently
belonging to this species. x 9.
Bytllo11(l1'a stl'ia.ta 'Llrich.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

784
4. A specimen from the base of the Liberty formation near Weisbnrg,
Indiana, whieh seems to belong to this species. x 18.
Bythopora meeki James ............ " ................. , ..... :.....

783
5. . A rather small example of this common species from near Weisburg.
Indiana.
Batostoma jamesi Nicholson ......................... , ... , ... ,... ..
6. An eXaml}le of the lobate form of this species. N.

775

6a. A ramose example from Guilford, Indiana.
Callopo1'a andrewsi Nicholson., ....................... "...........

7.

785

A good ;>xample of this species from Lawrenceburg, Indiana.

Callopm'a nodulosa Nicholson ... , . , ....... , . . . . . . . . . . . . . . . . . . . . . . . .

8.

A typical specimen.

786

N.

Callopora onealU James ........ :., .............. ,.,'. .. .... ....... 786
9. A specimen f1'om Guilforg, Indiana. x 9,
10. A specimen' about intermediate in size between typical C. oneaTli
and O. sigillaroides.
Callopom onealli var. communis James... .......... ..... .. .... .....
11. A specimen from the Eden shales at Cincinnati. x 1.5. B.

788

Callopo1'a dale'i Edwards and Haime... .......... .. ................

792

12. '.rypical eXaml)le of this species.N.
Oallo11ol'a ramosa d'Orbigny ........... ,............................
13. Figure of the type in the collection of d'Orbigny~ A. P.

700

13a. Specimen from the Lorraine near Manchester Station, IIlCliftua.
Callopora ramosa var. r-ttoo8a Edwards and Halme. . . . . . . . . . . .
14. Typical example of this species. N.

793

Ha. A specimen in which some of the rugae run almost completely
around the stem.
Gallopora 8ullplana Ulrich ............................... , .. .. .. ...

15.

Specimen from Vevay, Indiana.

Ooelocleina alte1'natum James ................. , ....... ' ......... '"

16.

Typical specimen of this Iilpecie&.

795

Lorraine formation.

r.

803

Plate XXVII.
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Coeloclema commune. Ulrich.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

17.

'l'ypical e,xample of this species.
A fragment of the natural size.

Page
804

U.

Uonstellat'ia constellata val'. prominens UlrIch .................... '"

18.

1123

806

U.

Constellaria constellata Dana................................ , .... ,
19. A t.YI!ical example of thIs species. U.

804

De'kayia aspera Edwards and Haime. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 810
20. A beautIfully preserved specimen of this species In the Redfield
collection of the Yale Museum.
Dekayia uZrichi var. Jobata Cumings. . . . . . . . . . . .. .. . . . .. . . . . . . .. . .. .

815
21. A subfrondeseent example 'of this varIety from the LorraIne at
Manehester Station.
Dekayia ulrichi var. robusta Foard........... ...... ................

826
22. An Irregular and Imperfectly preserved specimen of thIs species
from the Lorraine at Manchester Station, Indiana.
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Page
Constellaria polllstomella Nicholson........ " ....... " . " .. .. . . . . . .. 808
1. A. fine specimen of this species from the base of the Liberty forma
tion near Weisburg, Indiana.
Constellaria limitaris UlrIch. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 806
2. A. good example of this species from the Liberty formation neal'

Weisburg, Indiana.
Dekayia Ironaosa val'. cysta,ta Cumings... . . . . . . . . . . . . . . . . . . . . . . . . .
S. A. typical specimen of this species from Vevay, Indiana.

813

Dekayia ulrichi val". lobata Cumings. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

815
4. A nI!arly frondescent form of this variety from Manchester Station,
India.na.

Delcallia pelliculata Ulrich... . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . ..
5. A. small specimen of this species from Vevay, Indiana.

818

Delcallia paupera Ulrich... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..
6. A. specimen of thIs species from Vevay, Indiana.

817

Dekayia ulrichi Nicholson... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..
7. A. typical example of this species. N.

824

Dekayia magna Cumings............................. '.' . . . . . . . . . . .. 815
8. A. specimen of the branching form of this species from Lawrence

lJurg. Indiana.
/Jekayia Ironaosa d'Orhigny. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

9.

812

A massive form of this SlJecies from Vevay, Indiana.

Dekayia 8ub1mnilo8a Cumings.............................. .. .. . ..

10.
diana.

Figure of the type of this species.

821
From Manchester Station, In

Delcayia 8ubpulchella Nicholson. . . .. ... . . . . . . . . . . . . .. .. ... . . . . . . ...
11. A. typIcal example of this species. N.

822

Plate XXVIII.
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Dekayia jrondosa d'Orbigny....................... " ., .. .... .......

1.

Figure of the type in the collection of d'Orblgny.

Dekayia subramosa Ulrich. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

2.

Page
812

Figure of the type.

823

U.

Dekayia proli/ioa Ulrich ............................ '" ....... , . ...

820
3. Figure of a beautiful frondescent example of this species from the
Liberty formation near Weisburg, Indiana.

Dicranopora jragilis '/ Nicholson (or RMnW,iGt:/fu sp.) . . . . . . . . . . . . . . .. -,

4. A segment possibly belonging to this species, ,,"om the Liberty for
matlon near Weisburg. x 18.
Erldotrypa rimula.trill) Ulrich......................................

828

5 and 5a. 'Two zoarla of this species of the typical form.. U.
Esoharopora pavonla Edwards and Haime..... .. .... ........ ..... ..

832
O. A beautifully preserved specimen of this species from the I ..orraine
at Manchester Station, Indiana.
Fenestella gram/.wsa Whitfield... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

835
7. Reverse of a specimen of this species from the Liberty formatloll
lle~u' Weisburg, Indiana:
:x: 9.
7a. Obverse of another specimen from the sallie place. x 9.

Gt'aptodictya pm'elegans Ulrich.......... '.. ; .....,. . . . . . . . . . . . . . . . . ..
8.· Portion of the surface of this species. x 18. V.

83G

H elopora elegans Ulrich. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

837
9. A typical example of this species. The Ilaturul size is shown in
the small figure to the left. U.

Helopora harri8i Ulrich...... , . .. . . . . . .. . . . . . . . . . . . . . . .. .. .. . . . . . ..

837
10. A segment of this speCies. Natural size showll in tile small figure
to the right. U.
lOa, Portion of the segment still further magnified. U.
lOb. Oross section of a segment. U.

H omotrypa ausJi1ti Bassler............... " . . . . . . . . . . . . . . . . . . . . . . . ..

11. Figure of a typical specimen of tbis species.
lla. Another specimen. B.

838

B.

Homot1'11pa communis Bassler.......................................

839
12. A typical specimen of this species from the base of the Liberty
formation near Weisburg, Indiana.

Homotrypa oorvata Ulrich ........,.................. ................

18. A well preserved example oftbis species. from Vevay, Indiana.
H ofllOt1'11pac1llind1'ica Bassler ....................... .
14. A typical specimen of this speCies. B.

840

Plate XXIX.
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Homot,'ypa tlaICsoni Nicholson. . . . . . . . . . .. .. . . . . . . . .. .. . .. . . .. .. ...

Page
842

1. A large and beautifnlly preserl'ed speCimen of this species frOlll
Brookville, Indiana.
llmnotr'IJpa !labeUaris Vlrich .... " ................ " . ... .. .. .......

845

2. A typical example of this species from the base of the Liberty for
mation near Weisburg, Indiana. The 'photograph fails to show the vel'Y
low and inconspicuous monticules.
Homotrypa !labellaris val'. jrondosa Ctllnings ..................... '"

846
3. A tine specimen of this variety from the Arnheim formation near
Harmon's Station, Indiana. This is the type of the varl('ty.

Homotryp€t nicklesi Bassler ................. , ............. ,........

4.

TyPieal example of this species.

B.

847

•

'Homotrypa nitida Bassler.........................................
5 and 5a. Two examples of the typical form of this species. B.

848

Homotrypa obUqua Ulrich. . . .. .............. ...... .. ....... ....... 848
6. A specimen of this species from the Lorraine at Lawrenceburg, In

diana.
lfomotrypa curvata val'. pn/'Bcipta Bassler. .. . . . . . . . . .. .. . ... .. . . ...

841
7. A specimen of this variety from the base of the Lorraine at Man
chester Station, Indiana.
7a; A view of Olle of the types, B.
l1omotrypa "amulosa Bassler.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..
8. A view of the type. B.

849

Homotrypa wortheni James ........................... " .. .. .......
9. View of a specimen from J:Uchmond, Indiana. B.

849

H ornotrypa wortheni val'. prominens Bassler. . . . . . . . . . . . . . . . . . . . . . ..

851

10.

View of a typical example.

B.

H omotrypella cf. rust·ifJa Ulrich...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. '851

11. View of a specimen of this species from the 'Vhitewater divisiol1
nt Iti<'i1l110nd,Indiana.
JIonticulipo1'a ep'idermata Ulrich and Bassler. . . . . . . . . . . . . . . . . . . . . ..

857
12. View of a medium sized example of this abundant species frow
the Whitewater division At RIchmond, Indiana.
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l'age
Monticuli1JOI'a marnmulata d'Ol'bigny .............................. , 85U
1. From a photograph of the type in the collection of d'Orbigny. A. P.

la. A specimen of the more massive form of the species from the Lor
raIne at Lawrenceburg, Indiana.
jjf.ontic'ulipor.a parasitica Vlrich........ . . . . . . . . . . . . . . . . . . . . . . . .. . .. 862
2. A specimen of tills spedes growing 011 a specimen of Streptelasma
'rusticum. Frolll the base of the Liberty forlll!liion neal' Weisburg, Indiana.
Ntchol.wnella vaupeli Ulrich............. . . ..... ... ...... ...... . ....

863
3. A :finely preserved SIlt'eimen of this spedes from the LOl'l'aine at
Vevay, Indiana.

Peronopora pavon·ia d'Orbiglly.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

866
4. Photograph of the type in the collection of d'Ol'bigny. A. P.
4a. A large and very beautiful specimen from Brookvil1e, Indiana, in
which the maculae are elevated very slightly into low monticules.
l'CI'onopora vera Nickles. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

867
A fragment of the zoarium of this species from neal' Rising Suu,
Indiana.

o.

l'ra.~opo/'a

hospitalis Nicholson ................................... "
871
G. A small but typical specimen of this common Rpedes from the base
of the Liberty formation near \Veisburg, Iudiaull.
Rltopalonal'ia vcnosa Ulrich.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

7. A specimen from WeisLmrg. Indlallll.
7a. A portion of the type. x 3. r.

x 2.

879

Plate XXXI.
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• Page
88G
'J'he natural size shown below

Btomatopora infiata Hall.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . ...

1. View of a typIcal specimen enlarged.
ill the small figure. N.
la. Several zooecia still further enlarged.

N.

885
2. Portion of a zoarium considerably enlarged to show the form or
the zooecia. N.
2a. A zoarium growing on the stern of a species of '£l'{l]lostOluata.
Natural sIze. N.
2b. The same enlarged. . N.
2c. A specimen from the Eden shale at Guilford, Indiana, apparelltly
belongIng to thIs species, though more slender and with wider spacing of
the zooecia than shown in Nirholson's figures. x 9.
Stomatopora arachnoideaHall... . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

P1'o/)o8cina frondolSa Ni<:holson.......... ... .. . ..... . . ... . . . .... . ... 873
3. portion of a zoariuIll, enlarged. N.
3a. Small portion of u zoaril1lll, still further enlarged to show the

shape of the zooecia. N.
3b. Small portion of a zoarium of this species (?) froll1 Guilford, Ill
dinna. x 9.
Pl'o/)o8cina aulopol'oides Nicholson.. . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

872
4. Portion of a zoarlurn enlarged. N.
4a. Small portion of a zoarlurn still further enlarged to show the form
of the zooecia. N.
5. A few branches of this species associated with a Stomatopora.
Versailles, Indiana. x 9.
Ptilodictlla plumaria James............ . ......•......... .... ... . ...

6.

Basal portion of a frond of this species.

Rltin-idictya lata Ulrich. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..
7. Part of a zoarium, natural size. U.

7a. Portion of the surface.
View of the type.

875

x 18. U.

Rhinidictlla parallela James. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

8.

874

U.

875

x 6. B.

Spatiopora maculosa Ulrich. .. .... .... . . .. . . .... . . .. . . . . . . .. .. .. ...

9.
large~

879
Portion of the surface of the type, showing one of the maculae of
zooecia. x 18. U.

880
Portion of the surface of the type enlarged. E. and H."
Cornu1lte.~ fie!lluosa Hall .......................................... 1067
11. A specimen referred to this species from the base of the Lorraine
forlllation near Man('hester Station, Indiana. x 18. .

Spatiopora tuberoulata Edwards and HaiIne..... ..... ...............

10.

"Figure after Edwards and HI/.lrne.

Plate XXXII.
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CornuU.tN !lp...••.......•.....•..•.••.••.••....•. ~ • • • • . • • . . • • • • • •. - 

12. A specimen of a specIes common on DekavUJ. trooa08a and other
Bryozoa.
Dicranopora emaoorata Nicholson.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

13.
figure to
13a.
13b.

827
A specimen of this species enlarged. Natural ·iiize shown in IILDaU
right. N.
Cross section of stem enlarged. N.
Portion of branch still further enlarged. N.
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Page
Gatazyga headi Billings.: ......................................... .

1.
la.
lb.
Ie.

896

Ventral view. M.
Dorsal view. M.
Profile view. M.
Anterior view. M.

G)'ania laelia Hall.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 897
2. Several specimens of this species on the shell of a StrophomenR. M.
Urania 8cabwsa Hall... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 898
3. A group of examples of this species on the shell of RafinesqulllR

alternata. M.
3a. Specimen from the Waynesville formation at Versailles, Indiana.
showing several examples of this species on the shell.of Rafinesquina.
Dalmanella testudinaria val'. nwUisecta Meek ... '" ...... .. .. .. ..... 001
4. Ventral valve of a specimen from the upper Eden sh!1.les at Guil

ford, Indiana.
4a. Dorsal view of a specimen from the same locality.
4b. Interior of the dorsal val ve.
4c. Interior of the ventral valve.
Dalmanella testudinaria var. emacerata Hall. . . . . . . . . . . . . . . . . . . . . . ..

5. Dorsal valve. H. and C.
5a. Interior of the dorsal valve enlarged.

898

H. and C.

Dalmanella testudinaria val'. meeki Miller ........................ :.

899
6. Interior of the dorsal valve of a specimen of this species from
Minnesota. H. and C.
&t. Interior of the ventral valve. M.
6b. Interior of the dorsal valve. M.
6c·6f. Various views of a number of examples of this species from
Madison, Indiana.
6g. View of a portion of a slab from Versailles, Indiana, showing the
great abundance of this species in the Waynesville formation.
Dinorthis retror8a Salter....... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

7.
7a.
7b.
7e.
7d.

Ventral view of a very perfect specimen. M.
Dorsal view. M.
Profile view. M.
Interior of the ventral valve of a large lndividuflI.
Portion of the sur~ace enlarged. M.

M.

002

Plate XXXIII.
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DinQrtM-s Il'ubquad1'ata Hall. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..
1. Dorsal vIew' of a specimen from Oxford, OhIo. H. and C.

la. Posterior view. H. and C.
lb. Interior of the ventral vaJve.

904

H. and C.

H ebel'tella insculpta Hall. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 900
2. Dorsal valve of a specimen of tMs species from Weisburg, Indiana.
2a. Ventral view.
2b. Posterior view.
2e. Interior of the dorsal valve.
2d. Interior of the ventral valve.
HelJertella oecidentali8 val'. sinuata Hall. . . . . . . . . . . . . .. . . .. . . . . . . . . . 008
3. Ventral "lew of a specimen from the Waynesville formation at

"ersailles, IndIana.
38. Dorsal yiew of a smaller specimen.
3b. Anterior view.
3c. Posterior view.
3d. Interior of the ventral valve of a specimen froID Welsburg,Indiana.
3e. Interior of the dorsal valve of a specimen from Vevay, IndIana
(Lorraine) .
Hebertella oecidentali8 Hall... .. . . . . . . . . . . . . . .. .. . .. . .. . .. .. .. ... .. 906
4. Dorsal view' of a specimen from Richmond, Indiana, showing the

sinus in the dorsal valve.
Leptaena rhomboidaUIf Wllckens.................................. "

909
5. Ventral view of a specimen from Versailles, Indiana.
5a. Interior of the ventral valve of a specimen from the same locality.
5b. Interior of the dorsal valve of a specimen of the so-called variety
tellltistriata Meek. 1\1.
5e. Portion of the surface enlarged. M.
5d. Section of the two valves united. M.

Hall. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..
G. Interior of the ventral valve. H. and W.
Ga. Interior of the dorsal valve. H. and W.

U:ptOlJotU8 lepi8

911

l~influla

7.
("11St.

cov-ingtonensi8 Hall and Whitfield.......... . . . . . . . . . . . . . . .. 911
View of the exterior Of the ventral (1) valve, from a gutta-percha
H. and W.

Suhizoorania filo8a Hall.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

93;~

8. Enlarged view of an upper valve. H. and W.
8a. Enlarged view of the ventral valve. H. and W.
'l'rematis millepunctata Hall. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..
9. Dorsal view of a specimen from Cincinnati, Ohio. H. and W.
9a. Ventral side of the same specimen. H. aud W.
90. Interior of a ventral valve. H. and W.

9c. Profile view.

.~

H. and W.

Trematis reticulal'il! Miller.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..
10. View of the type. ;\L

944

'late XXXIV.
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914
1. A specimen of the normal type from the middle part of the Lorraine
at Vevay, Indiana.
la. A somewhat more gibbous.
e same locality, anterior
view.
lb. Posterior view of the same.
Ie. Profile view of a similar specimen.
1d. InterIor of the ventral valve, showing the deeply Impressed mUSCH
lar pit.
leo Interior of the dorsai valve.
If. OutUne drawing of a specimen from the "Lynx" beds of CincinnatI.
This is the gerontic form of the species, found in the top of the Lorraine,
at Cincinnati.
19. Ventral view of the same.
Platystrophia lynx Eichwald ...••..•••.•••••••.. " ••• • . . . . .. . . .. . . .

918
2. Ventral view of a specimen from the base of the Liberty formation
at Versailles, Indiana.
2a. Dorsal view of a similar specimen.
2b. Ventral view of a larger and somewhat more acuminate specimen
from the same locality.
.
Platystrophia 11lnllJvar. laticosta Meek... ... ............... ........•

PlatY8t1'ophia aoutilimta Conrad. . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . • ..

3.
in form
3a.
3b.
Bc.
3d.

912
A specimen of this species from Welsburg, India"Qa, intermediute
between P. latioosta and the typical P. aoutilirata.
A Similar, though somewhat larger form from Versailles, Indlana~
A more extended form from Richmond, Indiana.
A very much extended form from Richmond.
A similar form from Versailles, Indiana.

PlatY8tt'oph-ia aoutilirata var. senew.. . • . . • . . . . . . . . . . . . . . . • . . . . • . . . ..

913
4. A specimen of this form from the Whitewater dIvisIon at Richmond,
Indiana.
4a. A specimen from the same locality, which is still shorter on the
binge-line.
4b. Profile of another specimen showing the extreme illcurvature of
the beaks, and the exceptional gibbosity:
4c. A section of the same to show the great thickening of the shell.
Platysit'ophia l'JnJJ var. /noritum........ . ... •. . .. . ... . ........ .....

920
5. Ventral view of a specimen from Elkhorn creek, near Richmond,
Indiana.
5a. Dorsal view of a larger specimen.

Pl({tll,~t1'ophia

codata Pander.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 914
Ventral view of a specimen of this species from Cincinnati, Ohio.
(la. Anterior view of the same specimen.
l'latyidropltia lynx (nepionic stage) .. . . . . . . . ... . .. ...... .. .. . . .. . .. 914
7. Dorsal view of It' young specimen 1 mm. in breadth, from Vevay,
Indiana. :x: 22.
7a. Ventral view of sama. ':X: 22.
7b and "lc. Prattle of the dornl and ventral valv...rdpHiinly. x 22

n.

Plate XXXV.
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Sowerby .... , ............................. , 922
1. Photograph of a portion of 3 slab from the base of the Liberty tor
mation at Versailles, Indiana, showing the abundant occurrence of this
species at that horizon.
la. View of the interior of the dorsal \'11 h'e of II specinH'll. x 1.5. :\1.
lb. Interior of the ventral valve. x Hi. l\J.
Ie. Dorsal ,·iew. x Vi. M.
PlectamQunites

,'Cl'imIl8

Plectm'this ella Hall.............................................. 924
2·2c. DorEaJ, anterior, posterior !Iud protile "iews of this species. ]\f,
/'Iectorthis plicatella Hall ......... , ......... ;.,................... 925
3-3d. Profile, anterior, pOl'terior, (10l'!;>!1 and ventral "hm's of this
species. M.

31'. Dorsal "Iew of 11 form intermediate between this species and the
val'. tripUcatella. ;U.
3f. Interior of the (iorsal ,-ah'e of SlIllIe. :.H.
l'lcctorthis plicatella val'. tripUcatella, 1\re!'k .•..• , . . . • . . .. . . . . . . • . . •.

Profile view. M.
4a. Dorsal view. M.
4b. Portion of the Sllrfnee enlarged.

OZ:J

4.

1\1.

Rctzia. granlllifera Meek .......................................... ,

'Ventral riew. M.
5a. Dorsal view. M.
Gb. Profile view. M.
5e. Portion of the surfac(' !'Illar,,!'(l to show the grannIes.

mw

5.

:\1.

lUllItwftot1'ema capax Conrad............................ , . . . . . . . . . ..
G, Dorsal view of an adult spedmell. 1\f.

Ga.
6b.
Gc.
Gd.
(\e.
Gf.
diana.
Gg.
diana.
6h.

931

Ventral ,'i!'w of same. M.
Profile view of a large, somewhat gibbous sveeilllell. 1\1.
Anterior view of the same specimen as 6. M.
Interior of the dorsal valve. )r.
Interior of the ventral valve. M.
V!'lltral view of an unllsually broad specimen frolll Weisbnrg, In
Ventral view of an l1uusually narrow specim!'n from Weisburg. In
Profile of n very gibbous specilll!'n flom Richmond, fudiana.

,RlllJnchotrema dr.ntata Hall.. .................................. ',' "

932
7. Dorsal view. M.
7a, Profile view. M,
7b. Ventral view of a normal specimen from th!' W'hitewater dh-islon
at Richmond, Indiana.
7e. Profile view of an 11I1l1sIlally gibbons spf'Cimen from the same local·
Ity :md horizon.
Td. Profile vi!'w of II youlli!: ;;flE"cimell from th!' 1<allle lorolity.

Plate XXXVI.
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946
8-Sb. Ventral, dorsal and anterior views of a number of specimens of
the normal size from Lawrenceburg, Indiana.
S68d. Dorsal and ventral views of two small specimens. Same lo
cality.
Be, Sf and Sh. Posterior, ventral and dorsal views of other specimens
from the same locality.
Sg. Ventral view. M.
Si. Anterior view. M.
Zygosp'ira modesta Hall.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

Zygospira cincinnat-/ensis Meek. . . . • . . . . . . . . . . . . • . . . • . • • . . • . . . . . . . ..

9-9b.

945

Dorsal, ventral and anterior views of thIs species. M.

Stroplwmena sulcata VerneulI.......... ...... .... ....... .. ..... ....
10. Dorsal view of a rather small specimen. M.

942

lOa. Ventral view of a larger individual. M.
lOb. Post~r1or view. M.
lOco Anterior view. M.
lOd. Ventral view of a specimen from the Whitewater division at Rich
mond. Indiana.
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RafillC8(l'lfinn aUermtta FJllllllons, .. , , '.' .............. , . . . . . .. . . .. . ..

92H
1. Dorsal view of It rather nanow !lpedmell, resembling exactly III
outline the val'. Inleta, but with n1l1<:h more massive shell. Weisburg, fl'olu
the Liberty formation.
la. Ventral view of a very large, fiat form from the lower HidllllolHt
at Versailles, Indiana.
lb. View of the type specimen figured by Emmons. m.*
lc. Interior of the ventral valve of the normaf form of the speeips. l\L
ld. Profile of a very thin specimen from tile lower Uiehillond at Ver
sailles, Indlanu.
le. Portion of the surface of No. la enlarged.
alternat(~ val'. loxorhyUsf,.. . .. . . . . . . . . . . . . .. .. . . . . ...
928
2. Dorsal view of a specimen from ,"Veisburg, Indiana (base of the
Liberty fOI'l11ation) that has the general form of this variety.
2a. Profile of a similar specimen from Versailles, Indiana.

Rafinesquina

Rafinc8quina a/ternata nlr. pondero.qa . .... " , . .. . . . . . . . . . . . .. . . . . . . .

1:129

3. Dorsi'll view of a specimen frolll the Lorraine at Lawreu('{'burg, In
diana.
Sa. Tnterior of the dorsal "al"p of a ~illlilal' spef'illll'lI from the same
plae{'.
Rajinesl]uina a/te/'uata val'. n(lRut(t {"onra(l ........... , ' ............ .

4.

Ventral view of

nil

example of this nU'iety.

~Jeek ............. , .. ' ... , . . . . . ..
a. Dorsal view of It large Ap€eiI1Wll.
M.
5a. Section of the two valves showing the (tepress{'d forlll. ;\I.

Hajinesquina aUel"nata var. Iractn

"Figure after Emmons.

928

]\f.

H27

Plnte XXXVII.
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Strophomena neilleota .James? ............' ........................ .
1. Interior of the dorsal valve. M.

la. Interior of the ventral valve.
lb. Dorsal valve. M.

Page
934

M.

Stl'ophomena si1£uata Meek......... . . ... . . . .. . . . . . . . . . . . . . . . . . . . . ..

2-2c. Posterior, anterior, dorsal and ventral views of this species.
2d. Interior of the ventral val·ve. M,
2e. Interior of the dorsal Yah'e. 1'f.

941
M.

St1'Ophomena planoc01wexa Hall.. ........ , . . . . . . . . . . . . . . . . . . . . . . . . .
3-Db. Dorsul, ventral and posterior views of this specieR. 1\1.
Bc. Interior of the ventral valve. M.
3d. lIiterior of the dorsal valve. M.
3e. Section through the two valves. 1\1.

938

8t'l'OtJhomena planumbona Hall. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

.939

4.
4a.
4b.
4c.
4d.

Dorsal view of this species. M.
Interior of the ventral valve. 1\1.
Interior of the dorsal valve. l\f.
Section of the two valves. M.
Portion of the surface enlarged. lI<£.

Stl'ophomena mttans Meek ....................................... .
5. Ventral view. 1\1.

5a. Interior of the ventral valve. l'I.
5b. Section of the two vah·eR. M.
5c. Portion of the surface enlarged. M.

940
Ventral view of this speCies. 1\1.
Interior of the ventral valve. M.
Interior of a ventral valve of this variety (?) from ,\'eisol1l'g. In

Stl'ophomena planumbona val'. subtcnta Hall .......... .

6.
6a.
6b.
diana.
6c.
6d.
6e.
6f.
6g.

Dorsal view of another specimen from the same placp.
Section of the two valves. 1\:1:.
Portion of the surface enlarged. M.
Dorsal view of another specimen.
Posterior view. M.
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Bellemphon gorblli Miller. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

I-lb.

Three vIews of the type.

953

Miller.

Belleroplwn 1/tohl"i l\Iiller ......................................... _ 954

2-2a.
Ulla.

AperturuJ and side views of specimens from HiehIllolld. Indi-

U.

•

Bellel'ophon' 8ubangular·is Ulrich................ , . .. .....•. .. .... . ..

3-3b.

Three views of'the type.

From Richmond. IndIana.

!)54

U.

Bucania crassa Ulrich. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..
4-4b. Three views of the type. Prom Richmond, Indiana. U.

955

Pl'otowarthia s'ubcomprcssa Ulrich .................................. 972

5-5b. Three views of the type (l'OIll the Richmond fOlj,mation at Ver
' ,
sailles. Indiana. U.
Pl'otowal'thia can.ceUata Hall.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

971
G-Ga. 'rwo views of a rather small cast of the iutei'ior of It small speci
men from the Trenton of Minnesota. U.
6b. Snrface of a specimen froIll the Utica (Edell) fOl'matiOJ} at ('OY
ington, Ky. x 4.5 and 9. U.
8alpin.f]Qstoma richmondensis Ulrich .......... " . . . .. . . . . . . . . . . . . . .. 974
7-7a. Two views of a nearly cOlllplete eHst of the Intel'ior frolll Rich

mond, Iudiana.

U.

957
8-8a. Side views of two specimens elllal'g'ed to show the surfnce wark·
ings. M.
8b. Aperturai view in outline. M.
8c. Portion of the surface s,till further enlfll'g('d. r.

Conradella dycl'i Hall......... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

Gom'adellc, dyeri val'. ceUulosa. Ulrich ....................... .
9. Surface of this variety enlarged. U.
1'1'ybUdium madisonenae Miller. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..
10. Side view of this species. Miller.

977

~filler. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..
Top view of the type of this species. Miller.

977

1'l'ybUdi;um indianense

11.

'late XXXIX.
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Salpingostoma el1Jpamum Hall............................. . . . . . . . ..

973

I-lb. Three views of the type specimen, from the Trenton of New
York. Hall.
Cyc~onema

bilil1J Conrad... .. ........ ......... . ..... . ..... .. ....... 958
2 and 2c. Two specimens of the form called var. conicum by Miller. U.
2d. Dorsal view of a rather large example from VersaIlles, Indiana. n,
2a. A smaller specimen from Waynesville, Ohio. U.
2b. Dorsal view of a specimen from CIarI,sville, Ohio. U.

Oyclonema bilil1J var. ttuctuatum James .. ;......... ........ ....... ..

959
3. Dorsal view of a perfect specimen of this form from Versailles,
Indiana. U.
3a and 3b. l.'wo views of the apex of the same. x 5. U.

Oyclonema mediale Ulrich................................. , . , , .... '

960

4a. Dorsal view of a specimen from Covington, Ky. TT.
4. Under side of another specimen from Covington. U. .
Oyclonemq humero8um Ulrich .................................... , .. 060
5 and 5b. Two views of a typical specimen from Cincinnati, Ohio. U.

5a. A large and strongly marked specimen of the Richmond formation
variety of this species from Waynesville, Ohio. U.
5c. Apertural view of a form abundant at Cincinnflti, Ohio. U.
Oyclora minuta Hall.................. . . . . . . . . . . . . . . . . . . . . . . . . . . .. 961
6-6c. Four views of typical examples of this minute species. x 6. M.
Cyc/ora pu/cella Miller., ........................... , ...... , . . . . . . ..

7-7b.

962

Three views of the type from Versailles, Indiana. x about 8.

Miller.
C1Irtolites of'fl.atus' Conrad........... , ........................... ,.
8. Side view of a gutta-percha cast from a natural mold. 1\1. "

Sa. Portion of the surface of the same magnified.

M.

Microceras inornatus Hall ......... , .... , , , ... , .. , ..... , . , , .......' .

9. Side view. x 6.
9a. Apertural view.

M.
~ 6.

962

j:f70

M.

lleZicotoma marginata Ulrich .... , . .. . . . .. .. . . .. . . . . . . ... . .. . . . . ...

963
10. Top view of a specimen from the extreme upper part of the Rich
mond formation at Richmond, Indiana. Below is shown the profile in out
line. U.
HQlopea,' , (1) hubbardi Miller............... . . .. . . .. . . .. .. . . . . . . ...

iland lla. Top and apertnral views of this species. Miller.
H01'motoma, bellicincta Hall ....................................... .

12. A specimen showing the surface markingil. Hall.
12a. View of another less perfect specimen. Hall,

964

Plate XL.
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HonnQtoma gracilis Hall. ................ " ....................... .
13 and lSb. '1'wo casts of this. species. Hall.
1Ba. Small specimen preserving the surface markings. Hall.
Liuspim 'vitr'uvia Billings. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 965
14 and 14a. 'two views of a cast of the Interior from Beloit, WiSCOlI
sill.

U.

14b. Vertical section of a specimen from Cmmon Falls, l\finllesota.

r.

LopholJPira acuminata Ulricb and Scofield............... . . . . . . . . . . . 960
15. Specimen of tbls species from Richmond, Indiana. V. ann S.
Lophowlra bicincta Hall................. . . . . . . . . . . . . . . . . .. . . . . . .. 967
16. Large cast of the interior preserving some of tile external lIlark
ings. Beloit, Wisconsin. U.
16a. Vertical section of an elongated spectmen from Dixon, Illinois. V.
16b. Portion of tbe surface of a speclmeu frolll Murfreesboro, 't'ellllf'S
see. x 2. U.
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I and lb. Apertural and dorsal views of a large specimen from the
Lorraine formation, Newport, -1(y. U.
la. Apertural yiew of a large specimen from the Richmond formation,
Boyle county, Kentucky. U.
Lopho8[Jira ampla Ulrich..........................................

Lophospira trop'idophom Meek. . . . . . . .. . . . . . . . . . . . . . . . . . .. . . . . . . . ..

2.

969
A specimen of the usual form from the Lorraine group, Newport.

n.

'Ky.

2a. A form from the Richmond group at Madison, Indiana. U.
2b. Portion of the last whorl of a smaller example from the Richmond
formation, Butler county, Ohio. U. x 2.
2c and 2d. 'I'wo views of the form to which Miller gave the nltll1e
multigrmna. Miller.
Lophospira hummeli Miller. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

3 and 3a.

Apertnral and dorsal views of this species.

Lophospira bowdeni Safford ...................................... .

4.
mation,
4a.
(,Hlity.
4b.

*

A large specimeJ?, imperfect at both ends, from the Richll10nd for
Boyle county, Kentucky. V.
Last whorl and aperture of another specimen from the same 10-.
U.

A narrow, elongate specimen froll1 the same locality.

U.

OI1'1Jdisc'Us 1Ilagn'Us Miller. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

5.

969

Miller.

Side view of the type.

970

Miller.

Ilaphi8to1lla l'ich1llollllense Ulrich. ..... .. .. .. . . . . . . .. .. . ... . . . . .. . ..

972
6 and 6a. 'l'wo views of a specimen from Riehmond, Indiana, retaining
somp of the shell. U.
(;11. Portion of tllp flllrfaee of the last part of the whorl of same.
x4.

11

Schizolophu moorei Ulrich. . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

975
7. View of a nearly perfect cast from Richmond, Indiana. U.
7a. Vertieal section of an unusually high example of the Oincinnati
form. U.
711. Gutta-percha impression from a natural mold of a Richmond speci
men. U.
7c. Basal view of No.7. U.

Clathrospira subconica Hall... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

956
S. Cast of a specimen from Minneapolis, Minn. U.
Sa and Sb. Two views of a cast from the Stone's RiYer group at
Beloit, Wis. U.
• Safford gave no description of this speCies. For an excellent description see
Geol. Nat. Hi&1:. Sun., Minnesota, vol. III, pt. II, p. 986.
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l'llge
'fn)()honema

I·Ib.

madisonen,~e

lllrich... ... .. . . . . . . .. . .. . . . . . . . ... . . . . . . ..

Three views of the type of this species.

9m

r.

Conttlaria formosa Miller and Dyer. . . . . . . . . . . . . . . . . . . . . . . . .

9~

View of the type. M. and.D.'"
Hyolithes (1) dubious Miller and Faber. . . . . . . . . . . . . . . . . . . . . . . . . . ..
8. View of the type. M. and F ....

964

Hyolithes versaillesen8is Miller and Faber................... .......

965

2.

4 and 4a.

Several views of the type.

M. and

}1'.

(Jornulites riohmondensis MlIler .............................. '.' . . .. I()(l5

5.

View of the type.

x 1%. Miller.

A.nomalodonta oostata Meek.............................. . . . . . . . ..
6 and Ga. Two Ylews of the type. M.

~87

BlIssonyohia alveolata Vlrlch......................................

98~

7-7a_ Two views of a right vaJve of this s{Jc(·ies.
yuh-e is restored. U.

III one ,-lew the Jeff

obesa Ulrich ...... _....... _" ............ _....... _... _ 991
8-8b. Three views of a cast of the intpriol' of the medlullI size. from
Richmond, Indiana. n.
BlIssonllohi(~

Ruoania simulat1'im Ulrich... .... ..... .... ..... . .. .. ..... ... .. .. ...

9-9a.

Two views of this species.

·Figures after MUler and Dyer.
··Flgures after MUier and Ji'aber.

From RkhlllOlld. Indiana.

U.

955
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A.tiOmalodonta gigantea Miller.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

988

1. Very good cast of the interior of a left val V£', with 'the ligamenta!
area restored. U.
1a and lb. Internal "'iews of the original types of the genus and
species, from Versailles, Indiana. U.
AlZonychia jame$i Meek.. . . . . . .. . . . .. . . . . . .. . . . . . . . . . . . . . . . . . . . . ..

986

2. An excellent cast of the interior of the right valve of this
species. U.
B1I880nllehia praeC1lrsa Ulrich. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

a and Sa.

Two views of the type.

992

U.

B1Jsson1JoMa radiata Hall. . . . . . . . .. . ............................'..

4. Exterior of the left valve, showing the surface markingS.
WhItfield.

993

Hall lind

B1I880nllehia tenuistriata Ulrich ......................... " .. .. . . ...
5 and 59,. Two views of the type. from Granger, Minnesota. T.

996

Plate XLIJL
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Bys80nllohia grandiIJ Ulrich...... .. ........ ........ .. .... ... ... .... 990
1 and la. 'rhe left valve and anterior view of nn imperfect and sllghtly

distorted tast of the exterior, from the Rlchmond formation at Oxford.
Ohio. U.
B1I880nllohia rlchmonden8is Ulrich. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

994

2 and 2a.

Two views of a cast of the interior of the average sIze and
proportions, from Richmond, Indiana. U.
BYS80n1lchia suberecta Ulrich .................................... "

990
3. An imperfect testUerous right valve. U.
3a. Anterior views of two valves from the Richmond formation at Ver
sailles, Indiana. U.
Clion1lchia ea:cavata Ulrich.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

997

4 and 4a. Lateral and anterior views of a cast of the Interior.
tl1iekness doubtless reduced by pressure. U.

l.'he

Otenodonta cingttlata Ulrich ..................... " ........ , ..... ..
5. Exterior of a right valve. U.

007

5a. Interior of same.

x 2.

U.

ClidophorU8 tabula Hall. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

6 Ilnd 6a.

Lateral Ilnd cardinal views of this sveciel>.

1\[.

001;
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998
1 and lb. Left side and dorsal views of an imperfect cast of the in
terior, from Waynesville, Ohio. U.
'la. Left side of a nearly complete cast of the exterior. U.
lc. Dorsal view of same in outline. U..

'DlImaton()ta tllpicalis Ulrich ........................ ,. . . . . . . . . . . . ..

()1I1·toaonta cuneata Mlllel'. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

2.

View of the type.

999

Miller.

I ~chyroaonta aecipiens Uli·ich. . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

3, 3b and 3c. Three v:iews of a nearly perfect right valve.
Sa. Interior of the largest left valve seen (by Ulrich).
'm,p,nd, ~udiaha. U.

999
U.
Near Rich

\'llichyt'.~donta elongata Ulrich ..... : ............................. :.. 1000
i.~":i ".; 4;~ I..eft valve of the original type of the species. U.
".' 4~~ 'Smaller mold of the exterior, from RichmolJd, Indiana.
"

"

U.

.

. tschYl'odonta miseneri Ulrich........ , .. , " ., ...................... "1001

5.

Right side of a specimen from Richmond, Indiano. U.
'Jr
18c1ty)'()d~hta moaioloformis Ulrich. . . . . . . .. . ... . . .. . .............. 1001
6. Small example of this species, differing somewhat, especially In the
basal region, from the typical form of the species. U.
6a. The right side of a nearly perfect cast of the;linterior. U.
6b. Dorsal view of another cast of the interior.U.
6('. From a gutta-percha impression of a portion of the extel·iol'. x 2. U.
lschyrodonta ovalis Ulrich ......................................... 100'2

7-7b.

Three vIews of the original type of this species.

U.

I sehyt'odonta truneata Ulrich..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 100.'1

B-Sc.

Various views of this species.

U.
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l\I('elL ........................... , ........ 1004
1 and 111. Two views of the type. M.
Modiolo(/on declivi;; Ulrich ............ , ............................ 1005
2 and 2a. Right side aud cardinal \'il'\\' of n eRst of the interiOl' of 11
speeimen from Richmond, Indiana. U.
[8ohllrod()ntauniorw~de8

Modiolodon 8ubo1Jalis lJlrlch ....................................... 1006
3. Left side of a cast of the Interior, From Versailles, Indiana. TT.

3'a and 3b. Right side and cardinal view of a CRst from the Richmond
formation at Versailles, Indiana.' U.
Modiolodon OI)tu8u,8 Ulrieh ................... , ..................... 1005
4 and 4a. Impressions of the extf'l'iors of a left and right valve of this

species from Cincinnati, Ohio.

U.

MlHfiolodon 8ubrectu8 t!1rich ........ " ........... , ................. 1007
5 and 5a. Left side and cardinal yiew of a small but characteril'ltic
Cllst of the interior. Richmond, Indiana. U.
Modiololfon tnl'nCatu8 Hall. , ................... " .... " .... , ....... 1008
6. The right side of an internal cast from Versailles, Indiana. U.
6a. Left side of a Cllst of the interior from Cincinnati" Ohio. U.
Modiolop.~i8

'versaillesensi8 Miller ..... " ......•... , . " ......... " ... 1010
7 lind 7a. View of the exterior of a left valve and the interior of II
riglIt yah'e of this species. Miller.
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Opisthoptem C(lsei Meek and Worthen .. , , .. , .. , . '" ............... ' 1011

1. Gutta-perdlll impressioll otia natural mold of the exterior of a
specimen from Marion county. Kentucky. 11.
la. Left side of a cast from Richillond, Indiana. U.
Opistlwptera oIJliqua Vldch ....................................... 1012

2. Right side of a specimen from Richmond, Indiana. U.
2:1, Anteriur "iew of the same. U.
2b. Dorsal view of a good cast from Richmond. Indiana. U.

Modiolopsis conccntrica Hall and Whitfield, .... , ., ... , ...... , .. ,.,. 1009
3, View of a small specimen retaining both valn·s alld shuwing the
surface markings. H. and W.
Orthodesma eanuliculatmn Ulrich... , .. , .. , ...... , ........... , . : . , . ~ '1012

4 and 4b. Hight side and clll'dinal views uf a nearly perfect cast of
the interior. Waynesville, Ohio. U.
4a. Incomplete cast of the anterior end. showing obscure rays across
the central half. U.
Ol'tltotlcsma paralle/um Hall. ......................... .

5,

Right side of the type.

Hall.

O,·thodesrna ,'cctUTIl Hall and Whitfield .. , ............ , ... ; .. : .. , ... J014
6 lmd Ga. Right sides' of two specimens showing the range in size.

H. and W.*

.

Ol'thotlesmasubangulatum (llrich... , ............ , .......... , . . . . . .. 1015
7 and 7a. Left side and cardinal views of a speeimen from IUchmond,
Indiana. U.
Ol'thodontiscus miUe1'i Meek ........................................ 1015
8. Interior of a left valve of It large specimen. 1\1.
. 8a nlld 8b. Left side and dors>11 view of a medium sized specimen. , M.
01·tonella ltainesi. Miller .................................. , . . . . . . .. J 017
9. Right side of a perfect. though rather smtill, and typical sped
mel!. V.
Oa. Antero-dorsal view of same. V.

9b. Interior of a left valve. V.
\:lc. Nearly entire mold of the interior of a right v~lve showing Impres·
SiO{lS of the posterior lateral teeth. U.
.
\:ld. Dorsal view of an excellent cast of the interior. F'rolll Richmond.'
Imlill.tla. U.
• Figures alter Hall and WhItfield.
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Ptel'inea demissa Conrad..................................... . . . .. 1018

1. Left valve, showing the general shnpe and surfucf' markingI'!.
ciullnti, Ohio. H. and W.

Cln

l'terinea insueta Emmons ............................ , ............ lOll)

2.

View of the type.

E.

Hhlltimya byrnesi Millf'l' ........................................... 1019
3 ulld Sn. Dorsal view und left ~ide of a hU'g~) east of the interior.

HielUIlOlld, Indiana.
Sedllwickirt ('1)

4 and 4a.
Sphenoliam

5.

U.

traoilis Meek ..................................... 1020
Two views of the type. 11£.

rw!~monden8e

View of the type.

Miller ............... , . . . . . . . . . . . . . . . . . .. 1021
Miller.

'1'ellinomya hUli :Miller............................................. 1021
6. Interior view of the type. Miller.
lVhiteat:esia c·inoinnatiensis Hall "and Whitfield............ . . . . . . . .. 1022

7. View of a large specimen of this species.
7a. View of 11 smaller specimen. H. and W.

H. and W.

Whiteavesia pholaditormis Hall. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1023

8. View of a good specimen of this form showing the surfnce mark·
ings. B. Ilnd W.
lVhitella umbonata Ulrich .......................... , ....... , ...... 1025

9. View of the right side of a large specilllen (gutta-percha cast of a
natural impression). U.
9a-9c. Three views of a well-llreserved cast of a smaller Individual.
from Middletown, Ohio. U."
Wltitella obliquata Ulrich.. . ... . . .. . . ... . . . . . .. . . . .. . . . . .. . . .

1024
10. Left side of a small specimen.. Cast of the interior. U.
lOa and lOb. Anterior and cardinal views of another cnst: ·U.
lOco View of a portion of the interior of a vaive from Mlnueljiota. U.
IOd. Left side of a cast the height of whiCh has been reduced by pres
sure. U.
.
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01lrtoceras amoenum l\Iiller. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1027

1.

V~w

of the type.

Miller.

Oyrtoooras tenui8eptum ll'abel'... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1028

2. View of a small specimen. with tweuty sevtn. Faller.
2a. Specimen showing body chamber. Ji'. (fig. Sa of Faller).
Oyrtoeem,~ t1;omp8()n~ Miller. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 102U
3·3a. '.rwo views of the type. Miller.
Gomphocerasindianense ;\>IilJer and Faber. . . . . . . . . . . . . . . . . . . . . . . . .. 1000

4. Body chamber and ten septa. )1. and F.
4a. Outline of a transverse "e~tion. :\1. and F.
4b. Outline of the tenth septum and positio11 of the siphuncle.
alld F.

IH.

Plate XLIX.
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Endoceras prateifarme Hall. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1029
1. Specimen showing the siphnnele with portions of several of the
I'nlllerae still in position. Hall.
la. A similar specimen giving a natural section of the camerae. H.
lb. View of a similar specimen. Siphuncle somewhat broken. H.
le. Specimen showing twelve camerae. H.
Id. 'l'ransverse section of the last. H.

Plate L.
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GyI"OC~;';:';
1.

bae1'i Meek and Worthen ............ .

View of the type.. M.

Page
. .......... 1032

.

OrthocenJ:8 biUneatum Hall. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1033

2-2a. Two fragments of this species preserving the surface mark·
ings. H.
2b. Enlargement of a portion of the snrfaee. H.
01'thoceras mohri Miller ........................................... J038
. 3. Longitudinal section of the type. Miller.

o ,.thoceras
4.

byrne.~i Miller. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..
Longitudinal section of the type. Miller.

1034

01·tltoCeras junceum Hall .... ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 103.

5·5e.

Various views of the type spedmPlls.

H.

~:

Plate LL
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Ort/wcems cal'leyi Hall and Whitfield ...... " .,
1. View of t)1e tyP€;o
H. and W.

Page
............. 1034

Ol'tllOcel'(ts d1111e1'i Hall and 'Vhitfield ............................... 103tl

2. View of the type.' H. and W.
2a. Fragment showing the position of the siphnnc]p.

H. IInll \Y.
2b. l<Jnlal'gernent of the surface, showing the peclllial' mnrl\ings.
and W.

H.

O,·thoce(l!! gOl'byi Miller.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1037

3.

View of the type.

M\I1er.

Plate LIl.
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Cel'utopsis chambersi Miller.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1042
1. Lateral view of a right valve. H. and W.
Ill.. Partial profile view of a left valve. H. and W.

Oel'atopsis chambersit var. robusta Ulrlcq. '~",>,., .....•.•... " ........ 1043
2-211.. Lateral and posterior views of' an entire carapace of thIs spe
cies. U.
Cemtopsis oculi/era Hall..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1044
3. Lateral view. H. and W.
3a. Basal profile vIew. H. and W.
7'etradeUa quadl'ilirata Hall and WhItfield .. .' ....................... 1048
4. View of a left valve, showing the character of the ridges and sulci.
H. and W.
4a. Basal profile in outline. H. and W.
'f.~tradella

quadriliata var. simplex Ulrich. . . . . . . . . . . . . . . . . . . . . . . . .. 1049
5. View of a left valve. U.
fia. Profile. U.

Gtenobolina ciliata ,yar. hammeli Miller and Faber. . . . . . . . . . . . . . . . . .. 1045
6. View of a right valve. x 12. M. and D.
Primitia impressa Ulrich.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1048
7-7d. Two rIght valves, illustrating sUght differences, with anterior
and dorsal views of each. From Savannah, Ill. U.
Entomis madisonensis Ulrich...... . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . .. 1046
8. Left valve. x 18. U.
8b. Ventral view or same. x 18. U.

,

"

EurYch,ilina striatomargina.ta Miller. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1046
9. V1ew of this spedes. x about 20. Miller.
Lepel'ditia caecigena Miller ....................................... 1047
:;10. A large right valve showing a small eye spot. x 3. U.
':'10a-l0c. Left, posterior and ventral views of a complete example of
the medium size. Both specimens are from near Madison, Indiana. x 3. U.
Primitia cincinnatiensis "'filler. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1047
11. Anterior view of an average specimen. U.
11a. Dorsal view of a complete carapace, differing in several polVts
from the typical form of the species. U.
lIe. Left side of the same specimen. U.
11b. Interior of a right valve. U.
11d. Right side of specimen No. 11. U. All x 20.
BoUia pumila Ulrich............. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1042
12. End view of a valve of this species. u.
12a. Side view. Both x 20. D.

Plate LIlI.

PLATE LIII-CONTINUED.

118:3
Page

['{'[)idoco/cus jarnesi Hall aud Whitfield............................ 1050

13-13R. Detached plRtes of this speC'les from Cincinnati, Ohio, greatly
enlarged. H. and W.
l3b. An outline of n very perfect specimen (after Woodward), sup
lJOEed by Ilan and Whitfield to be congeneric with their Plwrnulitcs jamesi,
hut evidently not to be so considered.
l3c. An entire example of this species. Outline drawing from a figure
by Faber.
l3d. One of the plates of same Slleeimen. Outline after Fabf'l'.
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11 cidaspis cet'alepta Anthony. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1052
1. A pygldium apparently belonging to this species. 1\1.

In. Another pygidium referred to this species. '. M.
A cida.9pis cincinntJtiensis Meek. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1053
2. Pygidium and part of one of the thoracic segments. M.

A.ciaaS1Jis sp ...................................................... 1051)
3. A left free cheek, apparently of a distinct species. M.
ACidaspis sp ...................................................... 1053
4. A right free cheek, insi.de view. May belong to A.. cincinnatien
sis. M.
ACidaspis cro8otu8 James .......................................... 1055

A nearly perfect specimen. x about 4. M ..
5a. A mould of the exterior of another specImen, apparently of this
species. x about 4. ]\f.
. 5.

Call1mene caUwephala Green....................................... 1057
6. Lateral view of a very perfect specimen in the enrolled state, which
is the usual way in which this species occurs. M.

6a. View of a perfect enrolled specimen from Cincinnati, Ohio, show
ing the pygidium and Cepha)on.
6b. Simllar view of No.6. M.
6c. View of the under side of a portion of the cephal on of a specimen
showing the hypostome. x 2. M.
Acidaspis sp................................. " .................. .
7·7a. Two glabellae of a specie.., or possibly t,..<'O species of Acidas·
pis. M.
Ue'raurU8 wa1"u8 Billings. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1059
8. A large, nearly perfect specimen. Haines collection. M.

8a. A view of the cephaliC shield of an enrolled specimen.1\[.
Cerau-nt8 plemrewanthemus Green... :. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1058

9. A view of It large Imperfect specimen from the Trenton formation
of New York. H.
9a. Pygiilium of another specimen, showing the characteristic long
~jJilles.

H.

9b. Portion of the surface magnified.

H.

DaZmanites breviceps HalL ....'....... ~ ............................ 1059

10. View of the type specimen. H. and W.
lOa. OJltline profile of the same. H. and W.

Trinucleus concentt'icu8 Eaton ........... , ............ "........ ".. ". J064
11. View of the cephalon of this species. Specimen from the Trenton
. of New York. H. Slightly modified.

Plate LIV.
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PLATE LIV-CONTINUED.

Dalmanites callicephalu8 Hall.....................................

12.
12a.
12b.
12c.
12d.

View of a complete specimen of this species. H.
Enlarged viliw of the cephalon. H.
Pygidium. H.
Enlarged view of one of the eyes, showing the faCets.
Portion of the surface magnified. H.

Page
•

H.

Proetu8 ·spurlocki Meek. . . . . . . . . . . . . . . . • . . • . . . . . . . . . . . . . . • . . . . . . . .. 1062
13. A specimen with the cephal on slightly injured by abrasion, and

slipped sllghtly backward so as to hIde one or more of the thoracIc seg·
ments. M.
"This is a Trenton spec1es.
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PLATE LV.
PlIge
IBoteluB ofoaB DeKay.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. lOGO

1. View of a nearly perfect specimen of this species, but with the
test more or less exfollllted so as to show the hypostoma. From the Tren
ton limestone of New York. H.

Plate LV.

A PRELIMINARY LIST OF THE HYMENOMY
CETES OR MUSHROOMS OF INDIANA.
BY

DONALD REDDICK.

(1191)

A Preliminary List of the Hymenomycetes
or Mushrooms of Indiana.
By

DONALD REDDICK.

The Phanerogamic flora of the State of Indiana has been thor
oughly studied by various systematists at different times, and at
present the advent of a new species into the flora, or the establish
ing of a new range or station for an old, is cause for considerable
note.
Among the seedless plants, the ferns, rusts and most of the
parasitic fungi are quite well known, but with one exception prac
tically nothing has been done with the Hymenomycetes, the Toad
stools, Mushrooms, Punks, etc., and in fact their great importance
is but little appreciated. The fact that these plants in general
are not attractive to many persons, the great difficulty of preserv
ing them for study, the scanty literature on the subject, as well as
the br<?ad field fur work along other lines, will in part account for
the fact that this group of plants bas not been studied more care
fully. Then, too, Indiana is behind many of her sister States in
this general line of scientific work. Many States maintain a State
Botanist, and one of his duties is to collect and preserve speci
mens of all forms of plant life occurring within the State.
'fhe distribution and time of occurrence of these forms will
shed light upon many economic a:qd physiological problems which
have heretofore been too little understood. The cause of decay in
timber, the disintegration of dead material and the production of
fonl a~d offensive odors can in some eases be attributed solely to
these forms. The devastations made upon our forests and their
consequent diminution in quantity and quality make it necessary
for us in some way to prevent or at least check the loss by decay..
Also such studies should inake it possible for many persons
to secure forms for food and relish, and much valuable material for
this purpose would become available to the general public. But
above all things, any investigation which puts within our grasp
the keys of nature, whieh will help to unlock her secrets and solve
her problems, must be counted worthy of considemtion.
(1193)
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In 1892 Dr. L. 1\1. Underwood, as director of the Biological
SlJrvey of Indiana, published a list of all "Oryptogams" known
to occur within the State. Quite a number of fleshy and woody
fungi were collected, but as these were placed in a private her
barium, which is not now in Indiana, there is probably at the pres
ent time not an herbarium in the State containing anything like
a complete collection of these plants.
In the autumn of ]904 the writer began a study of the higher
fungi in the vicinity of Crawfordsville, and the work was con
tinued throughout the college year. Owing to the extreme dryness
during this season, collecting was not good, for many species that
would have occurred normally did not develop. Then, too, late
spring and summer species have not been collected, and the her
barium left at Wabash Oollege must of a necessity be wanting in a
large number of Rpecies which occur in profusion during this time.
It is hoped that at some future time the complete list of fleshy and
woody fungi occurring in the State may be collected, authenticated
herbarium specimens left on file, and complete descriptions with
notes on distribution and time of occurrence preserved with them.
This paper has been prepared under the direction of Professor
1\1. B. Thomas, and if it contains anything of merit, great credit is
due him for valuable assistance and kindly encouragement. Thanks
are due Mr. H. H. Whetzel for practical lessons in collecting and
also for the determination of many species. Many of the speci
mens sent him were determined by Professor Geo. ll'. Atkinson
or Mr. H. S. Jackson. Professor Atkinson has also very kindly
made valuable criticisms, and these have been incorporated in this
paper. I am also particularly indebted to Professor Atkinson for
use of most of the appended plates, which are taken from his
"Mushrooms, Edible, Poisono\lS, Etc.," from some of his bulletins
issued from the New York (Cornell) Experiment Station, or from
his private collection of photographs. Professor E. A. Burt kindly
determined the 'l'helephoraceae sent to him. In the list, c~edit for
determination or confirmation of my determinations has been given.
Quite a number of specimens have not yet been determined with
certainty nor confirmed by one who is an authority, and those are
not included in the list, but preserved for further study.
CLASSIFIOATION.
The classification of the fungi is even at the present time in a

very unsettled eondition, and changes are constantly being made
as investigatOrs are coming to know more

pe~fectly

the life history
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and relations of the many groups. Th~ system of Fries dominated
as. late as 1880, but this has been largely replaced at the present
time' by the system of Saccardo or of Eugler und Prant!. Arbi
trarily· the classification according to Schroter in Engler imd
Prantl has been adopted in this paper. Briefly, all fungi are di
vided into two large groups: (1) alga-like fungi (Phycomycetes),
(2) those not resembling the algae (Eumycetes) .• The Eumycetes
are divided into two classes: (1) those having their spores encased
in sacs or asci (Ascomycetes), and (2) those having their spores
borne naked on the ends of basidia (Basidiomycetes). It i~ with
that portion of the Basidiomycetes in which the basidia are borne
together in a compact layer or hymenium (Hymenomycetes) that
we shall concern ourselves.
VEGETATIVE.

The thallus or vegetative portion of these plants is made up of
multiseptate, cylindrical, much branched anastomosing filaments of
very small diameter which ramify in every direction in the sub
stratum upon which they are growing. Frequently mycelial
threads are matted together, forming a cord or in some cases a
thick, hard rhizomorph (Fig. 12), Ii sometimes happens also
that thick sclerotia, often weighing several pounds, are formed.
The fungus may vegetate for a long time, and during this period
large quantities of material in highly concentrated form are stored
up for a subsequent rapid reproduction. In a favorable time, in
warm weather and usually after a rain, the fruiting or repro
ductive stage is developed, and this is the stage with which we are
more or less familiar and which affords the means of classifica
tion of the plants.
REPRODUCTIVE.

The simplest form of fruiting body in the Hymenomycetes is
that of the Hypo<:hnaceae, where a eob-webhy mass of mycelium
spreads out over the surface of the substratum and sends up small
club-shaped bodies (basidia), which are rather loosely aggregated.
In the next Family ('l'helephoraceae) (Fig. 21) the basidia are
more closely packed and form a continuous smooth hymenium.
Some of the plants are not effused but are reflexed and thus afford
a protection to the young spores. In t.he Family Hydnaceae (see
Fig. 16) the hymenium covers the surface of spines while in the
Polyporaceae (Figs. 17-18-22) the hymenium is on the inner sur
tace of tubes; the tubes varying in character from cylindrical to
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labyrinthiform and from deep pores to shallow depressions. formed·
by reticulated elevations. In the next Family, the Agaricacea6,
the hymenium is spread over radiating lamellae or gills and all
the ,forms are pileated. It is to this Family thatmost'of our tleshy
fungi belong.
After the basidia are formed each basid sends out from one
to six small :lilanlentous processes, sterigmata, and upon the ends
of these the spores are borne; one spore on each sterigma and
each spore carrying with it the possibilities of developing a new
plant.
HISTORIOAL.
Since the time of the Greeks and Romans mushrooms have been
held in high esteem as food. Juvenal tells us of an old Roman,
who in his enthusiasm was led to exclaim, "Keep your corn, 0
Libya, unyoke your oxen, provided only you send us mushrooms. "
Horace says that "the best mushrooms are found growing in
fidds," while PUny gives practical instructions for collecting
"those earthy excresen8eS ~alled mushrooms."
During the time of Nero, mushrooms stood in good repute, and
at court banquets they were served to the guests. On one occasion,
desiring a new form of amusement, the "deadly amanitas" were
ordered served, with the result that t.he entire number of guests
succumbed, as well as a large number of centurions, tribunes, etc.
Spenser in the Faerie Qu~ene casts a pall of superstition about the
"earthy excresences" in the lines,
"The gristly tode stool grown there mought I see
And loathed paddocks lording one the same."
In Shelley's time mushrooms were in even worse repute, as
shown in these ]ines,
" And plants, at whose name the verse feels loath,
Fill'd the place with a monstrous undergrowth,
Prickly and pulpous, and blistering and blue,
Livid, and starr'd in ~ lurid dew."
Long yeem of scientific researc,h have not yet been able to
dispel all theee superstitions.

TOXIOOLOGY OF MUSHROOMS.
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TOXICOLOGY.

It has been determined that the cases of fatal mushroom poison
in~

are confined almost entirely to the action of one genus of the
Agarics, the genus Amanita. The members of this genus all have
well defined and conspicuous characteristics which will readily dis
tinguish them from all others.
If one acquaints himself with those characteristics and avoids
all such forms, he can feel reasona.bly safe from serious poisoning,
for those other forms which do produce sickness cause such vio
lent reactions in the stomach that they are soon expelled. Dr.
Underwood reports three Amanitas collected in the State in July,
but thus far we have been unable to find any representatives of this
genus.
Cases of fatal poisoning have been reported for species of cer
lain other genera, but these are quite rare, and then, too, there
is always the question of correct determination of the species.
However, in all cases, as will readily be seen, it is better to know
edible species rather than depend upon the exclusion process.
The toxic substances isolated from these mushrooms ara few in
number. Muscal'ine is an extremely violent poison, .06 grs. being
a severe dose for man. This alkaloid is found most abundantly in
Amanita muscarla.
Choline, or neurin, is an alkaloid which readily goes over into
muscarine.
Phallin, the exact chemical nature of which is not lmown,
though it is thought to be of an albuminous nature, is the sub
stance which makes Amanita phalloides so deadly poison. When
taken into the system the substance acts directly upon the blood
corpuscles. The corpuscle is dissolveu and the serum escaping
from the vessels into the alimentary canal soon drains the system
of its vitality. There is no unpleasant taste to the mushroom con
taining the alkaloid and no ill effects are experienced lmtil from
ten to fourteen hours after eating. For this reason, this is the
most deadly of all the mushrooms, and should be given a wide
berth.
H elvellic acid is a very deadly poison, sometimes found in
Helvella esculenta, especially in old specimens. Several mycolo
gists who have made repeated personal tests state that this plant is
edible. It seems altogether probable that this dangerous property
does not appear except in old specimens, and the safe plan is never
to Use old specimens of this or any other mushroom.
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CHEMISTRY OF THE MUSHROOM.
Chemical analysis of mushrooms shows a very high percent of
nitrogenous material, and this has been taken as an indication that
the nutritive value of mushrooms is very high. Tables, showing
the relative food value of mushrooms compared to other forms of
food, have been (~onstructed, and many extravagant statements are
made about the great waste of "vegetable meat" 'and the possible
substitution of a mushroom diet for the meat. Later investigation
with digestive fluids has shown that the available nitrogen content
is extremely small and that the food value compared with that of
other substances is ridiculously smalL
However; it is altogether probable that the digestive processes
taking place in the human system can not be exactly duplicated
in the chemical laboratory, and that the food value of mushrooms
has not only been exaggerated but perhaps also underestimated.
But even if the mushrooms prove practically valueless as food,
their esculent qualities will always create a demand for them, and
their value as a condiment will hardly be overestimated.
RAISING MUSHROOMS.
Each year sees an increasing consumption of mushrooms, and
a constant growth in demand for this product. As a consequence
many people have turned their attention to the "raising of mush··
rooms.
One very essential thing in the raising of mushrooms is the
temperature influence, and it is to unfavorable conditions in this
respect that many can ascribe their failure to grow a crop. Many
of the natural caves and worked-out coal mines of the State would
afford excellent location for large mushroom establishments. The
temperature remains practically' constant during the entire year,
and there would always be an abundance of moisture, so that a
continuous crop could be .harvested. 'With the increased develop
ment of communication between widely separated localities by
means of the interurb~m roads, the important time element required
for the product to go from producer. to consumer could be reduced
to a minimum.
The mushroom industry, like any other, has its difficulties,but
there is now some excellent literature on the subject, and any
one exercising care and patience can feel reasonably sure of a
good' crop and' a profitable invest:rqent of capital and labor. For
private purposes old caves and cellars are valuable places for the
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raising of mushrooms, and while the yield is not so large, it shows
as great a. return for the time and labor as the raising of ordinary
garden "truck."
It seems highly probable that if people knew as much in gen
eral about mushrooms as they do about raising cabbages or toma
toes, there would be few homes which did not have a little mush
room bed just as they now have a little plot for the raising of
early spring vegetables.
Recently (November, 1905) there has been issue~ from the
Bureau of Plant Industry of the U. S. Department of Agriculture
a bulletin by Dr. B. M. Duggar, entitled "The Principles of
Mushroom Spawn Making." This bulletin contains results of in
vestigations of Dr. Duggar, who is the most experienced commer
cial mushroom man in the United States, and contains much valu
able information along all linEll'! of mushroom culture.
COLLECTING FUNGI FOR 'l'HE HERBARIUM.
The proper collection and preparation of specimens of fungi for
the herbarium involves a number of special processes. It is essen
tial that considerable care be exercised in the collection. of the
specimens, and to do this properly Olli:l should equip himself with
a few handy tools. For collecting trips an excellent outfit consists
of a wicker basket, having a hinged lid which is almost as deep as
the basket itself; some small pasteboard boxes, a number of squares
of tissue paper, and paraffin paper, and a small pick and hatchet.
'rhe basket can be easily carried on the arm, and the deep lid is
a convenient receptacle for holding the specimens before wrapping
in tissue paper. If photographs are to be made, some of the best
and most typical specimens shonld be carefully wrapped and
placed in an upright position in one of the pasteboard boxes. If
this precaution is not observed, geotropic irritability will· in a
number of cases soon cause the pileus to assume its normal posi
tion with reference to the earth, and this makes the photographs
nnsatisfactory. A small pick has been found especially valuable,
particularly in the case of woody forms. A portion of the sub
stratum can be chipped out and the sporophore obtained free from
bruises or blemishes.
,It is always well to look over all the available material in order
to secure for the herbarium only the most typical and desirable
. specimens. Many mushrooms have a bulbous or rooting base, which
is imbedded in the substratum and must be carefully extracted.
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The specimens may be placed upon a square of the tissue paper,
and by gathering the four corners together and twisting quite
a tight enclosure can be formed. In this way average specimens
will keep twenty-four hours or longer. if not bruised. When
bruised or broken many specimens change color or begin rapid de
cay. Different stages in the development of the sporophore are de
sirable, as many evanescent characteristics can only be found in
the young specimens.
Too mIlch stress can not be put upon the importance of tak
ing field notes, and this is especially true for beginning students.
Frequently specimens are found which can be determined only with
difficulty and possibly not at all. As a dried specimen at best does
not retain nearly all the characteristics of the living plant, and
as many of these characteristics are necessary for the determina
tion of the species. notes should be kept of them. These field notes
should include such important things as character of soil or sub
stratum, moisture, color and appearance of pileus, presence or
nbsence of milky juice, whether there is a change of color when
bruised, character of veil, etc.
Upon the return from the trip spore prints should be made of
aU gill forms. These are prepared by placing the pilei with· gills
downward on white or black paper, which ever may be necessary
to show the color of the spores in mass. It may be advisable to
at once write out very carefully a complete description of the plant
and then begin the determination by means of the proper keys.
Written description does not allow the judgment to be biased by
text statements which do not agree with one's own when made
without prejudice. Where a compound microscope is available
careful spore measurements should be made, for in some cases the
separation of two closely related species is based upon the size of
the spores. 'fhese measurements and the spore print, together
with the description, should accompany the herbarium specimen.
When possible, photographs should be made of typical plants to
show details of structure.
After this the plant should be dried rapidly, though too much
heat is to be avoided as it destroys detail.
Woody or very thin specimens will usually dry spontaneously
and retain their form and characteristics better than· when sub
jected to artificial heat. Passing a current of air at 100 0 F ..over
the fleshy specimens for from three to five hours gives good re
sults. Very watery specimens can be put on blotting paper, as
this aids in taking up water. Any oven which will allow free cir
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eulation of air can be used or, as Professor Burt suggests, a kero
sene lamp with a fine screen suspended over it at a proper height
will answer the purpose very well.
Whim the specimens are dry they may be fumigated with car
bon bisulphide and filed away in boxes. If there is not space, the
plants may be pressed and placed in packets on regular herbarium
folders. As, the specimens come from the oven they are often very
brittle, and before being filed away must be moistened and pressed.
~Iost specimens ",ill' 'absorb sufficient moisture in a day or two to
make them pliant. If they do not f a tight box containing moist
sphagnum or blotting paper may be used. The specimens can
then be flattened down to fit in a packet or may be pressed between
blotters. When pressing, the weight should not be too heavy, and
great care should be exercised not to press too flat, as valuable
I'haracters are thus spoiled.
Fumigation is necessary to keep out insects and moulds. Those
specime
'c,h have not been subjected to heat are likely to con
tain ins'
'and larvae, and these .would soon consume the en
tire substance. To get rid of these pests the specimens are placed
in a small box or can in which has heen poured a little carbon
disulphide. The gas from this liquid readily kills the larvae but
not the eggs, so that after a time the process must be repeated in
order to destroy any larvae that have developed later. All fungi
should be thus fumigated at least once a year, as insects often feed
upon the dried specimens.

COLLECTING FOR THE TABLE.
Hunting mushrooms for the table is a favorite pastime with
some people, and would be with very many more could they feel
SUTe tlIat the mushrooms tlIey gathered were not poisonous. Most
people use but a single species for food. All otlIers than those
lIaving a veil and pink gills when young are, to them, toadstools
and deadly poisonous, or only'those lIaving a wrinkled conical cap
are edible, and all umbrella-slIaped ones are poisonous. To a cer
tain extent this is a good policy, for one should, according to Dr.
Peck, before experimenting, "'know individual species- just as we
know edible flowering plants." But tlIe collector, by having suclI
a limited range, 'often tramps over great masses of' mushrooms
that have esculent qualities, at least not' inferior to the ones for
which he is searclIing. ,If one acquaints himself with a half dozen
of tlIe most common edible fungi lIe may feel sure that lIe will
[76]
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usually be able to secllre these delightful condiments during all
the summer months. Morels are the earliest, and while not hymen
omycetes, are mentioned because of their very general occurrence
in the State. Coprinus micaceus (Fig. 14) may be mentioned be
cnuse of its prolific fruiting abilities. After almost every rain one
may find about the base of stumps or old shade trees a great mass
of this glistening Coprinus springing up. During the summer we
have the eommon field mushroom, Agaricus campestris (Fig. 6),
and in the autumn a great profusion of forms, the most conspicu
ous of which is the "shaggy mane" Coprinus comatus (Fig. 5).
These mushrooms have well defined and easily recognizable char
acteristics which readily distingnish them from all others, and if
one knows how to identify these foul' species he need never want
for mushrooms.
.
Insect larvae often feed upon the flesh, and obviously a mush
room filled with larvae or their burrowings is valueless., Generally
speaking, the old specimens are not as good as young ones, and, by
some, old specimens are thought to have poisonous p1,'operties. No
one would think of attempting to eat the "shaggy mane" when
old, for it is a black, inky mass. Similar changes, though not so
evident, often take place in other mushrooms when old.
Mushrooms fOl' the most part deteriorate rapidly after, being
picked, and if it is desirable to keep them for any great length
of time they shollld be cooked. Mushrooms may also be dried and
kept indefinitely like dried fruit. 'l'he drying should be as rapid as
possihle without burning. When thoroughly dry they may be
storerl in an atmosphere free from moisture until wanted.
The oyster mushroom, Pleurotus ostreatus (Fig. 7), on account
of its size and abundance, is quite desirable for this purpose.
While not considered as delicious as others, the broth made by
boiling is excellent for seasoning soups, gravies, etc.
DISSEMINATION OF SPORES.
The general oceurrence of the same species of fungi over wide
areas differing greatly in character, and the multitude of fruiting
bodies in ?my one locality, show that spore dissemination is quite
extensive. Every fruiting body bears millions of spores, and each
spore carries with it possibilities of the formation of a new plant.
The fact that the fungi are not increasing in numbers on the face
-of the earth shows that a. vast majority of these spores. perish.
Probably the most effective agent in spore dissemir~ation is 'the
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wind, which may carry these bodies for miles. Animals also aid in
dissemination. The spores would often become attached to the
bottom of the foot, and as the animal moves on they are distrih
nted. If these spores should be dropped in a favorable place they
could reproduce the plant.
The smaller animals, such as squirrel,,;, carry about many spores
in their fur and some of these drop off in the hollow or broken tree
in which they live. Birds carry spores over long distances very
easily in their scales or feathers.
Insects, particularly the beetles, are also an aid in dissemina
tion. These are often found in old fruiting bodies, and when they
escape, covered with spores, they become agents for the dissemina
tion of the fungns.
OTHER MEANS OF DISSEMINA'l'ION 01"

FUNGI.

vVhile many spores are formed ani! disseminated and thus
many chances given for the development of new plants, the diffi
culty with which spores germinate, through the result of unfavor
able natural conditions, is very great, and for this reason compara
tively few plants are formed in this way: The practiced mushroom
growel' does not depend upon spore planting to produce his crop,
but obtains spawn bricks (nutrIent substance permeated with my~
celium) to inoculate his beds. Spawn will withstand dessication
and extremes of temperature, and yet when moistened and put in
a cool place wijl revive and continue it:'! growth.
An interesing observation upon the natural dissemination of
mycelium was noted in the ease of one plant, Collybia dryophila.
A large number of the fruiting bodies of this plant were found
about an old stump in an orchard. Some distance away others of
the same species were found occurring in a more or less regular
row. 'l'his seemed to be rather peculiar, and further in'vestigation
showed that this row was just over the 1?ath of a mole. By tracing
the ridge it was found to circle about and apparently have its
origin in the base of the stump. For a hundred feet or more along
this ridge plants of this species were found in quantity while no
others were discovered in that vicinity. This would seem unmis
takable evidence that mycelium had been carried by the mole and
distributed along its burrow.
'
Certain wood boring beetles, plant, in the finely ground wood,
with the newly deposited eggs, mycelium of' fleshy fungi which
develops when the larvae appear, and furnishes food for their
growth.'
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, Some ants maintain a fungus garden for their qwn delectation,
and when the nest is disturbed it is as much a duty to preserve bits,
of mycelium for a new planting as it is to care for the eggs.
The carpenter may cut through old and infected timber. The
next use of the tool may be in sawing new timber. Small parti
cles of dust from the old timber will have adhered to the saw and
are thus transferred to the new structure.· Also quite often dis
eases are distributed to ne~:ti.m1J~rs by placing them in contact
with the decayed parts which in part they are to replace.
GERMINATION OF SPORES.
One of the difficulties of mushroom raising is encountered in
obtaining "spawn." The" spawn" is secured from the so-called
"virgin spawn," which is the mycelium of the mushroom, taken
from the natural' habitat or where it bas grown spontaneously in
manure heaps. There is always danger of contamination in this
method and subcultures should ,be made to eliminate 'undesirable
species.
As early as 1860 Hoffman succeeded in germinating the spores
of a number of Hymenomycetes, among the list Agaricus cam pes
tris, but for this species, as he says, they were developed ouly with
difficulty "and very often not at all." Brefeld in 1877 was able
to germinate the spores of about 160 species of Basidiomycetes, but
it was not until 1893 that Constantin and Matruchot announced a
method by which they were able to germinate spores and to grow
spawn in pure culture. Details of the method were kept secret,
and at the prese~t time this method of obtaining "virgin spawn"
from the development of spores is controlled by one large company
in France, and is kept a secret.
l\[ost of the work of germinating these spores has been done
solely with the view of determining th'3 life history of the fungus
and no practical use has been made of the results. But in 1902
Miss Margaret Ferguson began a series of experiments at Cornell
University on the" germination of the spores of Agaricus campes
tris and other Basidiomycetous Fungi." Great variations in condi
tions of temperature and media were experimented with, and many
thousand cultures made. Some interesting results were obtained;
for example, spores which. had been east and kept in a sterile dish
for nine mop~ were germinated in, sterile,water at 28° C. Tbe.
purpose 01 this oxtended study was to determine if possible tbe
best stimulus for germination, whether a temperature or media
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condition or the presence of certain chemical elementll or com
pounds. Almost by accident an observation of some old cultures
was made which gave rise to a series of experiments along ,a dif
ferent line and finally led to the conclusion, "that if a few spores
are able to germinate under the cultural conditions, or if a bit of
the myceliljm be introduced into the culture, the growth resulting
will, in either case, cause or make possible the germination of nearly
an. of these spores (li the culture, provided, of course, tha~ the
other conditions are not such as to inhibit germination.". Use of
this method is now being made by the Pure Culture Spawn Com
pany, Pacific, Mo.
With the possibility of successfully producing, in quantity, the
pure spawn of Agaricus campestris and others, comes the problem
of improving our mushroom product. If agricultural crops can be
improved by the artificial selection of the best and most perfectly
developed seeds, it seems probable that the same thing can be ac
complished with mushrooms by selecting tissue or spores for recul
ture from that sporophore which shows the most remarkable devel
ojJment in size, esculent qualities, etc.
During recent personal investigation along this line it was
found that spores cast from a sporophore of Coprinus micaceus
could be germinated in quantity under sterile conditions. Spores
were placed in a hanging drop of pure distilled water with a sterile
needle, incubated at 28° C for twelve hours. At that time a few
spores were observed to have sent out a protuberance twice the
length of the spore, while a great many others had short tubes. In
twenty-four honrs practically all the spores had developed, and
many of them had formed long branched mycelial filaments.
CTIEl\HSrrRY OF DECAY ON LIVING WOOD.
'rhe flingi are probably of greater economic importance in their
relation to timber, both living and dead, than in any other way.
We little appreciate the total damage resulting from the work of
fungi, for their action is so slow and for so much of the time in
conspicuous. We can not even approximate the annual loss to our
forest trees and structural timbers due to the lungi alone. There
are a number of factors that are indirectly connected with the
phenomenon of decay. Bacteria are omnipresent and may be found·
wherever there is moistnre. They are not prime factors· in decay,
but their' function is a secondary one in disintegration; insects,
such as wood borers, icn.neUIDon flies, locusts, etc., offer means of
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entrance for fungi into the trees; squirrels and birds with claws
and beaks make holes in the bark which will sometimes form the
lodging place of a fungus spore; mechanical movements, as in
freezing and thawing, will produce cracks which give easy access
to vital parts. 'l'he action of high winds is often sufficient to up
turn trees and, in falling, limbs of healthy trees are often broken
•
or shattered, thus forming infection courts for fungi. Snow also
frequently produces this effect. It is exceptional, though not un
known, for a fungus to make its way through the thick epidermis
and cortex of a living tree without the aid of "lome one of these
methods of entrance.
Many of the wood destroying fungi are saprophytic; a com
paratively small number parasitic. 'fhere are, however, parasitic
species, and their action is very widespread and far-reaching.
Very few of the IIymenomyeetes are aggressive parasites, but
Armillaria mellea (Fig. 12) is one which is common with us. This
toadstool attacks the roots of sound, healthy trees, penetrates the
.thick walls of the epidermis and, sending out tiny filaments into
the cells, there sap the vitality of the tree. 'l'his fungus has been
found in a number of places about ·Crawfordsville and over the
State, and if the truth were known it alone is doubtless responsi
ble for great destruction of living trees. This fungus is able to
send out its blaek rhizomorphs through the ground for consider
able distance and thus is able to travel from one tree to another.
More often members of this Order are nearer saprophytes or
facultative parasites. A tree is blazed or a branch broken off
some accident. The wood about the injury is dead; the weathering
action of the elements softens the wood; it retains moisture and we
have an ideal place for the development of a spore; spores are
blown there by the wind, germinate, and send out their mycelial
filaments. The'dead central portion of the tree is slowly disinte
grated and from contact with this living cells are reduced in vital
ity and ultimately die. (See Figs. 18-19.)
Very often the fungus excretes an enzyme which not only kills
the living cell but makes the contents of dead ones soluble and
available for food. Dr. Von Schrenk ha~ shown that starch
grains in the medullary ray cells of Ash were attacked and com
pletely· dissolved lKlfore the advent of the mycelium in· that imme
diate vicinity. 'rhe conclusion is that "in this case a .diastatic en
zymegiven off by the mycelium preceded the latter for some dis
tance. "
These actions are taking place constantly in the forest timber
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and are very important diseases, having well defined diagnostic
characters with which every well trained forester or woodman is
acquainted.
Fungi are not capable of assimilating directly food stuffs, and
like animals are dependent upon plant life for their existence.
Generally speaking, the presence of a fruiting body of a fungus
upon a stick of timber is a sure evidence that the value of the .
timber is deteriorating and is sufficient evidence fot; its condemna~
tion for structural purposes. Exceptions to this have been noted,
particularly in the case of the "blue" wood of our conifers. The
"blueing" is caused by the presence of a Pyrenomycete, Ceratos
tomella pilifera Winter. It is an established fact that trees af
fected with the blue fungus are tougher and more resistant than
unaffected timber. The explanatioJ) for this unusual occurrence
offered by Dr. Von Schrenk is that in the "blue" wood we have
an enormous number of filaments, all extending radially through
the wood. These filaments occur in bunches, much interwoven,
scattered at regular intervals through the wood. Even if the ten
sile strength of one hypha is not very great, when it comes to
4,000,000 bundles these may have some effect in holding masses of
wood fibre together, and it is possible that these hyphal bundles are
responsible f6r the toughness.
ACTION OF FUNGI IN DEAD WOOD.
Other changes are also going on in the forest which without the
assistance of other agents producing injury are. equally important
from the fact that they are disintegrating old logs, leaves, etc.,
and returning to the soil and air the elements contained in them.
Every old log or dead branch has its "sweet knots," its brackets
or shelves, or its clusters of toadstools; these are only the external
evidences of what is taking place within. There the hyphal fila
ments of the fungus are slowly penetrating to every part of the log
and gradually decomposing its substance. Some species attack only
the cell contents, mainly starch, and are seldom found on very
old logs. Others attack principally the secondary cell products,
such as cutin, lignin, etc., while still others have become adapted
to living upon the cellulose of the cell wall. The action in any
case is to break down complex compounds into simple ones; ap
propriate certain substances for temporary use, and give off others,
the gases, to the air, and the solids to the soil. A method for de
termining some of the end products of decomposition was de
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. vised as folloWs: a large retort flask was fitted tightly to one neck
of: a gas wasing bottle and the other neck fitted with a gas wash
ing IT tube. Chips of a pine stick infected with a fungus disease
. were placed in the bulb of the retort flask. The washing bottle
contained potassium hydroxide and this was kept free from car
bonic acid by meanfl of potassinm hydrate in the U tube. At the
end of a week sufficient gas had been given off and absorbed to
draw' the potB;ssium hydroxide up the tube and into the bulb of the
retort. This shows that carbon dioxide had been given off in con
siderable quantities even when the available free oxygen must have
been entirely consumed. A few drops of Nessler's reagent added
to a few cubic centimeters of the solution gave an intense brown
coloration, showing the presence of a large quantity of ammonia.
This simple experiment accou.nts for four of the most essential ele- .
ments in all plants, namely, carbon, oxygen, nitrogen and hydro
gen. Pure cellulose of the empirical formula CeH 100 6 in wood in
cludes from 50 per cent to 80 per cent of the total solids. By
combination with oxygen in burning or in slow oxid.ation by the
action of ferments, this complex molecule is broken up into two
simple molecules. carbon dioxide and water. Other carbohydrates
occurring in plant tissue are starch (CaHtoOn) n; sugar Ct2H~20tJ
and CGH 120 6 ; as well as many other gums, resin, etc.; 'all those
substances having very complex molecules.
The faet that nitrogen was given off in some quantity in am
monia (NHa) gives evidence of the fact that nitrogenous materials
were present in the cells pf the wood. Chemical analysis shows
about 15 per cent of nitrogen in dry matter of plants. Nitro
genoUS! compounds are more complex in composition than the car
bohydrates and are not so well understood. Some of the com
pounds of nitrogen occurring in plants are albumins, albuminates,
peptones, alkaloids, etc. The alkaloids include such substances
as quinine, nicotine, phallin, ergotine, muscarine, etc.
The various colorings in old wood are chiefly due to the action
of fungi or certain of the albuminoids in carbohydrates mentioned
above. When the starch grains stored in the medullary ray eells
are not attacked, radially split wood appears dotted with irregular
glistening white patches. Pure cellulose is white and when infil
trated substances only are acted upon and the cellulose left we have
the characteristic "white rot." If other substances, than the tan
nin; are taken' away we have the characteristic "brown rot," etc.
some cases the coloring iilin the fungus itself 'llna the green
sometimes occurring in wood is due to the presence of a large mllS&
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of fungal filamentil each co-ntaining a small amount gf the gr~n
substance, xylinderine. Vuillemin established this :faCt by dis
solving out the coloring matter with an alkali, leaving the wood
fiber undisturbed. The relation of the blue coloring of wood to.·
the fungus present is naw being warked aut by Dr. Von Schrenk.
. PHYSICS OF DECAY.
As the chemistry af decay has been shawn to vary with the
different species of fungi present, so also physically there is .a
variation in the methods in which the waod structure breaks down.
In all cases there is a change in the physical character of the woad,
as is shawn by the decrease in the specific gravity, etc.
Palyporus fulvus has the praperty of destraying the middle
lamella of the celis, thus allawing them to. readily fall apart.
Lignified cellulase is the essential element in strength, and when
a funguS' absorbs the lignin from the cell walls the cell callapses
completely and waod so affected is af no value cammercially.
The ca:mirionest wood destraying fungus accurring in struc
tural timbers is Merulius lacrymans. This plant is capable af
thriving on a limited water supply and in an atmosphere cantain
ing only a small per cent af axygen. Far this reasan the decay
can go. an on the inside withaut being detected. Often a piece af
timber infected with this disease, dry rat, which loaks to. be per
fectly saund, can be struck with a hammer and the whale mass
completely powdered. Warping and twisting afstructural timbers
is also. sometimes due to. this disease. Timber unequally expased to
moisture is attacked more vigorously on theJ.side where there is the
mast maisture.
In general, the essential physical prapertie!l of woad are af
fected by fungi and the tendency is to. reduce or. completely de
stray the value of the timber.
THE RELATIVE ThIPORTANCE OF FUNGI AND BACTERIA
IN DECAY.
Dr. Dhingra, in speakiilg of bacteria as scavengers with refer-.
ence to. a fallen tree in a farest, says ; "The hard woody sub
stance is first softened by various fungi which grow into it; next
wood eating insects appear, and 1inallybaeteria eomple~ the
amOD.". T(Ldeterm.i:ne just the relative importanee. of fungi .81ld .
bacteria in:.~ecsy the following experiment was devised: Branehei
from five of our common wooda occurring on the campua were taken

J
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and· thin cross-sections in large quantities were made of each, and
these distributed in test tubes. The woods used were Maple, Acer
saccharinum; Locust, Robinia pseudocacia i Walnut, J uglans
nigra; Beech, . Fagus ferruginea, and White Oak, Quercus alba.
The tubes were plugged with cotton and steamed at 100° C. on'
three successive days, thus insuring complete sterility.
Pure cultures of three different fungi were obtained by plating
on a decoction of wood ager. Two species of pyrenomycetes and
a common mould-Mucor, sp., (1) were used. Bacteria infesting
old logs were also isolated and grown in pure culture. Two species
were found: B. subtilis and B. sp. Y. Three sets of tubes were then
inoculated from these cultures under sterile conditions. One set
was ino~ulated with fungi only; three species on each of five dif
ferent woods; another with fungi and bacteria; and the third
set with bacteria only. Frequent examinations were made to se
cure intermediate stages, but few good ones were obtained. How
ever, at the end of three months the following very n~ticeable
changes were observed:
/
In s~t one, most of the material, except where it was packed
too tightly in the tube, was blackened and looked old and rotten
or was reduced to an unorganized ma..<;s. Microscopical examina
tion showed that the cellular structure was completely destroyed.
In set two, where bacteria were also present, the reaction had gone
no further than in set one, but the black unorganized masses were
present. In the third set, with bacteria alone, no apparent change
in the wood either in general appearance or minute anatomy could
be detected. The wood looked as bright and fresh as that which
had not been treated, but otherwise had been subjected to the same
conditions of air, heat and moisture. This experiment, then, dem
onstrates the fact that certain fungi are capable of completely dis
integrating woody tissue without the aid of other orgunisms, such
as bacteria. The fact that the species of bacteria used did not pro
duce decay determines the action for only those two forms and
others may be found that are direct agencies in decay. The ex
periment does, however, prove that bacteria are not necessary to
decay and in many cases are undoubtedly only incidental.
a'BE ROLE OF MOISTUlUl IN DECAY.

It has been established that no chemical reaction takes place'
between substances except in the presence of water. As the decay
of timber is largely due to the chemieal reaction of .certain en-'
zymes upon the constituents of various parts of the wood cell, it
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follows that water must be present wherever there is decay. This
would seem to conflict with our conception of "dry rot," but if we
will consider what the terms dry air and dry wood mean there
will be no conflict between the statement.s. The dryest air always
contains a considerable amount of water vapor, and wood which
has been thoroughly dried in an oven, when exposed to the air,
takes up considerable moisture. Then, too, it has been demon
strated. by Hartig that in the case of Merulius lacrymans, the "dry
rot" fungus, that long rhizomorphic cords of mycelium often
reach from the moist basement timbers to the very highest point's
in a building and in this way sufficient moisture is carried up to
allow the development of the fungus.
Water is essential for plant growth and development, and when
there is no moisture there can be no plants, hence no decay.
METHODS OF PREVENTING DECAY.

If structural timber is so located that it can be protected from
moisture at a small expense we need have little fear of rotting
timber. That timber expos,ed to ordinary usage may be well pre
served if protected from excessive moisture is shown by the fact
that a well known lumber firm is willing to substitute modern steel
structures, provided that they be allowed to retain the timber, for
certain covered bridges in the State. 'l'hese bridges are of walnut
and are in an excellent state of preservation. On the other hand,
wood completely immersed in water does not decay. In this case
the absence of oxygen, a necessary adjunct of moisture, is the
factor which prevents decay. The durability of submerged wood
is shown by the fact that in a certain town in Wales many of the
oak spiles used in the· construction of a dock five hundred years ago
are still doing service. The raising of logs from bottoms of streams
has become a profitable business, because such timber when brought
up and dried makes a more desirable and resistant grade of lum
ber than ordinary timber.
River and lake men claim that the transporting of timber by
water actually adds value to it. Just what the action of water is
is not clear, but it is probable that the sugars and other soluble
substances favorable for fermentation are dissolved out; also the
protoplasmic contents of the living cells may be replaced by water,
and this would allow seasoning to take place much more rapidly
lat.er, water being more volatile than a protoplasmic solution.
Different kinds of woods have different inherent resisting prop
erties. Railroad men recognize this in the selection of structural
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and .tie timbers. Oak is, in this section, con3idered the best, while
beech is almost worthless. Beech ties have a life of from two to
three years,' oak ties from seven to nine. This may be partially
explained by the difference in structure of the wood. O~k timber
is made up of thick-walled, densely-packed fibers, while in many
other species the cells are not so compact. However, Catalpa, a
wood of comparatively loosely aggregated cells, proves to be a very
durable wood. The resisting power of wood, then, seems to be
mainly due to the presence of certain infiltrated substances which
are not favorable to the growth of fungi: pitch and resin in the
soft wood of the Conifers; tannin in the cells of the oak, etc.
In the days when timber was' plentiful the natural resistance of
wood to decay was sufficient to meet all demands placed upon it,
and that of treating timber with preservative was not even con
sidered. At the present time, however, the demand for good tim
ber is greater than ever before and the price is gradually being
raised. Those corporations making use of large amounts of timber
are now confronted with an ever increasing expense. This in
creased cost of timber, together with the inability in some cases to
get the desirable wood at all, has forced many concerns to seriously
consider methods of ~eating inferior and cheaper grades of wuod
in order to get as good returns for the money invested as they were
formerly able to do by using the best grades of timber. Extensive
experiments along this line are now being conducted with tie tim
bers under the direction of the government. Various seasoning
conditions and many special treatment methods are being tried.
'l'he seasoning of timber has long been practiced, for it is gen
erally known that wood thoroughly seasoned gives better and
longer service than when used green. Seasoning is not only a dry
ing process but other accompanying changes are hardly less im
portant. The change in the protoplasmic contents, though not well
known, is very important, and for this reason timber cut in winter
when there is little protoplasmic activity and no assimilation, is
preferable to that cut in the summer when every cell is filled with
sugars, starches and albuminous substances. As air drying is a
slow process, requjring at least months, artificial means of produc
ing the same result are often employed. This is done by exposure
to live steam. The increase in temperature causes the air in the
woo.9. cells. to expand, thus driving out a portion of the cell con
tents Rnd coagulating any remaining substances.
:aIany years ago, and even very commonly now,' woo9. intended
to be· put in. contact with the ground was ftNt charred 00 the
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outside. It .was found that this made the wood more resistant to
decay. Later, painting and then impregnating with toxic salts or
coal tar produets WBS ~ployed, and scores of "timber preserva
tives" have been offered upon the market at different times. The
effective substance has been generally confined to such salts as
copper sulphate, zinc sulphate and chloride, mercuric chloride and
coal tar products. In these processes sufficient quantities of the
fungicide are injected into the cells of the wood to destroy or pre
vent the growth of fungi. The amount is usually rather small and
the greatest difficulty encountered is due to the fact that these salts
are soluble in water, and when the treated timber comes in con
tact with anything moist, osmotic and diffusion currents set up,
thus allowing the salts to gradually leach out. After a certain
limit is reached fungi are able to live and the injected subStance
becomes worthless.
The more important processes will be enumerated.
Oreosoting.-This process consists essentially of placing the
timber in a large· iron cylinder, exhausting the air, heating by
steam to soften the cell walls and dissolve the cell contents, and
then forcing in hot creosote under pressure. This is one of the
best processes, but its extensive use is prohibited by the great
cost.
Burnettizing.-This process consists of impregnating the tim
ber with a solution of zinc chloride by the same method as in the
above.
Vulcanizing.-This process consists of treating the timber with
a low temperature in a vacuum. It is claimed that a chemical
change in the sap of the wood is thus produced, converting it into
a germicide.
The Boucherie Process consists in the impregnation of timber
with copper sulpbp.te, either by pressure or vaCUllI». But when
iron comes in contact with this salt in the presence of moisture a
chemical reaction will take place with the formation of iron sul
phate and free copper. Thus it would seem that about the rails
'and spikes of a railroad track the desired effect would not be pro
duced and the value of the spikes would be impaired.
Kyanizing consists essentially in the impregnation of timber
with mercuric chloride by steeping in a concentrated solution of
that salt.
The following untried method for obtaining the· desired restJlt
without the salts leaching out after impregnation is suggested:
Steep the timber in a IOlution of arsenic trioxide until thoroughly
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impregnated with the salt. After this place the timber in a re
ceiver and exhaust the air. Hydrogen sulphide could be admitted
to the receiver and would readily enter the wood. This would
cause the formation of arsenic tri-sulphide within the cells and this
salt while insoluble in water has toxic properties.
DISTRIBUTION.
1'he problems of distribution of fungi over a given area and the
'influences that seem to control this are difficult to determine. That
certain influences are at work and that they secure a certain con
stancy is made evident to anyone studying the group.
It seems altogether probable that the nature of the soil con
stituents, other conditions being the same, is the factor determin
ing the presence or absence of these forms. These plants have be
come adapted to living under certain conditions, and the changing
of conditions means the destruction of the plant. One' never finds
the field mushroom in the woods any more than he does a morel in
the field. This is' even more strikingly illustrated by the fact that
the transplanting of forms to localities which had apparently the
same conditions has always resulted in failure. That soil influ
ences are often all determinative is appreciated by most students of
plants, for certain forms are always sought in localities appar
ently having the same soil conditions.
The controlling influence in the formation of the reproductive
bodies are even more difficult to determine. A very large factor
must be the regular sequence and periodicity of the vegetative and
reproductive functions so evident in higher plants. It is unques
tionably true that these periods may vary considerably, but in some
cases they occur with such regularity that they have established
c('rtain well recognized seasons when fruiting i~ practically sure to
occur. The morels are the most striking example of this and their
time of fruiting is confined to very narrow limits.
Certain other forms are not so restricted in this particular, and
some interesting variations are worthy of note. Coprinus micaceus
can be found any time in the warm weather if other conditions
are suitable, and moisture seems to be the determinative factor in
the time of development of this species. Hypholoma (sp.) was
found in the autumn after hard frosts and freezes and young speci
mens have been brought in which were frozen solid, but whieb.,
when thawed out, continued to grow. This same species was one of
the earliest found in the spring.
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Variations in the size of the fruiting body of the same species
are often noted and seem to be affected most largely by food, tem
perature and moisture. There is usually a limited amount of sub
stance that can be used in the formation of the fruiting body. In
some cases this is used in elaborating a few largesporophores,
while in others a large number of small ones are formed. As an
example of this the pileus of a specimen of Collybia r.~icata was
found measuring six inches across and the stipe nine i;nches in
length. This same species has been found in poorer soil in mature
condition where the pileus did not measure more than one inch
across and the stipe not more than one half inch in length.
Sunlight, except for the retarding effect llpon protoplasm, has
no direct relation to the size of the fruiting body.
Variations in color frequently occur, and there seems to be no
explanation for the cause of it, for often plants growing in identi
cally the same location will show quite wide variations. This is, in
some cases, due to the different ages of the fruiting bodies, but in
specimens of Mycena leaiana sporophores which seemed to be of the
same age and growing under exactly the same conditions varied in
color from a rich red to a pale lemon color.
Such variations can only be noted with continued study over a
long period of time, but those that have been noted will be recorded
in the list.
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SEPARATION OF THE ORDER HYMljlNOMYCETINEAE.
A. Fruiting body mould like or cobwebby, of loosely interlacing hyphae.
Busi{lIa stll.Ddlng out 100sely••........•.......... I. HYPOCHNAcEAE
AA. Fruiting body flrlll, made up of thick anastomosing hyphae. Hymenium
of palisll,de-llke basidia standing close together.
B. HYUlenollhore smooth, slightly warted or wrinkled.
C. Fruiting body mostly of cuticular, leathery or woody texture;
resupinate or conchoid, rarely upright, funnel-shaped, plleate
or branched .....•.•.................... II. THELEPHOBACEAE
CC. FruIting body mostly of fl.eshy, seldom of cartilaginous or leuth
ery substance, upright, cylindriC, clavate or of spreading
branches ................................. 111. CLAVARIACEAE
BB. Hymenophore made up of evident elevations or tubes which are ('Ov
ered with the hymenium.
C. Hymenophore made up of warts, spInes or saw-toothed plates ...
IV. HYDNACEAE.
CC. Hymenophore fashIoned otherwise.
D. Hymenophore made up either of regular tubes, plates; or more
o~ less loof-Uke projections which are fastened together
entirely or partially Into honeycomb-like cells or labyrlnth
like wInding corridors .•.••.•...•..•.. : .. V. POLYPOBACEAE
DO. Hymenophore made up of leaf-like foldS or well-defl.ned di
chotomously branched plates, which are either free on the
under sIde or only anastomose In the matrix .......•.••...
VI. AGABICACEAE
SEPARATION OF THE FAMILY HYPOCHNACEAE.
The Hypochnacooe are very closely related to the Thelephoraceae, and
are only to be dIstinguished from them by the fl.occose texture and the loose
anastomosing hyphae.
A. Spores white, smooth, seldom punctate..
B. Basidia with few sterigmata.
C; With two sterigmata.
D. Basidia like inverted pears with distorted IIllOOts •.•.•..•..•.
UBOBAiIDXUIll
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DD. Basidia clavate, no snouts....•.....•.. '" .... .MATBUCHO'l'lA
CO. BasIdia with 2-4, seldom 6 sterigmata ............•• H"l'l'OCHNUS
BB. Basidia wIth numerous sterigmata.
C. Sterigmata small .............................. AUREOBASIDIUM
CC. Sterigmata very large.......................... PACHYSTERIGMA
AA. Spores colored; mostly spiny ........ : ...................TOMENTELLA.

SEPARATION OF THE FAMILY CLAVARIACEAE.
Fruit body of leathery, fleshy, gristly or flrm waxy sUbstanCe; cylindric
or clavate; simple or nlore or less coral like. Basidia close together with
1, 2 or 4 spores. The Clavarlaceae are especially delineated by the form
of the fruit body. Only in the Thelephoraceae and very seldom In the
Hydnaceae· do Similarly arranged forms occur. They are dIstinguIshed
from the'l'helellhoraceae In that for the most part they are translucent;
Theiephoraceae nre not.
A. FruIting bodies very small, not divided.
B. BasidIa with 1 or 2 sterigmata.
C. Spores colored ............••....•... , ...•....•. BAUMANNlELLA
CC. Spores hyaline.
D. Fruit body plleate, basidia with 1 sterigma .. GLOEOCEPHALUS
DD. Fruit body clavate, basidia with 2 sterlgmato, ..•. PrSTILLARlA
BB. Basidia with 4 sterigmata.
C. Fruit body cta\'ate to filiform .•.....•...........•.••.TuHULA.
CC. Fruit body Inflated above, hollow .••......•••..... PHYI!ALA.CRIA
AA. Fruit bodIes mostly of conslael'ltble sIze; usually branched.
B. Hymeno)lhore mostly cylindric or compressed, not leaf·lIke.
C. l!'rult body fleshy .................................... CLA.VARIA
00. Fl"tllt body not fleshy.
D. Fruit bouy cartilaginous, drying corlaclous.•.•..•. PTEBULA
DD. Fruit body nlmost lenthery, covered with n felt·llke tomentum .....••.••.......•••.......••.. LAOHNOCLA.DIUM
BB. Hymenophore lenf-lIke, compressed ..........•••.•..... SPARASSIS
SEPARATION ·OF THE FAMILY THELEPHORACEAE.
A. lIymenlum with 'projecting cystldia.
B. Fruit body resupinate or etrused, flxed flrmly to the substratum.
C. Spore wall colorless.
D. Contents of the spore colorless.
E. Spores not horned ...........................CoSTICIUM
EE. Spores with long horns ••••••••.......•••.' •• MICHENEBA
DD. Contents of spores colored .•......•..•••....••• ALEURODISCUS
CC. Spore walls colored.
D. Fruit· bOlly gelatinous, drying cartilaginous••••.•• ~ .ALl>BT(JEA
DD. Fruit body fieshy to len thery•••••••..•••.••••.• CoNlOl'HOBA
DB. FruIt body only partly attoched; ell'uso-refiexed or stlpltllte.
O. Subatance of tile fruit body lWlde up of dllIerent layer•••••....
I:lTB:BJrI:rloI
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Substance of the fruit bodr of only one layer.
D. Fruit body leathery.
E. Hymenlum not ribbed.
F. Hymenium almost smooth or beset with warts ... ','"
THELEPHOBA
}j'}j'. Hymenium entireJy smooth .............. HYPOLYSSUS
EE. Hymenium ribbed.
F. Ribs radiating, later warty .............. CLADODERBIS
FF. Ribs with warty spines ................. BECCARIELLA
DD. Fruit body not leathery.
E. Fruit. body nearly gelatinous to fieshy ..... PHLEBBOPHOBA
EEl. Fruit body membranous; seldom fleshy or fleshy leathery.
F. )j'ruit body covered on the outside with the hymenium.
CBATEBELLUS
FF. Fruit body covered on the inside with the. hymenium.
. G. Fruit bodies solitary ................... CYPHELLA
GG. Fruit bodies densely crowded ............ SOLENIA
AA. Hymenophore with projecting bristle-like cystidia.
B. Cystidia one celled.
C. Cystidia simple, not branched.
D. Substance of the fruit body of one layer.
E. Fruit body resupinate ...................... PENIOPHOBA
EE. Fruit body clavate, stalked ................... SKEPPEBIA
DD. Substance of the fruit body of more than one layer ....... .
HYMENOCHET~

CC. Cystidia stellately branched .....•.............. ASTEBOSTBOMA
BB. Cystidia of spine-like groups of cells...................... BONIA
SEPARATION OF ·.rHE FAMILY HYDNACEAE.
Fruiting bodies variously shaped; of leathery, corky, woody or fleshy
consistency. Hymenophore free; on the outside of the fruiting body
standing out in the form of warts, knobs, spines or tooth-like plates.
Basidia mostly 4-spored, seldom I-spored.
A. Hymenophore without a base, composed of spines; basidia I-spored.
MUCBONELLA
AA. Hymenophore with a base.
B. Hymenium with cystidia.
C. Cystidia simple, unbranched.
D. Basidia mostly I-spored, fruit body white, fieshy ........ .
KNEIFFIELLA
DD. Basidia 4-spored,· fruit body corky ............ HYDNOCHAETE
CC. Cystidia stellately branched ........................ ASTEBODON
BB. Hymenium without cystidia.
C.• Fruit body with crested folds or wrinkles.
D. Folds smooth on the apex ............. ·. .......... PHLEBIA
DD. Folds cut into comb-like teeth at the apex ........ LoPHARIA
CC. Fruit body not having crested folds.
D. Covered with short frumentaceous warts.
E. Warts almost hemispherical, smooth on the apex, rounded.
GRANDINIA
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EE. Warts many parted on the apex, ciliate •••••••• ODONTt.l.
DD. Hymenophore with, evident spines (see DDD).
-E. Spines knob-like,' thick, tufted or scattere\'l Irregularly,

obtuse •.••••••........••.•••••••..•.•. " .••. RA,OULU:t.f
EE.Spilles with subulate tips.
F. Fruit body Clavaria-llke, cylindric ••.•.....• HEBICIUM
FF. Fruit body otherwise.
G. Spores colorless .......................• HYDNUM
GG. Spores colored ....•••.••.•.•.•........ PHAEODON
DDD. Hymenophore with Jamellate teeth.
E. Fruit body leathery .•.....•..............•...... IBPEX
EE. Fruit body fleshy or membranous ..........• SISTOSTB~MA
SEPARATION OF THE FAMILY POLYPORACEAE.

A. Hymenophore resupinate; when young made up of wrinkles; these
become flattened uneven hollows or corridors Hned with tender walls.
B. Fruiting body effused or effuso-reflexed, no stalk .•...• MEBULIUS
BB. Fruiting body stalked; stalk bearing several piiel over each other.
MYCODENDRON
AA. Hymenophore made up of tubes, deep spiral corridors, honeycomb
like cells (vein bound) or concentrically blending plates.
B. Substance of the fruit body entering the dlssepiments of the tubes,
etc." the latter not special plates free from the f!uitlng body.
C. Tubes, corridors or honeycomb-like cells growing compaCtly.
D. Hymenophore of roundish very small tubes.
E. Substance of the dissepiments difi'ering from that of the
pileus.
F. Fruiting body entirely resupinate .............. POBIA
FF. Fruiting body dimldate, pileate; sessil or stalked.
G. Fruiting body from the ,beginning of more or less
woody consistency, ................•....FOMES
GG. Fruiting body otherwise.
H. Volvate ......................... CBYPTOPOBUS
HH. Not volvate.
1. Fruiting body when young of fleshy con
sistency,' later hardening .....• POLYPOBUS
II. Fruiting body of membranous, leathery or
stupose conSistency ... ~: •.•.. POLYSTICTUS
EE. Substance of the dlsseplments not d1fi'ering from that of
the pileus •.......................•........ TBA:t.fETES
DD. Hymenophore not made up of symmetrical rounded tubes
(see DDD).
E. HymeilOphore of elongate or labyrlnthlform corridors.
F. Corridors labyrlnthlform .•..•.•.••••...••. DAEDALIA
Fli'. Corridors elongate, plate like .......•...•.. LENZITEB
EE. Hymenophore of angular honeycomb-llke cells.
F. Fruit body leathery or corky; sessll ...... HBxAGOl'lU
i'i\ Fruit body of more or less gelatlnous consistency.
Q. ll'rult body lw\fOl;m,lygelatlnoUl!l ••••,•• " •• LaJlosu.
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00. Fruit bO<l1 part1a.U1 leathe1'7; hJ'1DOO1um pla
tinous ............................. GLOEOPOtn:fI
DDD.Bymenophore gllI-llke; fruit bod;v mostly fleshy, eeldom
leathery.
E. Bymenophore made up ot radially extending, ribbed,
blending lamellae .......................... FAvoLus
EE. Bymenopllore made up of concentric lamellae ...•...•.••
CYCLOMYCES
CC. Tubes standing Isolate.
D. ll'ruit body membranous, resupinate.
Fl. Tubes In the centre with cylindric papillae ...TBELEPOBUS
EE. Tubes without papillae.........•..•...•... POBO'l'BELIUM
DD. Fruit body more or less fleshy; not resupinate .••. FISTULINA
BB. Substance of the fruiting body only loosely bound to the hymeno
phore, the latter of a dIstinct plute easily separable.
C. Fruit body with a lateral stnlk or sessil ........... HENNINGslA
CC. Fruiting body with a central stalk.
D. No "ell or volm.
E. lj'ruit body of firm gelantinous consistency ...CAMPBELLIA
EE. Fruit body of fleshy consistency.
F. Spore wall colorless.
G. Spore wall hyaline, spore print white ...... SUILLUS
GG. Spore wall livid, spore print pink .•••.•.. T¥LoPILUS
FF. Spore wall colored; spore print brown.,..•... BOLETUS
. DD. Fruit body with more or less evident veil or volva.
E. Inner "ell only present.
F. Spore print black .•.....•.....••..••.. STBOBILOMYCES
FF. Spore print brown or yellow ••.....••.....• BOLETOPSIS
EE. Volva only, present , ....•................ VOLVOBOLETUS
SEPARATION m'THE FA.."\IILY AGARICACEAE.
(Adapted from Atkinson;s "Mushrooms, Edible, Poisonous, etc.")
Fruiting body mostly fleshy, seldom of cuticular or leathery composi
tion. . PUeate; stipe central, &-centrlc or lateral. Hymenophore of radiat
ing anastomOSing folds or wrinkles but mostly of plates, which for the most
part are free, Seldom anastomosing In the matrix or dichotomously
branched.
A. Spores white.
B. Plants fleshy, putrescent, do not revive well on mOistening.
C. Gills acute on the edge.
D. Trame of pileus of interwoven threads, not veslculose.
E. Gills thin, not much broadened towards the pileus.
F. Stipe central or subcentral.
G. Stipe fleshy. pUeus easily separating from the
stipe, glils usually free.
H. Volva and annulus present....... AMANITA
HH. Volva present,. annulus wanting......... .
AMANITOPSrs
HH.B. Volva wanting, annulns present .... LEPIOTA
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GG. Stipe fleshy or flbrolls and elastic, confluent
with the cap and of the same texture
(see GGG).
H. Annulus present, volvo. wanting, gills at
tached to the stem .......... ARMILLARIA
HE:. Annulus and volva wanting.
1. Gills slnuate ............... TBICHOLOMA
II. Gills decurrent ....•......... CLITOCYBE
GGG. Stipe cartilaginous, pileus confluent with the
stipe but of a different texture.
H. Gills decurrent, pileus umblllcate ....... .
OMPHALIA
HH. Gills not decurrent.
I. Margin of the plleul' at first involute,
pileus flat or nearly so, somewhat
fleshy .....•.......•....... COLLYBIA
II. Margin of the pileus at flrst straight,
pileus campanulate, thin ...... l\fYCENA
FF. Stipe eccentric (rarely subcentral) .... PLEUBOTUS
EE. Gills broadened towards the pileus, waxy ......... .
HYOBOPHORUS
DD. Trama of the pileus veslculose, plants rigid but fragile.
E. Plants exudIng a milky juice when bruised ...... .
LACTARIUS
EE. Plants not exuding a milky juice when bruised .....
RUSSULA
CC. Gills olJtuse on the edge, fold-like or veln,like but prominent.
D. Gills decurrent, dichotomous ............ CANTHARELLUS
DD. Gills decurrent, plants parasitic on other mushrooms ....
NYCTALIS
BB. Plants tough, either fleshy or gelatinous, membranaceous,
corky or woody, reviYing when moistened.
C. Edge of gills split into two lamellae and revolute ....... .
SCHIZOPHYLLUM
CC. Edge of gills not split into two lamellae.
D. Stipe enslly separating from the cap.
E. Plants tough and fleshy, membranaceous or leathery.
MARASlIIUS
EE. Plants' gelatinous and leathery .......... HELIOMYCES
DD. Stipe continuous with the cap.
E. Edge of gllls acute.
F. Edge of gills usually serrate ........... LENTINUS
FF. Edge of gllls entire ....................... PANUS
EE. Edge of gillS obtuse.
F. Gills dichotomous............. , ..... , ... XEROTUS
FF. Gills fold-II1;:(>, Irregulnr .•......•......... TBOOIA
A.A. Sport'S pluk, rose, flesh or salmon color (see AAA).
B. Stipe central.
C. Pileus easily separattng from the stipe, gillS tree.
D. Volvo. present, annulUI1 wanting.............. VOLVABIA
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DD. Volva and annulus wanting ...•.•...••••..••.• PLUTEUS·
CC,Plleus confluent with the stipe and of the same texture,
gills attached, in some becoming almost free.
D. Stipe fleshy to fibrous, margin of pileus at first incurved.
E. Gills sinuate .................. : .......... ENTOLOMA
EE. GIlls decurrent ......................... CLITOPILUS
DD. Stipe cartilaginous.
III Gills decllrrent, pileus umbilicate .•.•....... ECCILIA
EE. Gills not decurrent, easily separating from the stipe.
F. Pileus slightly convex, margin at first incurved ...
LEPTONIA
FF. Pileus campanulate, margin at first stralght.....
NOLANEA
BB. Stipe eccentric or none and pileus lateraL ......... CLAUDOPUS
AAA. Spores yellow 01' rusty brown (see AAAA).
B. Gills not separating readily from the pUeus.
.
C. Universal veil arachnoid, gills powdery from the spores....
COBTINABIUS
CC. Universal 'veil not arachnoid.
D. Stipe central.
E. Volva or annulus present on the stripe.
F. A,nnulus present ......•.•••........... PHOLIOTA
FF. Volva present ..................... " . LoOELLINA
EE. Volva and annulus wanting.
F. Gills free from the stem ....•......... PLUTEOLUS
FF. Gills attached.
G. Gills dissolving into a gelatinous or powdery
condition, but not difHuent ...... BOLBITIUS
GG. Gills not dissolving.
R. Stipe fieshy.
1. Gills adnate or decurrent ..,.. FL;l.MMULA
11 Gills sinuate.
J. Cuticle of the pileus silky or bearing
fibrils .................... INOOYBE
JJ. Cuticle of the .pileus smo()th, viscid ...
HEBELOMA
HH. Stipe cartilaginous or sub-cartilaginous.
1. Gills decurrent ••.•............ TUBARIA
II. Gills not decurrent.
J. Margin of the pileus infiexed ....••..
NAUCOBIA
JJ. Margin of the pileus straight from the
first ., '• •...•..•••.....•.... GALEBA
DD. Stipe eccentric or none .........•........... CnEPIDOTUS
BB. Gills usually separating readily from the pileus, forked 01'
anastomosing at the base, or connected with vein-like recticu
lations .............................,....,.,..•. ", "PA:X:ILLUS
AAAA. Spores dark brown or purplish brown (seeAAAAA):
.
B. Pileus easily separable from the ,stem, gills UsuaHytree.
C. Volva wanting. annulus present ............ : ... AGARIOUS

CLASSiFICATION OF FUNGI.
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CC. Volva present, annulus wanting •...... : .. : ..•..• CBITONU
CCC. Vulva nnd annulus walltlug ....•.....••.•..••..• PILOSACE
BB. Pileus confiuent with the stem, gills attached.
C. Veil present.
D. Annulus present, gills attached •..•..•....•• STROPBABIA
DD. Annulus wanting, veil remaining attached to the margin
of the pileus ........................... HYPBOLOMA
CC. Vell wanting or obsolete.
D. Stipe fragile, margin of the pileus at first straight ..•..
PSATB'YBA
DD. Stipe tenacious, margin of the pileus at first Incurved.
E. Gills sub-triangularly decurrent ...•....... DECONIA
EE. Gills not decurrent ••...........•........ Psn.oCYBE
AAAAA. Spores ·black.
B. Gills deliquescing more or less, or pileus thin, membranous and
splitting between the lamellae and becoming plicate ...•.•.•
CoPRINUS
BE. Oills riot deliqueSCing, etc.
C. Spores elongate, fusiform, plants with a slimy envelope ...•
GOMPHIDIUS
CC. Spores globose or ovoid.
D. Gills variegated from gronps of dark powdery spores.
E. Annulus present ....................... ANNELABU·
EE. Annulus wanting, veil present ........... PANAEOLUS
DD. Gills not variegated .•................... PSATHYIlELLA

LIST OF SPECIES.
THELEPHORACEAE.
Cortlcium lilacine-fuscum B. & C. Det. Professor E. A. Burt.
On Beech. Xov. '05.Corticium oakesii E. & C. Det. E. A. B.
On Elm. Covington Hill Jan. '05.
Corticium s('utellare B. & C: Det. E. A. B.
On Maple. Nov. '04.
Penlophora allecheri Bres. Det. E. A. B.
On Basswood. April '05;
Hymenochaete cinnamonea (Pers.) Bres. Det. E. A. B.
On Mapl~. April '05.
Hymenochaete rubiginosa Schrad. Det. E. A. B.
On Dead Oak. AprIl '05.
Stereum cinerascens Schw. Det. E. A. B.
On MaI)le. Aprll '05.
Stereum fasciatum Schw. Det. E. A:. B.
On Maple. April '05.
Sterenm frustulosum (Pers.) Fr. Det. -H. S. Jackson.
Common.
Stereum fuscum (Schrad.) Bres. Det. E. A. E.
On Maple. Nov. '04.
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8terenm btrautum Fr•• Det. ID. A.. B.
Oommon everywhere.
Stereum rnmenle Schw. Det. E. A.. B.
On WUd Cherry. April '05.
Stereum versIcolor Fr. Det. H. H. Wbetzel.
On Beech. Nov. '04.
HYDNACEAE.
Hydnum eornlloldes Scop. Cont.. H. H. W.
On Maple. :t\ov. '04.
Hydnum erluaceus Bull. (Fig. 16.)
On Hickory. Nov. '04.
Hydnum ochraceum Pers. Det. H. S. J.
On Maple. Nov. '04.
PhlebUl hydnoides Schw. Det. E. A. B.
On Rotten Oak. April '05.
Grandlnia-sp. Det. E. A. B.
On Poplar. :t\ov. '04.
Irpex slnuoSll Fr. Det. H. S. J.
Nov. '04 and Apr. '05.
POLYPORACIDAE.
lIferullus tremellosus Schrad. (Fig. 22.) Det. Prof. G. F. Atkinson.
Trametes cinnnbarina Fr. Det. G. F. A.
On Maple. Nov. '04.
Trametes sp. (1).
On Willow.
Polystlctus conchifer Schw. Det.
. H. S. J .
On Elm. March '05.
Polystlctus pergamenus ))'r. Det. G. F. A.
On base of Maple tree.
Polystictus hirsutus ))'r. Det. H. S. J.
Very common everywhere and very varlnble.
Polystlctus versIcolor .l!'r. Det. H. H. H.
Very common everywhere.
Polyporus arcuJal'lus (Batsch.) Fr. Det. G. F. A.
Common everywhere on logs, etc.
Polyporus adustus Fr. Det. G. F. A.
On old logs. Dec. '04.
Polyporus eplleucus Fr. (1) Det. H. H. W. & H. S. J.
Polyporus fumosus Fr. Det. H. S. J.
On Mnple. Nov. '04.
Polyporus gllvus Sc!.lw. Det. H. S. J.
On Beech, :arlll)Ie. etc.
Polyporus pubcscens (Schw.) Fr. Det. B. B~ W. & B. S. l.
On Maple. Nov.' ',04. .
Polyporuf;l reslnosus (Schrad.) Fr, Det. B. H. W.
On M~ple log. Nov. '04.

.
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Polyporus sulphureus Fr. Figs. 18-19. Det. H. H. W.
On Booch. Nov. '04.
.
Gleoporns concholdes Mont. Det. li. S. J.
On Maple. Aprll '05.
,
.Fomes "Ilpplanatus" Fr.
Very common everywhere, on l1ving and dead tre-e8.
DaedaUa amblgua Berk. Det. G. F. A.
On Maple; found only once. Nov. '04.
Daedalla confragosa Pers. Det. H. S. J.
On Maple. ApriI. '05.
Daedalia quercina Pers. (Fig. 20.)
On ends of rallroad ties, etc.
DaedaUa unlcolor Fr. Cont. H. S. J.
On Maple. April '05.
Lenzltes betulina Fr. Cont. H. S. J.
On Maple Nov. '04.
Favolus europaeus Fr. Det. H. H. W.
Common April and November.
Boletlnua porosus Pk. Conf. H. H. W.
Oct. '04.
AGARICACEAE.
Agaricus campestrls Linn. Edible. (Fig. 6.) Conf. H. H. W.
Common-Found In fields and pastures-on campus.
May 5, '05, Sept. 30, '04.
Agaricus placomyces Pk. Edible. Conf. H. iI. W.
About stumps on Campus, September '04.
Armillaria mellea Vahl. Edible. (Fig. 12.)
Very common and abundant on wood and about stumps.
Anellarla scltuJa Massee (?).
Bolbitlus vltellinus Fr. Det. G. F. A.
On dung about campus, May 10, 1905.
Claudopus nldulans (Pers.) Pk.
On rotten wood; tound only once, Nov. '04.
Clltocybe cartilaglnea BUll. Det. G. F. A.
Under Chestnut tree and on Campus; common.
Sept. 24, '04; April 25, '05.
Clltocybe cyathitormis Bull. Edible. Conf. H. H. W.
On ground in Campus, Sept. 27, 1004.
Clltocybe llludens Schw. Not edible. (Fig. 8.) Conf. H. H. W.
About stumps.
CUtocybe nebularis Batsch. Edible. Conf. H. H. W.
On grassy lawns, Sept. '04.
Clltocybe pltbyophila Fr. Cont. H. H. W.
On Campus about stnmpe. Oct. '04
Ool1ybln dryophlla BulL EdIble. Det. G. F •.A.
Extremely common everywhere tn spr~.
Ool1ybla radlcata Relh. EdIble. Conf. H. H. W.
Very common April to October.
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Collybla velutlpes Curt. (Fig. 10.) Conf. H. H. W.
Common April to October.
Coprinus atralIlentarius (Bull.) Fr. Edible. Conf. H. H. W.
October '04.
Coprinus comatus Jl'r. . Edible. Conf. H. H. W.
Common May to September.
Coprinus ebulbosus Pk. Edible. Det. H. H. W.
Coprinus lagopus I!'r.
On dung. April '05.
Coprinus m1caeceus (Bull.) Fr. (Fig. 14.) Edible. Conf. H. H. W.
Very common everywhere about stumps and In lawns April to
November.
Crepidotus versutus Pl.. Conf. H. H. W.
On rotten wood. May '05.
Galera ovaHs Fr. Det. G. F. A.
On dung after rains, April, etc.
Hypholoma appendIculatum Bull. Edible~ Det. G. F. A.
Very abundant about old stumps and in sod, April and May.
Hypholoma sublateritium Schae!!. Edible. (Fig. 11.) Conl. H. H. W.
Oct. and Nov. Common everywhere about> stumps.
Lentillus Jecomtei Fr. Det. G. F. A.
Very common on logs and stumps, April and November.
Lepiota americana Pk. Edible.
Found only once about a stump.
Lepiota naucina Fr. Edible.
September, etc. In sod.
Lepiota procera Scop. ' (Fig. 4.)
In lawns, June.
Marasmius rotula (Scop.) Fr. Det. H. H. W.
On bark and twigs, April and May.
Mycena lealana Berk. Det. H. H. W.
May to November. On rotten logs. Abundant.
Mycena galericulata Scop. Conf. H. H. W.
On logs and in leaf humus. May '05.
Panaeolus retirugis Fr. Edible. (Fig. 9.) Cont. G. F. A.
Everywhere on dung, April and May.
Panus stiptlcus Fr. Det. H. H. W.
Found only once--on old log, November, '04.
Phol1ota unicolor Vahl.
On rotten logs-April.
Pholiota praecox Pers. 'EdIble. Det. G. F. A.
In grassy places. May.
Pholiota spectabilis Fr. Det. G. F. A.
On rotten stumps and logs, April and May.
Pleurotus appUcatus Batsch. Det. G. F. A.
'
On bark and dead trees, October.
Pleurotus oStreatus Jacq. Edible. (Fig. 7.)
Common on logs and stumps,' May to October.
Pleurotus sapidus Kalchbr. Edible. Conf. G. F. A.
On logs and stumps much like P. ostreatus.
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Pluteus cervinus Schaet!. (Fig. 18.)
About an old stump.
Psathyra conopilea Fr. Coni. G. F. A.
Common in sod after rains, April and May.
Psathyrella disseminata Pers.
Common about old stumps after rains, April and May.
Schizophyllum commune Fr.
One of the most common, April to November.
Stropharia stercoraria Fr. Det. G. F. A..
On dung after rains.
Tl'lcholoma melaleucum Var. polloleucum Fr. Det. G. F. A.
After rains in sod, April and May.
'I'he following common gastromycetes have also been found:
Lycoperdon bovista Linn. Edible.
Lycoperdon gemmatuID Batsch. Edible. (Fig. 23.) pet. H. H. W.
Very common everywhere in ·autumn.
Lycoperdon gigantemll Batsch. Edible.
Ly(:operdon pyriforrne Schaeff. EdIble. Det. fL H. W.
Wabash College, Feb. 1, 1907.
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Fig. 1. Amanita muscaria Linn. (Natural size.) This poisonous plant has been found in the State, and probably occurs fre
quently during the summer months. The cap is orange, while the scales ar.e whitish. After Atkinson.

Fig. 2. Amanita muscaria. (Natural size.) Showing the
scales on the cap which are remnants of the universal
veil or yol \'fl.

[78]

Fig. 3. Amanita. vema Bull. (Natural size.) This plant,
which is deadly poison, has often bEien mistaken for the
common mushroom. The presence or the volva at the
base serves to distinguish it. (Both this and Fig. 2
after Atkinson.)

Fig. 4.

Lepiota procera Scop. (Three-fourths natural size.) An edible plant o!l
curring in lawns, pastures, etc. After Atkinson.

Fig. 5. Coprinus comatmi Fc (Natural size.) This large edible plant occurs very
commonly in grassy places. At maturity the gills deliquesce to !Ill:inky fluid.
After Atkinson.

Fig. 6. Agaricll8 campestris Fr. (Two-thirds natural size.) Our common edible field
mushroom. Photograph made from specimens grown in the greenhouse from pure
culture spawn. After Atkinson.
.

F~.

7.

Pleurotus ostreatus Jaeq.

(Natural size.) This plant is edible and occurs in great abundance on old logs, trees, ete.
After Atkinson.

Fig. 8. Clitocybe illudens Schw.

(Natural size.) Not edible,

Entire plant saffron yellow. Photo, G. F. Atkinson.

Fig. 9.

Pa.naeolus retirugis Fr. (Natural size.) A dung-inhabiting
species. Edible. Photo, Atkinson.

~
~

Fig. 10. Collybia velutipcs Fr. . (Natural size.)

Found on logs or occasionally on living trees.
by Atkinson.

Very tough.

Photo

Fig. 11. Hypholoma subiateritium Schaeff. (Natural size.) A brick rea plant occurring abundantly about
stumps, etc. Edible, but sometimes bitter. Photo, Atkinson & Reddick.

Fig. 12. Annillaria mella Vahl. (Natural size.) From the living roots of a maple tree. The plants are all young. This
plant is sometimes para~itic, and bla.ck rhizomorphs attached to bits of the wood can be seen. Photo, Whetzel.

Fig. 13.

Pluteus cervinus SchooB'. (Natural si4e.) A pink spored plant found
most frequently on sawdust or rotting stumps.

Fig. 14. Coprinus micaceus (Bull) _Fr. (Natural size.) An edible species very
oommon in lawns and.about dead stumps, etc. Thi(plant may be recognized
by ills tawny cap and the minute glistening scalesion the surface. Original.

Fig. 15.1. ClavariaJlava:Schaeff.

(Natural size.) tAll Clavarias are edible.'W.Photo by Atkinson.

Fig. 16. Hydnum erinaceus Bull. (Natura.l size.) This and other similar
species of Hydnum occur frequently on logs and trunks of trees. Mter
Atkinson.

Fig. 17. Boletus edules Bull. (Natural size.) This large edible plant undoubtedly occurs
frequently during the summer months. Many of the Boleti are poisonous.

Fig. 18. Polyporus sulphureus (Bull) Fr. (Reduced.) This is a wound parasite and occurs
frequently on improperly pruned shade trees. After Atkinson.

Fig. 19. Beech wood affected by Polyporus sulphurous. The mycelium absorbs water and eauses the troe to check:and
crack. When cut with a coarse saw lar~e bits are torn out and even with a fine saw the wood is not left smooth as
is shown in tho l)hotograph. After AtkInson,

Fig. 20. Daedalia quercina (L) Pers. (Natural size.) As the name implies this
plant is most often found on oak. It is especially destructive to oak railroad
ties. Photo, Atkinson.

Fig. 21. Hymenochaete tabacina Lev. (Natural size.) On a rotten limb.
For the mo~t part the plant is effused over the surface of the limb, but the
margin is free and reHexed. Photo, Atkinson.

Fig. 22. Merulius tremeHosus Schrad. (Nlltural size.) One of the
Polyporaceae which is entirely effused or only partly reflexed.

Fig. 23.

Lycoperdon gemmatum Batsch. (Natural size.) All the puff balls are
eqible as long as they are white on the inside.

Fig. 24. MOl"chella esculenta (L) Pers. (Natural ~.) This ascomycetous fun
gus is widely known as "the mushroQm" and is the most highly prized of all
edible fungi.
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