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INTRODUCTORY.

The people of Indiana, engrossed with the cares and duties of their
respective voeations, too seldom pause to consider the great natural re-
sources of their State, or the high rank which that State is rapidly assum.
ing as a mineral producing and manufacturing center.

Twenty years ago Indiana was noted mainly for her agricultural prod-.
ucts—her crops of corn and wheat, her droves of fine cattle and hogs,
her blue grass pastures and her large areas of native timber lands. To-
day she still ranks high as an agricultural State, but to the world at
large her mines of coal, her quarries of building stone, her deposits of
clay, her petroleum wells and her large area of natural gas territory are
her most valuable possessions. They, and not her soil, are the resources
which are now attracting so rapidly within her bounds capital and popu-
lation from other States and nations of the world. o

Ranking in area of square miles but thirty-fourth among the forty-five
States of the Union, Indiana, in 1895, stood sixth in the production of
coal, fourth in the production of petroleum, second in the production of
natural gas, seventh in the production of building stone and sixth in the
value of her clay products. According to careful computations made by
the United States Bureau of Mineral Resources the value of the five re-
sources above named, produced in Indiana in 1895, amounted to the vast
sum of $17,125,000.

It i, in my opinion, the province of the Department of Geology and
Natural Resources to investigate these great natural products of our
State, to gather information concerning their distribution, their abund-
ance and their fitness for the uses to which they are put, and to make
known that information through the proper channels to all persons inter-
ested in such resources.

A secondary province of the Department is the collecting of informa-
tion concerning the great rock formations of the State—their outerops,
their fossils, their relations to the overlying soils and to the streams which
flow above or through them. Such information, when properly compared
and correlated, will in time furnish the basis for an accurate geological
map of the State—something that yet has never been published ; and for
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a volume which will give in detail to those interested in teghnical geology
more exact information than is now available concerning the origin and
history of each of the great geological horizons represented in the State.
When I was chosen as the Chief of the Department of Geology I re-
solved to abandon, for the most part, the unscientific method, formerly
in vogue, of county surveys, since the civil boundaries of a county bhave
nothing to do with the limits or boundaries of a natural resource or geo-
logical formation. In its stead I adopted the plan of taking up each of
the great natural resources of the State and preparing a monograph or
special report thereon; said monograph to be based upon months of .
actual field investigation and to include maps, cuts, engravings and tables
of chemical and physical tests. My first report, issued in May, 1895, was
prepared on the plans established and ireated in detail the following
resources :
First. The clay deposits accompanying the coal measures of the State.
Second. The sandstones of western Indiana. '
Third. The whetstone and grindstone resources of southern Indiana.
The present volume is the twenty-first in the series of reports dealing
with the geology of the State and the second issued during my adminis-
tration. It shows in detail the results of the work accomplished by the
Department during the calendar year 1896.




THE NATURAL RESOURCES OF INDIANA.

FUELS.

" At the present time the relative importance of any State or nation in
the world is very largely determined by the amount of available fuel
which that State or nation possesses. A fuel is but a form of matter
containing within itself a stored supply of potential energyin the form of
heat. When that heat is set free by combustion it can be utilized by
man to perform work. With heat he at present brings about or produces
five-sixths of the mechanical motions of the world.

The heat found in the various kinds of fuel is a stored supply of energy
upon which we are constantly drawing—oftentimes lavishly—without
being able to add one iota thereto. It is the richest inheritance which
has come down to man from the ages past. Millions of years have been
necessary for its accumulation. At the present rate of consumption a
few thousand will suffice for its total dissemination. Its source, the sun—
that wonderful fountain of all terrestrial energy—the heat in any fuel
bas been caught by the tiny cells of plants in ages past, has been used in
promoting their life and growth, has been stored within their tissues or
transmitted to some form of animal life, and in time the plant or animal
with its stored supply of heat, has, by chemical and physical forces, been
changed into what we are now pleased to call coal, petroleum and nat-
ural gas.

These fuels are the most valuable resources of our State to-day. - We
are drawing upon them with a Javish hand. They came to us without
great labor, as comes oftentimes the accumulated riches of a toiling and
thrifty parent to a spendthrift son, and, as with the latter, ‘ come easy,
go eagy,”” seems to be our motto. Once again would I repeat *‘ that no
coal, no natural gas, no oil is being formed beneath the surface of our
State to-day. Our present supply of each of these fuels will never in-
crease, but ever diminish. Each constitutes a great reservoir or deposit
of reserve energy upon which the people of the present generation are
daily drawing without adding thereto. Like a bank account under the
same conditions it is only a question of time until it will become ex-
hausted.” -
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Coal.—Indiana contains nearly 7,000 square miles of workable coal-
fields. This area occupies a part or all of nineteen counties in the sowth-
western portion of the State, extending from Warren County southward 150
miles to the Ohio river. At least seven distinet veins of workable thick-
ness occur in the State. These vary from three to eleven feet in thick-
ness and aggregate in a few places from 25 to 28 feet. From this area
in ten years—1886 to 1895, inclusive—was mined 33,355,988 tons of
coal, valued at $36,673,059. In 1896 the number of tons mined in the
State was 4,068,124, or 243,960 tons less than in 1895. The decrease
was due to the extended strike among the bituminous miners which be-
gan in May, 1896, and was continued, in some localities, until Decem-
ber.

The coals of Indiana are of three varieties, which in certain localities
merge into one another. The most valuable of these from a manufactur-
ing point of view is the ‘‘ block” coal, or, as it is generally known, the
“Brazil” blick. Tt possesses a laminated structure, and is composed of
alternate thin layers of vitreous, dull black coal and fibrous mineral char-
coal. It can be mined in blocks as large as it is convenient to handle.
These blecks split readily in the direction of the bedding plane, but in
the opposite direction are broken with difficulty. It is as pure as splint
coal, almost free from sulphur or phosphorus, and has the softness and
combustibility of wood. In burning it swells so little that its expansion
is starcely perceptible, does not change form, and never cakes or runs to-
gether; bLence, it is a most valuable fuel for the blast furnace and the
cupola of the iron founder.

For steam and household purposes it likewise has an unrivaled repu-
tation. It burns under boilers with a uniform blaze that spreads evenly
over the exposed surface, thus securing a more uniform expansion of the
boiler plates. Its lack of sulphur also causes it to have but little detri-
mental effect upon the boiler, grates, or fireboxes. In household grates
it burns with a bright, cheerful blaze, like hickory wood, making a very
hot fire, which, for comfort and economy, can not be surpassed by any
fuel except an abundant supply of natural gas.

Block coal oecurs in three counties—Clay, Owen and Parke. Up to
the present the largest supply has been derived from Clay County, where
it was first developed. Much of the area in the immediate vicinity of
Brazil has been exhausted, but new developments have been made in
northern Clay County and in the two southeastern townships of Parke
County. A very fine deposit of this coal underlies several square miles
in the immediate vicinity of Patricksburgh, Owen County. Owing to a
lack of railway facilities, this deposit is as yet undeveloped except for
Iocal use.

The bituminous or caking coals found in Indiana vary much in char-
acter and purity, but their average will compare favorably with that of
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those found in any other State. They comprise by far the greater bulk
of our coals, underlying about 6,500 square miles of territory. The
thickest bed which has come to my notice is about three miles north of
Petersburgh, Pike County, where the vein worked is 10 feet 2 inches in
thickness and of most excellent quality.

Bituminous-coal lands, as yet undeveloped, are found in many parts
of the coal area, the best probably occurring in ‘northwestern Greene,
northeastern Sullivan, and northern Pike Counties. In a number of
localities, notably at Mecca, Parke County, and in the eastern half of
Daviess County, a ‘‘ semi-block ” ¢oal, ranking in quality between the true
blozk and ordinary bituminous, oecurs. It does not cake when burned
and contains a comparatively small percentage of sulphur and other im-
purities.

Cannel coal, a dull, textureless variety of the bituminous, rich in gas-
eous constituents, occurs in several of the southern counties, but is mined
only at Cannelsburgh, Daviess County. Here the vein varies in thick-
ness from two to four feet and directly overlies a vein of ¢ semi-block ”
two feet thick, the two being worked together. The cannel coal breaks
irregularly, with a conchoidal fracture, and does not smut the skin when
handled. It is more valuable for manufacturing illuminating gas than
for fuel.

Since 1878 but little concerning Indiana coals has been published in
the reports issued by this Department, and that little only in the intro-
duction to those reports. Thousands of bores have been put down to
prove the presence of veins of workable thickness and many shafts have
been sunk to known deposits close to railways. Much valuable informa-
tion has thus become available, which, when gathered and properly cor-
related, will show the exact limits of each of the seven great coal veins
of the State.

Realizing that the coal area of Indiana is destined in the future to
become a great manufacturing center, a comprehensive survey of that
area was planned, and in July, 1896, Dr. Geo. H. Ashley, a graduate
of Cornell and Leland Stanford Universities, and a specialist in coal
geology, was put in charge. His time for the remainder of the season
was spent in field work in Knox, Daviess and Martin Counties. Next
season, with able assistants, he will resume this field work, and will con-
tinue it until the entire coal area is accurately mapped, when a special
report of the field as a whole will be prepared and published as a single
volume. This will be the first complete report ever issued on Indiana
coals, gince in the previous papers thereon, the last of which was issued
eighteen years ago, the subject was treated in isolated county areas and
scattered through seven successive reports of this Department—now
long out of print and almost impossible to obtain,
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In the present volume will be found a paper on the ‘“ Composition of
Indiana Coals,” by Prof. W. A. Noyes, professor of chemistry at the
Rose Polytechnic, Terre Haute, Indiana. I had this paper prepared at
the suggestion of several of the leading glass and steel manufacturers in -
Indiana, who are now using natural gas for fuel. These gentlemen have
come to realize that they will, in a few years, have to remove their fac-
tories to other States or use Indiana coal, now distant from their factories.
Instructions were given the State Mine Inspector and his assistant to
collect fair average samples of coal from a number of the leading mines
in the State. Nineteen such samples were secured and sent Prof. Noyes,
who has made a complete chemical analysis of each and at the same
time determined its heat value and steam producing value. Seven
samples of Pittsburgh and West Virginia coals were also secured from
the Marmet Coal Company, of Cincinnati, Ohio, and the same facts con-
cerning them were determined in order that a comparison could be made
of analyses determined under the same conditions.

This comparison shows the quality of the Indiana coals to be much
better than expected ; the average steam producing value, or evaporative
effect, of the nineteen samples being 12.8 pounds, as against 13.7 pounds,
the average for the foreign coals. The small value of .9 pound in favor
of the Pittsburgh coals is more than offset by their additional cost of
transportation.

Full statistics of the coal industry of Indiana, as well as an account
of the condition of each mine operating more than ten men, is given in
the annual report of the State Mine Inspector in another part of this
volume.

It is my opinion that the law should be so changed as to require the
examination, at least once each year, of every mine operating in the
State, regardless of the number of men employed. Many mines employ
from six to eight men, and the aggregate amounts to a large number.
The life of any one of these men is as valuable as that of a man working in
the larger mines, yet under the present law they receive no protection
whatever. The air where they work is often extremely foul—man-shafts
are more often lacking than present, and too little attention is given to
the condition of the roof. Some of these abuses could at least be ameli-
orated by the occasional visit of an Inspector invested with power to
better the conditions where possible.

Petroleum.—The production of petroleum in the Indiana field amounted
in 1896 to 4,659,000 barrels. When it is remembered that this field had
its beginning only in 1891, its growth will be seen to have been a phe-
nomenal one. Especially was this true of the year 1895, when a gain of
nearly 700,000 barrels, or 18.9 per cent., was made over the preceding
year. In 1896 the gain was but 272,850 barrels, or 6.2 per cent. The
general depression in business, the excitement incident to a national
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election, and the much lower average price of oil prevented the sinking
of as many wells in 1896, there being but 1,180 new bores put down as
against 1,267 in 1895. Of these, 158 were dry. Of the producing
wells the aggregate initial output was 25,372 barrels, or an average of
24.8 barrels to the well, as agaiost 33,718 barrels in 1895, or 30.6 bar-
rels per well. _

In obedience to a popular demand for a general account of the pe-
troleum industry in Indiana and for an accurate map of the productive
territory, the writer spent the greater parts of the months of June, Sep-
tember and October, 1896, in the petroleum field, gathering data for such
a report and map. Both are presented in the present volume, and both
can be relied upon as being fairly exact up to January 1, 1897.

The map will show that the area producing oil in Indiana is much
smaller than has been generally supposed or than has been marked as
oil producing territory on the geological maps published in the past by
this Department.

It comprises about 400 square miles in the counties of Adams, Jay,
Blackford, Wells, Grant and Huntington. A careful study of this
field leads me to believe that the production therein will never be much
greater than it is at present. The field will, however, doubtless enlarge,
especially to the southward, and will in time comprise much of the terri-
tory now producing gas. This opening up of new territory will, of
course, increase the yield, and may increase the general average produc-
tion, which, on January 1, 1897, was about four barrels per day for each
of the 3,442 wells then producing oil.

A number of the first wells put down are beginning to show signs of
failure, and a few have already been abandoned, but this is to be ex-
pected where one is daily drawing upon a reservoir to whose contents
nothing can be added.

In the paper which follows, I have endeavored to make plain the views
of the most noted scientists regarding the origin of petroleum. With
few exceptions they conclude, and the facts collected in the Indiana field
all tend to verify that conclusion, that petroleum, like coal and natural
gas, is a product of past ages. As Prof. Orton has well said, ‘ Every
producer of petroleum knows that a field begins to die the moment it
begins to live.” The age of a productive oil well in the United States
does not generally exceed five years, and is often much less, and the
longest life of the best American field has never yet attained to a score
of years.

Samples of oil and water containing oil are constantly being received
at my office from stations outside the present producing field. For the
most part they have been gathered near the surface, and the persons col-
" lecting them believe that they are ‘‘surface indications” of a large sup-
ply of the precious liquid  In this they are mistaken, for the sample col-
lected, if traced to its source, will be found to have exuded from a crevice
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in some neighboring stratum of rock, or to have come from some large
mass of vegetable matter, partially or wholly covered with water or mud.
Every shale, sandstone or limestone in the State contains oil in greater or
less amounts, and even where the amount is infinitesimally small, enough
may collect to exude from a crevice and produce a showing upon some
near-by surface of water.

Again, many letters are received, asking : ‘“What are the surface indi-
cations of gas or 0il?” To all such inquiries I reply that there is abso-
lutely no such thing as a *‘surface indication” of either of these resources.
Where they occur in paying quantities in Indiana, they aré found at
depths varying from 700 to 1,500 feet below the surface, and no human
being can say with certainty that a bore put down, even in the best pro-
spective territory, will yield either in paying quantities.

Natural Glas.—The area producing this valuable fuel has not been en-
larged by new developments during the past year. It still continues ap-
proximately at 2,500 square miles, which is larger than is possessed by
any other State in the Union. The wells in the outer zone of this area,
which embraces a strip about fifteen miles in width around the entire
field, show a much decreased flow, and in many instances have become
worthless through the influx of salt water or petroleum. In another year
or two much of this outer zone will have ceased to yield, and the natural
gas area will have diminished to about two-thirds its present size. The
middle zone, probably twenty miles in width, yields much of the gas
- which is piped to cities outside the field. A majority of the wells in this
zone have begun to show signs of water, but up to the present this has
not been in suflicient quantity to cause much decrease in the supply of
gas. The average pressure of this part of the field has, however, accord-
ing to careful measurements, made by Mr. Leach, decreased about twenty
pounds during 1896.

The third zone, or heart of the field, embraces about 400 square miles
in Madison, Delaware and Grant counties. It contains some of the best
producing wells in the State and, as yet, shows but few signs of water or
other influences tending to diminish the supply of the gas. The rock
pressure over this area shows, however, an average decrease of about
fifteen pounds over that of 1895.

A careful study of the excellent report on the present condition of the
field, furnished by Mr. Leach and printed in another part of this volume,
can but lead one to believe that the supply of natural gas is slowly but
surely failing and that manufacturing establishments that consume a half
million or more feet a day can not be greatly multiplied in any part of
the Indiana field without rendering a speedy exhaustion of the supply a
certainty. When petroleum or salt water invades a former gas rock it
comes to stay—the petroleum until it is pumped out, the water perma-
nently, since the supply of that liquid is too great to attempt to overcome.
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As mentioned in my former report, much undeveloped gas territory is
still held in reserve in various parts of the Indiana field, and upon it
manufacturers can draw for a limited period after the present producing
territory is exhausted. That the leading manufacturers realize the com-
ing failure of the gas supply is evinced by the number of letters and in-
quiries received from them on the subject. They know by experience
the value of a gaseous fuel, and it was, if possible, to retain their factories
within the State that the investigations were started concerning the com-
position of Indiana coals and their fitness for conversion iuto gaseous fuel.

Meanwhile each consumer of natural gas should use every means at his
command to husband the supply by stopping at once all unnecessary use
or wanton waste. By so doing, the length of time for which the gas can
be supplied for household use can be materially lengthened, and another
decade may even go by before the last of. this valuable and most con-
venient fuel will be consumed.

Bituminous Shales.—The Genesee shales of the Devonian age are rich
in bitumens, which, when better means have been perfected, can be ex-
tracted and used for fuel and lighting purposes. These shales occupy a

‘large area, extending from' New Albany, on the Ohio River, to Delphi,
Carroll County, at the former place being 104 feet in thickness. Mr.
Hans Duden, an experienced chemist of this city, has recently made a
special study of the shale as exposed at New Albany and has determined
accurately the percentage of bitumens which it contains. He has given
the results of his investigations and experiments in a paper prepared for
the present report. In this he shows that 8.5 pounds of the black slate
yielded by distillation 45 gallons of gas, which, when burned as an illu-
minant, showed itself to be 22 candle power in quality.

In Scotland and Germany these shales are utilized on an extensive
scale, the former country producing annually from them 60,000,000
gallons of crude oil and 25,000 tons of sulphate of ammonia, the latter a
valuable fertilizer. Mr. Duden claims that ‘‘ taking into consideration
its thickness of more than 100 feet, the State of Indiana possesses in this
Devonian slate a reservoir of power greater than the coal seams, which
can furnish an almost inexhaustible supply of oils for illuminating, heat-
ing and other purposes, providing the proper means of utilization are
devised.” The paper of Mr. Duden merits careful attention from those

especially interested in the future problems of a source of light and heat.
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RESOURCES OTHER THAN FUELS.

BUILDING STONE.

Odlitic Limestone.—*¢ Indiana is widely known .as the most important
State in the Union in its output of limestone for fine building and orna-
mental purposes.”’ So says that noted authority, Mr. W. C. Day, in
¢ Mineral Resources of the United States” for 1894.%

Mr. Day refers especially to the Bedford oélitic stone, which has long
been noted among architects for its strength and durability. It is of a
uniform rich gray color and close texture, and is comparatively soft when
first quarried, but hardens on exposure. On account of the ease with
which it can be quarried, sawed and dressed for builders’ use, it can be
put on the market for a less sum per cubic foot than any stone of equal
grade in the United States. Within the past fifteen years it has become
an exceedingly popular building stone, not only in Indiana and adjoining
States, but in the Eastern cities, where many of the private residences of
the richer citizens have been constructed from it.

Although the oélitic stone has long been known as one of the leading
resources of the State, no detailed account of the area in which it is found
has before been published, nor has any map showing its exact distribu-
tion ever been prepared. Believing that the quality of the stone and the
extent of the industry demanded a more important recognition from the
Department of Geology, a special survey of the oélitic region was planned
and put in charge of Mr. T. C. Hopkins, the specialist in building stone,
who prepared the paper on the ¢ Sandstones of Western Indiana,” for
my first report, and Mr. C. E. Siebenthal, who had already done much
geological work in the oglitic region. These gentlemen have prepared
an exhaustive paper on the Bedford oélitic stone, which is presented in
the body of the present report.

The text of this paper gives in detail the general geologic features and
stratigraphy of the oélitic belt, the structural features and properties of
the oolitic stone and descriptions of the principal quarry areas and of
areas deserving of development. It also gives an historical account of
the development of the oélitic limestone industry and its present status.

Accompanying the paper are maps showing accurately the distribution
of the limestone through Owen, Monroe and Lawrence Counties, as well
as special maps on a larger scale, showing in detail the distribution and
development of the quarry industry in the vicinity of Romona, Owen
County; Stinesville, Ellettsville, Bloomington and Sanders, Monroe
County, and Bedford, Lawrence County.

*P. 498,
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Nearly 150 chemical and physical tests of the stone have been made
especially for this report. These tests show that the best grades of the
stone contain 98.5 per cent. of pure carbonate of lime, which is practi-
cally indestructible by atmospheric influences; and that the crushing
strength ranges between 4,500 and 7,000 pounds per square inch, for
specimens quarried within the year.

Full statistical tables of the production in the past and present are also
given. From these we learn that, at a low estimate, $2,672,000 are in-
vested in the industry, and that the value of the product for 1896 was
$1,264,210, which, owing to business depression and exceeding low price
of the product, was $200,000 less than in 1895.

Crystalline Limestones.—These limestones belong mostly to the Niagara
formation and contain more or less magnesium carbonate in their compo-
_sition. They are much harder than the odlitic stone and, as a conse-
quence, can not be sawed. As a rule they are not building stones of a
high grade, yet they are used extensively for building purposes in eastern
Indiana, where they occur most abundantly. In Decatur County alone
there are more than twenty quarries, most of which, however, are oper-
ated on a small scale. The stone is also used extensively for bridge pur-
poses. Dr. Aug. F. Foerste, in his paper on the ‘‘Geclogy of the Middle
and Upper Silurian Rocks of Southeastern Indiana,”” published in this
report, gives the location and stratigraphy of a number of deposits of this
stone which in future will well pay for development.

In some parts of the State true calcium limestones occur, which are
highly crystalline in character. These are called ‘‘Indiana marbles.”’
They admit of a fine polish and make most handsome mantels and other
interior decorations; but in general the deposits are too thin to be quar-
ried, with profit, for building purposes. Large deposits of these ‘‘Indiana
marbles” occur near Temple and English, Crawford County; at Pipe
Creek, Miami County, and in the southwestern corner of Fayette County.

Sandstones.—In the last report of this Department was an extensive
paper on the ‘“Sandstones of Western Indiana,”’ prepared by Prof. T. C.
Hopkins. It was accompanied by maps showing the exact location of
quarries now worked, and of deposits worthy of development, and con-
tained the results of numerous physical and chemical tests showing the
fitness of the stone for building and bridge purposes.

In that report it was shown that sandstones of excellent quality, and
in commercial quantities, occur at a number of localities in western and
southwestern Indiana.

These sandstones are of two varieties. First, the Mansfield Sandstone,
occupying a strip from two to ten miles or more in width, extending
from the north part of Warren County 175 miles in an east of south
direction to and beyond the Ohio River. While the Mansfield sand-
stone is soft, friable and easily worked, it hardens by exposure and
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becomes in time one of the most durable rocks in the State. Two color
varieties occur: (a) A handsome dark brown, especially suited for
business blocks, and for lintels and cornices of buildings whose fronts are
constructed of pressed brick, since the rain never discolors small por-
tions of such stone, and the brick walls are therefore permanently free
from those unsightly, mouldy-looking streaks which soon appear where
limestone is used for finishings; (b) buff and gray, well fitted for build-
ing and bridge foundations, or, where of the best quality, for business
fronts. The brown stone is quarried extensively at St. Anthony, Du-
bois County, and large and valuable deposits of it, as yet undeveloped,
occur near Bloomfield, Greene County, and Portland Mills and Mans-
field, Parke County. The gray and buff varieties are quarried on a
large scale at Attica, Williamsport and Fountain, in Fountain and
Warren counties.

Second, the Coal Measure Sandstones, which occur at horizons above the
Mansfield sandstone at a number of localities in the coal bearing coun-
ties of the State. These stones are usually light blue or light gray in
color, easily worked, very durable, and are rapidly coming to the front
for building purposes. IExtensive quarries are in operation at Worthy,
Vermillion County; Riverside, Fountain County, and Cannelton, Perry
County.

The capital invested in the sandstone industry in Indiana in 1895 was
$610,000, and the output for the year was valued at $118,000. The
undeveloped deposits of sandstone in the State are sufficient in quantity
and in quality suitable to merit the careful attention of capitalists in
search of good investments.

STONE FOR OTHER USES.

Flagging and Curbing.—Extensive deposits of thin bedded Niagara
limestone, especially fitted for flagging and curbing, occur in several por-
tions of the State, notably near Laurel, Franklin County, and Wabash,
Wabash County. At the former locality the deposits are especially
large, sections 17, 18, 19 and 20 of Laurel Township being for the most
part underlaid with it. It can be quarried more easily and with less ex-

. pense than any other stone of a similar nature in the State, the natural
seams and even bedding doing away largely with the necessity for drill-
ing and blasting. The stone is of an excellent color, and is harder and
more durable and therefore cheaper in the long run for ecurbing than
either the oolitic limestone or the Berea, Ohio, sandstone. Numerous
small quarries have been opened, but as yet the railway facilities are in-
sufficient. With a switch from the Whitewater railway constructed to
two or three of the best deposits, this stone could be put on the market
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in quantity for a lower price and yet with a greater profit than is now
secured ; and its superior quality would soon lead to its extensive adop-
tion for those purposes for which it is so well fitted.

Lime.—In the vicinity of Huntington, Huntington County ; Delphi,
Carroll County, and Logansport, Cass County, deposits of Niagara lime-
stone are found which are especially suited for the production of lime for
building purposes. At Huntington and Delphi the manufacture of lime
is carried on on an extensive scale, the value of the yearly output at the
two points approximating $250,000, The product is noted throughout
the eastern United States for the excellence of its quality, and is much
sought after by builders and contractors.

The odlitic limestone of southern Indiana has not proved itself fitted
for the production of lime, but a formation immediately overlying the
oblitic has been extensively used, and large kilns are now producing
from it a good quality of lime at Mitchell, Lawrence County, and
Romona, Owen County.

Cement Rock.—Hydraulic limestone suitable for the manufacture of
cement occurs in anumber of localities in southern Indiana. The largest
~ deposits are found in Clark County, extending up the valley of Silver
Creek for about fifteen miles above Clarksville. From these the Louisvllle
Cement Co., in 1895, manufactured 865,000 barrels of rock cement,
valued at $413,200. This cement is used in mortar for building, in the
foundation of aspbalt and brick pavements, in the construction of tun-
nels, bridges, dams and aqueducts; in the lining of cisterns and cellars,
and for many other purposes. Cement rock of good quality occurs also
in Scott and Jennings Counties, and recently a large deposit has been dis-~
covered at Derbyshire Falls, near Laurel, Franklin County. In the
northern part of the State a large deposit also occurs near Wabash, Wa-
bash County, which has been much used locally. The rock belongs to
the Corniferous epoch of the Devonian age. The industry is a growing
one, and Indiana already ranks second in the Union in the manufacture
of the product.

Whetstone and Grindstone Rocks.—The fine-grained silicious rocks in
Orange and Martin Counties have long been used for the manufacture of
abrasive materials. In the last volume issued by this Department was a
full report on the whetstone and grindstone industry of the State, pre-
pared by Mr. E. M. Kindle. This was accompanied by an accurate
geological map of the area mentioned. Indiana ranks second among the
States of the Union in the production of whetstones and grindstones,
being excelled only by Arkansas. The output in this State is not large,
being in 1895 but 300,000 pounds, valued at $15,000. The demand,
however, is constantly increasing, and if better railway facilities were
provided the industry would soon become a prominent one in the area
which contains the raw material.

2—-GEOL.
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Marls.—Many inquiries were received at this office during 1896 rela-
tive to marl deposits in Indiana. Marl is a very nearly pure carbonate
of lime. The larger deposits in the State are found in the vicinity of the
lakes of northern Indiana, especially near Silver Lake, Dekalb County ;
Lime Lake, Steuben County ;* Rome City, Noble County; Rochester,
Fulton County, and North Liberty, St. Joseph County. These *‘shell
marls” are pure white in color, and are generally supposed to be the re-
mains of fresh water shells. They probably owe their origin, however,
to deposits from calcareous springs, the waters of which contain much
lime in solution. These marls are coming into extensive demand for the
making of Portland cement, which is made from carbonate of lime and
clay, and also for making disinfectants and deodorizers.

The Bedford oélitic stone, composed, as it is, of 98 per cent. pure cal-
cium carbonate, would seem to be suitable, after grinding, for the mak-
ing of Portland cement. Experiments looking to this end have been re-
cently carried on, which I understand have proven successful, and a
company known as the Bedford Portland Cement Company has been or-
ganized, and will soon erect a large factory for making the cement near
Bedford, Lawrence County.

CLAYS,

During the past decade an enormous expansion of- the clay industries
has taken place in the United States. The utilization of vitrified brick
for roadways has created a new and distinct industry, thousands of miles
of streets throughout the West having, since 1890, been paved with this
material. The disappearance of our forests, and the consequent rapid
advancement in the price of all kinds of lumber, has led architects and
builders to investigate more carefully the value of clay products for
structural purposes. These investigations have resulted in valuable dis-
coveries concerning the chemical constituents and properties of clays;
have suggested the invention of new, or the improvement of old forms
of machinery and kilng, for their manipulation and burniog, and have
proven their unexcelled fitness for many purposes to which stone, wood
or other materials were previously put.

As a proof that the general public is beginning to appreciate this
fitness, one has but to note the rapidly increasing use of terra cotta and
pressed brick for the fronts of business blocks and the more fashionable
and costly private residences; of clay shingles for their roofs, and of
encaustic tiles for their floors and mantels. Indeed, all present signs
point to clay—that most widely distributed and cheapest resource known
on earth—as the leading factor in the future structures built by man.

*A large deposit n.lsomoccurs on the shores of a small lake in sec.3, tp. 37 n., r. 13 e,
Steuben County. For analysis sece Ind. Geol, Surv., 1872, 41.
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That Indiana has not kept pace with her sister States in this rapid
development of clay industries is known to all who have given the mat-
ter any attention. Recent and accurate stati:tics, compiled by the United
States Bureau of Mineral Resources, show that of the total value of
clay products marufactured in the United States in 1895, Ohio made
16 per cent.; Pennsylvania, 13 per cent ; Illinois, 11 per cent.; New
York, 9 per cent.; New Jersey, 7 per cent.; while Indiana made but 5
per cent., and they largely of the cruder kinds. The redson that this
State ranks as low as it does, lies not in the lack of quantity or variety
of raw materials, nor in the lack of enterprise and capital among her cit-
izens, but almost wholly because of the ignorance prevailing concerning
the location and quality of its clay deposits and the uses to which they
are capable of being put.

In order to overcome this ignorance, and to make plain to the people
of the State, and the nation, something of the true value of Indiana
clays, a careful study of the “ Clay Deposits of the Coal-bearing Coun-
ties of Indiana’’ was made in 1895, and a detailed paper thereon was
published in the last report issued by this Department. This paper
- proved conclusively that with the exception of some of the clays used
in the making of the better grades of terra cotta, encaustic tile and
china ware, Indiana possesses in great abundance the raw material for
making every kind of clay product used within her bounds.

The kaolin of Lawrence, Martin and Owen Counties can not be ex-
celled in quality, numerous chemical analyses showing it to be composed
of more than 98% per cent. pure silicate of alumina. It has been proven
by practical use to be well suited for the making of porcelain ware, and
also for sizing for the finer grades of wall and letter paper. Experiments
have within the last year shown it of excellent quality for being con-
verted into the better grades of ultramarine, a pigment, of which 25,000
pounds or more are imported weekly at a costof 10 to 25 cenis per pound.
It can also be used for making the finest grades of refractory ware, such
as retorts, glass pots, glass tanks, ete. At the largest known deposit,
near Huron, Lawrence County, thousands of tons of this purest of clays
can be seen, comprising a stratum five to eleven feet in thickness; yet,
gince 1891 not a pound has been put to use. A great mineral resonrce
of untold value—there it lies, unworked, unutilized, awaiting only the
coming of energy and capital to make it up into many kinds of products
which are now brought into our State from distant lands.

Millions of tons of shales and underclays, well fitted for making the
best grades of paving brick, exist in the coal-bearing counties of Indiana.
These clays lie in the closest proximity to the fuel necessary to burn
them; yet, previous to 1896, of the $884,667 expended by twenty-seven
towns and cities (not including Indianapolis) of the State for paving
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brick, no less than $647,022 were séent to Ohio and West Virginia for
that product.

These underclays and shales can also be made into the best of sewer
pipe, roofing tile, terra cotta, hollow brick, ‘‘stone” pumps, pressed
front brick, etc. A number of large factories have been recently erected
at Brazil, Terre Haute, Clinton, Veedersburg, Cayuga and other towns
for utilizing these clays. These factories have, for the most part, been
kept very busy, even during the dull seasons of 1895 and 1896, the de-
mand for their products being in many instances greater than the possible
supply. They have proven by praetical experience that the shales and
underclays of the coal measures are in every way fitted for manufactur-
ing each of the products above mentioned. These factories are but the
forerunners of others yet to come, for the raw material is there, the fuel
necessary to burn it is there, railway facilities for bearing away the fin-
ished product are plentiful, and where these three necessary elements are
present, capital in time is sure to come, to be invested and to make this
section of our State a great clay industrial center.

Potter’s clay of excellent quality abounds near Bloomingdale and
Annapolis, Parke County ; Brazil and Clay City, Clay County ; Hunting-
burg, Dubois County; Cannelton, Perry County ; Logootee and Shoals,
Martin County, and at numerous other points in the coal-bearing area of
our State. Many of these deposits have been and are being put to prac-
tical use, but as yet no large potteries, similar to those at Zanesville and
Akron, Ohio, have been erected in Indiana, though the facilities for
raw material and fuel at some of the points above mentioned can not be
excelled elsewhere in the United States.

Fire clays, suitable for making fire brick, saggers, bessemer converters,
furnace linings, and many other refractory products, occur in quantity in
the coal-bearing counties. One of the largest and purest deposits occurs
near Montezuma, in Parke and Vermillion counties. Chemical analysis
of this clay proved it to contain 98.24 per cent. of clay base and silica,
and but 1.76 per cent. of fluxes. It has been in use for over twenty

years in making refractory products.

~ Clays suitable for pressed front brick occur in many portions of the
State. Different colors of these brick can be made by mixing the under-
clays of the coal seams with surface clays, shales, etc. One of the best
clay deposits, not only for making pressed brick of different colors, but
for making many other kinds of clay products, occurs at Mecca, Parke
County, Indiana.* Another large deposit suitable for making the finest
of red front brick is found in the outskirts of the town of Martinsville,
Morgan County. Both of these deposits have railway facilities already
in place, and at Mecca valuable coal mines are being operated on the
land.

“*See twentieth report of this Department, page 53.
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SANDS,

Sand suitable- for glass making occurs in quantity near Pendleton,
Madison County; Montpelier, Blackford County, and Lapel, Hamilton
County. A large deposit has also been recently discovered near Cox-
ville, Parke County, which is being rapidly developed. A fine grade of
moulder’s sand, suitable for foundry use, occurs near Centreton, Morgan
County; Rockport, Spencer County, and Salem, Washington County,
and the Hon L. U. Downey, of Gosport, has recently discovered a sim-
ilar deposit of large extent near that town.

Sand suitable for builders’ purposes and similar uses occurs in all parts
of the State, one of the largest available deposits which has come to my
notice being located one mile north of Mecca, Parke County. The de-
posit at this point is thirty-five feet thick and one-half mile long, and
lies alongside a switch of the C. & 1. C. Railway.

SOILS8.

Among the most valuable natural resources of Indiana are her soils.
More people are dependent upon them than upon all the rest of her re-
sources and manufacturing establishments combined. The study of the
origin, distribution and constituents of soils falls naturally to the De-
partment of Geology, though many essays and valuable papers relating
to their culture and fertilization appear in the Reports of the State
Board of Agriculture.

The soils of Indiana may be roughly classified into three great groups,
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 a mass of heterogeneous ma-
terial which was brought to its present resting 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 s. uth of the southern
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 or
sandstone rocks. The variety of materials entering into their composi-
tion 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 to-day next year becomes a chasm and
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ages hence a hollow, and the transported material is gradually deposited
as alluvial soil over the so-called “ bottom lands” which are annually
overflowed.

In the production of any cereal ngthing new is created, but forms of mat-
ter, already existing in the earth, air and water are utilized by the grow-
ing 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 abso-
lutely essential constituents. If any one 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 can not 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.

The drift soils, which cover the northern and central portions of
Indiana, derived, as they were, from various primary and igneous rocks
in the far north—ground fine and thoroughly mixed, as they were, by
the onward moving force of a mighty glacier—are usually rich in all the
above named necessary constituents of plant food. Neither they nor the
alluvial soils require a large annual outlay for artificial fertilizers as do
the residual soils of scuthern Indiana, over which the drift of the glacial
period did not extend.

Analyses of soils from every county, showing the proportions of phos-
phates, nitrates and other necessary elements of vegetation, should be
made. From them the farmer could determine what comstituent of his
soil, if any, is deficient, and could supply the same in suitable quantities
and in an available form. From them, also, it would be possible to
specify the localities where the different staple crops could be most ad-
vantageously grown, instead of compelling the farmers to learn the pe-
culiarities of their lands by experiments which necessarily consume time
and exhaust the soil. Suchb a series of analyses, and an exhaustive re-
port dealing with the origin, distribution and fertilization of our soils,
can only be undertaken and cerried to successful completion when the
Legislature of our State becomes more generous in the sum allotted for
the maintenance of the Department of Geology.

The above is a brief résumé of the more important resources of
Indiana. As already noted, these resources are being developed at the
rate of nearly twenty millions of dollars yearly, yet much of the capital
which is bringing about this development is owned by parties outside the
State. They reap the benefits; they pocket the profits. ~ The people of
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Indiana, with hundreds of thousands of dollars of eapital lying idle, are
for the most part reluctant to invest in the resourcesof their State. They
stand by and see our thickest coal veins, our greatest clay factories, our
largest stone quarries, the majority of our oil wells, and the greater part
of our natural gas property owned and operated by foreign capital.

A few millions of dollars are invested in developing these resources
and pay taxes into our treasuries, but the profits, aggregating far greater
sums, go into the coffers of non-resident owners. Were Indiana capital
invested, both capital and profits would remain in the State, and the -
wealth upon which taxes are based would increase in much greater pro-
portion.

In the clay industry, especially, should Indiana capital be invested, and
the several millions of dollars now annually sent outside the State for
clay products be kept within her bounds. With raw material and fuel
both plentiful, home factories should be erected, should be protected,
should be patronized, for in such a way only can the future wealth and
welfare of the State be increased and plentiful labor be provided for her
workingmen. ‘

OTHER FEATURES OF THE REPORT.

Besides the features already mentioned, the present report contains a
paper on ‘The Geology of Vigo County,” by Dr. J. T. Scovell, of
Terre Haute.

In this paper Dr. Scovell has given especial attention not.only to the
general geology of the county,but has treated fully its economic resources
and arctwzology. The paper is accompanied by an excellent map of the
county, showing the location of all the more important features mentioned
in the text. Both paper and map are based on careful observations made
during a residence of more than twenty years, so that the report is much
more valuable and can be relied upon much wore fully than if written by
a non-resident assistant detailed for that purpose.

A paper upon ““The Flora of Vigo County,” based upon notes accu-
mulated during a seven years’ study of the plants of the county, was
prepared by the writer, and is published in connection with Dr. Scovell’s
paper.

But little has heretofore been written concerning the caves of southern
Indiana. These caves are numerous in .the thick limestone formations
of that section of the State, and form one of its natural features well
worthy of special investigation by all who enjoy the study of Nature. A
five weeks' trip, devoted to the exploration of a number of these caves,
was made by the writer and a party of assistants in the summer of 1896,
the main object in view being the collecting of underground specimens
for the State Museum. Full notes relative to the origin, size, shape and
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fauna of each cave visited were taken and from these notes a paper en-
titled ‘“ Indiana Caves and Their Fauna” has been prepared, and forms
a part of this report.

THE STATE MUSEUM.

To the State Museum connected with the Department of Geology many
additions have been made during the past two years. Among these may
be mentioned more than two hundred mounted birds and mammals, a
large collection of birds’ eggs, a case of clays and clay products, a case
of cave specimens and a case of native woods, most of which are from
Indiana.

The greater portiou of the contents of the Museum have been re-
arranged on an accurate scieutific basis and typewritten labels prepared
therefor. This work has been done by myself and assistants during the
winter months, after the completion of the annual report and before the
beginning of the next season’s field-work. A catalogue of the contents
of the Museum has also been partially prepared and will be published as
soon as the work is completed. Itis my ambition to make the Museum a
representative collection of Indiana geological and natural history speci-
mens, where much may be learned of the forms of life inhabiting our
State in the past, as well as those found therein at present. The Museum
has already become a center of attraction to many people of the State
who visit Indianapolis, and its educating effect can hardly be over-esti-
mated. Many teachers bring their pupils in a body and spend a day or
two in looking over its contents. All visitors are welcome—the open
hours being from 9 A. M. to 4 P. M., except on Sundays and legal holi-
days.

OFFICE WORK.

More than two thousand letters relative to the resources of Indiana,
were answered from the office of the Department in 1896. They came
not only from citizens of Indiana, but from almost every State in the
Union, and proved conclusively the need of a central bureau where such
information can be obtained. Taking into consideration the vastness of
the undeveloped resources of the State, and the fact that the Department
of Geology is the only official source of information concerning them, it
would seem that Indiana should not only maintain, but maintain liber-
ally, that Department which has for its purpose the advertising of these
resources to the other States and nations of the world. Omitting the
goils and taking the estimate of $20,000,000, which is an extremely low
one, as the annual value of the resources at present produced, the sum
allotted to the Department for the years 189697 was but thirty-five
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one-thousandths of one per cent. of that productive value. What busi-
ness man would, for a mement, think of carrying on a successful business
with so small a percentage spent for advertising? Yet the advertising
at present done through its reports can but result in bringing into the
State a vast amount of capital, the taxes on which will soon amount to a
hundredfold more than the few thousand dollars now set apart for the
annual maiotenance of the Department of Geology and Natural Re-
gources.




THE PETROLEUM INDUSTRY IN INDIANA.

BY W. 8, BLATCHLEY.

CHAPTER 1.

DEFINITION OF PETROLEUM—GEOGRAPHICAL DISTRIBUTION OF PETRO-
LEUM—ORIGIN OF PETROLEUM-—GEOLQJICAL DISTRIBUTION OF
PETROLEUM—PHYSICAL AND CHEMICAL PROPERTIES OF INDIANA
PETROLEUM.

The two resources of natural gas and petroleum have, within the past
decade, added vastly to the wealth and population of the northern half
of Indiana. The former was the first discovered, and millions of dollars
have been invested in manufactories in the gas field, and thousands of
people from other States and countries bave flocked thereto, finding
plentiful employment at good wages.

Following fast upon the development of the gas area came the discov-
ery of petroleum in Wells and neighboring counties, and the sinking of
bores for the *‘ rock oil’’ so long stored in the porous reservoirs of the
Trenton limestone has gradually developed into a notable industry in at
least six counties of the State.

Although constant demands have been and are being made upon the
State Geologist for literature and maps relative to the Indiana oil field,
hitherto they could not be furnished because none had been prepared.
The only paper published by the Department of Geology upon the sub-
ject was one of twenty pages in the report for 1891. It was written by
A. C. Benedict, then an attache of the Department, and dealt more
largely with the history of petroleum, and with areas in Indiana not now
producing oil in commercial quantities, than with the present productive
field.

In consideration of this lack of literature on the subject, and in ac-
cordance with the plan adopted by the present Geologist of taking up
the chief resources of the State and treating each in detail, the present
paper has been prepared. It is based upon a careful study of the field
made by the Geologist in person during the months of June, September
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and October, 1896, and has been supplemented by notes and reports re-
received from different persons in the field up to January 1, 1897, so
that it may be considered as fairly representative of the developments
made to that date. -

As one travels through the oil district of the State a sense of the great-
ness of the industry grows rapidly upon him. One might study it for
years and yet not master its every intricacy. He finds a vast system of
pumps, tubes and pipes drawing a stored liquid from the depths of the
earth and transporiing it hundreds of miles to distant refineries, there to
be separated into parts, each of which serves as a basis for articles of
manifold kinds for the use of man. Depending upon this industry are
several thousand men—rig builders, drillers, tool dressers, pumpers, pipe-
men, gaugers, etc., each class performing a special duty and all working
in harmony for the advancement of the common industry. Yet the
resource itself is seldom seen, except where it overflows in waste, even
by the army of workmen who are engaged in its production.

In a study of such resources as coal, clay, building stone, etc., one can
see the strata <n sitw, note their arrangement, measure their thickness
and study in detail their relation to their surroundings; but in an area
covered so deeply with drift as is the oil field of Indiana, and where the
resource in question is contained in a rock formation nowhere exposed to
view within the State, the difficulties in the way of a proper presentation
of the subject are many. The reccrds of the formations passed through
by the bores had to be obtained from drillers and operators, many of
whom had little geological knowledge. Moreover, their records were
scanty in detail, noting little else than the number of feet of drive pipe
and casing used, the depth at which the Trenton rock was found, and
the total depth of the bore. However, I found them at all times willing
to place at my disposal such knowledge and records as they possessed, and
to them I am indebted for such records as are included in the report.
To Messrs. L. C. Davenport, of Bluffton; E. J. Little, of Van Buren;
Bepjamin Fulton, of Portland, and A, T. McDonald and W. S, Morton,
of Montpelier, I am under special obligations for services rendered, both
in the field and since my return therefrom. ‘
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DEFINITION OF PETROLEUM.

Various natural products, called bitumens, have been known to man-
kind for many centuries. These bitumens comprise a class of minerals,
each member of which is made up largely of the nonmetallic elements,*
carbon and hydrogen, so combined that the resulting compound will burn
readily, with a bright flame and without leaving a residue.

Petroleum o Bitumen.—Like most other kinds of matter, the bitumens
occur in three forms, namely, solids, liquids and gases. Each of these
forms has many varieties, to which different names are given in different
countries, but the typical representatives of each form are as follows:

Solid: Asphalt or Asphaltum
Liquid : Petroleum. -
Gaseous: Natural Gas.

Between these different forms of bitumen a close relationship exists.
Especially is this true of petroleum and asphaltum, the one merging into
the other through the intermediate varieties known as mineral tar, mineral
pitch, ete. It is also well known that when petroleum is freely exposed
to the atmosphere for a long time, it loses certain volatile constituents,
and graduoally passes into asphalt.

While natural gas seems more remotely related to petroleum, the two,
in ages past, probably had a common origin. Marsh gas, or light car-
buretted hydrogen (CH,) makes up more than ninety per cent. of nat-
ural gas. Petroleum, when destructively distilled, yields a large per-
centage of the inflammable marsh gas. Again, no geological formation
is known to yield gas in large amount without in some portion of its area
yielding oil as well. Taking these facts into consideration, and at the
. same time remembering that in nature each form of matter is constantly
undergoing change, it is very likely that in the thousands of centuries
which have elapsed since the petroleum was formed, much, if not all, of
the natural gas has been derived from it by volatilization, or otherwise.

The word “‘petroleum,”’ like ‘‘natural gas,” relates to the origin rather
than the composition of the substance. It is derived from two Latin
words ““ petra,’’ a rock, and ‘‘ oleum,” oil, and in many localities the name
““rock 0il”’ is given it.

*An element is one of the seventy primary forms of matter which make up the universe.
It is a substance which has never been separated into anything simpler. Two or more ele-
mentg united together form a compound. There are millious of compounds, but only seventy
elements. For exumple: Wood is a compound, which in the chemical laboratory can be
separated into three substances, carbon, hydrogen arnd oxygen; but no man has as yet been
able to separate carbon, hydrogen or oxygen into anything simpler than themselves. Hence,
they are elements. The seventy elements bear the same relation to the compounds, as the
twenty-six letters of the Fnglish language bear to its four hundred thousand words. Or, to
state it still differently, the elements form the alphabet of the universe.




30 REPORT OF BTATE GEOLOGIST.

GEOGRAPHICAL DISTRIBUTION OF PETROLEUM.

Contrary to common belief, petroleum is widely and abundantly dis-
tributed throughout the countries of the world; while its geological hori-
zons include every known formation from the old Archaan rocks up to
the later members of the Tertiary period.

New Zealand, Australia, Japan, China and India, all have large
known deposits; those of Japan having been put to use for more than a
thousand years.

Farther northwest, at Baku, in the Russian province of Apsheron, on
the shores of the Caspian Sea, is the richest pool of petroleum known to
man. The oil from this district has been used for 2,500 years, and as
far back as the thirteenth century Marco Polo wrote of it as follows:

““On the confines toward Georgine there is a fountain from which oil
springs in great abundance, inasmuch as a huodred ship-loads might be
taken from it at one time. This oil is not good to use with food, but is
good to burp, and is also used to apoint camels that have the mange.
People come from vast distances to fetch it, for in all countries round
there is no other oil.”

The Apsheron peninsula proper has a known oil bearing area of 1,200
gquare miles though but’seven square miles are at present developed.
The oil is formed in loose sandstone or coarse sand beds of the Eocene
age. Since 18756 a number of flowing wells or fountains have been
drilled, the yield of some of which is given by Redwood as follows :¥

Oue in 1875, 14,300 barrels daily.
One in 1876, 6,430 barrels daily for 3 months.
One in 1883, 13,700 barrels daily for 1 week.

On September 1, 1883, the famous ¢ Droojba’’ fountain was drilled
in at a depth of 574 feet, and commenced flowing at a rate of 40,000 to
50,000 barrels, valued at over $560,000, daily. This well has been graph-
ically described as follows:

¢“ The fountain was a splendid spectacle—it was the largest ever known
in Baku. When the first outburst took place the oil had knocked off the
roof and part of the sides of the derrick, but there was a beam left at the
top sgainst which the oil burst with a roar in its upward course, and
which served in a measure to check its velocity. The derrick itself was
seventy feet high, and thé oil and the sand, after bursting through the
roof and sides, flowed fully three times higher, forming a greyish-black
fountain, the column clearly defined on the southern side but merging in
a cloud of spray thirty yards broad on the other. A strong southerly
wind enabled us to approach within a few yards of the crater on the
former side, and to look down into the sandy basin formed round about

*Petroleum and its Produets, 1896, 25.
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the bottom of the derrick, where the oil was bubbling around the stock
of the oil shoot like a geyser. The diameter of the tube up which the
oil was rushing was ten inches. On issuing from this the fountain formed
a clearly defined stem about eighteen inches thick, and shot up to the
top of the derrick, where, in striking against the beam, which was already
worn half through by the friction, it got broadened out a little. Thence
continuing its course more than two hundred feet high, it curled over and
fell in a dense cloud to the ground on the north side, forming a sand
bank over which the olive-colored oil ran in innumerable channels toward
the lakes of petroleum that had been formed on the surrounding estates.
Now and again the sand flowing up with the oil would obstruct the pipe,
or a stone would clog the course. Then the column would sink for a few
seconds lower than two hundred feet, to rise directly afterward with a
burst and a roar to three hundred. Some idea of the mass of matter
thrown up from the well could be formed by a glance at the damage done
on the southside in twenty-four hours—a vast shoal of sand having been
formed, which had buried to the roof some magazines and shops, and had
blocked to the height of six or seven feet all the neighboring derricks
within a distance of fifty yards. Some of the sand and oil had been
carried by the wind nearly one hundred yards from the fountain. Stand-
ing on the top of the sand shoal we could see where the oil, after flowing
through a score of channels from the coze, formed in the distance, on

lower ground, a whole series of oil lakes, some broad enough and deep
enough to float a boat in. Beyond this the oil could be seen flowing away
in a broad channel towards the sea. The well was capped on the 29th
of December, 1883, after giving an amount of oil estimated at 220,000
to 500,000 tons.’”*

“The remarkable feature of this well was, that instead of making its owner a
millionaire, a8 would have been the case in America, it both ruined him and
broke the heart of the engineer who bored it. The reason was that the fountain
belonged to a small Armenian company, which had enough ground for a well but
not enough for large reservoirs. The oil flowed over neighboring properties, and
was partially caught and sold by those on whose land it trespassed, and the quan-
tity was so great as to reduce the price enormously, while at the same time the
deluge of sand did so much damage in swamping the neighboring wells and
houses that the amount of compensation claimed from the Droojba company far
exceeded the value of the oil recovered by them.t”

The most productive well ever drilled, however, was about one-third
of a mile from the Droojba, and began producing in March, 1893, at
the rate of 120,000 barrels daily. It will be seen from the above ex-
tracts that the spouting wells of the Caspian far outstrip their American
competitors in volume and energy.

*Petroleum and its Products, 1596, 25.
1H. M. Cadell, Trans. Edinb. Geol. Soc., VII, 18%4, 63.
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Westward from Baku oil is found in numerous countries of continental
Europe, the most important deposits being in Galicia, Roumania and
Denmark.

In the New World deposits of petroleum are known in Mexico, Peru,
Venezuela, Alaska, and Ontario, Canada; but its most important oil
field occupies & broad zone about 750 miles in length, extending from
New York State south and west through western Pennsylvania, West
Virginia, Obio and part of northern Indiana. Outside of this area the
most important oil fields in the United States are near Los Angeles,
California, where 1,200,000 barrels were produced in 1895; and in
Colorado, which produced 530 000 barrels the same year. Small fields
are also developed in Wyoming, Kansas, Kentucky, and Tennessee.

The following table gives the production of petroleum in the United
States from 1859 to 1895, inclusive, together with the average yearly
price per barrel :




Production of Crude Petrolewum in the United States from 1859 to 1895 (Barrels).
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THE ORIGIN OF PETROLEUM,

How and from what source did petroleum and natural gas origipate?
The answer to this question has been sought, especially in recent years,
by the most eminent chemists and geologists of the world. Many labora-
tory experiments have been made with a view to answering it, and from
the results thus obtained numerous theories have been advanced, but no
one of them has, as yet, found universal acceptance. The more import-
ant of these theories will be taken up and briefly discussed in the present
paper. For convenience they will be separated into two groups, viz.:
inorganic and organic theories. '

INORGANIC THEORIES.

‘While the theories which ascribe the origin of petroleum to inorganic
objects have few adherents among the geologists and scientists of the
present day, among the masses of the people who think of such subjects
it is perhaps the prevailing opinion that in some mysterious manner oil
and gas have been and are being formed in the depths of the earth by
the action of water upon rocks or metals. Such an opinion probably had
its origin in a theory advanced in 1866 by Berthelot, a dis-
tinguished French chemist. He expressed the view that the
interior of the earth contains large quantities of the alkali
metals, potassium and sodium, in a free or uncombined state, and that
water, charged with carbonic acid, finds its way to these metals, and, as-
sisted by the high temperature and great pressure necessarily existing at
such depths, combines with them to form both liquid and gaseous
bitumens.

It is needless to say that such a theory finds little credence among
scientists and others acquainted with the many conditions under which
petroleum exists in the rocks of the earth. The theory is based wholly
upon remote possibilities, and is incapable of the slightest verification by
the geologist. Not a particle of evidence exists tending to prove that
either sodium or potassium occurs uncombined in the interior of the
earth. Even if they should so occur, neither of the two is a constituent
of petroleum, and the latter, according to the theory, would have
to be wholly formed from the water charged with carbonic acid, which,
in itself, is impossible.

Another inorganic theory which has gained wide circulation is that
Mondeljef’s ((;f Mendeljeﬂ', proposed in 1877. He refers to the great

ensity of the earth and to the wellknown presence of

Theory iron in meteorites and the solar system, as shown by
the spectroscope.

Berthelot's
Theory.
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Assuming the commonly accepted theory of La Place, that the earth
lias been formed from incandescent matter thrown off from the sun, he
asserts that, according to well-known physical laws, the vapors making
up the incandescent matter arranged themselves according to their spe-
cific gravities, the heavier being nearer the center of the earth, and the
lighter nearer its surface. In this manner dron, either pure or in the
form of a carbide, was collected in large quantities at great-depths in the
earth. Afterwards, by internal forces, the cooler crust of the earth has
been broken and allows the water which has collected thereon to run
through the fissures to the hot masses of iron carbide. The iron forms
an oxide with the oxygen of the water. The hydrogen of the water
unites with the carbon from the iron to form a light hydrocar-
bon, which in time is condensed into the heavier petroleum. In this way
he claims that not only the deposits of bitumens already existing have
been formed but new ones are continually being formed at great depths
in the earth and ‘are gradually forced upward into cracks and fissures
nearer itg surface and there stored. As for the proofs of his theory, he
agserts that the largest deposits of petroleum are found in the neighbor-
hood of mountain ranges, where fissures leading to the depths of the
earth are most likely to occur, and that he and other chemists have ob-
tained petroleum-like hydrocarbons by the action of boiling water or
dilute hydrochloric acid upon spiegeleisen (carbide of iron and man-
ganese).

The theory of Mendeljeff, like that of Berthelot, has few facts to bear
it out. In America, at least, every field in which oil has been found
controverts its leading assumptions. The larger oil fields of this country
are not found along mountain ranges, but over level areas. There are
within their bounds no fissures or cracks leading to the inner depths of
the earth. The oil is found in pores of minute size between the grains
of sandstone or limestone rock in which it occurs, and not in fissures and
rents of the rock. Again, there is not a particle of known evidence
tending to prove the presence of iron carbide in quantity at great depths
in the earth; and even though a few of the simpler members of the
series of hydrocarbons to which petroleum belongs have been formed
artificially in the chemical Jaboratory from inorganic substances, all
attempts to thus form such complex compounds, as is petroleum itself,
have proven fruitless.

Such theories as those of Berthelot and Mendeljeff are, to say the
least, not only crude and unscientific, but are productive of much harm,
in that they tend to cause the masses to believe that natural gas and
petroleum are being formed as fast as they are used. Such a belief is
responsible for much of the reckless waste which has taken place in the
gas fields of Indiana in the past; a waste which has already brought the
stored supply down close to the limit at which the natural rock pressure
of the gas is overcome by salt water,
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ORGANIC THEORIES.

Among geologists and scientists in general it is now eommonly believed
that petroleum has been derived from the decomposition of animal or
vegetable bodies, or both. Many laboratory experiments and facts ob-
gerved in nature tend to confirm this belief. For example, when the
body of an animal or plant is distilled in a closed retort or undergoes de-
cay in the absence of air certain gaseous and liquid products are always
derived. Again, oily water frequently exudes from peat mosses, and
marsh gas, already mentioned as being the chief constituent of natural
gas, bubbles up from every stagnant pool which contains rotting vegetable
or animal matter at its bottom. There is, therefore, no need of far-fetched
chemical theories to explain what is more or less a matter of common
experience.

However, two distinet views prevail among geologists as to the manner
in which the decomposition has been brought about. Oune of these views,
known as the secondary decomposition theory, was first set forth by Prof.
John 8. Newberry, formerly State Geologist of Ohio., He
claims that the great beds of bituminous shales, such as the
Huron, Genesee and Utica shales, have been the chief
sources of petrolenm—that the aniwal and plant remains in
those beds have undergone a kind of distillation or secondary decomposi-
tion, resulting in petroleum, which, by hydrostatic pressure, has been
carried to the rock strata in which it is now found. As a proof of this
theory, Professor Newberry eays:

Secondary
Decomposi-
tion Theory.

‘““We have in the Huron shale a vast repository of solid hydrocarbonaceous
matter, which may be made to yield 10 to 2 gallons of oil to the ton by artificial
distillation. Like all other organic matter, this is constantly undergoing spon-
taneous distillation, except where hermetically sealed deep under rock and water.
This results in the formation of oil and gas closely resembling those which we
make artificially from the same substance, the manufactured differing from the
natural products only because we can not imitate accurately the processes of na-
ture.

“Second. A line of oil and gas springs marks the outcrop of the Huron shale
from New York to Tennessee. The rock itself is frequently found saturated with
petroleum, and the overlying strata, if porous, are sure to be more or less impreg-
nated with it. )

“Third. The wells on Qil Creek penetrate the strata immediately overlying
the Huron shale, and the oil is obtained from the fissured and porous sheets of
sandstone of the Portage and Chemung groups, which lie just above the Huron,
and offer convenient reservoirs for the oil it furnishes.” *

Of Prof. Newberry’s theory it may be said that, while it is true that
the shales contain oil in large quantities, which may be separated from
them by distillation, there is no direct proof that this oil is wholly in-
digenous to the shale, i. e., derived from the remains of organic life

*@eol. of Ohio, I, 158,
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which was buried in it. Few, if any, traces of animal life are found in
shales. In some places, however, remains of plant life are fairly abun-
dant,* but not enough so to have furnished the source for as large an
amount of oil as the shales contain. Yet, at the time the shales were
deposited, alge and the simpler forms of plant life, whose decomposition
would leave no residue or fossils, were undoubtedly abundant and may
have supplied a large proportion of the petroleum which the shales
contain.

On the other hand, all shale beds are sedimentary in their origin, be-
ing composed of particles of clay (an inorganic material ) which bave
been carried long distances and redeposited in water. Now it is well
known that clay has a particular affinity for oily matter. Oily sub-
stances floating in muddy water have been found to attach themselves to
suspended particles of clay and sink to the bottom and produce there a
stratum rich in oil, which in time would be compressed by the newer
overlying strata into shale. Much of the petroleum of the shale may
thus have been derived from organic matter undergoing decomposition
in other and remote strata. )

At the time that the ““secondary decomposition theory’’ of Dr. New-
berry was publisbed, the large deposits of oil in the Trenton limestone
rocks of Ohio and Indiana were unknown. His theory was based largely
upon the Pennsylvania fields, and seems more clearly than any other to
explain the origin of the petroleum there found. The Pennsylvania oil
oceurs in a series of sandstone strata which contain few, if any, organic
remains, and could not, therefore, have furnished the original source of
the oil. These sandstone strata overlie the bituminous shales, and, from
their porous nature, have served as reservoirs into which the oil, oozing
from the shale, has passed and accumulated in large quantities.

The second organic theory, known as the ¢ primary decomposition
theory,” was first promulgated by Dr. T. Sterry Hunt about 1862, and,
better than any other, accounts for the origin of the oil in
the Trenton limestone rocks wherever found. Dr. Hunt
asserted that petroleum has been formed from the remains of
animals or plants in the rock strata now yielding the oil,
the decomposition having taken place under such conditions
that the organism passed directly into petroleum which has since re-
mained in the rocks where it was formed.

Among the proofs of his theory, Dr. Hunt stated that in some cases
petroleum is found filling the cavities of large fossil shells (Orthocera-
tites) in the Trenton limestone, ‘‘ From some specimens nearly a pint-
of petroleum has been obtained.”” Again he cited the fact that a stratum
of Niagara limestone near Chicago is so filled with petroleum that blocks
of it, used in building. were discolored by the exudations, which, mingled

Primary
Decompo-
sition

Theory.

*Notably in the Genesee shale at New Albany, Ind., where many remains of fucoids and
allied plants have been recently discovered by Mr. Hans Duden.
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with dirt, formed a tarry coating upon the exposed surfaces; and adds,
¢ With such sourees ready formed in the earth’s crust, it seems to me, to
say the least, unphilosophical to search elsewhere for the origin of petro-
leum, and to suppose it to be derived, by some unexplained process, from
rocks which are destitute of the substance.”

Dr. Hunt also stated that one of the principal proofs of the truth of
his theory lay in the statement of Mr. G. P. Wall, who, in 1%60, pub-
lished a report on the Asphalt Lake of Trinidad,* in which the following
passage occurs:

“ When in situ, it (the asphalt) is confined to particular strata which
were originally shales containing a certain proportion of vegetable debris.
The organic matter has undergone o special mineralization, producing bitumi-
nous in place of ordinary anthraciferous substances.  This operation is not
attributable to heat, nor to the nature of distillation, but is due to chemical reac-
tion at the ordinary temperature and under the normal conditions of the climate.
The proofs that this is the true mode of the generation of the asphalt re-
pose not only on the partial manner in which it is distributed in the
strata, but also on numerous specimens of the vegetable matter in process
of transformation, and with the organic structure more or less oblit-
erated. After the removal by solution of the bituminous material under
the microscope, a remarkable alteration and corrosion of the vegetable
cells becomes apparent, which is not presented in any other form of the
mineralization of wood. Sometimes the emission is in the form of a dense,
oily liquid, from which the volatile elements gradually evaporate, leaving
a solid residue.”’

The theory of Dr. Hunt was made known about 1862, long before
oil was discovered in the limestone rocks of Ohioand Indiana. The facts
gathered and observations made in the Trenton-limestone field of these
States have furnished much evidence in support of his theory; and it is
now commonly believed by scientists that the oil found in limestone has
been produced in the rock by the direct decomposition of organisms orig-
inally inhabiting the water in which the roek was deposited. Moreover,
it is believed that for the most part those organisms were animals, since
the limestone oil possesses more sulphur and nitrogen, is of a darker
color, higher specific gravity, and has a more rank and disagreeable cdor
than the ‘“shale oil” produced in Pennsylvania, which probably owes its
origin to the decomposition of plants in the manner set forth in the theory
of Dr. Newberry, as given above.

The theory that petroleum had its origin in coal, or that the two are
‘clogely related, is held by many people. While it is true that both coal

and oil are undoubtedly the remains of past existing organ-
Coal . . . «
Theory. isms, tl.xe main petroleum field o.f Indiana is one hundred and
_ fifty miles distant from the main coal area. Moreover, the
Trenton rock containing the oil belongs to an entirely different forma-

*Quarterly Journal Geol. Soc., XVT, 1862, 467,
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tion, and was in existence thousands of years before the plants from
which the coal is derived flourished. Even where the Trenton rock directly
underlies the coal strata there are several impervious strata between
them which neither gas nor oil could penetrate. These facts show con-
clusively that, in Indiana at least, there has been no connection whatever
between the origin of the coal and petroleum.

It is a well known geological fact that most if not all limestones owe
their origin to the presence of minute organisms in the water in which
the limestones were formed. The animals from whose remains the oil of
the Trenton limestone was, for the most part, derived, were probably
very low forms—the polyps and bryozoans of the ancient Silurian seas.
In untold numbers they existed, and the carbonate of lime

Life of the which makes up eighty per cent. of the unmodified Trenton

Trenton . . . 3 .

Period rock, is largely the remains of their secretions and incrusta-
riod.

tions.* Associated with these lower forms were myriads of
higher ones—erinoids, brachiopods, trilobites, gastropods and even fishes
remains of these earliest known vertebrates having been discovered in
the Trenton of Colorado by Walcott, in 1891.+

The presence of such swarms of animal life made necessary the exist-
ence of an abundance of plants, since the plant must ever precede the
animal and gather for the latter the energy, and form for it the food—
the living protoplasm—necessary to its existence. These plants were
mostly marine algw or seaweeds and fucoids, though doubtless mapy other
forms existed of which no remains have been preserved in the rocks of
that age.

The Trenton limestones were evidently formed in rather clear water,
at moderate depths. Near the bottoms of these shallow seas great beds
of calcareous sediment were gradually collected, and were swept to and

. fro by the tides and currents.  Rivers from the older Cam-
Formation y, ;01 rocks brought down their eroded particles and added to
of the  the thickness of the ocean floor.  Within these beds of sedi-

Trenton nent both plants and animals found a grave—their bodies in

Limestone. gqsr numbers. being buried beneath the slowly accumulating
deposits of centuries, Once buried in such deposits, they did not decay,
as do animals on land, because by the waters above and the calcareous
ooze around them, they were shut off from free oxygen, which is the chief
agent in decay. Gradually this ooze or fine sediment was, by the agency
of the sea water, cemented and consolidated into limestone. In time the
waters containing these beds of limestone, with their enclosed accumula-
tions of undecayed plants and apimals, became turbid, and, instead of
calcareous sediment, deposited mud and clayey sediment in thick beds on

1893‘ ggde Ulrich, Rep. on L. Sil. Bry. Minnesota (Vol. IIT, Geol. and Nat. Hist. Surv. Mion,
s 96,
t Buil. Geol. Soc. I1I, 1892, 153.




40 REPORT OF STATE GEOLOGIST.

top of the limestone strata. These deposits of mud and silt were after-
ward, by later deposits, compressed into the fine-grained, impervious
Utica shale, which thus effectually sealed the Trenton limestones and so
retained within them the oil and gas derived from their enclosed organic
remains. This oil and gas was probably not formed in a short time, but
is the result of a slow decomposition, carried on through hundreds and
thousands of centuries. The primary produet of such decomposition was
probably a light oil, which, in the course of ages, has, by volatilization,
yielded the gas, and has itself been condensed into the heavier petroleum.

Not only Trenton limestones, but every other limestone, as well as
most shales, have in the past produced petroleum in greater or less quan-
tities. Distributed in minute proportions through the substances of the
rocks, it easily escapes notice, but when intelligently looked for its pres-
ence is revealed, and, though the percentage is small, the aggregate is
often vast. If, for example, a stratum carries but onetenth of 1 per
cent, of petroleum and is 500 feet in thickness, it contains more than
2,500,000 barrels to the square mile. Indeed, so common is the occur-
rence of petroleum in stratified rocks that wherever a close-grained shale
occurs there is almost always a small accumulation of oil directly under-
neath it. The same thing is found when an impervious stratum of any
other composition than shale occurs in the geclogical series.

In concluding these remarks on the origin of petroleum, I can not do
better than to add as a sumwmary the following opinions of Dr. Edward
Orton, which, slightly modified, are as follows:

1. Petroleum is derived from organic matter.

2. Petroleum of the Pennsylvania type is derived from the organic
matter of bituminous shales, and is probably of vegetable origin.

3. Petrolenm of the Ohio-Indiana type is derived from limestones,
and is probably of animal origin.

4. Petroleum bhas been produced at normal rock temperature, and is
not a product of destructive distillation of bituminous shales.

5. The stock of petroleum in the rocks is already practically com-
plete.*

GEOLOGICAL DISTRIBUTION OF PETROLEUM.

If petroleum has been thus generally formed throughout the Trenton
limestone, why do not all parts of that geological formation yield it in
somewhat equal amounts? Why is it that a bore that pierces the Tren-
ton in one locality is a ‘‘ dry hole,” while another, but a short distance
away, results in a ‘“‘hundred barrel ” well? The answer to such questions
lies in the fact that the formation of large accumulations of oil depends

“Report on the Qecurrence of Petroleum, Natural Gas and Asphalt Rock in Western
Kentucky, 1891, 60,
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as much upon the presence of suitable strata to receive and retain them as
upon an adequate source of supply. In the minutely diffused state in
which the oil is originally formed it is wholly without value. Like all other
forms of mineral wealth, it must be concentrated into reservoirs, the so-
called “* pools” of the oil fields, before it can be utilized by man. The
conditions necessary to these accumulations are (1) a porous stratum of
. rock to serve as a reservoir; (2) an impervious cover above the reser-
voir; (3) an arched or anticlinal strueture of the rock in which the reser-
voir i8 located ; (4) a pressure behind the oil to force it into the reservoir.
Each of these necessary conditions will now be briefly considered.

The rock formations which best furnish the necessary porosity for the
accumulation of oil are (a) sandstones; (b) conglomerates, and (c) lime-
stones which have undergone a certain chemical change since their for-
mation.

In the case of the sandstones and conglomerates a natural porosity ex-
ists between the particles composing the rocks. The greater the degree
The Porous of poro.sity, tl:e grea;:cer the amou‘ut of oil contained in. tl.le
reservoir, or ‘pool.” In mocst, if not all cases, the oil in
sandstone reservoirs has been derived from the underlying
strata, which are usually fossiliferous and highly compacted shales.

The Trenton rock, when first formed, was a true limestone or calcium
carbonate (CaCO,), in some places very pure (94 to 98 per cent. car-
bonate of lime); in others, more or less mixed with silicious and other
impurities.

In time, as a result of the oscillations ever taking place in the sea level,
certain large areas of the Trenton limestone became raised into great,
shallow basins or lagoons, partially or almost wholly shut off from the
main ocean. In these basins the sea waters were in an unusually briny
condition, owing to large quantities of salts of magnesium which they
held in solution. These magnesium salts, especially the chlorides, in the
course of time, acted upon the purer areas of calcium carbonate, one-half
of the calcium being removed by the chlorine and replaced by magne-
sium, as shown in the equation (2CaCO; +MgCl,=CaMy2C0O, CaCl,),
the change resulting in dolomite or calcium — magnesium carbonate
(CaMg2CO,). This change took place only in the purer Trenton lime-
stone after the Trenton rock had been formed and consolidated, and be-
fore the Utica shale had been deposited over it.

As aresult of the change inte dolomite, the rock became reduced in
bulk about one-eighth of one per cent., and at the same time more or less
porous, the porosity resulting from the fact that the new crystals of dol-
omite never entirely filled the spaces from which the crystals of lime had
been removed.* The larger areas of the Trenton limestone were either too

Reservoir.

*In the change into dolomite small cavities in great numbers were left between the inter-
locking points of the replacing crystals, equaling, or even greatly exceeding, the spaces be-
tween grains of sand or pebbles.— Orton, Geal. Survey of Ohio, 1890, 69. ’
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impure to admit of the change into dolomite, or the conditions of sed level
were never such that the change could take place in them; hence, they are
Jound destitute of either oil or gas. Even in rich oil fields the porous dol-
omite has only been formed in a small proportion of the thickness of the
Trenton rock. Usually two or more ‘‘pay-streaks’’ or porous strata are
found in the upper fifty feet of the Trenton. The upper one of these
has a thickness of three to ten, or sometimes fifteen feet, and usually oc-
curs within twenty feet of the top of the Trenton. If the level of the
Trenton is low at the point where the bore is put down, the upper streak
is often lacking. The second porous stratum, usually the most productive,
lies about fifieen to twenty feet below the first and is separated from it by a
bed of unchanged, non-porous limestone. This alternation of dolomite and
limestone strata is probably due to alternations in the sea levels at the
time the limestone was undergoing the change into dolomite. Wherever
the Trenton limestone assumes its normal character and ceases to be dolo-
mitic, it ceases also to be oil-bearing. The change from an area contain-
ing porous rock into one wholly lacking it, is often abrupt. It is only the
former which contains the oil, and there is no known method, except by
drilling, of determining where the porous rock occurs.
In order to properly retain the accumulated petroleum the porous
rock must be entirely covered with an impervious stratum; 4. e., one
The through which neither the oil nor its volatile constituents will
", pass or can be forced by the enormous pressure behind it.
Impervious Such . U fve-rained shal d wh
Cover.  Such & cover is usually a five-grained shale, and wherever
such a stratum covers a porous rock, petroleum in greater or
less quantities is usually found. In the Indiana oil field the Trenton
rock is covered by an average thickness of 250 feet of that dark brown,
close-grained deposit known' as the Utica shale, which possesses every
quality of a typical impervious cover. The driller recognizes this
stratum as soon as he strikes it, by its color, its comparative freelom
from fossils, and the ease with which it is drilled and mixed with water.
" No free oil is found in the Utica shale, though by distilling portious of
it an amount equal to three per cent.* of the shale has been c¢btained.
Owing to the contractile movements of the cooling crust of the earth,
it has become in many places creased or raised into folds, which often
extend for long distances with great regularity. Sometimes these con-
tractions have been violent, resulting in a pushing upwards or protrusion
of the crust into chains of mountains. More often they
The . . . ’
... . have resulted in the formation of a series of broad, low
Anticlinal 168
Structure. rves, whose arches ar.e known as antlclme.s and whose
troughs are called synclines. These changes in level took
place in an early part of the earth’s history and affected mainly the older

*Dana, Manual of Geology, 4thiEd., 522.
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formations. Since then other formations have been deposited, filling up
the depressions and leveling the surface, so that the existence of these
wavelike folds in deep-lying strata is revealed only by the bore or shaft
sunk to them.

The records of the numerous bores put down in recent years for oil and
gas in Ohio and Indiana show that the surface area of the Trenton rock
is not, as many people think, a level plane, but that numerous rather
broad arches and troughs, or anticlines and synclines, exist in it. Ex-
perience has proven that the anticlines in the Trenton are important fac-
tors in the geological distribution and accumulation of oil and gas.
Where the anticlines occur the wells drilled along their crests yield at
first gas and after a time oil. Those drilled into the troughs yield only
salt water, while in those put down in the intermediate territory, or slope
of the anticline, there is mest probability of finding oil. The explana-
tion is obvious. The original brine in the Trenton, being heavier than
either gas or oil, sank to the lowest position it could reach; the lighter
oil assumed an intermediate position, and the still lighter gas was forced
or found its way upward to the crown of the arch, where it has re-
mained under great pressure, imprisoned by the impervious stratum of
Utica shale covering the porous reservoir.

In the Indiana oil field the production of a new well can usually be
foretold by the depth at which the top of the Trenton rock is found. If
it is from five to ten feet higher than the average in the nearby pro-
ductive wells, the chances are that it will yield much gas and little oil.
On the other hand, if the Trenton is struck ten to fifteen feet lower than
the average, the bore has pierced a trough or syncline, and a salt water
well usually results. Sometimes, however, there are apparent excep-
tions. Of two wells in which the Trenton is found at the same depth,
one will be a ¢ gusher,” and the other, but a short distance away, a ‘‘ dry
hole.” The only explanation which can be given in such a case is that
the latter has pierced a close grained or non-porous area of the Trenton,
through which no fluid can find its way. Again, there may be second-
ary or subsidiary flexures or anticlines which influence the distribution of
the oil in local areas. Finally, it may be said that the anticlinal struct-
ure has, by numerous tests and observations, been proven to be of the
greatest importance in the accumulation of oil in all the great productive
fields at present known to man.

The following illustration will, perhaps, lead to a better understanding
of the facts mentioned in the last few pages:
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D., Drift. N., Niagara limestone. H, R,, Hudson River limestone. U. 8., Utica shale.
T., Trenton limestone. A., anticline. 8., syncline. a to b, gas bearing stratum. b to c, oil
bearing stratum. ¢ to d, water bearing stratum of porous rock. e, preglacial channel
through Niagara limestone. f, non-porous Trenton limestone.

Wells, No.1 produce gas; Nos. 2, oil; Nos. 2, salt water; No 4, dry hole; Nos, 5, oil and
salt water.

‘Whenever the drill pierces a stratum of porous rock containing oil, the
latter iz pushed upward by the so-called ¢ rock-pressure” behind it.
Sometimes this pressure is so great that when the oil stratum is reached
the boring tools are expelled from the drill hole, and the oil escapes in a
fountain, rising high above the derrick, much of it being lost before the
flow can be controlled.

In most instances, even if the well proves to be one of small produc-

tion, the oil is forced upward several hundred feet in the drill
hole. This rock pressure has in the past eventually had much
to do with the accumulation of oil in the porous reservoirs,
and it will, therefore, be briefly considered in this connection.

Several theories have been proposed as to the cause of the pressure,
but the one which is upheld by the most facts, especially in the Trenton
limestone field of Okio and Indiana, is that it is nothing more nor less-
than water pressure, as in artesian wells, the water entering the porous
stratum at some point where the latter outcrops and so forming the
““head” or “source.” Dr. Orton has calculated the pressure which
should be found in certain wells at certain depths, if produced by a head
of water equal to the depth of the well below tide level, and has found
a remarkable agreement with the actually-measured pressures in many
wells of Ohio. He concludes, therefore, that ‘‘the rock pressure of

The Rock
Pressure.
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Trenton limestone gas or oil is due to a salt water column measured from
about 600 feet above tide to the level of the porous stratum holding the
gas or oil ¥

The outcrops of the porous Trenton rock which allow the water to
enter and so serve as a head, are probably located on the shores of Lakes
Superior and Huron at approximately the same elevation as that which
the salt water reaches in the oil wells.
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FIGURE ILLUSTRATING ARTESIAN ACTION IN INDIANA OIL FIELD.

The Trenton limestone, being porous, and covered by the impervious Utica shale, serves
as a channel for water. This water enters the Trenton at its outerops along the margins of
Lake Huren. In the Indiana oi} field the water is, therefore, under a “head’” equal to the
difference in depth between the Trenton at that point and the level of Lake Huron. It is
this *head’’ which gives the pressure to the oil and gas in Indiana,

The water when it first passed into the Trenton rock gathered the par-
ticles of disseminated oil upon its surface and pushed them ahead into
the higher and limited areas in which the great accumulations are now
found. It has since remained below these accumulations, and so served
as a seal on the lower side in like manner as has the Utica shale on the
upper. When the driller passes below the second ¢ pay-streak” or layer
of porous rock, he always finds the salt water, which rises in the well
several hundred feet, and sometimes flows out at the surface. As the
supply of oil is diminished the water takes its place in the pores which
the former occupied. ¢‘Salt water makes the normal and well-nigh uni-
versal contents of the porous rocks. The rare exceptions, in localities

/ favored by the accidents of structure, are the stocks of gas and oil, which
in reality are very scanty, but which, by comparison with each other, we
sometimes call great. Their total volume is insignificant when com-
pared with the other elements with which they are associated. We have
no reason to believe that all the accumulations of petroleum contained in
the crust of the globe would exceed a few cubic miles in volume, but the
salt water contained there would make a sea.”’—( Orton.)

If the above theory is the correct one, and all the facts tend to prove
that it is beyond a reasonable doubt, it will be seen that the rock pressure
is no indication of either abundance of the oil or permanence of its sup-
ply. The porous rock holds a limited amount; the salt water is behind
this amount ever pressing it forward into the vent furnished by the drill

*@eol. Surv, Ohio, 1890, 102.
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hole. When the supply is exhausted, asit naturally will be in time, there
is no source from which it can be renewed. The salt water will rise and
occupy the pores which formerly held the oil, and it will come to stay.

THE PHYSICAL AND CHEMICAL PROPERTIES OF INDIANA PETROLEUM.

The crude petroleum obtained in Indiana is a brownish black liquid
with a specific gravity of about ,853.* It possesses a rank acd disagree-
able odor, due to tiae sulphur compounds which it contains. The ele-
ments composing it are carbon, hydrogen, oxygen, nitrogen and sulphur,
the last two being present in small amounts. The first three are so com-
bined that the petroleum burns readily, and yields but a small amount of
residue.

Two samples of crude petroleum, one furnished by Mr. E. J. Little,
from the Van Buren, Grant County, field, and the other obtained by
Dr. W. A. Noyes, from one of the wells at Terre Haute, Vigo County,
were examined by Dr. Noyes, who reported on them as follows:

‘ Trrre Havute. VanN BUREN.

Bl e | 53| || 8 | eE| g, £

3 b=EC oy 5 <) bl e =

5 | 2 ¥ E 5 | 2 s =

a [5) =] B a ] =] <
Original oil.. . . ‘ . 0.879‘ 30° | ... 0.853 35°
Below 150°C . . P N [ I 72| 0719 ). .. .|Below20°C
150°-200°C. . . . . 12.0 0.793 | 48° 38 C 10.2 | 0.759 56° |Below 20°C
200°—250°C. . . . . 140 6.825 41¢ 65° C 10.2 0.799 47° 60°C
250°=3M° C. . . . 136 0.847 | 36.5° 85° C 12.2 0.826 41° 82°C
300°--350°C, . . . . 148 0.867 | 32.5° 97° C 148 0.844 37° . 96°C
350°—390°C. . . 406 | 0879 | 30° 45° C 418 | 0.860 34° 38°C

Total distillate. | 9.0 | .. | ... .. 96.4 B B

Residue by weight . . . . . . .. . . 62 percent. ||. .. ... .. .. 45 percent.
Sulphar . . ... . .. e e 72 percent. || ... ... ... .83 per cent.

“The oils were distilled rather slowly from flasks with the thermome-
ter in the vapor only. A thermometer filled with nitrogen and graduated
to 460° C. was used.

“ The oils appear to be quite similar in general character, but there is
less of the low boiling products in the Terre Haute oil, and the specific
gravity of the oil and of the various distillates is higher. The portion

*By specific gravity is meant its weight as compared with an exactly equal volume of
distilled water, the temperature of the two being the same.
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of the Terre Haute oil boiling at 350°—390° deposits considerable
amounts of solid paraffines at 15° C. The low flashing point of the high
boiling oil must be due to a partial ¢ cracking’ of the oil. From the
results, I calculate the following percentage of naphtha and kerosene
contained in the petroleums:

‘ Terre Haute. | Van Buren.
Naphtha below specific gravity 0.73 . . . . . . .. ... ... None. 10%
Kerosene between specific gravity 0.73—0.83 . ., ... . [P 30% 33%

The Terre Haute oil is derived from a different formation than the
Trenton.* It is darker colored, more ill-smelling (though, according to
the report of Dr. Noyes, the percentage of sulphur is less) and of a
greater density and weight than that from Van Buren. At the present
time it is used in the manufacture of illuminating gas and as a fuel.

Almost all of the petroleum from the main Indiana field is transported
by pipe line to the refinery at Whiting, Indisna, and there manufactured
into various commercial products. Within recent years a process has
been put into use by which the injurious sulphur compounds are removed
by means of iron filings, while the oil is in a state of vapor, so that ker-
osene almost equal in quality to that derived from the Pennsylvania oil is
now obtained from the once despised and litile-valued Trenton limestone
oil of the Lima-Indiana field.

*See Report on Geology of Vigo County, by Dr. J. T. Scovell, in this volume.
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CHAPTER I1.
THE INDIANA OIL FIELD.

The area of Indiana at present producing petroleum in commercial
quantities occupies a portion of s¢ix counties northeast of the center of
the State, viz.: Adams, Jay, Blackford, Wells, Grant and Huntington.
As shown on the accompanying mayp it comprises about 400 square miles,

being included within a strip of territory thirty-three miles

Area. long and twelve miles wide, extending {rom a short distance

northeast of Bryant, Jay County, to near Landessville, Grant
County. This territory comprises all or a part of each of the following
civil townships: Wabash and Hartford, Adams County; Bear Creek,

. Jackson and Penn, Jay County ; Harrison and Wash-
1 ington, Blackford Cuunty; Nottingham, Chester and
. Jackson, Wells County ; Van Buren and Washington,
1T Grant County; Salamonie and Jefferson, Huntington
T 9 County. Oulside of this field, as limited on the map,
no oil is at present being produced in Indiana, except

= at Terre Haute, Vigo County, where three wells have
] B - been yielding since 1889.

‘ The surface of the area now yielding oil was originally
one great plain, with only occasional small undulations
3 to break its monotony. This has been eroded in many
places by the streamg, which in the past have been
much Jarger than at present. Wherever
" bluffs or hills are found they are but the re-
ST *  sults of such erosion. But few outcrops of
= rock occur within the oil field and they are found only
along the streams where the water has eroded deep chan-
nels through the drift and bowlder clay, everywhere
covering the oil territory from a depth of 50 to 250 feet.
These outerops belong to the Niagara group of the Up-
per Silurian period.

The formations passed through by the drill in all
— parts of the field before the Trenton limestone is reached
Vﬁ are, therefore, as follows: Drift; Niagara limestone;

Hudson River limestone; Utica shale. In the east-
ern half of the field an average section showing the thickness of each
formation passed through would be about as fullows:

| R § 3§ & PR 125 feet.
2. Niagara limestone ................oiiiienis oointn 150 feet.
3. Hudson River limestone ..................ccoien.ae. 425 feet.
4, Uticashale ..ottt it i 300 feet.
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In the western half the average shows:

5. if 175 feet.
Niagara limestone 225 feet.
Hudson River limestone . 380 feet.
Utica shale 200 feet.

The average depth at which the Trenton rock is found
below the surface is very close to 1,000 feet, and the
first stratum of porous rock or first ‘‘ pay streak ” is
usually ‘between seventeen and thirty feet below the
surface of the Trenton, the upper crust of the Tren-
ton being a very pure, hard, non-porous limestone, often
containing as high as 95 per cent. of carbonate of lime.
The Indiana oil field is, without doubt, a westward
extension of the Ohio field, though as yet the connect-
ing area between the two has not been located. From
the easternmost Indiana wells, at Bryant, it is but-
geventeen miles in a southeasterly direction to the wells
at Fort Recovery, Ohio ; twenty-three miles due east to
those at Selma, Ohio, and twenty miles northeast to
those at Wiltshire, Ohio.
Throughout the Indiana field what is known as the
drive pipe, an iron tube 8 to 10 inches in diameter, is
forced down through the drift and boulder clay to
the solid Niagara limestone. In this stone is always
Salt .found Ifnore. or less .sult water ; hence, a casing 'tube bg or 6}
Water. inches in diameter is used through the full thickness of the
Niagara to shut out the water. Below the Niagara no water
is usually found until the Trenton rock is struck. If the well has been
located over a syncline, or trough, in the Trenton, salt water is apt to be
found before the drilling has proceeded very far into that formation, and
a well yielding only salt water usually results. If gas or oil is found the
salt water is usually below them, at a depth of sixty or more feet in the
Trenton ; and the operator is usually careful to see that the drilling is
stopped before that depth is reached. In some cases, however, the water
and oil are found together in the same stratum. Some of the best wells
in the Indiana field are big salt water wells, pumping from 150 to 700, or
even more, barrels of salt water and 40 to 150 barrels of oil daily, after
having been in operation for a year or more. It costs much more to
operate such a well, as it has to be pumped with a beam and, therefore,
requires a separate power. The salt water seems to keep the, pores of the
oil rock free from paraffine and other materials which have a tendency to
clog them up, and a well producing four or five barrels of water a day
in connection with the oil, is preferred by many operators to one that
produces oil alone.

4—GEOLOGY.
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WELLS COUNTY.

Wells County, in which petroleum in paying quantities was first dis-
covered, comprises an area of 372 square miles, 106 of which are in-
cluded within the known productive oil territory. The surface of the
county is level or gently rolling. The average altitude above sea level is
about 850 feet. The Wabash River flows diagonally across the county,
entering it on the eastern side, a little below the center, and flowing in a
northwesterly direction. The Salamonie flows across the southwestern
corner in the same direction, and these streams with their numerous
smaller tributaries furnish an abundance of running water and in most
townships an ample system of drainage.

The soils of Wells County are above the average in fertility. Made up
of a mixture of ingredients derived from the decaying rocks of the far north,
ground fine and thoroughly mixed as they were by the mighty glaciers which
brought them to their present resting places, they contain all the neces-
sary constituents for the growth of the cereal crops, and, therefore, do
not require an annual outlay for artificial fertilizers. Corn and wheat
yield enormously in the southern and western portions of the county, and
the majority of the farmers were in good circumstances long before the
drill revealed that another resource which had been stored since the old
Silurian days, lay far beneath the surface of the soil they tilled.

Two railways, the Toledo, St. Louis & Kansas City (“Clover Leaf””)
and the Ft. Wayne, Cincinnati & Louisville, pass entirely through the
county, while the Chicago & Erie touches its northern border; so that
the means for transportation of the resources of the county are excellent.

Three townships of Wells County lie largely or wholly within the oil
field proper, and in a fourth, Liberty Township, two or three productive
wells have been put down. Of these

NOTTINGHAM TOWNSHIP

is by far the largest producer, some of the richest pools in the State hav-
ing been found within its bounds. This township comprises forty-eight
square miles, being eight miles long by six wide; two tiers of sections on
the west side of Congressional township 25 north, range 13 east, having
been added to township 25 north, range 12 east, in its formation.

The first well in the township and the second in the present field was
put down on the Nathan Cory farm in the southeastern quarter of sec-
tion 28 (25 north, 12 east), by Mr. E. J. Little, in June, 1891. The
following record of this well has been kindly furnished me by Mr. Little:

68 feet.
306 feet.
1,026 feet.
1,036 feet.
1,038 feet.
1,051 feet.
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It began to yield at the rate of 250 barrels daily. This was kept up
for some time, but gradually fell, until in June, 1896, it was yielding but
three barrels daily.

The boring of this well and its success led immediately to the leasing
of the surrounding territory, and the rapid opening of the rich deposits
in the southern half of the township. The field took on a new lease of
life, and there has been no time since that drilling for oil has not been
going on in Indiana.

Of the forty-eight sections in Nottingham Township ten at present pro-
duce no oil These are sections 5, 6, 7 and 8, in township 25 north,
range 13 east, and sceticns 1, 2, 3, 10, 11 and 12 in township 25 north,
range [2 east. No driiling has been done in these sections except in the
southeast quarters of sections 3, 7 and 10, in each of which one dry hole
has been put down

In the northwest corner of the township no drilling has been done in the
north half of sections 4, 5 and 6, nor in the southwest quarters of sections
4 and 6. The southeast quarters of each of these sections have light wells
on them, while the southwest quarter of section 5 contains one dry hole.

Sections 7 and 8 and the northeast and southwest quarters of section 9
are proving to be good territory. In section 8 Sharpe & Hittman have
nine wells which in June, 1896, were producing fifty barrels daily. One
of these started in June, 1895, at two hundred and fitty barrels, averaged

one hundred and fifty barrels for fifteen days, but by June, 1896, was
down to ten barrels. In these wells the Trenton rock was struck at a

depth of 998 to 1,003 feet, and the first porous stratum at seven feet

lower. The northwest and southeast quarters of section 9 yield little oil,

several dry holes having been drilled on them. A pumping station of
the Buckeye Pipe Liue is located at Ruth, in the southwest quarter of

this section. Two twelve-thousand barrel tanks are located at the station,

and much of the oil produced in Nottingham and Chester Townships is |
forced from there through a four-inch main to Preble, Ohio, where it

enters the main leading to the refinery at Whiting, Indiana.

Beginning on the east side of the next lower tier of sections, we find
that section 17 (25 N. 13 E.) produces some oil in its northern half,
while its southern half may be classed as good territory. Section 18 has
_ scarcely been tested, and its southern half may in time become produc-
tive. The north halves of sections 13 and 14, and the northeast quarter
of section 15 (township 25 north, range 12 east) are as yet undrilled.
The south halves of 13 and 15 are good producers, while that of 14 has
so far proven light. Sections 16, 17 and 18 comprise good producing
territory, section 17 being one of the best in the entire field. In the
“ Abshire” pool, in the south half of section 16 and the north half of
section 21, forty wells have been put down by the American Oil Com-
pany. The first one was drilled in June, 1893, and the others at inter-
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vals of about one month thereafter. The average production of the
forty in September, 1896, was ten barrels each. The Trenton rock was
found at an average depth of 1,001 feet.

In the next tier of sectioms, Nos. 19, 20, 21, 22, 23 and 24 (25 north,

12 east) have all yielded good wells, those of the south half, section 23,
being the best. Pumping stations of the Buckeye Pipe Line are located
in the southwest quarter, section 19, and the southeast quarter, section
23. Two dry holes had been put down in the southeast quarter, section
24, prior to 1896, and the greater portion of the quarter section thereby
condemned. W. H. Dye, of Indianapolis, re-leased the territory, and in
the autumn of that year put down two wells, the first of which started
at 200 and the second at fifty barrels, thus furnishing proof that one or
two dry holes on a quarter section are no evidence of its non-productive-
ness. .
Sections 19, 20, 29 and 30 (township 25 north, range 13 east) have
proven good territory, except the northeast quarter of 19, where two
dry holes have been drilled. On the Peter Schott farm, in the south-
east quarter of 19, a well was drilled thirty feet into the Trenton in
1894, and yielded nothing but salt water. It was abandoned and partly
filled with sand. In May, 1896, a new derrick was put up, the sand
and water pumped out, and the bore put down twenty feet deeper and
then shot. A hundred-barrel well resulted, which is still keeping up a
good yield. :

Of the two remaining sections in 25 north, 13 east, No. 32 has a fair
yield, while 31 ranks among the best in the township.

The Cudahy Bros., of Chicago, have recently erected in the north-
west quarter of section 32 a pumping station and a 38,000-barrel tank.
The Northern Indiana Oil Company, which operates a large amount of
territory in this portion of the Indiana field, is controlled by them, and
the oil will from January 1, 1897, be pumped directly to Chicago
through some large mains put down in 1896.

The farm of Geo. W. Brookhart, occupying the northeast quarter of
section 31, has been one of the best producers in the Indiana field. The
first well was drilled in May, 1893, the second in June, and the third
and fourth in the last half of the same year. Five additional wells were
put down in 1894, and four in 1895. Up to September 1, 1896, Mr.
Brookhart’s one-eighth royalty had amounted to over $12,800 for the
thirteen wells, so that more than $100,000 worth of oil had been pro-
duced from the 160 acres. The depth at which the Trenton limestone
was found ranged between 997 and 1,011 feet for the thirteen wells.

The No. 11 well on this farm was thought at first to be a dry hole.
“If it had been outside of the farm,” said Mr. Brookhart, ¢ it would
have been abandoned.”” The company finally concluded to shoot it with
200 quarts of nitroglycerine. After the shot it yielded only salt water
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for a week. Then it began yielding oil at the rate of thirty barrels a day.
This rapidly increased, and when the well was fifty-six days old it bad
produced fifty-four tanks of oil, proving itself by far the best well on the
farm. In September, 1896, it was yielding forty barrels of oil and 125
barrels of water a day. Like other large water wells, it has to be
pumped alone; whereas the remaining twelve wells, together with four-
teen on adjoining farms which are operated by the same company, are
pumped by one power. The Geo. Updegraff farm and the Wolff farm,
in the quarter section just south of that of Brookhart, have yielded pro-
portionally as much as the Brookhart farm.

Sections 25 to 32, inclusive (township 25 north, range 12 east), have
proven good oil territory. On the Harshman and Templin farms, in the
northwest quarter of section 26, Davenport, Simmons & Co. put down
several wells in 1894 and 1895. The average record of these wells, as
given me by Mr. L. C. Davenport, was as follows: :

Drift .o e 108 feet.
" Niagara limestone .............. o iiiiiiiiiien., 164 feet.
Hudson River limestone. ...........ccoveii i 443 feet.
Uticashale......... ... ... i 300 feet.
Trenton struck at. ....... ... i 1,015 feet.
Firstoil struck at .......... ..o o i 1,028 feet.

In the best well on the quarter section the Trenton was found at a
depth of 1,010 feet; the well starting at 160 barrels per day in March,
1894, and being down to ten barrels in June, 1896. In the poorest well
the Trenton was found at 1,023 feet. The well started at twenty bar-
rels and was down to three in a short time. KEighteen thousand dollars
was spent on the lease. Oil equal to that amount in value was produced,
and the property was then sold for $18,000. Since then five bores have
been put down on the quarter section, four of which have proven dry
holes.

As an example of what may be done with a fairly good producing
small lease, when properly managed, we may mention that of the 40-acre
farm of Margaret Yeager, in the northeast quarter, section 28, operated
by L. C. Davenport, of Bluffton. It has on it four wells, the first of
which was put down in 1893, and the last in 1894. The average of the
well records, as kept by Mr. Davenport, are as follows:

Drive pipe.. . ..o e 54 feet.
JABIDE « ot e e e e et 294 feet.
Trenton struck at ... .. i e 1,031 feet.
Oil found at ... ... i 1,046 feet.
Total depth ......... .. i 1,073 feet.

Average initial product, 55 barrels.

Up toSeptember, 1896, $5,500 had been expended on the lease; $6,000
worth of oil had been sold; and the property was valued at $4,000,
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based on the market price of oil, 57 cents per barrel. The four wells
were then yielding about 18 barrels of oil daily. The only expense for
operating was the salary of the pumper, $45 a month; gas and oil,
yielded by the wells, being used as fuel. '

In the northwest quarter section 29, the Schooley farm has proven
excellent territory, more than $80,000 worth of oil having been produced
by the 11 wells drilled on it.

Sections 33 and 34 are rather lighter in their yield than those of the
remaining sections of the lower tier; while sections 35 and 26 (25 north,
12 east) are both counted as good territory. On the J. Brown farm, in
the northwest quarter, section 36, the average record of four wells is as
follows::

Drive pipe......cooiiiiiiiii 128 feet.
Casing setat. ... ... ooi it i e 264 feet.
Trenton struck at . .......... .. ... . o 1,010 feet.
Oil found at.......ooo i i 1,025 feet.

Total depth ........ . .. oo i 1,060 feet.
Average initial output, 80 barrels.
Average output in June, 1896, 6 barrels.

An average of the township will probably show 280 feet as the amount
of cesing put in, and 1,020 feet as the depth at which Trenton is found.

Up to the present, Nottingham Township has probably yielded more
oil than any other two townships in the Indiana field. The wells, while
not starting in with as large a flow as in some other parts of the field,
have held up better. But few, even of the older wells, have as yet been
abandoned. While most of the territory has been tested, there is un-
doubtedly some which has been condemned by one or two dry holes,
which will yet be found to be productive. Examples of such territory
have already been noted as occurring on the H. Brooks farm in section
24 and the Peter Schott farm in section 19 (25 north, 13 east).

Again, some of the sections in the northern half of the township, as
yet uundrilled, will probably be found to yield oil in fair amounts, while
in much of the territory now producing there is still room for additional
wells, so that the output of oil from the township bids fair to be a good
one for a number of years to come.

CHESTER TOWNSHIP

comprises thirty-six square miles, corresponding in its civil boundaries to
the Congressional township, 25 north, range 11 east. Although a num-
ber of good wells have been found within its bounds, the township as a
whole contains much light oil territory and has proven a disappointment
to those interested in the development of the Indiana field.
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The first well to show oil in any quantities in the State was put down
by the Northern Indiana Oil Co., on the D. A. Bryson farm, near Key-
stone (southwest quarter of section 26), in June, 1890. The Trenton
limestone was found at a depth of 986 feet, oil at 1,012 feet and salt
water at 1,023 feet. The well flowed naturally sixty barrels the first
twenty-four bours, but in three months had declined to twenty-five bar-
rels. It was then shot with forty quarts of nitroglycerine, and the flow
increased to 100 barrels, but in nine months was down once more to
twenty-five barrels. Once again it was shot, this time with 100 quarts,
and the flow again increased to 125 barrels, but in two weeks was down
to seventy barrel«; in three months, to fifty barrels; and in 1896, when
six years old, was still yielding eight barrels daily.

Several other wells were put down in 1890 by the Northern Indiana
Co. in the vicinity of the first one, but, as none of them showed oil in
paying quantities, the company gave up the idea of getting oil there, and
no further drilling was dobe in Wells County until Mr. E. J. Little put
down the Cory well in Nottingham Township.

Taking up the sections of the township in detail, we find that Nos. 1
to 4, -inclusive, have had but one well drilled in them. This was on the
southeast quarter of section 3, and came in in July, 1896, as a very light
producer. The Trenton rock was struck at a depth of 998 feet.

Section 5 contains three very light wells on its south half, and one dry
hole on its northwest quarter, where the rock was found low—1,020 feet.

In the north half of section 6 a number of wells were put down in
1896, but the yield was light. The Trenton was found almost level,
ranging from 1,011 to 1,016 feet. The south half of section 6 and sec-
tions 7 and 8, comprise good territory. It was in this locality that one
of the principal extensions of the Indiana field was made in 1896, the
line of the known producing territory being extended south and east of
Mt. Zion, through sections 7 and 8. A number of the wells put down
in these sections started out at 100 to 250 barrels daily.

Sections 9, 10, 11 and 12 have practically no production. Dry holes
have been put down in the northwest and southeast quarters of section
9, the southwest quarter of section 11, and the northeast quarter of sec-
tion 12 The remaining parts of the sections have not been tested, ex-
cept the northeast quarter of section 11 and the southeast quarter of sec-
tion 12, where one or two light wells are located.

A light production only has so far been obtained in sections 13, 14, 15
and 16. On the John Kennedy farm in the northwest quarter of section
16, A. L. Sharpe drilled in a well in July, 1896, which produced much
gas, the Trenton being found at 984 feet, and a small amount of oil.
Gas was first struck at 12 feet in the Trenton and oil at 27 feet. Three-
fourths of & mile west, on the T. J. Callahan farm (northwest quarter of
section 16) the Trenton was found to be 44 feet lower down, and no gas, oil or
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water was found until a depth of 1,051 feet was reached where ¢‘ Blue
Lick” water occarred. Between the two wells above mentioned, a bore
on the farm of John McKey (northeast quarter of section 16) developed
the Trenton at 1,014 feet, and a good production of oil. Such facts are
strong proofs of the truth of the anticlinal structure of the Trenton hav-
ing mucl to do with the distribution of the petroleum; the gas on the
Kennedy farm being found in the crest of an anticline; the water on
the Callahan farm in a syncline, and the oil on the McKey farm in in-
termediate territory.*

Sections 17 and 18 may be classed as good territory, the south half of
section 17 being lighter than the north half

Of the next lower tier of sections, Nos. 19 to 22, inclusive, are light
producers, the Trenton being found rather low. On the William Bennett
farm in the northwest quarter of section 23 are a number of fairly good
wells, and from there eastward through section 24 the Trenton rises and
the preduction becomes better. The east half of section 24, and sections
25 and 26 may be classed as good producing territory, while Nos. 27 to
34, inclusive, are light, the four in the southwest corner of the township,
viz., 29, 30, 31 and 32 being especially so. No drilling has, however,
been done in section 28. In the south half of section 84 the Trenton is
found 1,000 tn 1,005 feet. Nearer Montpelier, in the township south, it

rises to 970 feet, and the bores show much gas and a better production
of oil.

Coming back to the southeast corner, we find sections 35 and 36 to be
like the ones above them—good producers. These four sections evidently
form a natural portion of an area of rich territory found to the eastward
in Notiingham Township, and to the south and southeast in the corners
of Harrison Township, Blackford County, and Penn Township, Jay
County.

On the eighty-acre farm of Jane Howard, in the northeast quarter of
the northeast quarter, section 36, seven wells were put down in the spring
of 1896 by F. E. Alexander. In six of them the Trenton rock was found
at a depth of 1,024 feet, and in the seventh at 1,039 feet, the oil being
found at seventeen to twenty feet lower in each case. All were produe-
tive, the initial output ranging from one hundred and fifty down to thirty
barrels. In three weeks the one hundred and fifty barrel well was down
to thirty barrels, while the thirty barrel well, when six weeks old, was
still yielding eighteen barrels. A dry hole was put down on the farm
immediately west, the Trenton being struck at 1,024 feet.

From what has been written concerning the production in Chester Town-
ship, it will be seen that the southeastern and northwestern corners only
can be classed as good territory, the remainder baving, as yet, shown a
small production. A large portion of the southern half of the township

*See page 43.
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seems to have the surface of the Trenton in a syncline which gradually
rises to the westward, resulting in some good producing territory in the
southern half of Jackson Township.

JACKSON TOWNSHIP

contains thirty-six square miles, and corresponds to the Congressional
township (25 porth, range 10 east).

Of this area about ten square miles may be classed as good oil produc-
ing territory. The remainder has, up to the present, yielded but little oil.

In the northeast corner, sections 1, 2, 12 and 13, and the north half of
11 seem to form the western half of what may be termed the Mt. Zion
pool, inasmuch as they have proven themselves highly productive. Sec-
tion 1 has probably produced more oil than any other section in the town-
ship.

On the G. W. Huffman farm, in the west half of the section, eleven
wells were put down in 1894-5, in which the Trenton rock was found be-
tween 997 and 1,003 feet. For the month of May, 1896, the wells yielded
3,354 barrels, and for June 3,018 barrels, an average of ten barrels each
daily.

No drilling has been done in sections 3 to 7, inclusive, except in the
northeast quarter of 3 and the south half of 4, where some fairly pro-
ductive wells have been put down. Section 8 has one dry hole in the
northwest quarter, the remainder being untested. In section 9 two
holes were put down in the south half in which a show of oil was found,
but not enough, the operators thought, to warrant the expense of shoot-
ing the wells. The northwest quarter of the section contains fair and
the northeast quarter good producing wells. The west half of section
10 contains some light wells, the east half being undrilled. A pumping
station of the Buckeye Pipe Line is located on the northeast quarter of
this section. ‘

The south half of 11 and the east half of 14 include light producing
territory, being seemingly on the southwestern edge of the Mt. Zion
pool.

The west half of 14 and the north half of 15 are undrilled, while in
the south half of 15 three bores have been put down, which resulted in a
dry hole, a salt water well and a heavy gas well, the last two showing
oil in small quantities.

A dry hole in the southwest quarter of 16, and one in the northwest
quarter of 17, are the results of the only bores in those sections. Section
18 has had two wells put down on the east half which were so light that
they are no longer pumping. The west half, and section 19 except the
southwest quarter, are undrilled. On that quarter section several fair
producing wells are located.
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Section 20 has had several very light wells drilled upon it.

On the

Mercer farm, in the east balf of the southeast quarter, the No. 1 bore

put down by W. B. Little & Co. showed the following section :

Drift .. e 121 feet.
Niagara limestone. ....... ..o i ii i 259 feet.
Hudson River limestone ... 287 feet.
Uticashale ..... ... .o i 300 feet.
Trenton found at........... e 967 feet.
Totaldepth. ... ... i 1,025 feet.

Result, dry hole.

Twelve hundred feet east a gas well was put down in 1891, which
is now pumping about six barrels of oil daily, the supply of gas having

gradually dwindled to practically nothing.

Section 21 and the southwest quarter of section 22 contain a number
of fair producing wells. The Mercer No. 2, put down by W. B. Little,
in the north half of the southwest quarter of section 21, in May, 1895,

bas the following record :

Drift ..o 231 feet.
Niagara limestone. ........ ... i, 154 feet.
Hudson River limestone ............................... 296 feet.
Uticashale ... ... . o 300 feet.
Trenton found at.................... ... .. ... ... ..... 981 feet.
Total depth. ....... .. . i 1,020 feet.

Average initial product, 75 barrels.
Daily product in June, 1896, 8 barrels.

The great discrepancy in the relative thickness of the drift and Niagara
in this bore and Mercer No. 1, suggests the presence of a preglacial chan-
nel in the Niagara, at the point where No. 2 was put down. In the north
half of 22 and in section 23 a number of holes have been put down, but
the yield of il has been very light. Section 24 is undrilled, except in

the northeast quarter, where a few light wells are found.

The sections of the next tier, 25 to 30 inclusive, are all light produc-

ers, except Nos. 27 and 28, which may be classed as good.
balf of 30 has not, as yet, been tested.

The south

In the lower tier no drilling has been done in 31. The south half of
32 has a few light wells, and the north half two bores which yielded oil
for a while, but are no longer pumped. Farther east the production be-
comes much better, and sections 33, 34 and 35 each have a number of
good wells, while 36 is less productive. On the Byall farm in the south-
east quarter of 34 is a large salt water well, which is also noted for its
production of oil. It was finished in March, 1892, and in September,
1896, when four and one-half years old, was producing forty barrels of
oil and 700 barrels of water daily. Two similar wells are located on the

T. J. Banter farm in the southwest quarter of section 35. One of them,




THE PETROLEUM INDUSTRY IN INDIANA. 59

finished in June, 1895, was producing forty barrels of oil and 1,000 bar-
rels of water in September, 1836. The other, finished a month later,
yielded 210 barrels of oil and no water for several days before shooting.
In a short time it began yielding water, and in September, 1896, was
producing thirty barrels of oil and 500 of water daily. In such instances,
it is believed that the water flows or is forced through the porous stratum
and brings in with it oil from other territory.

While on the map the whole of Jackson Township is included in the
productive area of the Indiana ficld, the good preduciion, it will be
seen, has been in spots, with much iotervening territory, either undrilled
or with a very light yield. In the center of the township, as well as in
its northwestern fourth, there is much territory which has been con-
demned by dry holes, which, with a fair test, might prove productive.
It is the writer’s opinion, based on a careful study of the Indiana field,
that there are greater chances of striking oil in the undrilled portions of
such a-township as Jackson, which lies within the limits of known pro-
ductive territory, than by ¢ wild catting,” outside of such limits.

LIBERTY TOWNSHIP (26 NORTH, 11 EAST)

lies north of Chester Townpship, and east of Salamonie Towpship, Hunt-
ington County. But little drilling has as yet been done within its bounds.
A bore in section 22 resulted in a salt water well A dry hole was put
down in the southeast quarter section 34; and, in 1846, two light pro-
ducing wells and one dry hole in the south half of section 31. One of
the wells, Jocated on the William Dalby farm, had an initial product
of 50 barrels. The Trenton is found comparatively low in the section,
being struck at a depth of 1,023 feet. A number of good wells have
been drilled immediately west in sections 25 and 36, Salamonie Township,
where the Trenton occurs between 990 and 1,000 feet.

* K

Outside of the productive area shown on the map oil has been found
at one or two other localities in Wells County, but not in paying quanti-
ties. At Kingsland, Jefferson Township, in the southwest quarter, sec-
tion 33 (28 north, 12 east), Judge E. R. Wilson put down a well in
1890 for gas. It yielded but a small amount of gas and six barrels of oil
daily. The well was capped in and 800 feet east a second bore was put
down seventy-three feet into the Trenton, without finding either water,
gas or oil.

Two bores were put down in Lancaster Township in 1894 by W. B.
Little, one of which contained a small amount of oil. It was located on
the east half section 11 (27 north, 12 east) and showed the following
section :
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Dt e 80 feet.
Niagara......oovr i i i e 420 feet.
Hudson River limestone............................... 300 feet.
Uticashale. ....... ... ... .. . . 347 feet.
Trenton at. ...t 1,147 feet.
Showingofoilat........ ... ... o il 1,168 feet.
Blue Lick (sulphur) water ................ ... ... ... 1,187 feet.
Total depth ... .. ... i 1,200 feet.

The second bore in section 1 (27 north, 12 east) found Trenton at
1,120 feet, and produced a small flow of gas.

ADAMS COUNTY.

This county lies east of Wells County and is bordered on the east by
the Ohio State line. Itis twenty-four miles in length from north to south
and fourteen miles in breadth, comprising, therefore, an area of 336
square miles. Like Wells County, the surface is comparatively level,
but well drained by the St. Mary’s and its tributaries in the northern
half and the Wabash and its tributaries in the south. The soil is rather
more retentive of moisture than that of Wells County, but the materials
composing it are essentially the same, and its fertility, where properly
drained, has proven excellent.

Three railways pass through the county, the G. R. & I. from north to
south, and the T., St. L. & K. C. and Chicago & Erie froni east to west;
Decatur, the flourishing county seat, being a junction point of the three.

Petroleum has so far been found in paying quantities only in the two
townships of Hartford and Wabash, in the southwestern part of the
county.

HARTFORD TOWNSHIP

comprises an area of only twenty-four square miles, the two western tiers
of the Congressional township (25 north, range 13 east) being included
in the civil townsbip of Nottingham, Wells County. Of this area about
one half is at present producing oil in paying quantities.

The first productive well in Adams County was put down by the Bolds
Brothers on the George Shoemaker farm, east half of northeast quarter of
section 26 (25 north, 13 east), in February, 1892, It started at 110
barrels a day and proved an incentive to much drilling in the neighbor-
hood. The second well on the same farm was drilled in May, 1893, with
an initial production of 100 barrels, and the third in July, 1892, started
at sixty barrels. The lease was then sold for $8,000, much less than its
actual value.

The most northern production in Hartford Township, at the present
time, is in section 13, where there are several light producing wells.
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Bores have been put down in sections 2, 4, 10, 11, 14, 15, 16 and 21, all
of which resulted in dry holes or salt water wells.

Some good producing wells are found in the southeast quarter of sec-
tion 22, but the remaining portions of the section have been condemned
by bores resulting in salt water, or nothing. Sections 23 and 24 both
comprise good territory; the former has one dry hole near its center, but
several wells starting at 150 to 180 barrels have been located within its
bounds. The southeast quarter of 24 has in the past yielded much gas,
but has recently changed into productive oil territory.

The remaining sections of the township are all noted as good producers.
On the C. Herschey farm, in the northeast quarter section 25, thirteen
wells have been bored, the average depth of the Trenton being 1,004
feet, and the average initial production one hundred barrels. = On the JJ.
A. Martin farm in the southwest quarter of the same section, the record
of a well put down in 1892 is as follows:

Drive pipe ..110 feet.
..230 feet.
Trenton struck at 996 feet.
Initial production, 150 barrels.
Produection in October, 1896, 2 barrels.

On the northeast quarter of section 28 the drift was found to be fifty-
seven feet thick, the Niagara 173 feet thick, and the Trenton at a depth

of 1,002 feet. A number of the first wells in this portion of the township
were drilled only about twenty feet into the Trenton, and so missed the
second porous stratum, which lies deeper. The yield of oil from them has
been much less on this account than what it otherwise would have been.

In section 33 the Trenton lies at about 1,003 feet below the surface.
In section 34 a bore put down in 1893, and resulting in a dry hole, con-
demned 320 acres of land belonging to Joseph Watson. In 1895 it was
re-leased, and has resulted in one of the most productive farms in the
township.

In the south halves of sections 35 and 36 the Niagara limestone seems
to have been cut out by spurs or tributaries of a great preglacial river,
which will be mentivned more fully hereafter. As a result 350 to 400
feet of drive pipe must be used, and the expense of drilling is thereby
much increased.

In the area of Hartford township in which oil has been found, the initial
production has been above the average for the Indiana field, and the wells
have held up better than those in the western part of that field. The
large number of dry holes and salt water wells already down in the north
part of the township are a strong proof that the northern boundary of the
productive area has been practically determined, and that but few, if any,
good wells will be found outside of the line shown on the map.
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WABASH TOWNSHIP.

But four square miles of this township have up to the present yielded
oil in commercial quantities. They comprise sections 18, 19, 30 and 31
along the western edge.

Along the northern border of section 18, Jones, Good & Co. have five
light producing wells, the first of which was put down in 1892. Each of
the five had a good initial production, but it gradually dwindled until in
November, 1896, the total yield was but about ten barrels a day. The
south half of section 18 and the north half of 19 have each been tested
by several bores, which yielded salt water and but little oil.

The south balf of 19 and the west half of 30 have esch a number of
good wells located on them. On the I. Wheeler farm, in the northeast
quarter of 80, the Trenton was found at 1,030 feet and a dry hole re-
sulted. On the J. Bucher farm, in the southwest quarter of the same
section, two wells were put down in 1896, which started at 150 and 120
barrels respectively. In these the Trenton was found at 1,012 feet.

The wells on section 31 have been light producers. The drift is here
found 400 feet deep, as also in the northwest quarter of the northwest
quarter of section 32, where a single light well has been bored.

Wells in which more or less oil was found have been put down in
Adams County at several points outside of the present producing area.
In Wabash Township, on the southeast quarter of section 10, the Standard
Oil Co., in 1893, drilled a well which started at fifty barrels. Much of
the surrounding territory was immediately leased and a pipe line laid to
the well mentioned, but the production rapidly dwindled and no further
developments were made.

In the outskirts of Geneva, in the northeast quarter of the northeast
quarter of section 29 (25 north, 14 east), a bore resulted in salt water
with a showing of oil. The drift was here found to be 400 feet thick. A
two barrel well was also developed in the northwest quarter of section 25.

In the south halves of sections 31 and 32 (township 26 north, range 15
east), Blue Creek Township, several bores have been put down. One,
by the Superior Oil Co., resulted in a fifteen barrel well, which will still
yield five barrels daily. The others were dry holes or salt water wells,
which stopped further operations. The Trenton is here found at a depth
of 1,092 feet, while seventy-seven feet of drive pipe and 300 feet of casing
are necessary.

These isolated wells go to prove that oil occurs in the Trenton of the
southeast corner of Adams County. There is little doubt, as already
mentioned, but that the Indiana field is connected with that of Ohio by
a strip of territory in southeastern Adams and northeastern Jay—the
limits of which have not as yet been defined by the drill.
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JAY COUNTY

comprises an area of 387 square miles, lying south of Adams and the
eastern half of Wells counties and west of Mercer and Darke counties,
Obio. The surface of the county is gently rolling or nearly level, and
the soil of most portions proves very fertile where properly drained and
tilled. The Salamonie River flows through the county from southeast to
northwest and drains its western and southern halves. The Wabash
River touches its northeastern corner and through its tributaries-drains
the townships of Wabash, Bear Creek and Jackson.

The G. R. & L. Railway, passing north and south through the center
of the county, crosses the L. E. & W. main line, running east and west,
at Portland, the county seat. The P., C. & St. L. crosses the southwest
corner of the county, passing through the thriving towns of Dunkirk and
Redkey, so that the facilities of transportation in all directions are excel-

. lent.

In the Indiana field, Jay County ranks next to Wells as a producer of
petroleum. The area at present productive of oil in commercial quanti-
ties lies for the most part west of the (. R. & L. Railway, in the north-
ern tier of townships, though a few light wells are producing east of that
line.

BEAR CREEK TOWNSHIP (24 NORTH, 14 EAST).

Of the thirty-six square miles embraced in the civil township of Bear
Creek seven produce oil in sufficient quantities to pay for operating the
wells. Those seven are sections 6, 7, 8, 9, 16, 17 and 18.

The west half of section 6 contains some good wells. On the farm of
Dr. C. 8. Arthur, in the northwest quarter, two bores struck the Trenton
at 1,002 feet, one yielding 280 barrels the first day, the other being adry
hole.

The east half of the section is untested, except the extreme southeast
corner, where a dry hole has prevented the drilling of adjacent territory
in section 5. Section 7, and the southwest quarter of section 8 may also
be called good territory. Bolds Bros., in 1892, held leases on 480 acres
in section 7, and put down a bore which developed a dry hole. They
gave up the leases, and the territory was re-leased and a second dry hole
put down. Again abandoned, Bold Bros. took it up a second time and
developed sixteen producing wells, which were yielding 110 barrels
daily in 1896, when the property was sold for $30,000 to the Warren
Oil Company. An average section of these wells shows:

Drive pipe . ... 75 feet.
Casing . ... s 235 feet.
Trenton at .........c.oovinnia. e 993 feet.
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East of the G. R. & I. Railway, and northeast of Bryant, thirteen
bores were put down in 1896, in sections 9, 10, 15 and 16 The first
one, in the south half of section 9, started in June with a yield of
125 barrels, but by October had dropped to four barrels daily. The
large initial product of this well caused the drilling of the remaining
twelve, five of which were dry holes, and the remainder ounly light pro-
ducers. The one farthest northeast in the nortbeast quarter of section
10 was yielding ten barrels a day when the engine was moved and the
well plugged. Dry holes have been bored in the northwest quarter of
section 14 and the southeast quarter of 15. In the porth half of section
16 three light wells are located, while the south half is undrilled.

The north halves of sections 17 and 18 contain good wells; the south
half of 17 being undrilled, and that of 18 having three bores each with
a showing of oil, but not enough to pay for pumping.

In addition to those mentioned, bores have been put down in the town-
ship as follows: Two gas wells in section 19; two wells with a showing
of oil, and one dry hole, in the northwest quarter of 31 ; one dry hole in
the southeast quarter of 24. While the results of the developments so
far made in Bear Creek Township have not been flattering, there is little
doubt but that some good wells will yet be found in the undrilled terri-
tory of the two nerthern tiers of sections,

~

JACKSON TOWNSHIP (24 NORTH, 13 EAST.)

While the north half of this township has proven above the average
for the Indiana field, the south half has as yet yielded little oil, and
that in isolated pools.

Many more wells would have been put down in the north half had it
not been for the deep drives necessary in what is known as the Loblolly.
This name is given to a low, marshy tract of territory occupying the
larger portion of the two northern tiers of sections in the township. A
number of small lakes, very narrow and deep, were formerly scattered
throughout its area, while the greater portion, not occupied by the lakes,
was covered with water during a part of the year. Much of this terri-
tory has in recent years been reclaimed by draivage, and the soil proves
to be among the richest in the county.

Since the discovery of oil in Indiana numerous bores have brought to
light the remarkable fact that the Niagara limestone, which underlies the
drift in all other portions of the field, is entirely lacking in the greater
part of the area known as the Loblolly ; and that the drift, instead of
ranging from 50 to 175 feet in depth, as elsewhere, is here from 250 to
420 feet, and in a few instances, even 520 feet deep. :
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This phenomenon is without doubt due to the presence of a preglacial’
channel, which was eroded throtgh the Niagara limestone, then the sur-
face rock, by a large river which flowed in a southwesterly direction
through the townships of Wabash, Adams County; Jackson and Penn,
Jay County, and Harrison and Washington, Blackford County, its course,
but not always its limits, having been traced by the bores put down in
recent years. '

This stream was probably the outlet of the melting waters of a great
glacier which occupied a region far to the northeast. These waters flow-
ing for centuries over the Niagara limestone gradually wore a channel
through its entire thickness in 1he region wow known as the Loblolly.
Afterward the glacier itself movad slowly over the region, grooving and
planing the surface of the solid rocks, strewing for hundreds of miles in
its track beds of clay and sand and gravel, thereby filling up the chan-
nels of its ancient outlets ‘and so hiding all knowledge of their course
and depth, until man, seeking wit™ steel drill for a hidden resource, dis-
covers the absence of the eroded rock and reasons out the cause thereof.

The Loblolly district simply embraces a portion of the old bed that
was deeper than the rest. The drift deposited in it being so much thicker
than over the surrounding area of Niagara rock, and having no solid sup-
port near the surface, as did the latter, settled to such an extent that its
surface was a few feet lower, and over this lower portion the surface
waters collected. Wherever the Niagara has been thus eroded the cost
of putting down a well through the deep drift is much greater, being
seventy-five cents to one dollar a foot, as against forty-five te fifty cents
in other places.

The northernmost tier of sections in Jackson Township, Nos. 1 to 6,
inclusive, have all proved highly productive of oil. In the northeast
quarter of the southeast quarter of section 2, the drift was 372 feet thick
and the Trenton was struck at an average depth of 984 feet. As no
Niagara rock was found no casing was necessary. One well put down in
January, 1896, started at 120 barrels, and in June was yielding twenty
barrels daily. A pumping station of the Buckeye Pipe Line is located
on the southwest quarter of this section.

On the A. Letts farm, in the southeast quarter of section 5, eighteen
wells have been drilled, the Trenton being found at an average depth of
970 feet, and the average initial production of the wells being sixty
barrels.

The south half of section 6, all of section 7 and the north half of
section 8 are practically undrilled on account of the deep drift. On the
south half of section 8 several fair wells have been drilled, the drift on
the northwest quarter of the southeast quarter being 437 feet thick and
the Trenton 968 feet down.

5—GEOL.
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Sections 9 to 12, inclusive, contain some excellent wells, one on the
Bechtel farm in section 10 having yielded 101 tanks in 100 days, and in
October, 1896, when two years old, was producing thirty barrels daily.
However, the most productive well in the township at that date was lo-
cated on the southwest quarter of the northeast quarter of section 11.
It was completed in July, 1896, and had an initial production of 200
barrels. In October it was still yielding 180 barrels of oil and sixty bar-
rels of water daily. In it the Trenton was struck at 981 feet, and the
first oil at 1,000 feet.

In the next tier of sections the north halves of 13 and 14 comprise
some good territory; while the south halves have only a few very light
wells, and lie just within the border of the preducing field, no wells being
found between West Liberty and Portland.

Section 15 contains but two light wells, while on the south halves of
16 and 17 no drilling has been done. The notth halves of these sections
contain some fairly productive wells. Section 18, the north half of 19,
and all of 20 and 21 have had a number of bores put down which have
yielded only gas.

The south half of section 19, the nerthwest quarter of section 30, and
the adjacent territory to the west in sections 24 and 25, Penn Township,
have embraced one of the richest areas in the Indiana field, five or six
wells thereon having started off at 400 barrels each, and a number of
others at 100 to 250 barrels,

On the northwest quarter of section 22 two light wells are located, and
in the northwest of section 24, and the northeast of section 25, a showing
of oil resulted in the only two bores put down in those sections. No
drilling has been done in sections 26, 35 and 36. A few light wells are lo-
cated in the north half of section 28 and one in the northwest quarter of
section 27 ; the south halves of these sections being as yet undrilled.

Sections 29, 32 and the south half of 30 have as yet developed
only gas, though one or two wells in 29 showed a large quantity of oil
when first drilled in, but the supply was soon choked off by the gas, and
the wells therefore abandoned.

All of section 31 and the northwest quarter of 83 can be classed as
good territory ; while one very light well in the northwest quarter of 34
has stopped drilling to the eastward.

There is little doubt but that many good wells will yet be located in
Jackson Township. Much territory has been unnecessarily condemned
on account of a gas well or dry hole having been put down between it
and the known limits of producing territory.

All the central parts of the township which now yield gas, will event-
ually yield oil in greater or less amounts, though there is little chance of
that area proving as rich as the two northern tiers of sections or the pool
in sections 19 and 30.
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PENN TOWNSHIP,

Jay County, comprises but 80 square miles, the western lier of sections
of township 24 north, range 12 east, being attached to Harrison Town-
ship, Blackford County.

Of this area little more than one-half is at present producing oil, though

almost the entire township lies within the productive area of the Indiana
field.

The north half of section 1 contains a number of good wells; while the
south half is within the limits of the deep drift and has but two bores,
southeast quarter, each with but a showing of oil.

The south half of section 2 is undrilled, while the north half is fair ter-
ritory, but not equal to that on either side. No drilling has been done
in the southwest quarter of 3 and the southeast quarter of 4, but the
remaining parts of these sections as well as all of 5, 8, and the west half
of 9 is good productive territory. In the south half of 6 the Trenton
ranges between 1,026 and 1,032 feet below the surface. A pumping sta-
tion of the Buckeye Pipe Line is located on the northwest quarter of sec-
tion 8 and another near the center of section 23 of this township.

Owing to the presence of the deep drift in the old preglaeial channel,
the east half of 9 and sections 10, 11 and 12 are untested ; except the south-
east quarter of 12, where a light producing well has been sunk, the drift
at this point being 410 feet thick. One dry hole has been put down in
the southeast quarter of 13, and the section thereby condemned. Sec-
tions 14 and 156 produce gas rather than oil, the region about Balbec
furnishing much gas for the city of Bluffton. Section 16 and the south
half of 17 are undrilled, while the north half of 17 contains a number of
good wells. The west half of 20 is also a good territory; the east half,
together with sections 21 and 22 belonging to a gas-producing area which
is prominent in the center of this township. In this area the Trenton is
usually found at a depth of 960 feet, showing that the crest of an anti-
cline runs through the sections noted. Section 23 and the south half of
24 contain good wells; the north half of 24 having been condemned by
four dry holes.

On the northeast quarter of section 25 is located the farm of W. 8,
Gardner, where the first wells of the famous ‘ Gardner pool’’ were put
down, several of which started off at more than 400 barrels each. This
‘“pool,” as far as developed, occupies about one and one-half square
miles in sections 24 and 26, Penn, and 19 and 30, Jackson Townships.
The land lies mostly in a valley, surrounded by higher ground on all
gides. These higher knolls and ridges, such as ¢‘ Tusey’s Knob,” in sec-
tion 24, and ¢ The Twin Hills,” in the southwest of the northeast of 265,
are composed of great masses of glacial sand and gravel rising 70 to 80
feet above the level of the valley. They are the deposits of & mighty
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stream which was formed by the receding and melting glacier and show
that the water must have moved in a southwesterly direction with a
strong and rapid current, eroding the sand and gravel already deposited
over a broad area to the northeast, and reassorting and depositing it in
the hills and ridges of this region.

A large amount of promising undrilled territory lies within the limits
of the oil field to the south and southwest of the Gardner pool, as well
as on its northern border, condemned because a few dry holes or gas
wells have been put down upon it. '

The west half of section 25 and the southeast quarter of 26 have as
yet produced no oil, the bores put down yielding gas.

The remainder of section 26 and the east half of 27 contain a number
of good oil wells. On the Heller farm, just north of Camden (southeast
quarter section 27), the No. 2 Well disclosed the following section :

50 feet.

Niagara limestone ... 153 feet.
Hudson River limestone ... 451 feet.
Utica shale ... 300 feet.
Trenton struck at .. 954 feet.
First porous stratum (‘‘ pay streak ”) at oo 977 feet.
Second porousstratum (‘‘pay streak”) at ...1,014 feet.
Finished at 1,042 feet.

Between the first and second ‘‘pay streaks’’ there was about ten and
one-half feet of hard non-porous limestone. In the Phillips well, 1,000
feet south, the Trenton was struck at 961 feet, and the first porous
stratum at twenty feet lower; while the second ‘‘pay streak’ was not
found at all. On the Heller farm two wells were put down on a single
acre, one of which started at ninety barrels; the other being a dry hole.

Two other wells just outside the boundaries of the acre were also dry
holes.

The west half of 27, and section 28, as far as drilled, have yielded gas,
instead of oil.. Section 29 has two light wells on the east half, but the
remaining wells put down have been gas producers.

In the southern tier of sections, 32 has produced gas from the three
bores put down ; 33 is undrilled, while 34 has one good well just west of
Camden in the northeast quarter. This was put down in May, 1896, by
the Manhattan Oil Company. It started at 200 barrels daily, and in
October was producing twenty-five. Several additional wells were im-
mediately drilled in the same section, but proved either dry holes or light
gas wells.

The south half of' 35 and the east half of 36 each contain a number of
good wells; while the north half of 35 has been mostly condemned: by
two or three dry holes, and the west half of 30 has proven gas territory.
On A. Graves' farm in the southwest quarter of 35, nine wells have been
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drilled, the average depth of the Trenton rock being 965 feet. Three of
these yielded gas, and the remainder oil, several having started with an
initial production of 200 barrels. ,

Much of Penn Township is, a8 yet, gas territory; and when the sup-
ply of this valuable fuel is exhausted, oil in paying quantities will, doubt-
less, be found in much of the central and southern sections; but the yield
will probably be much lighter than in those localities where the Trenton
lies lower, and the bore results immediately in a produetive well. Asin
other portions of the field, a number of tracts lying within the confines
of good territory, have been condemned by a dry hole or two. These
tracts should, and doubtless would, yield oil, should additional bores be
put down. Before oil was found in Jay County, thirty or more gas wells
were located in the vicinity of Camden. The numerous bores put down
for oil have reduced both the pressure and the volume of the gas, and a
number of the wells have had to be abandoned.

KNOX TOWNSHIP.

The northern half of this township has had a number of bores drilled
on it, but the only portion now producing oil is the northwest quarter of
section 1, where a few light wells are located.

One light well, not now pumping, is located on the northwest quarter
of section 4, and several others have been put down in section 11.

The most promising of the latter, known as the ‘ Wingate Well,”’

_when first completed, showed 100 barrels of oil and 3,000,000 feet of
gas. The oil finally subsided and the well is now producing gas alone.

GREENE TOWNSHIP

lies wholly without the present productive area, but a number of bores
within its bounds have developed oil in small quantities. One of these
was in the northwest quarter of section 3, and another on the banks of
the Salamonie River in the west half of section 8.

The first well to show oil in Jay County was drilled in 1887 on the
Penn farm, two and one-half miles west of Portland (northeast quarter
of northwest quarter of section 24), Greene Township, by Benjamin
Fulton, since noted as an oil operator. The well was drilled for gas, but
without shooting yielded thirty-five barrels of oil a day for several days.
There being no pipe line or storage facilities, the well was capped in and
abandoned.

The next year the “ Gilbert Well” was put down on the same quarter
gsection. It yielded much gas and flowed, without pumping, enough oil
to fill a large tank. It has been recently overhauled and, according to
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Mr. Fulton, was yielding ten barrels of oil daily in June, 1896. The
Trenton was found in these two wells at a depth of about 970 feet, the
following being a record of the section of the Gilbert well:
42 feet.
.193 feet.
Hudson River limestone 435 feet.
Utica shale. ...covvieni ittt ittt 300 feet.
- Trenton struck at.. 970 feet.
Finished at ; 995 feet.

In the southwest quarter of section 10, Wayne Township, a bore was
put down, the Trenton occurring at 1,035 feet, and a small quantity of
oil was found, but not enough to warrant further drilling in that region.

In Richland township, in the southwestern eorner of Jay county, a
number of the wells put down for gas have in the past shown the presence
of oil in small quantities. This fact led E. Priddy, a suceessful operator
from Findlay, Ohio, to put down a test well for oil on the farm of Evan
Evans, one mile southwest of Redkey. This well was drilled in October,
1896, and furnished the following record :

Drive pipe

278 feet.
Trenton struck at .... .. 980 feet.
Oil, showing only, at 1,000 feet.
Salt water at 1,030 feet.
Abandoned at 1,070 feet.

At New Corydon, in the northeastern part of Jay County, twe wells
were put down in 1895, one of which showed quite a quantity of oil, and

the other a dry hole. %, X

That the Trenton rock underlying the surface of Knox, Greene, Wayne,
Bear Creek and Wabash Townships contains oil in greater or less quanti-
ties has been shown by the numerous bores in which it has been already
found. There are doubtless large areas of those townships where the
rock occurs in the porous condition necessary to the accumulation of oil
in quantity, but those areas can only be determined by future drilling.
The bores put down in those townships up to the present have been so
located that they, for the most part, happened to miss the accumulations.
Where one good well is found others will most likely be found near it;
oftentimes, however, the second well happens to be located in the wrong
spot, proves a failure, and so disheartens the operator.

The Ohio and Indiana fields are, without doubt, connected, and the
line of eonneetion will, in the future, be found in northern Jay or southern
Adams Counties, perhaps in both.

Again, when the present gas area of Jackson, Knox and Greene Town-
ships shall have yielded up its more subtle fluid the oil will rise to take its
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place, and a light producing oil field will result. Where the Trenton lies
ten to thirty feet lower than in the area at present yielding gas, oil will be
found in larger quantities; but drilling is the only method by which the
location of such areas can be determined.

BLACKFORD COUNTY.

This county comprises but 165 square miles, embraced in four civil
townships. It lies west of Jay, south of Wells and east of Grant Coun-
ties. The surface is for the most part level or slightly rolling, the only
hills being due to the eroding action of water. The soil, like that of the
surrounding counties, is fertile, being of glacial origin and containing,
therefore, all the constituents needed by the cereals and grasses. The
principal products are the standard cereals, wool and live stock.

- The Salamonie River flows diagonally across the northeastern township
and with its tributaries drains the northern half of the county; while
Lick Creek, a tributary of the Mississinewa, drains the southern half.

The Ft. Wayne, Cincinnati & Louisville Railway crosses the county
from north to south, and the Pittsburgh, Cincinnati & St. Louis from
northwest to southeast, the two crossing at Hartford City, the county seat.

About one-fourth of the area of the county is at present producing oil.
This area occupies the northern two-thirds of Harrison Township and the
northeastern fourth of Waghington Township.

Montpeliér, in the northern part of the former township, being the
closest railroad town to the rich fields of the southern part of Wells
County, has, within recent years, become the principal oil center of the
Indiana field. From it most of the drillers and operators of Wells and
Blackford Counties draw their supplies, and several Eastern companies
which manufacture such supplies have branch houses located in the town.

HARRISON TOWNSHIP.

This township comprises forty-two square miles, the western tier of
sections of the Congressional township 24 north, range 12 east, being
added to township 24 north, range 11 east, in its make-up. Of this area,
‘twenty-five square miles are at present producing oil in greater or less
quantities.

The territory embraced in the sections of the upper tier may be classed
as good, with the exception of the northern halves of sections 1 and 2,
which yield much gas in connection with the oil, and section 6 (24 north,
11 east), where the wells have proven light producers.

In the southern outskirts of Montpelier, southwest quarter of section
3, is the oldest oil well in the county. It was put down in1890 and started
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with a good flow of gas and about twenty-five barrels of oil per day. A
record of the formation passed through by the bore of this well is as
follows :

17 feet.

233 feet.

Hudson River limestone. .. 432 feet.
Utica shale 280 feet.
Trenton struck at 962 feet.
Total depth. 981 feet.

The well in June, 1896, was still yielding oil at the rate of about six
barrels a day.

In the western part of section 5 and in section 6, the Trenton is found
rather high, 960 to 970 feet, and much gas is given off with the oil.

The largest pumping station of the Buckeye Pipe Line Company is
located on the bank of the Salamonie River, northwest quarter of section
3, a short distance northeast of Montpelier. The oil from the receiving
tanks of the producers in the Indiana field is pumped by the smaller
pumping stations of this company to this large one at Montpelier. Two
25,000 barrel tanks are here located, and all Indiana oil, except the
small amount pumped by the station at Ruth, Wells County, passes
through these tanks and is pumped through two mains to Preble, Ohio.
In September, 1896, an average of 14,000 barrels a day was being
pumped from the Montpelier station.

Of the second tier of sections, the wells put down in No. 7 have proved
light producers, while those in No. 8 have been uniformly good. In No.
9 the northern half is light territory. The southern half is somewhat
better, being, seemingly, a northern oitenmsion of the good preductive
area of section 16. The northwest quarter of No. 10 is a good produc-
ing area, but the south half of that seciion has developed nothing but
dry holes. The northeast quarter and sections 11 and 12 are considered
very light territory, the wells starting out at twenty to forty barrels and
soon dropping down to a low output. In section 7 (24 north, 12 east)
the yield rises again and a number of gcod wells are located thereon.

Starting back on the next tier, No. 13 (24 north, 12 east) and Nos.
13, 14 and the east half of 15 contain only light producing wells. The
west half of 15, all of 16 and 17, exce;t the northwest quarter, where
gas territory sets in, are highly productize. This area, together with the
north half of 21, seems to form a pool, surrounded by much poorer ter-
ritory. On the Evers farm, in the noriawest quarter of 15, the average
depth of the Trenton in eight wells was 1,000 feet, and the average
initial production 125 barrels. In section 18 some light producing wells
are found in the northern half, while the southern half has so far yielded
gas. Many of the gas wells in this township and Washington were put
down before oil was discovered. As a conseguence, they were stopped in
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the upper porous stratum, or *‘ pay streak.”” If drilled deeper they would
have struck the second porous stratum and have yielded both gas and
oil. In section 19 and the north half of 30, a number of good wells
were located in the season of 1896, the known limits of the productive
field being extended for about two miles to the southwest. On the Me-
Mahan farm, northwest quarter of section 30, the Trenton was found at
976 feet. Section 20 is undrilled, except the northeast quarter of the
southwest quarter, where a bore producing gas was put down. Thenorth
half of 21 contains a number of good wells, while the south half, as well
as section 22, is untested. Section 23 contains two dry holes in its north-
west quarter, and 24 several gas wells on its west half, the remainder of
the two sections being undrilled.

The preglacial channel through the Niagara, mentioned on page 65, ex-
tends in a southwesterly direction through several sections in this part of
the township, and has prevented drilling on account of the much greater
expense neces:ary in getting through the deep drift. Its limits have not
as yet been defined, but several bores in section 13 (range 11) and sec-
tion 19 (range 12) required over 400 feet of drive pipe. A gas well in
the southwest quarter of section 29 passed through 405 feet of drift, so
that the channel probably passes out of the township through sections
30 and 31.

Section 19 (24 north, 12 east) has proven light up to the present, while
on the north half of 30 (in the Godfrey Reserve)a number of good wells
were put down in 1896 by Dr. White, of Indianapolis.

An average record, as furnished by these, was as follows:

Drive pipe : _ 128 feet.
Casing set at 254 feet.
Trenton struck at 968 feet.
Finished at 1,035 feet.

Farther south the Trenton rises, being found at 934 feet in section 31
(24 north, 12 east). As a result, nothing but gas has been found in the
bores put down to the westward in the southern third of Harrison Town-
ship, though a showing of oil was found in the one in the southwest quar-
ter of section 29, and in another located on the south margin of the deep
drive region in the northeast quarter of section 34.

WASHINGTON TOWNSHIP (24 NORTH, 10 EAST).

The line marking the southern limit of the present known productive
oil area of the State enters this township on the east in section 24, and
passes diagonally to the northwestern corner. About eleven square
miles of the township are, therefore, included within the Indiana field.

Of the northern tier of sections Nos. 1 to 5, inclusive, are all good
producers, while 6 is yet untested. The Buckeye Pipe Lime has a
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pumping station on the northwest quarter of section 3. Sections 7, 8 and
9 are practically untested, the northeast quarter of 8 having two light
wells, and the corresponding quarter of 9, one dry hole. In section 10
the production has been a good one, but in 11 salt water rather than oil
has been the result of drilling, especially in the south half. Section 12
is good territory, while the bores put down in 13 and the northern halves
of 14, 15, 16 and 24 have all been light producing. The remaining sec-
tions of the township have yielded only gas where drilling has been
done; though in some instances, as in the wells put down by the Fort
Wayne Gas Company in sections 21, 22 and 23, a goed showing of il
has also resulted.’ v

As the yield of gas diminishes much, if not all, of the territory in the
southern half of both Washington and Harrison Townships will in the
future produce oil. As noted above, where the two are found in con-
junction the gas occupies the upper ‘‘ pay streak’’ and the oil the lower.
The yield of oil will not, therefore, be so great as in the areas already
partly drilled in the northern halves of these townships.

GRANT COUNTY,

in which the most westward extension of the Indiana oil field is located,
lies west of the counties of Wells and Blackford, and south of Hunting-
ton and Wabash Counties. It comprises an area of 418 square miles, the
surface of which is, for the most part, level or slightly undulating, though
in the vicinity of the Mississinewa River many hills, due to erosion, and
from 50 to 100 feet above the level of the river bed, are found.

The Mississinewa enters the county near its southeastern corner, and,
flowing in & northwesterly direction, leaves it on the northern border, six
miles east of the northweatern corner. In the early history of the county
it was navigable for flatboats, which were loaded at Marion and trans-
ported, via the Wabash and Ohio Rivers, to New Orleans. It and its
tributaries drain the greater part of the county; but the western tier
of townships is drained by Pipe and Grassy Creeks, and the northeast-
ern corner by Black Creek, a tributary of the Salamonie River.

The soils of the county are mostly of drift origin, and, for the most
part, are fertile, though in some localities a lack of necessary drainage
has rendered their tillage unprofitable.

The transportation facilities of the county are excellent, the T., St. L.
& K. C., the C., W. & M., and the P., C. & St. L. railways passing en-
tirely through it and having a common junction point at Marion, the
county seat.
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The oil bearing territory of Grant county is at present limited to the
northeastern corner, and comprises the greater portien of Van Buren
township and a small part of Washington township. This area will now
be treated in detail.

VAN BUREN TOWNSHIP (25 NORTH, 9 EAST.)

The northern half of this township has proven one of the best portions
of the Indiana oil field. It owes its development largely to the acumen
and energy of Mr. E. J. Little, a progressive and well informed operator,
who, after selling his interest in Nottingham Township, and about Geneva,
Adams County, entered the Van Buren field after it had been practically
condemned, and, undaunted by several failures, stuck to it until he proved
it what he believed it to be, a rich oil territory.

The first well which produced oil in Grant County was put down for
gas in 1890 by J. H. McBride, of Butler, Ohio. It was located in the
outskirts of the town of Van Buren, in the northwest quarter of gection 15,
and its record as obtained and preserved by Mr. Little is as follows:

Drive pipe 155 feet.
Casing. 380 feet.
Trenton struck at. 996 feet.
" Total depth 1,033 feet.

It yielded a small amount of gas and some oil, but the latter was not
thought to be in paying quantities, and as there was no pipe line to carry
it away, the well was not pumped and was soon abandoned.

In August, 1893, E. J. Little drilled the second well in the Van Buren
field, on the northwest quarter of section 24. Here the Trenton was
found at 1,000 feet, and a natural flow of oil, estimated at fifty barrels a
day, resulted. It soon changed into a water well and was abandoned.

The third well was put down by Mr. Little on the southeast quarter of
section 9, just north of Van Buren. It yielded but ten barrels a day and
was soon abandoned.

In the spring of 1894 a fourth well was put down on the J. B. Cory
farm (southwest quarter of section 16). It flowed oil for some time, but
not enough to warrant the putting in of a pipe line.

In the fall of 1894 Bettman, Watson & Co. entered the field and put
down two wells on the southeast quarter of section 15. The yield from
these wells was sufficient to justify the Standard Oil Company in laying
a pipe line to Van Buren, and the field began to open up immediately
after the line was completed.

The first four sections of Van Buren Township have not, up to the
present, proved very promising territory. The north halves of 1, 2 and 3
are untested, while the wells on the south halves have proven light.
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Section 4 has several large salt water wells on its east half; its south-
west quarter contains, however, some fair wells. Sections 5, 6, 7, and
the north half of 8, contain good wells; the south half of 8 being un-
tested.

Section 9 is what oil men call ‘“spotted.”” In the northwest quarter is
located one of the best wells in the county. It was completed in March,
1896, and by August 1 had produced twenty tanks of oil. On the north-
east quarter a large salt water well is located ; while the southwest quar-
ter contains a big gas well, which pumps some oil, and the southeast
quarter contains a dry hole. On the north half of section 10 are two
dry holes, while the south half contains a number of light producing
wells. The average of four well records in this section is as follows:

Drive pipe . 106 feet.
Casing set at voo. 409 feet.
Trenton struck at 982 feet.
Total depth 1,020 feet.

Until 1896 it was thought that sections 11 and 12 would prove like
those of the north, rather light in production. However, Mr. Jas. H.
McCormick, an experienced operator from Bluffton, decided to test
them, and, as a result, has eleven good wells, ten of which, in the month
of October, yielded 5,000 barrels of oil. In section 11 the drift is about -
114 feet thick and the Trenton is found at an average depth of 970 feet.
The Buckeye Pipe Line has its most western pumping station in the
southeast quarter of this section.

In the next tier of sections, numbers 13, 14 and 15 have proven ex-
cellent territory. On the Creviston farm, in the northwest of 14, the
Trenton lies at 968 feet, and ten wells started out with an average initial
production of 60 barrels. On the John Swisher farm, in the northeast
of 15, the record of a well finished on April 7, 1896, was as follows:

Drive pipe 108 feet.
Casing set at 410 feet.
Trenton struck at 968 feet.
Total depth 1,018 feet.
Initial production, 160 barrels.
Prodnction June 12, 25 barrels.

On the Boxel farm (southwest quarter of 15) the Trenton was found
at 965 feet, 118 feet of drive pipe and 385 feet of casing being necessary.
In June, 1896, the first well on the Doyle farm, in the same quarter sec-
tion, was finished with an initial yield of 100 barrels. The second, 600
feet south, finished in August, started at twenty-five barrels. By the
first of October they were yielding thirty and ten barrels, respectively.
In general, it may be said, that in the immediate vicinity of Van Buren
the drift is 105 feet thick and the Niagara limestone about 305, making
410 feet the amount of casing used.
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-Bection 16 has yielded much salt water and but little oil, except on the
southeast quarter, where a number of good wells are located, the Tren-
ton being found here at 968 feet, while in the salt water wells in the
other portion of the section it ranged between 983 and 990 feet.

To the west the yield is much less, the east half of section 17 being
very light territory. The west half is better, and, with the south half
of 18 and the north halves of 19 and 20, may be termed fair. A num-
ber of wells were put down in these sections in 1896 by the Bettman,
Watson, Bernheimer Company, of Marion. On November 1 the aver-
age yield of eighteen of these wells in the immediate vicinity of Lan-
dessville was said to be ten barrels a day. The north half of 18 and the
south halves of 19, 20 and 21 are untested, while the north half of 21
has three light wells and two dry holes to its credit.

Both 22 and 23 are good productive sections. On the Kirkpatrick
farm, in the northeast quarter of 22, is located the well which had the
greatest initial production in the Indiana field. It was finished in June,
1896, and after being shot flowed at the rate of 150 barrels an hour for
two or three days. ~ The flow then stopped, and after a few days’ pump-
ing the well began yielding nothing but salt water. This was kept up
for several weeks, when the oil came in once more, and in Oectober it
was producing fifteen barrels daily. But few spouting oil wells have
been drilled in Indiana, and where found their spouting continues for but

a few days. The average depth of the Trenton in section 22 is 967 feet.

The west half of section 24 contains some fair wells, the east half
being untested. A few light wells have been finished in the nerthwest
quarter of 25 and the north halves of 26 and 27, the remainder of these
gections, as well as all others in the two southern tiers of the township,
being untested up to December 1, 1896.

WASHINGTON TOWNSHIP (25 NORTH, 8 EAST).

In this township oil has been found in paying quantities only in- sec-
tions 1, 12, 13, 24, 25 and 26. Onm the White farm, northwest quarter of
section 12, a well was finished in May, 1896, which started at ten bar-
rels an hour, but the yield soon dwindled, and in November it was pro-
ducing much salt water and little oil. Several bores which produced
gas have been drilled in the southwest quarter of 1 and south half of
section 2, as well as in the north half of 11.

The south half of section 12 and the north half of 13 are untested.
The south half of 13 and section 24 contain a number of fair wells. One
or two light producing bores are located in the north half of 25, while on
the J. C. Tinkle farm, in the south half of 26, is a well which was fin-
ished October 15, 1896, and started at seventy-five barrels a day. This
well is farther southwest than any in the Indiana field, and is probably
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the forerunner of a number which will be put down in this extension
during the winter of 1896-7. In sections 25 and 26 the Trenton rock
dips to the south, and an average record, as shown by the bores, is as
follows : '

132 feet.
Niagara limestone 368 feet.
Hudson River limestone. .. 250 feet.
Utiea shale 235 feet.
Trenton at 985 feet.
First ¢ pay streak” 1,009. feet.
Salt water p 1,023 feet.

Outside of the productive area as shown on the map, few wells have
been put down in Grant County which showed the presence of oil. One
in the northeast quarter of section 36, Washington Township, has yielded
a small amount. Another on the land of Joshua Strange, near Arcana,
Monroe Township (24 north, 9 east), started in as a heavy gas producer,
and finally began to show oil in the fall of 1896. Two tanks were filled,
but, there being no pipe connection, the well was capped in and pump-
ing stopped.

***

The Van Buren oil field is noted for the small number of ‘‘dry holes”

found therein, the relative proportion being less than in any other part
of the Indiana field, unless it be in the southern half of Hartford Town-
ship, Adams County. The oil-bearing stratum of the Trenton is softer
and more easily drilled than in Wells County. As a result, the initial
product is greater and drops down faster. For example, a 100 barrel
well in Wells County will be yielding fifty barrels at the end of two or
three months. The same well, if in the Van Buren field, would prob-
ably start at 150 to 200 barrels, and be down to twenty or thirty in three
months, There seems to be about so much oil to a certain area of terri-
tory, and the more rapidly it is taken out the sconer the end comes. As
yet, however, few of the wells in the Van Buren territory have been
abandoned for lack of production. The output reaches a certain limit—
as five to eight barrels a day—and holds it steadily for months, or even
years.

As in the eastern part of the field, there are usually two ‘‘pay
streaks” found in Grant County, the one seventeen to twenty feet below
the top of the Trenton, the other twenty-eight to thirty-eight feet below.
In many gas wells put down in the early history of the field the upper
streak alone has been pierced; if when the well has ceased to yield gas
it be bored deeper the oil in the lower stratum will be reached. Much
less paraffine is found in the oil of the western part of the Indiana field
than in that of the eastern, and especially the Trenton limestone field of
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Ohio. In the latter the hole has to be cleaned up once a month; in the
Van Buren field once a year often suffices.

The limits of the known oil bearing area of Grant County will, in all
probability, be extended westward over the greater portion of Washing-
ton Township; and as the yield of gas continually diminishes, a lighter
producing territory will probably be found in the northern halves of
Centre and Monroe Townships. South of this developments have not
been suffieient, as yet, to foretell what the future will bring forth.

HUNTINGTON COUNTY

comprises an area of 384 square miles, lying west of the counties of
Allen and Wells and north of Wells and Grant. The general surface is
similar to that of the eounties already noted—a level plain, unmarked
by any prominent hills or elevated points, the average elevation being
about 740 feet above the level of the sea. The southern third of the
county is drained by the Salamonie River, the central and northern
thirds by the Wabash River and its tributaries.

The soil of the county is mostly of glacial origin, varying much in
constituents and quality. In most places it is underlaid by a stiff, tena-
cious clay which retains the surface water and necessitates artificial drain-
age. Where properly drained it yields large crops of the cereals and
grasses. The alluvial soils of the extensive areas of bottom lands along
the Wabash and Salamonie Rivers are above the average in fertility, and
their crops aid largely in giving Huntington the rank which it holds
among the better agricultural counties of northern Indiana.

As in the other counties composing the oil area of Indiana, the only
outcrops of rock are those of the Niagara formation. In the vicinity of
Huntington, the county seat, large quantities of lime are burned from
this rock, and the quality of the product has given it a reputation second
to none in the State. :

Two railways, the Chicago & Erie and the Wabash, cross the county,
the former from northwest to southeast and the latter from northeast to
southwest, while the ¢“ Clover Leaf’’ cuts across the southeastern corner.

The area of Huntington County, at present producing oil; is small,
being limited to the southern third of Jefferson Township and the south-
eastern corner of Salamonie Township, though one or two bores in Wayne
Township have given a fair yield, but not enough, as yet, to warrant
the laying of a pipe line to them.
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JEFFERSON TOWNSHIP (26 NORTH, 9 EAST).

The most northern well in this township is a test well located on the
Weaver farm, southwest quarter of northwest quarter of section 21. It
started October 1, 1896, at about 100 barrels a day. The nearest pro-
ducing territory to it is in the south balf of section 28, where several
good wells were drilled in Junpe of the same year. On the W. F. Tram-
mel farm the following record was furnished by a bore finished June 10:

Drive pipe 165 feet.
: 415 feet.
Trenton struck at 1,001 feet.
Initial production, 100 barrels.
Production October 1, 15 barrels.

The territory between the Weaver well and the south half of 28 1s as
yet untested ; but, lying between two productive points, it is counted as
good until it is proven otherwise.

The southeast quarter of section 29 contains two light wells, and the
southwest quarter of 27 several good ones; while in the northwest quar-
ter of 26 a dry hole is located, and in the southwest quarter of the same
section, where the Trenton was found at 977 feet, a fair well came in, in
December, 1896. This comprises the results of the horing done in this
tier of sections to date. L

In the south tier, the northeast quarter of 81 has several good wells
located on it. The remainder of the section and the north half of 32 are
untested ; while the yield of the south half of 32 is light. Section 33
and the northwest quarter of 34 contain as good wells as are found in
the township; the portion of 34 being especially rich. The south half of
that section has, up to the present, yielded only light wells. The produc-
tion in sections 35 and 36 has also been generally light, though some
good wells have been recently put down on the John Karringer farm,
east half of northwest quarter, section 35, where the Trenton was found
at 980 feet.

Outside the present field, I was able to hear of but one bore that had
been put down for oil in Jefferson Township. It was located on the
Satterthwaite farm (east half of the southeast quarter, section 7). The
Trenton was found rather high, 964 feet, but the bore yielded salt water
only.

SALAMONIE TOWNSHIP.

The oil operations in this township have, up to the present, been con-
fined to sections 25, 26, 34, 35 and 36, in the southeastern corner. Out-
gide these sections but two bores have been put down; one at Warren,
in section 29, which resulted in a dry hole, and the other in the south-
west quarter of section 22, where the Trenton was found low, 1,005 feet,
and a salt water well, with but a showing of oil, resulted.
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The wells in section 25 are located in the southeast quarter, the south-
west quarter, and one in the northwest quarter. All are fair producers.
Five or six wells are producing near the center of 26 and three in its
southeast quarter, the remainder being undrilled.

Only the south half of section 34 has been tested and salt water re-
sulted in the two bores put down. Two salt water wells and one fair
producer have been drilled on the west balf of 35, while the east half
has a number of good wells, the best one, close to the south line of the
section, making sixty barrels a day when it was twoand a half years old.
The Trenton in the east half of 85 and the west half of 36 is found at
985 to 990 feet. The southwest quarter of 36 is pretty well drilled over,
gixteen bores having been put down upon it, twelve of which resulted in
fair wells. The southeast quarter of this section has been condemned by
two bores which developed salt water only, while the north half has a
few fair wells within its bounds. '

The trend of the drilling in this township seems to be to the northwest.
There is no reason, however, why oil should not be found in the terri-
tory south of Warren, the one dry hole in that section having been put
down at an early date and only to a shallow depth in the Trenton.

WAYNE TOWNSHIP.

The Sterling Oil Company has put down several test wells in this
township. A bore on the John Sparks farm (northeast quarter of south-
west quarter section 15) developed salt water. Much difficulty was
experienced in sinking this well, five different holes having been started.
The drift-was found to be 153 feet thick and 515 feet of casing was
necessary. ‘

On the A. T. Bearles farm (southwest quarter section 24) a bore fin-
ished in July, 1896, showed the following record :

Drive Pipe....cvivieit it it 301 feet.
Casing setat............ovvviiivniiiiiennun... .. D15 feet.
Trenton struck at.......oovn i, 986 feet.
Total depth. ..o i i 1,024 feet.

Initial product, 100 barrels.
Output October 1, 10 barrels.

Two tanks were filled, and no pipe line being in the vicinity, the well
stopped pumping. This is the most northwestern well in the Indiana
field.

On the George Babcock farm in section 35, a well drilled in September,
1896, yielded gas only.

The three townships of Wayne, Jefferson and Salamonie lie on the
northern limit of the Indiana gas field. The oil area may, in time, be
found to cover the greater portion of the territory embraced within their

6—GEoL.
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bounds, but the chances of its extending farther north in the other town-
ships of Huntington County are very remote. At the present writing,
the best prospective territory in the county lies in the southwestern
fourths of Salamonie and Jefferson Townships.

CHAPTER IIL

THE PRODUCTION OF PETROLEUM IN INDIANA.

The raising of petroleum from the porous stratum or reservoir in the
depths of the Trenton, where it has laid for thousands of years, to storage
tanks upon the surface of the earth, where it can be utilized by man, is
termed tbe ¢ Production of Petroleum.”’ .

The evolution of the processes involved in the present advanced
methods of production from the primitive ones used by the first ¢ oil
operators’’ in the United States, has been a wonderful one and would
prove a story of surpassing interest to the practical operator of to-day.

The different steps necessary to the successful development of a good
oil property are many, and the tyro who enters the field against operators
who have spent a life-time in mastering the details of producing oil at a
minimum cost, often finds himself handicapped before he has completed
his first well. :

The first step necessary in the production of oil is the choosing of the
locality in which the operations will be carried on. In this step it will
be found that the old operator, who has watched the growth
of a field from the beginning, is usually wise enough to locate
his future wells within the limits of the known productive
territory, provided he can procure the necessary leases.. The
beginner more often betakes himself to ¢ promising” terri-
tory just outside the limits and puts down a ‘‘ wild-cat” bore. Any one
who makes a special study of the Indiana field will soon note that the
Standard Oil Company and other large operators do little ‘‘wild-catting,”
but profit by the experience of the small operators who indulge in it.
““ Wild-catting”” must, however, be done by somebody, as there is no
known method of fixing the limits of a field except by test bores put
down by speculative individuals. _

After deciding on a piece of territory it must either be bought outright
or leased from the owner for a term of years. In most cases it is leased,
usually for a period of five years, or as much longer as production con.

tinues. If the adjoining territory is untested the farmer

Usual . . .
usually receives from one-eighth to one-sixth royalty on
Lerms of the future production, with a stipulation that drilling is to
@ Le'aase. begin within one or two years, or that a stated rental per

Choosing
Locality
or
Operating.
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acre shall be paid until the first well is drilled. The landowner retains
all rights over the surface of the land with the exception of the portion
necesgarily occupied by the derricks, power houses and storage tanks.
Of a farm of eighty acres not more than three need be kept from culti-
vation, even though it contain, in time, its full quota of wells. If a
good well has been put down on adjoining territory, the farmer often re-
ceives & bonus of from $300 to $1,000, or even more, in addition to the
royalty and rental. In many instances the supposed rich strike in time
proves of little value. The lease expires, without being drilled, and the
farmer is ahead a sum equal to the bonus advanced.

If, on the area leased, some good wells are developed, the lease, hke the
franchise of a street railway, becomes the most valuable part of the so-
called “‘ oil property;’’ and with the wells already in operation is some-
times sold for large amounts. Even though no wells are drilled on a
leased farm, the lease often changes ownership a number of times before
it expires. The following is a form of lease in common use in the Indiana
field :

1n Consfderation of the sum of..... dollars, the receipt of which is hereby
acknowledged, ........... ... i ) County, in the
State of Indiana, first party, hereby grant unto.................. ... il ,
second party, their heirs and assigns, all the oil and gas in and under the following
" described real estate, together with the right to enter thereon at all times for the
purpose of drilling for oil and gas, and to erect and maintain all buildings and
structures and lay all pipes necessary for the production and transportation of oil
or gas taken from said premises. Excepting and reserving, however, to first party
the.............. part of all oil produced and saved from said premises, to be
delivered in tanks at wells, or in the pipe lines with which second party may con-
nect their well, or wells; said real estate being described as follows:

All that certain tract of real estate situated in the Townshipof............
Countyof ............ , in the Stateof ............ , bounded and described as
follows, to wit:

containing......... ... ...... acres, more or less.

To have and to hold the said interest in and to the above premises on the fol-
lowing conditions :

If gas only is found, second party agrees to pay............ dollars each year
for the product of each well while the same is being marketed off the premises,
- and first party may use gas free of cost to heat........ stoves in dwelling house

during said time,

Whenever first party shall request it, second party shall bury all oil and gas
lines being laid through tillable land, below plow depth, and pay all damages
done to growing crops by reason of burying and removing said pipe lines.

) No well shall be drilled nearer than........ feet to the house or barn on said
. premises,
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In case no well is completed within.......... from this date, then this grant
shall become null and void between all parties hereto, unless second party shall
pay to said first party............ dollars, annually, for each year thereafter the
completion of such well is delayed.

The second party shall have the right to use sufficient gas, oil and water to
run all necessary machinery for operating for any purpose on said real estate, and
shall also have the right to remove all its property from said premises at any
time.

It is understood between the parties to this grant that all conditions between
the parties hereto shall extend to their heirs, executors and assigns.

IN WITNESS WHEREOF, the parties to this grant have hereunto

set their hands and seals this..........
dayof .............. , 189..
........................ [sEAL]
WITNESSES. e [sEAL]
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STATEOF.evvvenvennnn
COUNTY OF ......ovunnn }SS'
On this....dayof........ ....189.., before me, a............ R
in and for said county, personally appeared..................vvust , to me well

known, and acknowledged the signing and execution of the within instrument
and grant to be....free and voluntary act for the uses and purposes therein set
forth.

Witness my hand and............
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After securing a lease, the operator must choose the site for his first
well. It is usually the custom to drill at some point about 300 feet from
the property line in order to first obtain the oil which might otherwise be
raised by the operators of adjoining leases. Various circum-
stances, such as the dip of the oil bearing rock, variations
in the surface level of the tract leased, the location of a
permanent power house, etc., are often considered in determining the
gite of the well. If other wells are down on adjoining leases the produc-
tion of the first well, as compared with that of the older omes, can be
used to gauge the location of future bores. If a well holds up to ten or
fifteen barrels a day for a year or two, the chances are that it is close to
or connected with a large area of porous rock, and that better wells may
be located somewhere in the immediate vicinity. The wells are usually
put down about 600 feet apart; that distance, in the language of the oil
field, being termed ‘ a location.”

An unwritten law exists among operators that the lessee of a tract of
land shall immediately put down wells when producing wells are drilled
on adjoining territories. This is dorie to protect property lines and pre-
vent the oil underlying one tract from being drained off through another.

As to the amount of acreage to be assigned to an oil well, opinion
varies greatly. On the larger leases not less than ten and often twenty
acres are given to the well. On the smaller leases one to every eight
acres is often drilled. The degree of the porosity of the rock should
govern the acreage to a large extent. Where comparatively open, each
well drains a larger territory, and fewer bores are necessary than where
the pores are close.

Having selected a site for his well, the operator next contracts for a
rig, the main feature of which is the derrick. This consists of four
strong uprights held in position by ties and braces and resting on strong

. wooden sills, which are preferred as a foundation to masonry.

The Rig. The derrick is used as a support for a sheave called the crown
pulley, which must rest at a sufficient height to swing the heavy drilling
tools free from the ground. The average height of the derrick is sev-
enty-two feet, and it forms the most conspicuous object which charac-
terizes an oil field. ‘

With the derrick are included under the term “rig”’ all the woodwork
and its necessary iron fittings so put together that when boiler and en-
gine are in place drilling can at once begin. The bull wheel and shaft
on which the cable supporting the drilling tools is wound; the walking
beam to give vertical motien to the tools, and the band wheels for trans-
mitting power from the engines to the movable parts are, next to the
derrick, the more important parts of the rig.

Locating
the Wells.
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The construction of the rig is usually undertaken by a contractor
known as a ‘ rig builder,”” for a certain specified sum. In Indiana in
1896 the price paid for the rig complete was about $275.

After the well is completed the rig is, in most cases, left standing,
though small operators often take it down and use it for another well.
A considerable saving of outlay for lumber and rig irons is thus effected,

“but if the well stops flowing or needs cleaning out a new rig, usually
smaller and less expensive, must be built.

The rig having been completed, the contract for drilling the well is let.
The larger operators own their own *‘strings of tools” and employ rig
builders, drillers, etc., by the month instead of contracting for each
well. The head driller or contractor owns his own string of tools and
portable engine. His tools cost anywhere from $700 to $1,500, accord-
ing to number and quality. His engine is of a pattern built especially
for the purpose and costs about $450. Sometimes the contractor owns
several, perhaps a dozen, strings of tools, and is drilling a number of
wells at the same time. »

In the Indiana field in 1896 the contract price for drilling was fifty
cents a foot. The drilling crew consists of four men, two drillers and

- two tool dressers, who work in pairs, twelve hours each. It

Drilling ' ipq duty of the driller to stay close to the mouth of the

the Well. bore and attend to the drilling proper, turning the cable and
the temper screw when necessary and controlling the machinery by cords
and lever when changing the tools or sand pumping. The tool dresser is
the helper to each driller. He fires the boiler, attends to the engine and .
machinery and dresses or sharpens the bits as each in turn becomes worn.

The wages paid the drillers in 1896 were $4.00, and the tool dressers
$3.00 each per day. The contractor is respongible for accidents and fail-
ure to complete a well. The time necessary to put down a bore 50 feet
into the Trenton varies much, but is usually from nine to twelve days.
The shortest time which came to my notice was six days and six hours,
made by J. G. Herriet, a contractor in Wells County.

As already noted, the surface of the territory in the Indiana field is
covered with the so-called *‘ drift,”’ a heterogeneous mass of sand, gravel,
bowlder-clay, ete., 80 to 250 feet, or, in the Loblolly district, as high
as 450 feet thick. Through this a strong iron drive-pipe, furnished by
the owner of the well, must be driven, as in pile driving, to the solid bed
rock. This pipe is usually eight inches in diameter, sumetimes ten, and
is fitted with a steel shoe on the lower end. That it may be driven more
easily it is usual to drill inside, clean out the earth and cut ahead, loos-
ening the hard clays or breaking any bowlders that may be in the way.

After reaching the Niagara limestone an eight inch bit is used and iron
caging, in lengths of 17 to 20 feet and 52 inches in diameter, is set as fast
as the drilling progresses, thus shutting off the water. From the bottom
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of the Niagara to the oil-bearing stratum there is little or no water and
a 5} inch bore is made, the drilling being done through the drive-pipe
and casing already down.

As soon as the porous stratum is passed through, if there iz a fair
showing of oil, the well is torpedoed or ‘‘shot’” in order to open up fis-
sures in the porous rock and form a cavity therein into which the oil may
flow. In the Indiana field it is now the custom to drill into the Trenton
50 to 60 feet, and then, if possible, gauge the shooting so that the rock
. will be shattered from the bottom of the drill hole to the top

Shooting ¢ "t not above, th tratum. Thi ts the ex-

the Werr, ©5 Dut not above, the porous stratum. This prevents the ex

plosion affecting the Utica shale overlying the Trenton and
go filling up the cavity with loose debris and rendering the well worth-
less. Nitroglycerine is the explosive used, and the amount depends
largely upon the texture of the porous rock or so called ¢ sand.” If it is
hard and close-pored, more explosive is necessary than where coarse and
friable. In the latter case a large shot shatters too great a quantity and
causes too much trouble in cleaning out after the shooting. An average
shot in the Indiana field is now 120 quarts, though some operators per-
gist in drilling deep and using 200 quarts in all wells.

The shooting is done by a contractor who follows it as a vocation. He
is usually an agent of the company who manufactures the explosive, and
often works on the percentage system, receiving from the company a
stipulated sum per quart for the explosive sold.

The nitroglycerine is hauled overland from the factory in square tin
cans holding eight to ten quarts each, and stored in quantity in buildings
erected in some out-of-the-way place at various points in the oil field.
- When a well is ready to be shot, the agent who does the shooting trans-
ports, in a light buckboard buggy, padded and fitted for the purpose, a
number of these cans to the well. There the glycerine is poured into
cylindrical tin cans, called ‘¢ shells,” about five inches in diameter, and
long enough to hold twenty quarts of the explosive. Each shell is coni-
cal at the lower end and slightly concave at the upper. As soon as the
first shell is filled it is lowered into the bore. 'When it reaches the bot-
tom the lowering line, by a special device, becomes detached and is
drawnup. The second shell is then filled, and when lowered its conical end
fits into the cavity at the top of.the first. In this manner each of the
shells, after being lowered, rests in close connection with the one preced-
ing. The last, or top shell, is fitted in a special mapner with a water-
proof percussion cap so arranged beneath a flat iron plate that when the
latter is struck the cap is exploded and in turn sets off the nitroglycerine.
After the lowering line of the last shell has been reeled up, an iron cast-
ing, called the * go-devil,” is dropped into the bore, and the ** shooter’’
and spectators retreat some distance from the derrick.
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A vperson one hundred yards away will, after an interval of thirty to
fifty seconds, experience a slight jarring of the earth, accompanied by a
muffled report somewhat louder than a pistol shot. A minute or two
thereafter a roaring sound is heard and a solid column of oil and water
is seen issuing from the mouth of the bore. This rises higher and higher
until it finally reaches far above the.derrick and there breaksinto spray.*
Blown up with it are many fragments of stone, and the remains of the
tin canisters and ‘¢ go-devil” shattered into a thousand particles. Pieces
of porous rock blown up from a depth of a thousand feet often weigh
six to eight pounds.

The flow of oil resulting from the explosion usually soon subsides, and
as soon as possible tubing two to two and a half inches in diameter and
reaching to the bottom of the bore, is put in and connected with a tank
which has been erected near by. These tanks are cylindrical, are con-
structed of wooden staves, and are usually gauged to hold 250 barrels
each. In such a tank each inch in depth equals two and a half barrels
of oil; therefore, in oil field vernacular, a yield of ‘ten inches a day”
means twenty-five barrels. The cost in 1896 of such a tank was eighty
dollars.

After tubing the well and connecting it with the tank, the necessary
pumping apparatus must be bought, as few Indiana wells flow naturally
for any length of time.

If a number of wells are to be drilled a power house is located near
the center of the lease and a small engine placed therein. Each well is
supplied with an oscillating walking beam, to which the necessary pump-
ing or sucker rods which ply up and down inside the tubing are attached.
Pumpin When 'several wells are pumped by one engine the power is

the (]));l 9 transmittted to the walking beam of each by means of long

" rods or wire ropes provided with suitable angle-knees to
change the direction of the pull. The engine runs an oscillating pull-
wheel which gives horizontal movement to the rods radiating from it to
the different wells. These rods are suspended above the ground by
ropes attached to poles or posts which are set in a row between the power
house and well. The pull-wheel draws the rods in one direction, and
on the return the weight of the sucker rod, hanging from the walking
beam, draws them back. In this way wells have been pumped one mile
from the power house, and often as many as twenty wells, and sometimes
as many as forty, are pumped by a single engine. More than twenty-
five or thirty are, however, too many, for if the power should happen to
break down all the wells are stopped. Again, a pumper (the man in
charge of the engine and wells) can not look after more than that num-
ber and do it right. The fuel used for pumping is usually gas, the wells

*See frontispiece.
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on the lease often furnishing enough; though in most instances it is
piped in from a distance. Oil is used to some extent, and will probably
be more used in the future.

Several of the leading operators about Van Buren and Montpelier have
begun to use gas engines for pumping, and so far have been very favor-
ably impressed with their work At Van Buren Mr. E. J. Little, in Oc-
tober, 1896, was pumping six wells at an expense of but $8.00 a month
for gas. The engine is so constructed that natural gas and compressed
air are blended and then exploded by electricity generated in a small bat-
tery at hand. The sudden &xpansion of the mixture moves a piston and
so creates motion. The engines need no attention other than oiling once
or twice a day. The pumper has more time to look after the wells and
can attend to a greater number of them. The cost of the gas engine has
up to the present kept it from more common use, the price of one suitable
for pumping being $650 in 1896.

The average cost of the first well on a lease, if drilled to a depth of
1,000 feet, was about as follows in the Indiana field in 1896:

Cost of & Dr%lling
Producing ~ Drive Pipe

. Casing
Well. Shooting

Tubing and pumping outfit
Engine and boiler ...

Two tanks (@ $80

Belting, etc

The second well will cost $500 less, as the one engine and boiler will
do for both. The larger operators, where putting up their own rigs and
drilling their own wells, expend less money. Thus seven wells on one
lease close to Van Buren cost $1,100 each, connected to the power. Of
seven on another lease in Chester Township, Wells County, where the
rig and drilling were let by contract, the first cost $2,400 and the re-
maining six $1,200 each.

After a tunk has been filled with oil the latter must be steamed to re-
duce the impurities and sediment to a minimum This is done by con-
necting pipes from the engine with the bottom of the tank, and forcing
steam through the oil. The process of ¢ production” is then complete,
and the oil is ready for the market.

The cost of operating an oil lease after the production has been estab-

Cost of lished need no1i be more than $75 per month; the sa!ary of
Operating the pumper being $45 to $50, and the cost of fuel, if gas,
o Lease about $25. A dozen, or even twenty wells can, however, be

" operated almost as eheaply as one after they have been con-
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nected with the power. An extra pumper may have to be employed,
but otherwise no additional expense is entailed.

Where the plant has been established, it will pay to pump as low as
two or three wells, even if the yield is only five barrels each per day,
provided, the price of oil is fifty cents or more per barrel.

The estimate of expense and income from two five-barrel wells, after
deducting the royalty of one-sixth, is as follows:

Expense per month :

Salary of pumper..
Cost of fuel

Income per month:
250 barrels oil @) 50 cents

Net income per month

‘With six five-barrel wells on the lease, the income would be $375 and
the expense $75; a net gain of $300 per month.

Where a well is inside of producing territory, and promises a fair out-
put, little difficulty is experienced in getting a branch of the Buckeye
Pipe Line Company laid to it. This pipe line company is an adjunct of
the great Standard monopoly, and up to the advent of the Cudahy Pipe
Line, transported all the oil produced in the Indiana field with the ex-
ception of a small production in Adams County, which the Manhattan
Oil Company controls.

When a tank is full, or nearly so, the pumper notifies a gauger of the
Buckeye Company, who comes and measures its contents and turns it into
their line. He at once notifies the Ohio Oil Company (the Indiana branch
of the Standard Oil Company), at Montpelier, and, after deducting 2
per cent. for sediment, leakage, etc., certificates are mailed
to both the producer and the party owning the land, stating
the number of barrels to their credit in the lines of the Buck-
eye Company, together with the market price of the same. These cer-
tificates can be cashed at the various banks in the oil field, or are payable
over the counters of the company at Montpelier. The Standard Oil
Company, owning, as it does, the only pipe lines of any size entering the
Indiana field, controls the price of Indiana oil. It can raise or lower it at
will. It is said that in 1895, wishing to get possession of outstanding cer-
tificates harmful to its interests, it forced the price of Indiana and South
Lima oil to $1.15 a barrel. Immediately it had accomplished its object,
the price was gradually lowered until in the fall of 1896 it ranged between
57 and 61 eents. At all times within the past few years North Lima oil,
though of the same quality as that from Indiana and South Lima, has sold
at from five to ten cents a barrel more, for the reason that competition
exists in the former district. The Pennsylvania and West Virginia oils,

Marketing
the Oil.
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on the lease often furnishing enough; though in most instances it is
piped in from a distance. Oil is used to some extent, and will probably
be more used in the future.

Several of the leading operators about Van Buren and Montpelier have
begun to use gas engines for pumping; and so far have been very favor-
ably impressed with their work At Van Buren Mr. E. J. Little, in Oc-
tober, 1896, was pumping six wells at an expense of but $8.00 a month
for gas. The engine i8 so constructed that natural gas and compressed
air are blended and then exploded by electricity generated in a small bat-
tery at hand. The sudden expansion of the mixture moves a piston and
80 creates motion. The engines need no attention other than oiling once
or twice a day. The pumper has more time to look after the wells and
can attend to a greater number of them. The cost of the gas engine has
up to the present kept it from more common use, the price of one suitable
for pumping being $650 in 1896.

The average cost of the first well on a lease, if drilled to a depth of
1,000 feet, was about as follows in the Indiana field in 1896

Rig oo $275

Cost of a Drilling ..o ooii 500
Producing DriyePipe..............................,..._ ..... 100
7 CCaBINg e e e e 250

Well. SROOLNG .+ v e ere ettt e ee e e e 110
Tubing and pumping outfit........................ 200

Engine and boiler ........... ... .. ... oo il - 500

Two tanks @ $80. ... ... ... 160

Belting, etc ..o oo 85

Total ...vvi i e $2,180

The second well will cost 8500 less, as the one engine and boiler will
do for hoth. The larger operators, where putting up their own rigs and
drilling their own wells, expend less money. Thus seven wells on one
lease close to Van Buren cost $1,100 each, connected to the power. Of
seven on another leage in Chester Township, Wells County, where the
rig and drilling were let by contract, the first cost $2,400 and the re-
maining six $1,200 each.

After a tunk has been filled with oil the latter must be steamed to re-
duce the impurities and sediment to a minimum  This is done by con-
necting pipes from the engine with the bottom of the tank, and forcing
steam through the oil. The process of * production” is then complete,
and the oil is ready for the market.

The cost of operating an oil lease after the production has been estab-
lished need not be more than $75 per month; the salary of

0008; ;:f the pumper being $45 to $50, and the cost of fuel, if gas,
a}’;:“ 8:47 about $26. A dozen, or even twenty wells can, however, be

operated almost ss eheaply as one after they have been con-
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nected with the power. An extra pumper may have to be employed,
but otherwise no additional expense is entailed.

Where the plant has been established, it will pay to pump as low as
two or three wells, even if the yield is only five harrels each per day,
provided, the price of oil is fifty cents or more per barrel.

The estimate of expense and income from two five-barrel wells, after
deducting the royalty of one-sixth, is as follows:

Expense per month :

Salary of pumper
Cost of fuel

Income per month:
250 barrels oil @ 50 cents

Net income per month

With six five-barrel wells on the lease, the income would be $375 and
the expense $75; a net gain of $300 per month.

Where a well is inside of producing territory, and promises a fair out-
put, little difficulty is experienced in getting a branch of the Buckeye
Pipe Line Company laid to it. This pipe line company is an adjunct of
the great Standard monopoly, and up to the advent of the Cudahy Pipe
Line, transported all the oil produced in the Indiana field with the ex-
ception of a small production in Adams County, which the Manhattan
Oil Company controls.

When a tank is full, or nearly so, the pumper notifies a gauger of the
Buckeye Company, who comes and measures its contents and turns it into
their line. He at once notifies the Ohio Oil Company (the Indiana branch
of the Standard Oil Company), at Montpelier, and, after deducting 2
per cent. for sediment, leakage, etc., certificates are mailed
to both the producer and the party owning the land, stating
the number of barrels to their credit in the lines of the Buck-
eye Company, together with the market price of the same. These cer-
tificates can be cashed at the various banks in the oil field, or are payable
over the counters of the company at Montpelier. The Standard Oil
Company, owning, as it does, the only pipe lines of any size entering the
Indiana field, controls the price of Indiana oil. It can raise or lower it at
will. It is said that in 1895, wishing to get possession of outstanding cer-
tificates harmful to its interests, it forced the price of Indiana and South
Lima oil to $1.15 a barrel. Immediately it had accomplished its object,
the price was gradually lowered until in the fall of 1896 it ranged between
57 and 61 cents. At all times within the past few years North Lima oil,
though of the same quality as that from Indiana and South Lima, has sold
at from five to ten cents a barrel more, for the reason that competition
exists in the former district. The Pennsylvania and West Virginia oils,

Marketing
the O1l.
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being of a better quality, bring from 47 to 58 cents more per barrel
" than the Indiana product.

The Cudahy Pipe Line, being of small capacity, can do little towards
increasing the price of Indiana oil. It is a private line, constructed to
relieve its owners (who, next to the Standard, are the largest producers
in the Indiana field) from the power of the Standard, rather than to serve
a8 & competitor to the latter company.

The real value of a barrel of crude Indiana petroleum, when one takes
into consideration the manifold products derived from it, is nearly double
its present market price of 58 cents. But with the output wholly in the
power of a monopoly, which is commonly reputed to ¢“ know no scruples
in its treatment of competitors,” there is little chance for the Indiana
producer to receive just value for that which he produces. At present
he is wholly deprived of the benefits ever accompanying free competition.
He must take his choice of staying out of the field or selling the produet
for the arbitrary price fixed by the one purchaser.

A producing well often has to be overhauled aud cleaned. Where the
production has run down there have been in recent years several attempts
to increase it by the use of hydrochloric (muriatic) acid, some of which

Use of have been quite successful. A well in the northwest quarter
.. of section 4 (24 north, 13 east), Jackson Township, Wells

Muriatic C . )

Aeid in Old ounty, operated by the Fry pll Company, when thre.e years

Wells and a half old, had a production of but five barrels daily. It

" was then treated with 148 carboys of acid, costing something

over $400. In six days the acid was neutralized, and the well began
pumping twenty barrels a day and kept it up for several months.

On the Schooley farm, in the southeast quarter of northwest quarter of
section 29 (25 north, 12 east), Nottingham Township, Wells County, a
well which in April, 1895, started at 150 barrels was down to ten barrels
in June, 1896. Studebaker, Bennett & Co., of Bluffton, Indiana, then
treated it with a carload of muriatic acid at a cost of $400. They let it
stand for nine days and then cleaned it out, and it began yielding fifty
barrels a day, which it kept up for six weeks; for the second six weeks
it averaged thirty barrels daily, and by October 15 it was down to fifteen
barrels. In both of the above wells the acid treatment was a success
financially, but in several other wells in Adams and Wells Counties it
has proven a failure. Where the porous stratum is rather coarse, the
acid acts more freely on the dolomite and probably increases the flow for
a while. Where the stratum is close-pored, a carload of acid does not
affect the rock far enough distant from the well to cause much increase
in the production.
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The production of oil in Indiana has gradually increased from 33,375
barrels in 1889, when the wells at Terre Haute first began yielding, to
4,659,290 barrels in 1896. In no year has the production

Statistics diminished below that of the preceding year, though in 1896

of the the gain was but 272,850 barrels, or 6.2 per cent., whereas

I.ndw,.na in 1595 it was 697,466 barrels, or 18.9 per cent. The lower

Oil Field. price of oil and the general stagnation of business preceding
the national election prevented many wells from being drilled in 1896
which would otherwise have been put down.

In the following table is shown the total production of petroleum in
Indiana by months from 1891 to 1896. The largest production in any
one month is seen to have been in May, 1896, when 442,490 barrels were
produced :

TOTAL PRODUCTION OF PETROLEUM IN INDIANA FROM 1891 TO 1896, BY

MONTHS.
[Barrels.]
MONTH. 1891. 1892, 1893. 1894. 1895. 1896.

January ... ... .0 ... 6,171 15,841 | 111,824 | 259,000 | 300,568 371,430
February. . . . ... .. .. .. 5.981 18,946 96,025 | 232,107 | 230,559 335,053
Mareh . .. ... .00 5,159 24,794 | 134,549 | 282,376 | 310,303 381,680
April. . .. . . . v 0o 4,973 26,184 146,493 | 287, 017 390,297
2 5,757 31,033 186,93 321,502 7, 2,490
June . . . ... L., 8,136 40,888 | 209,616 | 333,479 | 403,569 437,628
July . .. o i e 10,809 49,203 | 221,666 | 327,349 | 434,376 428,413
Avgust . . ... .. ..o 11,603 56,109 | 248,353 | 345,031 420,132 407,990
September . . . ... ... ... 16,500 66,034 245,615 | 319,588 | 409,169 405,106
October. . .. .. .. ... .. 19,029 95,699 | 252,568 339,424 393,153 345,662
November . . . ... ... ... 20,801 19,270 | 245,607 304,030 373,789 327,826
December. . . . .. ... .. .. 21, 715 144.067 236,038 337,450 361,436 314, 715
Total . .. .. .. ...... 130,634 698,068 2,335,293 | 3,688,666 ( 4,386,132 | 4,588,290

Adding to the 4,588,290 barrels, the amount transported by the Buck-
eye Pipe Line from the Indiana field, 71,000 barrels, the amount pro-
duced by the Northern Indiana Oil Company between September 17
and January 1, we have 4,659,290 barrels as the total product of the In-
diana field for 1896.

It will be noted that the production in each of the winter months is
less than in those of spring or summer. This is usually the case, there
being, during the cold season, fewer wells drilled in and a smaller yield
from those already finished. The shipments are greater than the produe-
tion in winter and the price usually rises a few cents per barrel.
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In the following table will be found a statement of the production of

petroleum in Indiana from 1889 to 1896, inclusive:

PRODUCTION OF PETROLEUM IN INDIANA FROM 1889 TO 1896.

1889, | 1890, | 1891, | 1892. 1893, 1894. 1895. 1896.
Total production (bar- i
rels of 42 gallons) . . | 33,375 63,496|136,634| 698,068 2,335,293| 3,688,666| 4,386,132| 4,659,290
Total value at wells of
all oils produced, ex-
cluding pipage. . |$10,881/8:2,462|854,787| $260,620| $1,050,882 81,774,260/ $2,807,124) $2,842,166
Value per barrel . . . $0.32%| $0.51%| $0.40 $0.37 80 45 $0.48 $0.64 $0.61

NUMBER OF WELLS COMPLETED IN THE INDIANA OIL FIELD FROM 1891 TO

1896, BY MONTHS.

YEAR. |Janp.|Feb.|Mar.| Apr.| May.|June.|July.| Aug.| Sept.| Oct. | Nov.| Dec.|Total.
1891 R 6 6 15 15 15 8 65
1892 11 13 18 13 17 19 17 30 25 52 33 47 295
1893 20 30 31 36 45 47 47 55 27 72 56 76 542
184 90 | 103 | 103 80 | 110 | 107 123 | 100 | 107 97 85 | 1,189
1895 61 4 81| 111 | 122 | 153 | 132 | 140 | 129 | 106 | 102 8! 1,267
1896 76 90 86 | 136 | 148 | 151 | 113 | 121 70 57 66 | 1,180

Total . 4,538

On January 1, 1897, there were 3,442 wells produeing oil in the Indi-
ana field, so that 1,096 of those completed had either proven dry holes or
had ceased to yield oil in quantity sufficient to pay for pumping.

INITIAL DAILY PRODUCTION OF NEW WELLS IN INDIANA OIL FIELD FROM

1891 TO 1896, BY MONTHS.

[ Barrels.]
MoxTH. 1891, 1892. 1893, 1894. 1895, 1896.

January . . . . v e v e v e e e e 342 1,020 2,361 2,132 1,557
February. . . . .. .. .o ool oo 20 913 2,935 1,413 1,875
Mareh . .. ... .. ... ). o289 2,806 3,395 2,504 2,090
April . . . o o oL ool : 316 4,135 3,175 3,473 2,820

.32 506 3,155 4,450 3,035 3,19
June . . . . e i e e e e e e e e 545 5,595 4,886 4,923 3,156
July ... «..... Ce 253 595 3,880 8,530 3,067 2,335
August .. ... .00 135 1,2% 4,184 3,435 2,760 2,650
September 875 2,145 2,055 3,149 3,175 1,700
Qotober . . 330 4,155 3,442 3,455 2,651 1,500
November 3! 3,050 2,305 3,323 2,560 1,39%
December. . 175 3,160 2,968 2,654 2,025 1,100

............. 40,748
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One feature of the oil industry which has come into common use, and
which should be abandoned, is that of giving the initial output of a well
rather than its settled production after 30 or 60 days. Because a well
starts out at 100 to 2560 barrels a day is no sign that its total production
will be a large one. From the well records given in the detailed account
of the Indiana field, it will be noted that the production falls rapidly. In
general it may be said that a 50-barrel well will be down to 10 barrels
in two months and to five barrels in a year. A fifty-barrel well is a fair
average well for the entire Indiana field, the average produc-
tion of which is about four barrels per well per day. A
. well that starts off at 150 to 250 barrels gets down to the av-

of Indiana o . . . .
. erage in time, the only difference being that the oil bearing

Field. stratum which the bore has pierced is a little more porous
than in the one yielding 50 barrels.

While the waste in the oil field of the State has not heen proportion-
ally as great as that which characterized the early days of the natural gas
area, it is even yet far above what it ought to be; the waste
., of both gas and oil being in the course of a year an enormous

the' Ot one. Many wells are drilled which yield both gas and oil;

Field. and the drillers, seeking only the latter, allow the former to
escape or burn it freely in flambeaux and other lights. Again, where
only gas is found the well is often abandoned without being properly
capped, and much valuable fuel is thereby lost.

Moreover, one can not pass through the oil field without noting that
every pool and stream of water is covered with oil, thousands of bar-
rels being allowed to go to waste through leakage and overflow of
tanks; overflow of wells when first shot; or through the oil passing off
in quantity with the salt water flowing from the tanks. With these two
fuels it is like everything else which is abundant for a time; satiety be-
gets careless and excessive use. The time will come, and that before
many years, when the stored reservoirs of these great resources will have
been drained, and only the dregs be left as a reminder of the plenty that
has been.

As has been already noted, it is the small operator who does most of
the * wild-catting.” A man with a few hundred dollars of surplus money
gets the “oil fever,” believes there is oil to be found in his vicinity, and

The proceeds to organize a company among his neighbors or fellow-
townsmen. The bore is sunk, and it it proves dry it serves

Small . o .
the purpose of marking a tract which is thereafter avoided.
Operator. If it be a gas well its output may be used as fuel if that com-
modity is not already too abundant. If it be a fair produeing oil well,
and yet some distance from the main field, the company will have diffi-
culty in getting a pipe line to carry away the product; and, not wishing
to assess the members for another well, the chances are that the one bored

Average
Production

Waste in




THE PETROLEUM INDUSTRY IN INDIANA. 95

will be finally plugged, and the only benefits derived from its boring will
_ be the marking more clearly the limits of the productive field. Theaver-
age ‘‘ wild-catter’’ is satisfied if he makes $5,000 in the oil business. If
a good well is struck close to the limits of territory already producing,
it and the lease on which it is located are usually sold to a company with
larger means. This company puts down six or eight bores, and if they
are fair or good producers it, in time, usually sells to a still larger com-
pany, like the Standard or the Northern Indiana, for a good profit. The
usual selling price in the Indiana field for an oil property consisting of a
lease of eighty to one hundred and sixty acres, with three to eight wells,
having a settled production, is $300 a barrel for the average daily pro-
duction. More money has been made by Indiana operators in thus par-
tially developing and selling leases to the larger companies than in any
other way.

From a careful study of the Indiana oil field, and conversations with
the leading operators therein, it is the writer’s opinion that nearly, if not
quite, as much money is being spent in the field each year, as is gotten

T . out of it. Some men who understand fully the details of oil
e Indi- . . . .

ana Field produ'ctlon and are followmg_ the business of producing as a
us g vocation, are making money in large amounts, but many who

Whole enter the field for purely speculative purposes are losing it.

*  The principal reason for this is, that there is no certainty of
striking oil at any one place, even on the best proven territory. But
little reliance can be put in the size or shape of any so called ‘‘pool’” in
Indiana, as, on account of the deep drift covering the surface, the anti-
clines and the synclines of the Niagara and Trenton rock can be deter-
mined only by the drill. All wells are, therefore, risky investments.
In the words of a leading operator, ¢ Each new bore is practically a wild-
catting experiment—a lottery, where you pay $1,500 to $2,500 a chance,
and sometimes draw a big prize, sometimes a fair one, and often a blank.”
As the spirit of speculation is ever rife among the American people, in-
dividuals are plentiful who are willing to accept the chances at the prices
given, and go each year sees many wild-cat bores go down, a large pro-
portion of which are losing investments.

Ag the output of the older wells is constantly diminishing, it is neces-
sary that a large number of new ones be put down each year to pre-
vent the annual production from dropping. While in 1896 the annual
production was increased, the new output did not increase proportionally
the average production of the field, and the older operators believe that
unless a large area of virgin territory is soon located the average will
goon drop from four barrels to three, or even less, per well.

Up to the present the farmers who have owned the land on which
producing wells were bored are the ones who have been most benefited
by the discovery of oil in Indiana. They had everything to gain and
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nothing to lose in leaging their property. Some of the first operators in
the field after losing money finally regained it and much more by staying
with the business and developing and selling leases in the manner already
mentioned, while a large number of them still possess valuable produc-
ing property. The Standard Oil Company has also, doubtless, made
much money in the Indiana field both as a producer and a purchaser.
Finally, it may be said that an investor who wishes to become a bona
fide producer can yet make money in the Indiana field if his property is
managed on strictly business principles. To such an investor we would
say: Put your money in a partially developed or good prospective lease
within the known productive limits. Remember that one large well will
not make any man a fortune ; twenty small ones may in time. The yield
of the large one will in time become much less; that of the twenty small
ones will hold out for a long time. Connect the twenty wells to one
power and put a good man in charge of it Pump steadily so as to get
all the oil possible. Keep your drilling tools, your lead pipes and your
pumping machinery in good condition. Be saving of fuel and especially
look out for overflow and waste of your production. Let other people
do the wild-catting, and if you desire to make new investments follow
where they lead.




COMPOSITION OF INDIANA COALS.

BY W. A. NOYES.

Collection of Samples.—In the examinetion of any mineral which is to
be sold or used for commercial piurposes the selection of samplesis of very
great importance. In many cascs it is possible to select a sample in such
a manner that the analysis will show results which are very much better
than the real average of the co rmercial product. For this reason, in
the present study of the compos tion of Indiana coals, careful attention
was paid, at first, to the selection of saraples which should represent as
nearly as possible the commercit i prodact of the State. The samples,
with one exception, were taken 2 the mines from the face of the vein,
beginning at the top and cutting Jdown at several places in such & manner
ag to secure an average sample ¢{ ihe con). These larger samples were
then broken into small pieces and ‘‘quartered” down to secure the
smaller sample, which was subn:tted for analysis. This smaller sample
was then placed in a sealed bottl: and was sent to me in that form.

Samples 1-11, inclusive, werz collected by the Assistant Mine In-
spector, James Epperson. Samales 12-19, inclusive, were collected by
the Mine Inspector for the Steie, Robert Fisher. The samples were
taken in the mines by these g:utlemen, and not by the owners of the
mines. Sample No. 20 was an ¢{ice sample sent by the Superintendent
of the company, as the mine wa:: not in operation at the time.

Samples 21-27, inclusive, are ,sumples of Pittsburgh and West Virginia
coals, furnished through the kiilness of Mr. Henry Immerhart, of the
Marmet Company, Cincinnati, Ghio. These samples were taken from
the cars in Cincinnati, and were analyzed for the purpose of comparing
their composition with that of Ii.iiana coals.

DESCRIPIION OF COALS.

1. Vanderburgh County. Eunny Side Coal & Coke Co., Evansville.
Shaft, 280 ft. deep; vein, 4 ft. 3 in.; 1vof, black slate; floor, fire clay,
3 ft. thick,

2. Warrick County. Defor:st Mine, three miles west of Boonville,
on “‘Air Line”” R.R. Shaft, 65 ft. aeep; vein, 6 ft.; roof, black slate;
floor, fire clay. ’
7—GEOL.
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3. Knox County. Edwardsport Coal Mine, worked by Edwardsport
Coal and Mining Co. Vein, 4 ft. 6 in.; roof, black slate, 35 or 40 ft.
thick ; floor, fire clay.

4, Kbnox County. Bicknell Mine, on I. & V. R. R., owned by the
Bicknell Coal Co. Shaft, 92 ft. deep; vein, 4 ft. 2 in.; roof, gray slate.

6. Daviess County. Cabel & Kaufman Mine, three miles southwest
of Washington. Shaft, 86 ft. deep; vein, 4 ft.; roof, soft gray slate;
floor, soft white fire clay.

7. Sullivan County. Star City Mine, two and a half miles east of
Shelburn. Shaft, 100 ft. deep; vein, 5 ft.; roof, black slate; {floor,
‘““Black Jack” or ‘“ bone coal,’”’” underlaid with hard fire clay, merging
into sandstone.

8. Sullivan County. Alum Cave Mine. Shaft, 45 ft.; vein, 5 ft. 6 in.;
roof, black shale; floor, same as last. :

9. Greene County. Buckeye or Fluhart Mine, owned by the Linton
Coal and Mining Co., one and a half miles southwest of Linton, on the I.
& V. R. R. 8haft, 92 ft.; vein, 5 ft.; roof, gray slate.

10. Greene County. Summit Mine, owned by the Dugger & Neil
Coal Co. Two miles west of Linton on the I. & V. R. R. Shaft, 100
ft.; vein, 5 ft. 2 in.; roof, gray shale.

11. Greene County. Island City Mine No. 1, owned by the Island
City Coal Co. One and one-half miles south of Linton. Shaft, 664 ft.;
vein, 5 ft.; roof, gray shale.

12. Vigo County. Ray Mine, owned by the Vigo County Coal Co.,
at Seeleyville. Vein, 7 ft. thick, carrying two thin slate bands, dividing
_ it into three nearly equal parts. Slate easily separated, and other im-
purities readily removed.

13. Clay County. Gart, No. 5 Shaft, Cardonia, owned by the Brazil
Block Coal Co. Vein, 3 ft. 6 in.; roof, gray bituminous shale; floor,
6-12 in. of fire clay, underlaid by dark shale.

'14. Clay County. Brazil Block, No. 1 Shaft, owned by the Brazil
Block Coal Co. Vein, 3 ft. 10 in.; roof, white shale, cut by irregular
*“slips” or clay veins; floor, fire clay, 3-5 ft. thick.

15. Clay County. Eureka Mine No. 1, owned by the Eureka Block
Coal Co. Vein, 3 ft. to 4 ft. 6 in.; roof, gray bituminous shale; floor,
6-12 in. of fire clay, underlaid by a dark shale.

16. Clay County. Crawford Mine No. 3, owned by the Crawford
Coal Co., of Brazil, Ind. Roof and floor, as last.

17. Clay County. Columbia No. 2 Mine, block coal, owned by
Teller, McCleland & Co.

18. Owen County. Lancaster No. 4 Mine. Vein, 3 ft. 6 in. to 4 ft.
10 in.; roof, soft shale; floor, fire clay, 2 in. to 3 ft, thick. Fair repre-
sentative of the coal mined in the vicinity of Clay City, Clay County.
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19. Parke County. Melntcsh No. 1 Miae, near Diamond, owned by
L. MclIntosh & Co., Brazil, ind. Zlock coal.

20. Parke County. Cox 1lo. 3 Mine, bituminous, owned by the
Brazil Block Coal Co., Brazil, I1d. Office sample selected by the Super-
intendent. Vein, 6 ft.; roof, d:rk shale, overlaid by sandstone; floor,
thin fire clay and shale or slate.

21. Pittsburgh Coal. Beck's Run, first pool coal, Hays Coal Co.

22. DPittsburgh Coal. Anck:r, fourth pool coal, Beaumont Coal Co.

23. Pittsburgh Coal. Calec nnia, fourth pool coal, T. J. Wood.

24. Pittsburgh Coal. Ston: Iiill, fourth pool coal, John D. Nixon.

25.  Pittsburgh Coal. Littl.: Redstone, fourth pool coal, Little Red-
stone Coal Co. :

26. West Virginia Coal. Riymond coal, The Marmet Smith Coal and
Mining Co., Raymond City, W Va. :

27. 'West Virginia Coal. Xclmont coal, Belmont Coal Co.

METHOT™S OF ANALYSIS.

Moisture.—One gram of the ccai was dried in a porcelain crucible in a
toluene bath (at about 105° C.) for one hour. Experiments made in
this laboratory by Mr. W. E. Bu :z have shown that the loss of volatile com-
bustible matter waen a coal is 1.cated at 100° in a current of dry air for
one hour is so small as to be ir:ignificant. (See Report of the Indiana
Academy of Science for 1896.)

Ash.—The coal in which the siisture was determined was heated over
a Bunsen burner, at first with & very low flame, till the carbon was com-
pletely burned. S

Fized Coarbon.—One gram of fresh coal was placed in a platinum cru-
cible 34 mm. in diameter and 3 mm. high, and heated for seven minutes
over the full flame of a Bunser burner. The crucible was placed on a
platinum triangle with its bottor1 7 cm. above the top of the burner, and
the flame, when burning free, w:s 25 em. high. This careful description
of method is given, because th: methods used by different chemists are
not the same, and the results Sepend, to a considerable extent, on the
method used.

The fixed carbon is calculate by subtracting from the coke left by the
treatment described, the ash, ¢z found above. Since the iron remains
chiefly as the sulphide in the ¢oke and as ferric oxide in the ash, this
method of caleulation is not stri:tly accurate, but so long as methods of
determining fixed carbor vary s they do, it would be a useless refine-
ment to employ a more correct snathod of calculation.

Volatile Combustible Matter.— The loss cf weight in determining fixed
carbon, less the moisture, gives the volatile combustible matter. This
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volatile combustible matter may be assumed to contain about one-half
of the sulphur. As the volatile combustible matter is determined by
difference, the sum of the four substances, mentioned above, must always
equal one hundred per cent. The sulphur is partly included in the vol-
atile combustible matter, partly replaced by oxygen in the ash, and
partly, though usually to only a very small extent, remains in the ash
in the form of sulphates.

Sulphur.—This was determined by Eschka's method. One gram of
the coal was mixed with one and a half grams of a mixture of one part
of sodium carbonate with two parts of magnesium oxide, a small amount
of the mixture being placed on top. The whole was heated in a plati-
num crucible over an aleohol lamp till the carbon was completely burned.
After coeling, one gram of ammonium nitrate was raixed in and the
mixture heated again for. ten minutes. The residue was then treated
. with successive portions of hot water and thoroughly washed. The

filtrate was acidified with 10°° of dilute hydrochloric acid (1:4 by vol-
ume), heated to boiling and 10°° of a ten per cent. solution of barium
chloride added very slowly. After digesting, hot, till the solution set-
tled clear, quickly, after stirring, the barium sulphate was filtered off,
ignited and weighed. A correction was applied for the amount of sul-
phur found in the reagents.

Heating Ejfect.—The best method of determining the heating effect of
coals is to burn them in an autoclave in an atmosphere of compressed
oxygen. The time and money at our disposal did not, however, permit
the use of that method. In order to secure some basis for an approxi-
mate comparison of the heating effect of the coals, use was made of what
is known as Berthier’s test. This was carried out as follows: One gram
of the coal was intimately mixed with forty grams of litharge and the
mixture was put in a Battersea C crucible, seven and a half centimeters
deep and four and a half centimeters in internal diameter. The covered
crucible was then placed in a hot gas furnace and heated for fifteen min-
utes. The crucible was then taken out, tapped to collect the lead, cooled,
broken, and the lead button cleaned and weighed.

The determination is based on the supposition that the lead is propor-
tional to the amount of oxygen required for the complete combustion of
the fuel, and that the latter is proportional to the heating effect of the
fuel. Neither assumption is strictly true. In accordance with these as-
sumptions, one gram of lead should correspond to about 234 calories of
heat. During the spring of 1895 Mr. J. R. McTaggart and Mr. H.
'W. Craver undertook, at my suggestion, in the laboratory of the Rose
Polytechnic Institute, a comparison of Berthier’s test with the results of
the calculation of heating effect from analyses and with the results ob-
tained by burning the same coals in Hempel’s Calorimeter. The results
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and a discussion of the methods used are published in the Journal of the
American Chemical Society, volume 17, page 843. The following table
is reprinted from that Journal :

New Pittsburgh A.
New Pittsburgh B.

Lancaster,
Shelburn.

ss_sam

TLIBVRSAZTNBES

Volatlle combustihle matter
Fixed carbon . . .

-

—
IS e S

oSS o Bo BB

&EQ'%%%S%’ER&%EB

(11D
i

Calories per gram, calculated . . . . C | 5081.00 | 5272.00 | 5770.00 | 5696,00 | 5402.00 | 4632,00
QCalories per gram, calculated . . . .H| 991.00 | 1011.00 | 939.00 | 784.00 | 962.00 | 956.00
Calories per gram, calculated S| 161.00 | 127.00 13.00 | 30.00 | 55,00 92.00
Calories per gram, calculated Ye | 103.00| 81.00 $.00 19.00 | 3600 59.00

E’e@ 6491.00 | 6731.00 | 6529.00 Es".o?'

Difference, per cent +260| +1.20| +0.40( —4.60| —1.20| —1.20
Calories per gram, Berthler 3 test, factor
268.3 .. .| 6307. ({8 6471.00 | 6831.4 08 6689 00 6461, (1)8 572? 00

Difference, per cent . . T 1 +0.90 | +1.9
Calories per gram, calorimete .. . .|6175.00 | 6415.00 | 6703.00 684600 653200| 580600

It will be seen from this table that in order that the results of Ber-
thier’s test should agree with the results of the calerimeter, which were
undoubtedly very nearly correct, it was necessary to use an empirical
factor of 268.3 calories per gram of lead. It was hoped, when the pres-
ent work was begun, that the same factor could be used. On examin-
ing the results obtained, however, it was found that for the Brazil block
and Lancaster coals values calculated with this factor were about ten per
cent. too low. Assuming that the total combustible matter in these
coals is of the same composition as that in the same coals examined by
Messrs. McTaggart and Craver a factor of 300 calories per gram of lead
must be used. The difference is due partly to the fact that the litharge
used in the present series contained a little red lead and partly, proba-
bly, to slight differences in the manipulation and in the temperature of
the furnace. Of course, under these circumstances, the results can not
be considered as very reliable. The table is given with a good deal of
hesitation and only as giving approximately the heating effects of the
coals. Differences of less than two or three per cent. in the heating
value should not be taken as proving that one coal is better than an-
other.
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The same test was applied to the Pitisburgh coals, but the results dif-
ered so much from the results obtained by Professor N, W. Lord, of Ohio
University, by burning similar coals in a calorimeter that it was clear
that the results obtained by the lithargs test for these coals are worth-
less unless a different factor is used.

The total combustible matter in the coals may also be used to calculate
the heating effect. If, in the table given above, one-half of the sulphur
is subtracted from the total combustible matter and the heating effect as
determined by the calorimeter is divided by the remainder, we obtain
the following values as the heating effect in calories of one per cent. of
combustible matter :

New Pittsburgh A 81.12 calories.
New Pittsburgh B 80.50 calories.
Lancaster. . .o.v vt i i i e e it 79.43 calories,
81.41 calories.
80.66 calories,
81.29 calories.

Average 80.73 calories.

A similar calculation from the analyses and calorimetric determina-
tions of the heating effect of fifteen Pittsburgh coals, as given by Pro-
fessor N. W. Loxd, of the University of Ohio, gives, on the average,

80.78 calories.

. 'We may, therefore, use the following rule for the calculation of the
heating effect: Subtract from the per cent. of total combustible matter one-half
of the per cent. of sulphur and multiply the remainder by 80.7.

It is believed that for Indiana and Pistsburgh coals of the class exam-
ined, the results of such a calculation will very rarely differ by more than
two per cent. from the heating effect as determined by careful tests with
a calorimeter, and that in most cases the agreement will be closer than
that. This close agreement may be due, in part, to the fact, as shown by
the analysis, that the oxygen in other forms than moisture varies only
between very narrow limits aud is very nearly the same for both the In-
diana and Pittsburgh coals. The amount is in most cases seven to eight
per cent. Without a similar comparison with a calorimeter it would not
be safe to apply the formula given to th« calculation of the heating effect
of coals containing a different amount of oxygen.

All of the calculations and results given in this paper are based on the
supposition that the coal is burned to vipor of water at 212° F. 1If, as
is often done, the results were calculate’s on the supposition that the coal
is burned to liquid water at orainary t: mperatures, they would be from
275 to 300 calories per gram higher. As in actual use the products of
combustion always escape as carbon divx’'de 2nd vapor of water, the lower
values correspond to the conditions of uce.
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Evaporative Effect.—To convert one kilogram of water into one kilo-
gram of steam, from and at 212° I, requires 536 calories of heat. If
the heating effect is divided by 536, therefore, we obtain the evaporative
effect in kilograms of water per kilogram of coal or in pounds of water
per pound of coal.

INTERPRETATION OF RESULTS AND COMPARISON OF COALS.

Moisture.—The moisture present in coal lessens its value partly by les-
sening the amount of fuel contained and partly because heat is required
to convert the water into steam when using the fuel. For the latter rea-
son a difference of ten per cent. in the amount of moeisture will cause a
difference of about eleven per cent. in the value of coals for heating pur-
poses.

One of the most notable differences between the Indiana and Pitts-
burgh coals is the larger amount of moisture in the former. In the In-
diana coals the moisture varies from six to fourteen per cent., while
in the Pittsburgh coals it is two per cent. or less. That the difference is
characteristic and not merely due to some accident about these samples
is fully established by many analyses made by others.

Volatile Combustible Matter and Fized Carbon.—The value of a coal is,
in most cases, increased by an increase of the fixed carbon as compared
with the volatile combustible matter. An increase in the volatile matter
causes the coal to burn with a smoky flame and renders it more difficult
to secure complete combustion. If completely burned, however, this
volatile matter gives approximately the same amount of heat as the same
weight of fixed carbon. For boilers and furnaces, where proper appli-
ances can be used to secure complete combustion, a relatively large
amount of volatile matter is, therefore, not to be considered objection-
able. For the manufacture of coke and for domestic use, however, a
high per cent. of fixed carbon is desirable.

The amount of fixed carbon in proportion to volatile combustible mat-
ter is considerably greater in the Pittsburgh coals than in most of the In-
diana coals.

Of the Indiana coals the block coals show a larger proportion of fixed
carbon than the coals commonly called in this State ¢‘ bituminous’’ coals.
It should be remembered, however, that in the proper meaning of the
term all coals mined in this State are bituminous.

Ash.—This lessens the value of a coal by decreasing the amount of
fuel contained and beeause of the labor required to handle it after the
coal is burned. The ash of the Indiana coals compares favorably with
that of the Pittsburgh coals.

Sulphur.—The sulphur of the coals is mostly in the form of iron pyrites.
While this iron pyrites gives some heat when burned, the sulphur is
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always considered objectionable in a coal. A high per cent. of sulphur
renders a coal unfit for the use of the Iyacksmith or for the manufacture
of iron. It also causes a coal tc slack #:1d disintegrats when exposed to
the weather, and the heat generated 1y its oxidation in moistened coal
may cause the coal to take fire sponaneously. The sulphide of iron
formed from the iron pyrites may form sroublesome clinkers in a furnace
and may sometimes attack and desiroy the grate bars.

While the amount of sulphur in a few of the coals is undesirably high,
most of the coals analyzed compare favorably with those from other
localities.

" Theoretical Heating and Evaporative Effect.—The commercial value of a
coal depends primarily on its heating effect, while, if eomplete combus-
tion is secured, practical boiler tests and furnace tests will give very
nearly the same relative value for coi.s as those determined by calori-
metric experiments, it often happens *lat the conditions of use are im-
perfect and that practical results wi'l vary considerably from the theo-
retical values. In any case the heat ob%iined in practice can never equal
the theoretical values. In use for boil:rs, for instance, it must be con-
sidered as very successful practice if sixty or seventy per cent..of the
theoretical evaporative effect js secured. 1t is eafe to say that in the vast
majority of cases the efficiency of boiler~ is below fifty per cent. Better
results may be obtained, partly by the introduction of proper stoking de-
vices or other appliances to secure cor:plete combustion of all parts of
the coal, partly by selection of a coal w:h regard to the character of the
individual furnace.
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1| Vanderburgh . . . . { Sunny Side Coal and Coke Co , Evansville, bituminous | 86.73 | 3859 | 4814 6.44 6.83 [ 1.85 ‘ 6924 6759 129

2| Warrick. . . . ... ( Deforeat Mine, bituminous . . . . .. ... ... .. ‘ 84,16 | 39.09 | 45.07 608 ( 9.76 ( 2.14 { 6705. ( 6339. 125
3 Knox ........ Edwardsport Coal. . Edwardeport Coal and Mining

Co., bituminous . . . . . . .. . .. .. .. e 82,03 36.00 46.03_ 8.7 9.22 3.08 6495, 6345. 12.1

4 ( Knox .. ...... / Bicknell Mine, Bicknell Coal Co., bituminous 8376 ( 35.22 / 48.54 / 7.61 J 8.63 1.67 ) 6692. ‘ 6489, 125

5 } Lauder-Wooley Coal Co., Petersburg, bituminous. 8531 | 4351 | 41.80 6.87 ‘ 7.82 356 1 6741. 12.6

6 ‘! Cabel & Kauffmann, bituminous . . . . .. . . ... 8715 | 37.99 | 49.16 6.50 6.35 1.85 | 6958. | 6981, . 13.0

7| Sullivan. . . . ... Star City, bituminous . . . .. .. ... ... .. .. 87.30 | 3853 ‘ 48.11 9.40 3.30 1.23 | 6995, ‘ 7002. 13.0

8| Sullivan. . ... .. Alum Cave, bituminous. . . . . . ... ... ... .. 84.77 1 42.60 f 42,17 6.49 8.1 3.18 | 6712. | 6894. 12.5
9| Jdreene, . . . . ... Buckeye or Fluhart Mine, Linton Coal and Mining

Co,, bituminous . . . . .. . ... ... ... 86.79 | 35.69 | 5110 7.81 540 0.72 | 6974.| 6618. 13.0

10 | Greene. . . . .. .. Summit Mine, Dugger & Neil Coal Co., bituminous . . ( 8754 | 35.30 l 52.24 T4 ( 5.02 0.61 | T4l 6852. 13.1
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1i | Greene. . . . . . .. Island City Mine, No. 1, Island City Coal Co., bitu-
minous. . . . .. .. oL L. . 86.47 | 3597 | 5050 7.12 6.41 0.84 | 6944. | 6819, 13.0
12| Vigoe « ¢ v v v o v Ray Mine, Seeleyville, Vigo County Coal Co., bitu-
MiNOUS. - v v v v v e e e e e e e e 8446 | 4095 | 44.21 757 7.97 401 | 6656. | 6762. 124
|
1BiClay ........ Gart, No.5 Shaft, Brazil Block Coal Co., block. . . . .| 8527 | 3611 | 4916 | 11.20 353 062 | 6856, \ 6774, 12.8
H“{Clay ........ Brazil Block, No. 1 Shaft, Brazil Block Coal Co., block | 85.12 | 45.16 ’ 49.96 ‘ 13.82 1.06 { 1.47 | 6810. | 6888, 12.9
15 | Clay Eureka Mine No. 1, Carbon, Eureka Block Coal Co., )
ock. . - . ..l L e e e e 86.74 36.32 50.42 9.80 3.46 0.341 6985. 7050, 13.1
16]Clay. .. ... Crawford, No. 3 Mine, Crawford Coal Co., block . . . . 1 84.58 \ R6.34 | 48.23 | 11.26 4.16 056 \ 6803. \ 6858. 12,7 .
17{Clay.. ... Columbia, No. 2 Mine, Teller, MeCleland & Co., block. ‘ 8952 | 36.75 ‘ 52.17 ‘ 747 3.01 ‘ 0.57 ‘ 72.02 [ 7344, 13.4
18(Owen .. ...... Lancaster, No.4 Mine, semi-bloeck. . . .. ... . .. 83.85 | 3645 | 4740 | 12.713 3.42 055 | 6744. | 6636, 128
19 | Parke . . . . .. .. MecIntosh, No. 1 Mine, I. MeIntosh & Co., block . . \ 87.70 | 36.69 | 51.01 8.21 ‘ 4.09 ‘ 0.95 | 7039. \ 7008. 13.1
........ Cox, No. 3 Shaft, Brazil Block Coal Co., bituminous . .

901

“ISIDOTI0TH HALVLIS 40 JHOJHH




60.05 ‘

21 Piﬁtsburgh Coal Beck’s Run, First Pool, Hays Coal Co . . . . .. 96,06 ‘] 36.01 | 2,09 1.85 0.64 ‘ 77286, . ‘ 14.6
22 | Pittsburgh Coal Anchor, Fourth Pool, Beaumont Coal Co, . . . . . .. 89 84 ‘ 35.30 | 5454 1.30 8.86 045 | 7230, - I 135
23 | Pittsburgh Coal Caledonia, Fourth Pool, T.J. Wood . . . .. ... .. 9026 | 35.22 | 55.04 1.35 8.39 l 0.69 { 7256, . ‘ 13.5
24 | Pittsburgh Coal . .| Stony Hill, Fourth Pool, John D.Nixon. . . . . . . 92.74 | 35.46 l 57.28 1 111 6.15 056 | 7462, ‘[ 139
25 | Pittsburgh Coal Little Redstone, Fourth Pool, Little Redstone Coal Co| 9108 | 35.88 | 55.20 0.98 ‘ 7.94 0.82 | 7318, . ‘ 13.7
26 | West Virginia Coal .| Raymond, Marmet Smith Coal and Mining Co. . . . . 9116 | 4014 | 51.02 3.20 5.64 225 | 7266. 13.6
27 | West Virginia Coal .| Belmont, Belmont Coal Co., Belmont, W.Va . . . .. 90.04 \ 37.84 { 52.20 1.45 8.51 [ 046 | 7248, 135
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SOME NOTES ON THE BLACK SLATE OR GENESEE
SHALE, OF NEW ALBANY, IND.

BY HANS DUDEN.

The great uncertainty existing among scientists about the age of the
New Albany black slate has induced me to study with interest this for-
mation. The few facts I observed during the years 1894 and 1895 more
than paid me for the time and iabor spent, and I hope that the following
will help to give a better understanding of this Devonian formation.

The black slate is well exposed in all water courses near New Albany
and can be best studied along the Ohio River, beginning at the mouth of
Silver Creek and continuing five miles below town ; also along the Silver
Creek bed, from a mile above Blackiston’s mill down to_its mouth, and
in a good many places along Falling-run Creek. The deep bed, cut by
the waters of Silver Creek into the slate, offers, perhaps, the best exposure,
and reaches in many places to a depth of eighty feet. Tho total depth
of the slate, according to Dr. Clapp’s borings, is 104 feet at the foot of
the knobs.* I also refer to Mr. Cubberly's papert in which he gives the
thickness of the slates at Salem at 103 feet as revealed by the drill.

The slate has a black to bluish gray color when freshly broken, but
changes, after being exposed to the air, to light gray or drab. It becomes
brittle and splits into thin laminz and at the same time a whitish or yel-
lowish salt weathers out, sometimes several feet in thickness, and forms
the so-called ¢ copperas banks.”

The year 1895, with extremely low water during the summer months,
was very suitable for my investigation. When coming from Jefferson-
ville, along the dry Ohio bed, the Corniferous limestone formation stops
very suddenly about 200 feet above the mouth of Silver Creek and the
black slate begins without any intermediate change. The careful ob-
server will at once notice two different systems of cuts perpendicular to
the layers of the stratum. One set of joints runs nearly from north to
south and is more prominent with openings of two to three inches at the
surface. The other system of joints is less marked and the slits run
from west northwest to east southeast. The origin of the regular jointed
structure is still doubtful ; some believe it to be caused by shrinkage dur-
ing the drying process, others, by the uplifting of the strata, and Prof.

*Geolog.cal Report of Indiana, 1873, page 158.
tEighteenth Report, Ind. Geol. Surv., 1893, 219, Table XV.
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King thinks it to be a physical phenomenon and terms it a crystalline
polarity depending on the seeular variation of the magnetic meridian.

At many exposures of the black slate the jointed structure causes it to
break in the above mentioned joints and the waters have worn the slate
8o that from a distance it resembles fortifications.

The lamination of the slate is caused by pressure. Tyndall long ago
demonstrated that homogeneous, fine grained bodies under high pressure
become of a slaty cleavage. The finer the grains, the thinner the
lamins, even material like paraffine, wax and so on, represent a scaly
structure when taken from a hydraulic press.

Pyritic iron is evenly distributed throughout the whole formatmn a8
roundish concretions, as well as in particles in the form of dust, visible
only with a microscope. Cubical, as well as needle-shaped crystals, are
found, while some of the concretions have a radiated structure.

CHEMICAL COMPOSITION.

To give a full explanation of the ‘“black slate” we have to consider
also the chemical composition of the formation. Plainly spoken, it is
sand in the form of very fine grains, cemented together by ferric sulphide,
and this mixture is evenly saturated with the residues of plants (and per-
haps animals) in the form of carbon and bitumen.

The following are the results of analyses of the slate taken from differ-
ent localities near New Albany :

Water expelled at 100°C.... ... ... ian., 0.50 -
Volatile organic matters ........ ... ..o iiiiiiiiiiia, 14.16
Fizxedcarbon ......0... . i i 9.30
Silica. ... e e 50.53
#Pyritic iron and alumina........ ... 25.30
Calcium oxide. .. ..o i 0.09
Magnesium oxide. .. .. .ov vt iri i e s 0.12
100.00
. -
Water expelled at 100° C., during four hours................ 0.56
Volatile organic matters. .................. ... 14.30} 23.60
Fixed organic matters. ...............cooveieinnone 9.30
Silicates insoluble in HCL.. ... ... ... ... it 65.43
Ferricoxide.......ooiiiii i 8.82
Caleium oxide......... ... i e 0.09
Magnesiom oxide. ... ...l e 0.12
Sulphur ... e 2.08
100.00

*The amount of pyrite and alumina changes considerably in different layers. This piece
had 10.367 per cent. iron pyrite and 14.933 per g¢ent. alumina.
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The #and in such a fine condition is certainly a marine deposit The
sea waters always contain a small amount of sulphate of lime and mag-
nesia, which reacts on the iron oxide of the sea bottom. The resulting
ferrous sulphate was reduced to ferric sulphide (pyri‘e) by the decaying
organic matters, and we therefore find it very often replacing fossils.
The carbon of the slate is so thoroughly intermingled with the sand that
we can not explain it otherwise than by the theory that the organisms of
this sea were deposited with the mud. Dittmar’s Report on the Compo-
gition of Ocean Waters (1884), from seventy-seven complete analyses of -
different sea waters, gives as an average composition 6.410 per cent. of
sulphuric acid in ocean water salts. These are the results of an extensive
investigation made on H. M. 8. Challenger. The high percentage of
sulphuric acid fully explains the origin of the enormous quantities of
pyritic iron contained in this slaty Devonian formation. The nodular as
well as the fine grained pyrite (iron disulphide) had their origin in the
above explained way, and it is my opinion that soft-bodied shell-less mol-
lusks were totally replaced by the cubical crystallized or radiated iron
disulphide. By observing a piece of the slate under a microscope with good
light, one is astonished to find the piece glittering with the dust of this
iron ore. When we expose this rock to the oxidizing influence of air and
rain, the water and oxygen combine with the pyritic iron according to
the following formula:

FeS,4+8H,04+70=Fe8S0,+7H,0+H,S0,.
Pyrite 4 8 water | 7 oxygen = iron sulphate (copperas)--7 water-} sulphuric acid.

The water-soluble iron sulphate is leached out by drainage water, and
the free sulphuric acid reacts on the sand forming with silicate of aluraina,
aluminium sulphate, both of which salts occur in the so-called copperas
banks of Silver Creek in considerable amounts. The free sulphuric acid
lhas also a tendency to oxidize to carbonaceous matter of the slate, and
the result is a light gray or drab-colored disintegrated mud. The oxidiz-
ing process has changed the bodies to their original forms, namely, sand
and iron sulphate, the carbon being lost by oxidation.

An analysis of the salt weathered out on Silver Creek gave the follow-
ing result:

Water expelled at 100° C

Water expelled by ignition

Iron oxide

Sulphuric acid

Matter insoluble in water, admixed slate

We take up next the last and most interesting constituent, the carbon,
which has already been mentioned as being the reducing agent which
brings about the change of the sulphate of iron into the disulphide.
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When a covered crucible filled with freshly pulverized slate (passed
through a sieve of eighty meshes to the inch) is subjected to a Bunsen
burner a great part of the carbon goes off in the form of inflammable
vapors. On taking off the 1id an asphalt like coating covers it on the in-
side. The residue which represents the fixed carbon is changed in color
intQ a blue-black. By repeating the same experiment without any cover
and giving the crucible a somewhat inclined position, stirring from time to
time with platinum wire, all the carbon is oxydized and the light colored
silicate remains.

In trying to extract the volatile components of the slate by solvents I
did not succeed. Ether, alcohol, benzine, benzole, coal oil, chloroform,
all gave the same negative result.

Dry, destructive distillation produces a blackish looking oil, an am-
moniacal water and gas of high illuminating properties. This oil con-
tains chiefly bodies of the paraffine series, and yields by redistillation and
refining hard parafline as well as fluid paraffine oils fit for many industrial

uses.

The tendency of application of high temperature on organic sub-
stances is to break them up into their elements. Dry, destructive dis-
tillation produces complex compounds by rearrangements of the atoms
before complete dissociation is reached. The degree of temperature
employed is of importance, each elevation resulting in new compounds not

possible at a lower temperature. It is, therefore, possible to obtain very
different results by applying different temperatures during the distilling
process. When the slates are thrown into a red-hot iron still and kept
red hot, the greater part of the products of distillation will consist of
gas. By applying a heat of perhaps 600° F. under atmospheric pressure
a considerable amount of oil is obtained, and by distilling at twenty-four
inches vacuum at 400° F. all the hard paraffine goes into the condenser
unchanged without ¢“ cracking,” asit is termed.

Hunt, in his chemical and geological essays, gives an analysis of black
pyroschist equivalent to the Genesee from Bosanquet on Lake Huron. By
ignition in a closed vessel it lost 12.4 per cent., the residue being black,
and not calcareous.

A portion in fine powder was digested for several hours with heated
benzole, which took up .8 per cent. of brown combustible matter. The
residue carefully dried at 200° F. and subjected to dry, destructive dis-
tillation resulted in 11.3 per cent., and, by following caleination, 11.6
per cent. additional. By destructive distillation, 4.2 per cent. of oily
hydrocarbon, and a large percentage of gas, and some ammoniacal water
were obtained.
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PREVIOUS EXPERIMENTS IN UTILIZING THE BLACK SLATE,

Referring to the Geological Report of Indiana for 1873, we find the
statement that the black slate has been tried for manuiacturing a roofing
material by Dr. Samuel Reic & Co., but it could not vithstand exposure
to the weather. I also have seen it used for making fences on farms with
the same unsatisfactory result. Small huts built from it exhibited a pile
of crumbled pieces after a few years.

The reasons are already e¢xplained. Experiments hsve also been made
in utilzing this slate az fuel. Fishermen on the Ohio River banks often
use it in their camping fires together with driftwood. They know very
well that freshly broken slates burn with a bright flaine as long as the
bitumen lasts. Slates exposed for some time to. the atmosphere lose a
great percentage of the bitumen. Experiments made with freshly pul-
verized slate blown with a blast into a furnace have rendered good re-
sults, but at the low prices of Indiana coal it would hardly pay to crush
and pulverize slates for fuel. _

Mr. Very, of New Albany, told me that fishermen near Blackiston’s
mill, on Silver Creek, set the slates on fire several years ago and that the
fire burned for several weeks and could not be extinguished until high
water overflowed it.

I also mention the fact that the natural gas used near Brandenburg,
Ky., is all derived from the same slates. The bore hole made at Salem
gave, at the depth of 1,775 feet, gas and petroleum for some months,
When the writer visited Salem in 1894 it furnished gas for a few cook-
ing stoves only.

One can not expect to find gas or petroleum in lirge quantities near
New Albany in this stratum, as the slates are exposed and the inclina-
tion is so considerable that it would escape, there being no impervious
roofing over it. When going along the roof of the slates, which at the
foot of the knobs consist of three feet of hard, non-porous limestone, one
can smell, especially on a still day, the penetrating odor of sulphurized
carburetted hydrogen. The volatile components of the bitumens are
escaping into the air and can not be utilized.

NEW WAYS OF UTILIZING THE SLATE.

During the fall of 1894 I made experiments in utilizing slate by dry,
destructive distillation. * It was my aim to produce directly from the
slate an illuminating gas, but after-long experimenting I finally came to
the conclusion that it would be much better to distill at a very low tem-
perature to get all the oil undecomposed. The resulting oil can be put
to different uses, as gas-making, lubricating, burning, etc. '




BLACK SLATE OR GENESEE SHALE. 113

A retort made from four-inch pipe, six inches long, capped on both
sides, was connected by three-quarter-inch pipe with a washing and re-
fining apparatus. The retort filled with slate was subjected to red heat
and the resulting gas collected in a tin reservoir. With this arrangement
I obtained from—

5 Ibs. of Pittsburgh coal ............. ... .. .l 105 gallons of gas.
8.5 1bs. of black slate....................ooiiiill 45 gallons of gas.
8.5 Ibs. of black slate, Ohio banks 50 gailons of gas.
8.5 Ibs. of black slate, Falling Run banks 65 gallons of gas.

15 Ibs. of freshly broken slate ...105 gallons of gas.
15 Ibs. of the same after exposure to air for 14 days. ..100 gallons of gas.

The gas was left standing for several days in the reservoir during cold
weather without undergoing any condensation. It burned with a light
flame which resembled petroleum gas light.

The Gas Light and Coke Company of New Albany made a trial last
year to carbonize the slate, which is exposed a few hundred feet from their
gas plant. Superintendent T. W. Dunbar, in a letter, saysasfollows: I
carbonized three tons of the New Albany black slate and obtained a yield
of 2,20 cubic feet per pound of twenty-two candle power gas. Ordinary
unenriched coal gas is about eighteen candle power. The quality of gas,
therefore, is better and the yield 45 per cent. of that obtained from Pitts-
burgh coal. Of the amount of oil or tar obtained I know nothing, as [
did not make any measurements. The slate does not materially change
its color or form by being carbonized. The residue contains much sul-
phur, and, so far as I know, is useless for fuel. I made no scientific test.
With the arrangement we have for making gas, it would not pay us to
use the slate even though we could obtain it for nothing. The slate was
obtained from near the exposed surface of a creek bottom, and I am sure
that if a sample was gotten at a greater depth that a much better yield
of gas would be obtained.”

These are the results with a new raw material, * the Black Slate,”
worked in a gas plant having the apparatus suitable for Pittsburgh coal.
As I have already mentioned, I discarded this process. It requires too
much fuel to bring all the bulk of slates to the temperature necessary to
convert all the bitumen into gas.

By selecting retorts which insure a quick movement of vapors into the
condenser, it is possible to get at a very low temperature a great per-
centage of oil without much fuel expense. Crude oil obtained by at-
mospheric pressure from the slate exhibits a black coloration, has a very
bad smell and is very difficult to refine. In oil obtained with stills pro-
vided with a vacuum pump the vapors are removed from the hot still
walls as quickly as formed. At the same time the temperature necessary
to form the vapors is materially lowered (about 100° C.). A vacuum
of fifteen inches gave very good results. The oil is nearly colorless

8—GEOL.
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and without much smell. By leading into the still a small amount of
steam and the vacuum apparatus left as in the last case, then in the
watery part of the distillate ammonia was increased materially and can
be used for manufacturing sulphate of ammonia.

It is well known that in a still of large dimensions the vapors are
more easily overheated than in a laboratory still. Nevertheless the re-
sults of the experiments will be also true in working on a manufacturing
scale. Taking into eonsideration its thickness of more than 100 feet, the
State of Indiana possesses in this Devonian slate a storehouse of power
greater than the coal seams, which can furnish an almost inexhaustible
supply of oils for illuminating, heating and other purposes, provided the
proper methods of utilization are devised. It is, therefore, of the great-
est interest to learn as much as possible of the methods and apparatus
used by other nations for working with profit a similar raw material.

It is surprising that in spite of the low prices of American and Rus-
sian petroleum it was possible in two different districts of Europe to
carry on the manufacture of distilling with profit bituminous schists on
an enormous scale. I mean the Scottish mineral oil industry with a
yearly output of 60,500,000 gallons crude oil in seventy factories,* and
the Actiengesellschaft A. Riebecksche Montanwerke, centering in the
province of Saxony, with a yearly production of 17,348,650 gallons of
crude oil. To-day the Scottish industry has adopted the Young and

Beilby’s retorts, and also the Henderson retort. At the close of the year
1890 there were 1,520 Henderson retorts and 3,528 Young and Beilby’s
stills in active operation, while 64,560,000 gallons of crude oil and
25,000 tons of sulphate of ammonia were produced. The crude oil
* yielded, after refining, the following products:

2,030,128 gallons.
Burning oil 19,086,650 gallons.
Gas oil—sp. gr. .840—.850 973,768 gallons.
Medium oil—sp. gr. .865 2,729,928 gallons.
Heavy lub. oil—sp. gr. .875—.95 6,440,632 gallons.
Soft scale paraffine 3,605 tons.
Hard scale paraffine 17,482 tons.

Young and Beilby’s latest patented retort insures a greater gain of
ammonia, and is, therefore, superior. After complete distillation of the
volatile matters the shale is submitted to the action of steam under
high pressure. The oxygen of the steam combines with the fixed car-
bon. The nascent hydrogen combines with the remaining nitrogen,
forming ammonia. The good results obtained from this device have
aided, to a great extent, to better the profit of distilling the schists.
Mr. Fletcher’s twenty-third- Report on the Alkali Acts (26) states that in
Ireland 18,080 tons of sulphate of ammonia were produced during the

*Journal of Gas Lighting, 1894, I, p. 973; 1894, II, p. 605.
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year 1886 from the shale works alone. The superiority as a fertilizer of
sulphate of ammonia when free from thiocyanate is well known to the
agriculturists.

The refining of crude oil conslsts in repeated distillations and treat-
ment with sulphuric acid and caustic soda. Before bringing the crude
oil into the retort it is treated with a small percentage of concentrated sul-
phuric acid (66° Beaume) at 50° C. for some time. Air is blown into
the mixing tanks. Sulphurous acid is evolved and resinous bodies are
partly dissolved and partly precipitated as tarry matters; a continuous
washing with water follows; finally the last traces of sulphuric acid are
removed by baryta water. The crude oil is now ready for distillation.
This is separated into fluid crude oil and the parafline mass by subjecting
the whole to a low temperature. Hard paraffine is pressed off in hydraulic
presses, refined by bleaching with bone-char, and filtering through a filter
press. The residue in the still is worked down to coke.

The Scots proceed in a somewhat different way. A first distillation
separates the naphtha only. The rest of the distillate forms the ‘‘once-
run oil.””  After the sulphuric acid treatment and precipitation of tarry
matters, consisting of pyridin and pyroll bases, the oil is allowed to settle
over night and the clarified portion is run into the soda washer and
treated with caustic soda of 1.3 sp. gr. Cryselic and phenilic bodies
are absorbed by the lye. The oil is now ready for the still, and is sepd-
rated by fractional distillation into light and heavy oil. The sulphuric
acid used for refining is generally utilized by boiling it with water and
separating the precipitated tar. The resultant weak acid solution is suf-
ficient to convert all ammoniacal compounds into the sulphate of am-
monia. The soda tar is treated with carbonic acid, and the soda com-
bines with it, forming carbonate of sodium, and the liberated creosote oil
is obtained, which is well known for preserving timber. Of course the
process is subject to changes, depending on the nature of the oils and
their market price.

The Saxon Thuringia mineral oil industry is using the retorts in-
vented by Rolle, 1858, with improvements made by Schliephake, Grot-
owsky and others. Their aim has been to produce an illuminating oil
(Solar oil), but when American petroleum entered the European market
a high percentage of hard paraffine became the desideratum. The
““cracking”’ in the still was overcome by the use of ‘Kérting’s Dampf-
strahlgeblise,” an ingenious steam injector which furnished steam and at
the same time created the partial vacuum.

The Scottish mineral oil trade has in the past had its hard times, but
has so far always succeeded in finding new channels of utilization for its
products. During the year 1890 the Scots put on the German market
their overstock of crude oil. Wagner’s Jahresberichte iber die Leis-
tungen der Chemischen Industrie, 1890, gives, on pages 8389, a very
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interesting résumé by Oberkontz. On September 17, 1896, another very
valuable addition to the uses to which the oil can be put was demon-
strated to the Incorporated Institution of Gas Engineers.* The patented
oil gas plant constructed by Mr. William Foulis at the Dawsholm gas
works has already been found so satisfactory that a second apparatus is to
be erected. The plant consists of three vessels—a generator for making
producer’s gas from coke, a retort for vaporizing the oil, and a retort for
fixing the oil vapors in the form of gas. As spray, the oil is sent into
the top of the retort against a plate or dispenser in such a way that it is
broken up into a fine mist, which enables most of it to be gasified with-
out coming into contact with the hot still walls of the retort.

The largest shale distilling works of the Scottish combination is the
factory of Young, of Glasgow. It produced, in 1885, fron 500,000 tons
of shale, 72,000 tons of crude oil and 4,000 tons of ammonium sulphate.
The crude oil yielded 6,000 tons of paraffine, 30,000 tons of burning oil,
4,000 tons of naphtha and 9,000 tons of lubricating oil.

tAt Broxburn, shales have been worked since 1861. They contain
about 20 per cent. of carbon, 3 per cent. of hydrogen, .7 per cent. of
nitrogen and 1.5 per cent. of sulphur. In treating the shales with naph-
tha no other oil is obtained. The following are the products of dis-
tillation :

Crude oil ..12 per cent.
7 per cent.

67 per cent.

8 per cent.

Carbonresidue ......ovivinii it 9 per ceut.

To get the best results by distilling, the temperature ought to be at a
dark red heat. An addition of lime or soda during the distilling process
has no effect. One ton of shale results, on an average, in 185 liters of
dark green crude oil, 295 liters of ammonia water and fifty-seven cubic
meters of gas, the latter being used for fuel and illuminating purposes at
the works.

S80URCE OF BITUMEN.,

In attempting to explain the remains of organisms preserved in rocks,
we must constantly refer to animals and plants of the present age. By
carefully comparing, and at the same time observing, all the surround-
ings of the place where fossils are found we are able to make conclusions
which will give us a picture of the past ages.

Taking it for granted that the Genesee slates are a marine deposit,
then we can certainly expect to find the remains of organisms of the De-
vonian sea preserved in the mud. Itis remarkable thatnot a single shell

*Qil Trade Review, 1896, Octaber.
1Stuart Town Soe. Chem. Industry, 1889, page 100.
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has been found around New Albany in the slate formation. Let us now
congider the possibilities under which marine plants are, perhaps, pre-
served.

Seaweeds are thrown on the sea shore by flood and storm and exposed to
the oxidizing influence of air. The harder, more leathery kinds, as fuci,
laminarias, ete., are able to withstand the weather for some time. The
seaweeds are bleached by the exposure to light and begin to swell up by
the absorption of moisture. By diffusion of this moisture through the
membranes, the plants change slowly into a jelly-like substance; ‘ the
algin” and the salts are soon leached out. The more tender kinds are
not able to resist any length of time and become disintegrated. They
are completely changed into a sticky fluid which is absorbed by the sand.
Very different are the conditions under which seaplants may be preserved
on the bottom of the sea. Plants loosened by the waves of a storm sink
by their higher specific gravity to the sea bottom and into the deposited
mud, which forms a complete casing for the buried plant, excluding the
decomposing influence of air, or at least reducing it to a minimum.
Under such conditions it is very likely that a plant is preserved by car-
bonization. The products of the slow decomposition have saturated the
surrounding mud and are represented by the bitumen (solid, fluid and
gaseous) and the fixed carbon.

The Fifteenth Indiana Report on Geology, page 17, gives the following
statement: ‘‘ Vegetable remains consisting of huge tree trunks are
found imbedded in the New Albany black slate, usually near the upper
- surface of the formation. These furnish, to my mind, a suggestion of
the source whence has been drawn all the combustible matter dispersed
throughout the slate.”

Mr. Maurice Thompson thought that the small layer of three to four
feet of driftwood imbedded in the blue clay on top of the New Albany
black slate was sufficient to explain the source of an amount of at least
23 per cent. of carbonaceous matters in a formation of 104 feet thick-
ness. Specimens of well preserved cones of conifers and nuts of walnut
trees, found by myself, are a sure proof that it is really driftwood of a
recent age, and not vegetation of the old Devonian formation.

I am also well aware of the paper written by T. F. James, custodian
of the Cincinnati Society of Natural History on the ‘‘ Fucoids of the
Cincinnati Group.”” (Vol. 7, 188485, Journ. Cincinnati Soc. Nat.
History.) "He comes to the following conclusion: Reviewing all the
supposed algz, there is not a single one which seems entitled to remain
in the class. They are referred to three different sources: (1) To in-
organic causes; (2) to trails and burrows of marine mollusks; (3) to
hydrozoas.

The fossil plants which I describe below all show a carbonaceous film,
and No. 1 is so completely preserved that every cellwall can still be .
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seen. They all have been found in a very small district along the Ohio
River, beginning near Force’s handle factory and extending to the mouth
of Falling Run. The banks are terrassic and accessible only at very low
water.

DESCRIPTION OF DISCOVERED PLANTS,

Before my discovery of plants in the New Albany black slate no fos-
sils had been found therein. I had only heard of some micro-organisms,
but had never seen specimens of them. Writers in several of the past
Indiana Geological Reports had expressed the wish that more informa-
tion was available concerning the fossils of the black slate.*

Prof. David White of the United States Geological Survey has aided
me much by giving me a list of American literature on Devonian plants.
His own opinion about Nos. 1 and 4 is that they are ‘‘unique. I do not
recollect anything like them.” The plates, as well as the descriptions,
will give a fair idea of the plants. I would also like to call attention to
- the fact that the plants are perhaps compressed and their original size is
therefore somewhat changed. Theé plants are always found lying be-
tween the lamine. I never found specimens perpendicular to the
cleavage.

PARENCHYMOPHYCUS gen. nov.
(Parenchymus, cell. Phycos, seaweed.)

Fucoidal plants with parenchymatic cells and a flat, linear nodose thal-
lus. The genus is based on P. asphalticum.

1. Parenchymophycus asphalticum, sp. nov. Plant with a band-like
thallus from 10 to 150 mm. wide, the well preserved spongy parenchymatic
cells always filled with asphaltum. The cell walls are rich in silica.
Cross divisions (nodes) at regular distances divide the band into rectangu-
lar oblong pieces (internodes). The termination of the plant consists of
an oval shaped bud similar to that of Fucus vesiculosus L. of the present
age. The length of specimens found varied from a few centimeters to
183 centimeters. The cell walls of this most interesting sea plant. have
resisted so well the influence of decomposition that they served as a
means of diffusion for fluid bitumen, which, after a long time, gave off
the volatile components and left only the hard asphaltum. All speci-
mens found show no ramification. (PL IL, fig. 1.)

Locality: Ohio River banks at extreme low water between the handle
factory of Mr. Force and the mouth of Falling-run Creek. I also found
one specimen in the Silver Creek bed near Blackiston’s mill. Speci-
mens deposited at New Albany Society of Natural History in the fall of
1894, and at the State Museum, December, 1895.

#1873, page 158; 1885-86, pages 16-17; 1888, pages 60-61, 198.
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PavaroprYCUS Hall.
(Palaios, ancient. Phycos, seaweed.)

Stems simple or dichotomous, branches cylindrical or slightly flattened
with the obtuse surface smooth or dotted. Type Palacophycus tubulare,
Hall, 1847, Pal. N. Y., Vol. I, p. 7.

2. Palaeophycus new-albanense sp. mov. Thallus flat, linear, entire,
often branched ; ramification, dichotom branches erect alternate, branch-
lets leaflike, tapering gradually into a narrow, more or less prolonged
termination. Thallus 1 to 2} millimeters wide. Length of plant from
6 to 10 centimeters. (Pl III., fig. 2.)

Locality: Ohio River banks at New Albany.

3. Palacophycus lineare sp. nov. Thallus flat, linear, entire, very
rarely branched, 2 to 4 millimeters wide and sometimes of considerable
length. Similar to Corda fillum of our seas. (Pl IIL, fig. 3.)

Locality: Ohio River banks at New Albany.

SroraNGITES Dawson.

(BSeed Veassel.)
Dawson, 1863, Can. Nat. and Geol. Vol. 8. Type S. papillatus, Dawson.

4. Sporangites radiatus sp. nov. Ovoid shaped bodies with radial hairs
around them. Completely filling the slates at some places. I have only
found specimens of this organism near specimens of Parenchymophyeus
asphalticum, and this fact caused me to believe that they are perhaps spores
of this gigantic fucoid. (PL IIL, fig. 4.)

Locality: Ohio River banks.
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- INDIANA CAVES AND THEIR FAUNA.

BY W. 8. BLATCHLEY.

The subcarboniferous limestone area of southern Indiana contains
many sink holes and caves within its bounds. This area is, for the most’
part, embraced in the counties of Owen, Monroe, Lawrence, Washington,
Orange, Harrison and Crawford. Going southward from the center of
the State, the sink holes first become a prominent feature of the surface
in eastern Owen and western Morgan Counties, and are found in num-
bers thereafter, in the area mentioned, until the Ohio River is reached,
beyond which, in Kentucky, they are said to be still more numerous, in

Sink | B0Y p?rtions of the State anaraging 100 t(} the square mile.

Holes These sink holes vary much in size, sometimes being but a
" rod or two across, and again embracing several acres in extent.
They are, for the most part, inverted cones or funnel shaped cavities, and,
where small, usually have the sides covered with a matted growth of
vines and shrubs. 'Where larger, trees of varying size are often found
growing from the scanty soil on the sides, or from the bottom of the
sink. If one will examine closely the lowest point of a sink hole, he will
usually find a crevice or fissure through the limestone, or sometimes a
large opening which, if it be possible to enter, will be found to lead to an
underground cavity—a cave.

Both sink holes and caves not only owe their origin, but usually their
entire formation, to the slow, unceasing action of rain or carbonated
water upon the limestone strata in which they occur.

Carbon dioxide (CO,) is present everywhere in the atmosphere, eon-
stituting about three parts in 10,000 of the volume thereof. The con-
densed vapors, falling as rain, unite with a portion of this carbon-dioxide,
and form a weak carbonic acid or rainwater (H,0 -+ CO, =H,CO,).
This acidulated water, wherever it comes in contact with
limestone, brings about a chemical change, calcium bicarbon-
ate, CaH,(CO,),, being formed. By this change the lime-
stone is dissolved and carried onward with the seeping or
flowing waters. The action of the rainwater upon the lime-
stone is usually hastened by humic acid, with which the former has com-
bined in passing through decaying vegetable matter before reaching the
limestone.

Formation
of Sink
Holes and
Caves.
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In the beginning of a sink hole, the rainwater seeps through a crevice
or joint of the limestone to a lower stratum, along the surface of which it
finds a passage. By gradually dissolving the stone, this passage-way be-
comes increased, until finally a large cavity is formed immediately below
the surface. The unsupported weight of the latter causes it to gradually
sink downward and assume the inverted cone shape above mentioned.
The opening at the bettom becomes larger, allows more water to enter,
and a more rapid dissolving takes place between the layers. As soon as
the underground passage has become large enough to allow a good-sized
stream to enter, the process of erosion or abrasion is added to that of the
solvent action of the water, and the enlargement of the passage goes on
much more rapidly. This gradual enlargement continues for hundreds,
perhaps thousands, of years, and results in a eave, varying in size accord-
ing to its age, amount of water flowing through it and the softness of the
rock disgolved or eroded. The larger caves possess great vaulted rooms,
deep pits, high water-falls and streams of water, some of the latter large
enough to allow the ready passage of a good-sized boat.

From the above it will be seen that sink holes and caves are closely
related, the latter, in fact, being largely dependent upon the funnel
shape of the former to collect the surface waters and direct the flow
thereof. A number of sink holes often connect by narrow and tortuous
channels with the same underground passage, the latter increasing in size
with the addition of each new branch, until finally it attains majestic
dimensions,

The rooms and passages of limestone caverns are often, subsequent to
their formation, partially filled by those handsome forms of crystalline
limestone, called stalactites and stalagmites. These are seldom, if ever,
formed in great numbers, except where the passages or rooms
are relatively close to the surface. The water, charged with
carbonic acid, filters slowly through the soil, and, entering
the narrow crevices and joints between the layers of stone,
seeps downward until it reaches the roof of an underground
cavity. Here the slowly dripping water comes in contact with the air of
the cave. The liquid is evaporated and the solid particles of earbonate
of lime, dissolved from the rocks with which it had come in contact, are
left behind. Each successive drop thus deposits or leaves a solid particle
until finally a pendent cylindrical mass, called a stalactite, and resembling
in general form an icicle, remains suspended from the roof.

Where the water thus dripping through the roof of a cavern is
greater in quantity than can evaperate before it falls, it drops from the
stalactite to the floor below. There it splashes,outward and in time
evaporates, leaving the solid particles brought down. These accumulate
one on top of another until finally a cylindrical or cone shaped mass pro-
trudes upward, slowly growing in size, each successive layer being dis-

Formation
of Stalactites
and Stalag-
mites.
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tinct from the preceding. This upward rising mass is a stalagmite. It is
almost always greater in diameter than the stalactite above it. Often
the two in time meet, and a column or stalacto stalagmite of crystalline
limestone results. Down the sides of this the incoming waters slowly
flow instead of drop, evaporating and leaving their solid particles as
they move, thus increasing in size the diameter of the column. If this
action continues long enough, the whole passage or room may be filled
by these deposits and all semblance of a cave obliterated. It will thus
be seen that water, where it flows freely and rapidly through massive
beds of limestone, dissolves and erodes great cavities therein; where it
seeps and oozes through such beds, it tends to fill up the cavities already
formed. Where the slow flowing water has passed through large masses
of pure crystalline limestone, the resulting stalactites and stalagmites are
often very clear, almost translucent. Where sediment and mud is carried
down with the carbonate of lime, the resulting formations assume a dirty
brown and unattractive appearance.

The following figure, with its accompanying explanation, will probably
aid in making clear the above statements concerning the formation of
limestone caverns:
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FIGURE ILLUSTRATING THE FORMATION OF CAVES IN LIMESTONE.

8, sink-boles; s, c. d, f, g, roomsin cavern; b, nataral bridge formed by the sinking of the
roof of a former very large room; e, passages showing numerous stalactites. (After Shaler.)

Many small caves, and doubtless some large ones, exist in southern In-
diana whose presence is as yet unknown, In searching for them the bot-
tom of a sink-hole will be the best starting point, the only thing neces-
sary being to blast or dig out the cavity commonly found there, until it
becowmes large énough to allow a person to enter.

But little has heretofore been written about the caves of Indiana. A
pumber of short descriptions of Wyandotte cave have appeared in the
previous geological reports and in various newspapers and magazines;
and several of the smaller caves have been briefly mentioned in the re-
ports on the counties in which they occur. A bibliography of such pa-
pers will be found at the close of the present paper.

As tbe Indiana caves are mostly found in the upper strata of the
oblitic' limestone area, the writer, in June, 1896, decided to visit the
more important ones, with the object of making a careful investigation
of their more salient features, securing their dimensions and collecting
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representatives of the forms of animal life which inhabit them, so that a
report concerning them might be prepared and published in connection
with an article on the odlitic limestone area, then in course of prepara-
tion by Messrs. Hopkins and Siebenthal.

Accordingly a party of five, consisting of Messrs. John B. Peddle,*
John 8. Michaels, F. H. Blatchley, O. F. Fidlar and the writer, started
on the 4th of July with the necessary camp equipage, collecting appa-
ratus, etc., in a two-horse spring wagon, for a five weeks’ trip of cave
explorations,

PORTER’S CAVE.

The first cave visited was in the northeastern corner of Owen County,
on the farm of P. Applegate (east half of section 33, township 12 north,
range 2 west). The mouth of Porter’s Cave is very close to the line be-
tween Owen and Morgan Counties, and the source of the stream which
flows therefrom is about one-half mile northeast in Morgan County. The
cave is little more than a narrow, water worn passageway through the
rocks, which at this point consist of St. Louis and Keokuk limestones,
the former eomprising the roof and the latter the floor. The portion cut
out seems to be softer than either and approaches in appearance a dolo-
mite or magnesian limestone.

The mouth of this cave is the most beautiful of any visited. It is in
the side of a hill at the head of a narrow canyon, or gulch, which has
" been eroded by the stream which flows from the cave. From the floor of
the cave to the bottom of this gulch the distance is 33 feet, down which
the stream flows in a perpendicular waterfall. The mouth of the cave is
50 feet wide and 14} feet high, the roof extending out in a broadly
arched front several feet beyond the face of the waterfall below. The
rock down which the water flows is covered with moss, and in the early
morn, when the sunbeams light up the interior of the cave for a distance
of 75 or more feetrand glisten and sparkle from the mossy background
of the falling water, the scene is a most entrancing one.

The cave can be entered only by a narrow footpath on the northern
side of the mouth. Twenty feet back from the entrance the roof becomes
flat, and for almost 100 feet is comparatively smooth, being composed,
apparently, of one immense slab of St. Louis limestone. In this distance
the width gradually narrows to 30 feet. The floor is wholly of rock, in
some places covered to a depth of several inches with sediment and loose
stones brought down by the running stream. The latter for the first 270
feet is from four to eight feet wide and two to five inches deep. It me-
anders from side to side of the floor, making the frequent crossing of it

"‘M‘r. Peddle at prese;t occupies the chair of dra.v;ing in the Rose Polytechnic Institute
at Terre Haute, and to him the credit for the photographs and maps of the caves, with the
exception of those pertaining to Wyandotte, belongs.
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a necessity. Beyond 270 feet it covers the entire floor to a depth of from ,
six to twenty inches, and farther explorations must be made while wading.

The roof after the first 100 feet varies much in character, sometimes
being regularly arched with a height of but eight to ten feet; and again
very irregular, the sides gradually merging 25 to 30 feet above the floor.

But few stalactites occur in the cave and they are dirty brown in
color. At a point 250 feet from the entrance a very large one partially
shuts off the passage way, and 645 feet in, a similar one which has had
its lower portion broken off, is found. At 750 feet the roof becomes so
low that one has to stoop, and the width is reduced to 18 feet. From
this point onward both height and width gradually diminish until at
852 feet it became necessary to crawl through water, and further explor-
ation was abandoned. It is claimed that in a dry season persons have
passed entirely through the passage, crawling for several hundred feet
and then emerging into a low room near the source. A visit to the latter
showed that it was not a true sink hole, but a passage-way worn through
the rocks in the side of a low hill. * The opening was ten feet wide and
about four feet high and a short distance back expanded to twenty-five
feet in width, but soon narrowed again to eight feet, and 150 feet from
the entrance the roof came down close to the water and stopped farther
progress. Except to the naturalist there is little attraction about Porter’s
Cave other than its mouth; but that alone is well worthy a visit by all
who enjoy the picturesque and beautiful in nature.

Fauxa. No vertebrates were taken or noted in Porter’s Cave except
the cave salamander Spelerpes maculicauda (Cope), several specimens of
which were secured within 200 feet of the entrance. They were cling-
ing to the damp walls of the cave and showed little fear when approached.
The raccoon, Procyon lotor (L.) visits the cave in numbers and evidently
passes entirely through it, as was evinced by the tracks, which were very
plentiful along the margins of the stream. To their visitation is proba-
bly due the absence of crayfish and other crustaceans, no specimens of
which were secured.

Among insects, out-of-door forms were quite numerous, having been
drifted in by the flowing water, or else having voluntarily sought shelter
within the cave. All the coleoptera or beetles taken were of these above-
ground forms, and consisted of six specimens of Platynus cincticollis
‘Say, taken from beneath stones within 100 feet of the entrance; one
specimen each of Bradycellus rupestris Say, Stenolophus ochropezus Say,
and Cryptobium bicolor Grav., each between 50 and 150 feet back, and
a single speciman of Scarites substriatus Hald., crawling over the mud at
415 feet from the mouth. '

Of Diptera a number of specimens were taken from seventy-five feet
on back as far as exploration was made. They were found on the sides
of the cave and were readily captured. They represented four species,
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three of which, belonging to the genus Blepharoptera, were afterward
found in a number of other caves visited. Of the examples from Por-
ter’s cave B. gpecus (11 specimens) and B. lafens (2 specimens) were new
to science and their description will be found in the paper on Cave
Diptera, by Mr. J. M. Aldrich, in the present report. The remaining
species was Ulomorpha pilosella O. 8., represented by a single specimen
taken 750 feet from the mouth,

One Orthopteron, Ceuthophilus stygius Scudd., was captured 250 feet
from the mouth, and several others, probably of the same species, escaped
beneath some heavy stones. A caddice fly, Trichoptera sp., was taken at
750 feet, and had probably hatched from the water flowing through the
cave. Two specimens of Conofyla bollmanii (McNeill), a true cave
myriapod, were taken from beneath stones within 150 feet of the entrance.

Three species of spiders were collected in this cave, as follows: Nesti-
cus carteri Em., and Tmeticus tridentotus Em., both true cave forms, a
single male of the former, 780 feet from the mouth and a pair of the
latter at 240 feet; both species crawling over the floor. In the upper
end of the cave a half dozen specimens of a small spider were taken which
proved to be new to science, and is described by Mr. Nathan Banks in
the supplement to this paper under the name of Theridium porteri. It was
found on the walls or roof and near each specimen was often two and
always one small globular cocoon, suspended by a single thread from the
roof or a projection of the wall. Scattered threads of webs were also
noted, but ran in no definite direction.

The only vegetable form noted in this cave was a fungus, which was
branching and ramifying over the rocky wall at 750 feet from the mouth.
The same or a similar species was found on some small pieces of drift-
wood a short distance further on.

SPRING CAVE

is located in Owen county, about one and & half miles southwest of
Porter’s Cave, in the (northwest quarter, section 5, township 11 north,
range 2 west). A good sized stream flows from a large room, 40 feet
wide, 12 feet high at the mouth, and almost 60 feet long; and plunges
down a narrow chasm worn in the rock for 25 or 30 feet to the bottom
of the ravine below. The single room mentioned was the only portion
of the cavern large enough to explore, as the roof gradually lowers and
at a distance of 82 feet from the mouth comes down within 18 inches of
the top of the water. The only living creature found in the cave was
a crawfish, Cambarus bartonic Fab., taken from the stream about 50 feet
back from the mouth.
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MAYFIELD'S CAVE.

This cave is but a long, narrow subterranean cavity, varying in width
from 8 to 20 feet. The mouth of it is located 400 yards south of the
center of Sec. 26 (Tp. 9 N., R. 2 W.), Richland Township, Monroe
County. At the time of our visit the entrance was boarded up, and the
first 50 feet was in use as a storage house for milk and vegetables.

But few side passages branch off from the main cave, and they are
usually short and narrow. The average height of the main passage is 6
to 8 feet, and there are but few places where crawling is necessary. At
650 feet from the entrance a narrow passage leads down a descent of 8
to 10 feet, and here the first pool of water is found. Several other pools
occur at intervals thereafter, but no running stream was present. At a
distance of 1,475 feet from the entrance the main passage terminates in
a circular room 22 feet in diameter and 7 feet from floor to ceiling. From this
room a narrow ‘“ corkserew” passage 288 feet long, 2 feet 8 inches wide and
2% feet. high, runs in a general southwesterly direction. Twenty-nine
sharp turns are made in this distance, when it becomes too small for fur-
ther progress. This passage has been eroded through a stratum of soft
ghale. The main passage of the cave appears to have been originally
filled with a hard, indurated clay, on top of which rests a stratum of
oolitic limestone.

Fauwa. No vertebrates were found in Mayfield’s Cave. In the pools
occurred three species of crustaceans; namely, the blind crayfish, Cam-
barus pellucidus (Tellkam.), a small, shrimp-like form, Crangonyzr gracilis
Swith, and a still smaller species, Coecidotea stygia Packard. But
one or two specimens of each were taken. These forms had previously
been found in thig cave by the late C. H. Bollman, of Bloomington.*

Among insects a small Thysanuran, Degeeria cavernarum Packard, was
most common, being excessively abundant in damp places on the floor, and
especially beneath flat stones in the vicinity of any decaying matter.
Several specimens of the true cave myriapod, Conotyla bollmanii (Me-
Neill), were taken 275 feet from the mouth, while a single specimen
of an above-ground form, Spirostrephon lactarium (Say), was found on the
roof 506 feet from the entrance.

Of beetles, two true cave forms were here found. A single specimen
of a carabid, Anophthalmus tenuis Horn, was found crawling rapidly over
the side of the ¢ corkserew” passage, and two specimens of the common
cave Staphylinid, Quedius speleus Horn, were secured from beneath a
decaying lemon skin, left by some former visitor.

*Packard, “Cave Fauna of N. A.,”” 1889, 16.




128 REPORT OF STATE GEOLOGIST.

The cave flies, Blepharoptera latens and B. specus, were frequent on
the walls, ceiling, or on flat rocks on the floor. Two or three of the
young of the most common spider found in Indiana caves, Meta menarde
Latr., were also taken. But one half day was spent in the cave, and
additional forms doubtless pass their lives therein. Mr. Bollman, ac-
cording to Packard; loe. ¢it., found a species of Machilis a few rods within
the entrance.

TRUETT'S CAVE.

The source or opening of this cave is in a sink hole on a hillside in the
southeast quarter of section 4 (township 8 north, range 2 west), about
five miles west of Bloomington, Monroe County. The mouth of the
stream which has formed it is, as yet, unknown. The opening leading
into the cave is very small, and descends rather abruptly for about
twenty five feet. It then expands into a room about sixty feet in diam-
eter, with a roof eight feet high.” This room contains mary large masses
of fallen rock, which occupy much of the space and cause it to appear
smaller than it really is. Stalactites are plentiful, but are mostly frag-
mentary, havmg been broken by many visitors, the cave being a favorite
resort for students from the State University, who wish to get a glimpse
of underground life.

At the farther end of this first room the floor descends, and a narrow
passway is found leading into a second smaller room., From this another
narrow descending passway leads to the main passage of the cave, 280
feet from the entrance. This passageway leads both to the right and
left. Taking first the former branch, which is about fifteen feet wide
and six feet high, we follow it, stooping at times where the roof comes
down to four feet or less, for about 500 feet, where, after ascending a
narrow, rugged pass, we find ourselves in the largest room of the cave,
115 feet in length, fifty feet wide, and with an average height of twelve
feet. Like the room first entered, this is largely filled with great masses
of fallen limestone. In one place these masses extend nearly to the ceil-
ing, and almost separate the room into two compartments. By climbing
down the rocks to the lower edge, we find the muddy bed of a stream
but the opening of the passageway leading outward has been choked up,
and farther progress is barred. Explorations have in the past been made
for two or three hundred feet through this passage, but it is for the most
part very narrow and over much of the distance it is necessary to crawl.

Returning to the forks of the main passageway, 280 feet from the
mouth, the left branch is entered. For a distance of 150 feet it is six to
nine feet high and about twenty feet wide. It then narrows to six feet
and the roof comes down to four, until finally, crawling upward through
a crevice between fallen rock, we enter a room about twelve feet high,
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140 feet long and fifty feet wide, which is partially, in some places almost
wholly, filled with fallen rock. The farther end of this room was 600 feet
from the entrance, and as no opening large enough for passage leads on-
ward from it, we retraced our steps, leaving the room by a pit-like hole
fifteen feet deep, which opens into the main passage thirty feet back of
the narrow crevice through which we had crawled into the room. -

The only water found in Truett’s Cave at the time of our visit, July 9,
was in shallow, isolated pools in depressions in the lowest parts of the
floor of the main passage. The cave seems to be more recent in its
origin than many visited, though the stream which originally formed it
has disappeared or sunk to lower levels for its passage way. It presents
no scenes of interest, except those of the rugged masses of fallen rock
in the main rooms. '

Faura. No vertebrates were found in Truett’s Cave, though signs of
raccoons, mice and bats were plentiful. On account of the absence of
water, crustacean life was wholly unrepresented. Of myriapods, the true
cave form, Conotyla bollmanii (McNeill), was common beneath stones
and pieces of wood, from 400 feet onward. The Thysanuran, Degeeria
cavernarum Pack., was also abundant in damp places on the floor. The
small spider, Theridium porteri Banks, was frequent about the walls
and ceiling of the first room entered. One blind beetle, Anophthalmus
tenuts Horn, and several specimens of the cave staphylinid, Quedius
speleeus Horn, were found about the decaying remains of a feast in the
left main passage, 500 feet from the entrance. Here, aiso, were found
two specimens of an Aleocharinid beetle, which was not collected else-
where on the trip.

Two species of Diptera were taken from Truett’s Cave, namely, Macro-
cera hirsuta Loew, recorded heretofore only from the District of Colum-
bia, and Limosina tenebrarum, a new species described by Prof. Aldrich
in a supplemental paper to this report. These constituted the only ani-
mal forms collected, though, doubtless, protracted searching would dis-
close a number of other inhabitants of the cave.

COON’S CAVE.

The entrance into this cave is a perpendicular pit or well, forty-six feet
deep and about six feet in diameter. The top of this pit is at the bottom of
a rather shallow sink hole in the southwest quarter of section 8 (township 8
north, range 2 west), about seven miles west and two miles south of
Bloomington, Monroe County, Ind.

The cave, like Truett’s, Mayfield’s and Blair’s, is in the upper or blue
stratum of the St. Louis limestone. This stratum underlies the Clinton
sandstone and overlies the true oélitic stone of the St. Louis formation.

9—GEOL.
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The descent into the cave was made by a rude ladder which had been
constructed of poles by some previous explorer. At the bottom of the
pit one finds himself on the edge of a passageway, about ten feet high
and nine feet wide, which extends both to the right and the left. The
right hand passage is but about ninety feet-long, the roof and floor grad-
ually converging and being but a foot or go apart at that distance.
Thirty-five feet from the entrance is a hole in the floor of this right hand
passage, through which one can be lowered by a rope fifteen feet to the
tloor of a lower passage, twenty-five feet long, ten feet high and six feet
wide, which extends nearly parallel to the passage above. By the side of
a smaller opening is a stalactite, seven feet, six inches long and five feet
five inches in circumference, suspended from the bottom of the upper
floor into the passageway beneath.

The left hand passage comprises the greater portion of the cave. It
varies in height from four to twenty feet, averaging about eight. But
little stooping or crawling is necessary, but much climbing over rough
stones and up and down steep, rugged slopes has to be done, the floor in
most places being covered with great masses of fallen rock. Two hun-
dred and forty feet from the entrance a crevice leads off through the
walls on the right. By crawling along a ledge of projecting stone for
about 100 feet, we reach the edge of an opening large enough to admit
the body of a man, and by aid of a sapling, bearing numerous short



http:Right-ha.nd

INDIANA CAVES AND THEIR FAUNA. 131

prongs or remains of limbs, which we found in place, we descended
twenty-eight feet into a lower passage, about sixty feet long and ten feet
wide. Here we found some shallow pools of water, but no living forms,
and nothing in the way of scenery to reward us for the labor of getting
down and up.

In numerous places the floor of the main passage has a deep cleft near
its center or on one side, varying in depth from eight to twenty feet, and
in width from a few inches to three feet and more. In several other
places, notably 340 feet from the entrance, are openings or deep pit-
holes, similar to those already mentioned leading down into lower pas-
sages, the latter, however, of small extent. The main passage begins to
narrow about 575 feet from the entrance, and 100 feet farther on is but
three feet in width. At this point a branch turns to the left and leads
downward into a lower room of small size. A short distance beyond this
branch the main cave ends in a small crescent-shaped room, in the farther
end of which, 750 feet from the entrance, is a deep crevice in 1he floor,
filled with the most limpid water that had ever been seen by any member
.of the party. This pool of water was four feet wide and appeared but
three or four feet deep, but actual measurement showed it to be nine feet,
three inches in depth. The length of the pool could not be determined,
but it extended down a branch passage to the right, covering all the floor
‘thereof as far as one could see. For two or three feet above the water-
line the walls of this room are covered with small but most beawiful
crystals of calcite, which reflected the light of our candles in a most bril-
liant manner. Numerous small stalactites of the clearest erystal stud the
walls and project from the crevices of the roof, wkile the floor is largely
composed of calcite, derived from the overflow and subsequent evapora-
tion of the water from the pool. This room is, in truth, a fairy grotto,
decked with jewels resplendent, and a view of it will well repay for all
the time and toil necessary to step within its bounds.

Fauwa. Bats were the only vertebrates found in Coon’s Cave. Here
and there a single individual hung head downward from the roof, but all
were of the single common species, Vespertilio subulatus Say. In winter
they must oceupy the cave in large numbers, judging from the amount of
their excrement noted within its confines. No crustaceans were found,
and of myriapods but a few dead specimens of Conotyla bollmanii were
noted.

A single specimen of an unknown beetle belonging to the family Sil-
phide was taken from beneath a stone 150 feet from the entrance, while
of the common cave staphylinid, Quedius speleeus Horn, three specimens
were secured. The Thysanuran, found in most of the Indiana caves, was
plentiful in damp spots on the floor. One species of fly, Blepharoptera
pubescens Loew, represents the Diptera taken, though B, latens and pos-
sibly B. specus were seen. Of spiders, two species, Nesticus carteri Em.
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and Meta menardi Latr., were the only ones found, and complete the list
of animals noted within the cave.

STRONG'S CAVE.

The entrance to Strong’s Cave is situated near the center of the north-
-east quarter of section 34, Richland Township, Monroe County, and about
three-quarters of a mile northwest of the Cross Roads church, which is
four miles west of Bloomington. The mouth of the cave is about 200
yards west of two sink holes, which carry off the surface water of perhaps
one square mile of territory. This water in time finds its way through
the lower levels of Strong’s cave to Strong’s spring, one-half mile west.

The entrance to the cave has the external aspect of a sinkhole. De-
scending into this one finds himself in a small room, with a passage lead-
ing on in the general direction of the cave, and another one at right
angles leading downward a distance of about 20 feet to running water.
The water comes from the direction of the sinkholes referred to above,
and goes by a lower, impassable channel in the general direction of the
cave.

From the room near the entrance, after crawling along a low, flat pass-
age for 70 feet and decending a declivity, one enters a large room 50 feet
long, 15 feet high and from 15 to 25 feet in width. This room contains
on the west side some handsome stalactites, and beneath can be heard the
murmur of running water. '

Beyond this room is the most interesting portion of the cave, a room
20 feet long, 20 feet high and 25 feet wide. The floor is quite inclined,
so that the farther end reaches the water level and contains standing
water. At the junction of this room with the one just described is a
passage 14 inches in height, which opens upon a shelf in the side wall
about five feet from the floor and leads off through a maze of pillars and
stalactites. The feature of this room is the beautiful ‘* Hanging Gar
-den.” This is upon the west wall of the room, and consists of such a
wealth of pillars, columus, flutings, stalactites, stalagmites and botryoidal
concretions as to require no great stretch of the imagination to see fruit,
flowers and statuary.

From the room of the Hanging Garden one passes by stooping and
crawling over mud, gravel and runn‘ng water through a passage 10 to 12
feet wide and varying from 6 feet to 30 inches in height, with a flat roof
covered with innumerable ‘ needle’’ stalactites, of whose existence one
is often made unpleasantly conscious, for a distance of 257 feet to the
Star Chamber.

This room is 60 feet in length, 8 feet in height, with a flat roof, 15 feet
in width at the near end and 28} feet at the farther end, where it is cut
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THE “ HANGING GARDEN,” STRONG’'S CAVE, MONROE COUNTY, INDIANA.
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squarely off by an even wall. The stream which runs along one side of
the room finds its way beneath this wall and pursues its course to Strong’s
spring, a half mile distant. The smooth, square dingy walls of this
room, the lack of cave detritus, the oppressive silence, all go to make the
name Star Chamber an appropriate one. The grime upon the walls
shows that this room, as well as the whole passage back to the lower part
of the room of the Hanging Garden, is flushed with water during the
rainy season.

Near the entrance to the Star Chamber is another passage that leads
back toward the mouth. It is from six to twelve feet in width and from
three to eight feet in height. It rises in the direction of the mouth of
the cave, and after tortuous winding among pillars near the mouth opens
out upon the shelf at the nearer end of the room of the Hanging Gar-
den, thus making a complete circle underground. The cave in all as
described above measures 667 feet in length.

Fauna. Above-ground vertebrates visit Strong’s cave in numbers,
as evinced by their tracks. A raccoon or mink, in his subterranean
prowlings through the low, wet passageway beyond the Hanging Gar-
den, was disturbed by us and a great splashing of water resulted. No
blind crawfish were found and but one seeing one, Cambarus bartonii
Fab., which seems to have a liking for underground life, having been
gecured in a number of caves. One other crustacean, Cecidotea stygia
Pack , was found in small numbers in the stream nearest the entrance.

The cave cricket, Couthophilus stygius (Scudd.), was represented by sev-
eral immature specimens taken from among the pillars and stalactites in
the pagsageway leading back from the ‘‘Star Chamber.”” The cave
spider, Meta menardi Latr., was common in the cave, the individuals -
varying much in age and size. No flies or myriapods were secured,
though specimens of a form of Blepharoptera were noted.

ELLER’S CAVE.

The entrance of this cave is at the bottom of a sink hole, 100 feet in
diameter, in the southwest quarter of section 15 (township 8 north,
range 2 west), Monroe County. The cave itself is a double floored one,
the upper and older floor being dry, and the more recent and lower floor
having a stream of water flowing through the greater part of its length,

The entrance, about six feet wide and six and a half high, descends
gradually for about fifty feet, and there expands into a room twenty feet
wide, thirty feet long and twenty-five feet high, which serves as a vesti-
bule or starting poirt for both floors, the entrance to the upper one being
in the wall, about eight feet above the floor.
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Two passages lead from this vestibule into the lower floor, one to the
right through a narrow winding cleft in the rock, and then down to the
bed of a stream, along which, by crawling, we advance, until we come
out into the second passage, fifty feet from its starting point. From here
onward for 210 feet the lower passage leads through a water-worn crevice
from two to four feet wide and three to fifteen feet high, the stream some-
times covering its bottom, and again running in a channel cut beneath
one or the other of the sides. Three hundred feet from the cave entrance
this passage ends abruptly in a room fifty feet high and ten feet wide, the
sides converging in an angle to form the roof. On the left, about twelve
feet from the floor, is an arched opening, and through it comes a roaring
sound of falling water. With difficulty we climb a slippery bank, and,
passing through this opening, find a most magnificent scene for so small a
cave—a great cylindrical pit or shaft, twenty feet in diameter and sixty feet
high, down which, on the farther side, falls a stream of water. A large
bowl shaped cavity twelve feet deep has been worn by the falling water
in the limestone below the level on which we stand. Descending into
this, we find that the stream flows out through a passage to the left,
too low for exploration.
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Returning to the vestibule we climb to the entrance of the upper
floor, and, passing a short distance within it, find two passages diverging,.
One to the left, but forty feet in length, ends blindly against a bank of
hard clay. Here had been, in days of yore, a bear wallow, and the
marks of bruin’s claws were numerous and plainly visible in the clayey
walls. The right hand passage proved a long and tortuous one, and had
a number of short branches leading from it, one of which showed plainly
the evidence of former inhabitancy by bears. This main upper passage
is in most places seven to ten feet high, with a width of five to seven
feet. Two hundred feet from the vestibule it became necessary to crawl
for about thirty feet through a space one foot high by two feet wide, when
we emerge into a circular room thirty feet in diameter by three and a
half high, the floor of which contains a vast amount of bat guano. Be-
yond this the passage forks into three branches, each of which was ex-
plored as far as possible, the longer one reaching 400 feet from the vesti-
bule before its small size barred farther progress. The floor of this upper
cave was covered in many places with a yellow ochery clay. In this, in
several places, were found some handsome acicular crystals of selenite.
No water was found on the upper floor, except at the farther end of the
galleries where it stood in shallow pools. These places were evidently
quite near the outer surface, as the shells of several land snails were found
near by the water.

Fauna. No vertebrates were seen in Eller's Cave, tbhough, as in
many others visited, the signs of out of-door mammals were plentiful.

Of crustaceans, two species, Crangonyz gracilis Smith, and Ceecidotea
stygia Packard, were found in small numbers at several localities in the
stream of the lower floor. No myriapods nor adult beetles were noted,
though near the end of the upper gallery a number of the larve of
Quediug speleeus Horn, were found beneath a pile of the excrement of
raccoons. Some half grown specimens ot Meta menardi Latr. represented
the spider family. Thysanurans, Degeeria cavernarum Packard, were
plentiful, while of Diptera, a number of specimens of Blepharoptera
specus Aldrich, were secured. For a cave as well watered as it is the
fauna was exceedingly limited, though a longer stay would doubtless have
revealed a number of additional species.

SALTPETRE CAVE,

Monroe County, is located in the northwest quarter, section 15 (township
& north, range 2 west), about six miles southwest of Bloomington. The
cave has a rather large entrance, it being twenty-five feet wide and four
and a half feet high, with the floor descending for twenty or more feet.
Fifty feet in it narrows to eight feet in width, and 150 feet from the
entrance the roof comes down to within three feet of the floor, and a ditch
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has been dug for a distance of forty feet to facilitate passage to the large
room immediately beyond. This room is fifty feet wide by sixty feet
long, with the roof flat and the floor on the farther side sloping down at
an angle of about forty-five degrees to a deep hole, called the Devil’s Pit,
which has a diameter of twenty-three feet, with the bottom thirty-five
~ feet below the main floor of the room. From this pit one passes onward
through an arched doorway into a narrow passage twenty feet high and
five feet wide, between great masses of limestone. In one place this
passage is partly filled by an enormous mass of fallen rock, over which
one has to climb and descend on the farther side by a rude ladder, or,
rather, pole with slats nailed across it. Beyond this the passage narrows
into a crevice forty feet high and three feet wide, and finally enlarges
into a small room, from which a low water passage alone extends. The
entire length of the cave admitting exploration is thus but about 400
feet. Retracing our steps toward the mouth, we find on the right side of
the main room an opening near the top, which leads into an alcove or
small circular room, twenty feet in diameter and ten feet high, the floor
being about on a level with the ceiling of the large room adjoining. The
walls of the small room have an intercalary stratum of shale between two
layers of limestone. In many places the lower stratum of limestone hag
dissolved away and the- shale has decomposed into a soft unctuous clay
containing many fine crystals of selenite. The large room of the cave
has its floor partially covered with a deposit of ‘‘nitre earth,”’ or red
clay, which by lixiviation yields about 6.5 per cent. of potassium nitrate.
In the early settlement of the country this deposit is said to have been
utilized and the nitrate used in the making of gunpowder, whence the
name of ¢ Baltpetre Cave.” :

Fauxa. No water was found in the cave, hence -animal life was
scarce. A few specimens of the  Jittle brown bat” were seen clinging to
the ceiling, and the dens and characteristic odor of foxes were noted in
several places. The Thysanuran was plentiful in a few of the damper
spots on the floor. Of Diptera, but two species, Blepharoptera pubescens
Loew and B. specus n. sp., were found on the walls, while a few speci-
mens of the most common cave spider, Meta menardi, was the sole repre-
sentative of the Arachnida. No beetles, myriapods or crustaceans were
seen.
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SHILOH CAVE.

The entrance to this cave is at the bottom of a sink hole a few rods
north of Shiloh Church (northwest quarter section 18, township 5 north,
range 1 west), about seven miles northwest of Bedford, Lawrence County.
Except after a heavy rain, no water flows through the entrance, but a
stream runs the entire length of the main cave, entering it from beneath
a great mass of fallen rock which has partially closed the entrance, and
meandering from side to side on the floor in its onward course. On en-
tering, one descends rapidly for about twenty-five feet, and then reaches
the general level of the main passage. This passage is from fifteen to
twenty-five feet high and about the same width for 2,000 feet, which was
as far as it was explored, the water becoming too deep to wade beyond
that point. It far exceeded any of the previous caves visited in the
number and size of its stalactites and stalagmites, many of which were
of exceeding clearness. In the words of Prof. John Collett, who visited
the cave in 1873, ‘¢ the lofty sides are draped and festooned with stalac-

tites, sometimes hanging in graceful folds or ribbed with giant corruga-
gations. Above, the roof and overhanging sides bristle with quill-like
tubes, fragile as glass, each tipped with a drop of water which sparkles
in the lamplight like a crystal jewel.”

Three hundred feet from the entrance three jets of water pour down
from the right wall of the cave, and add to the size of the stream along
its floor. These falls vary in height from seven to ten feet, and together
they produce a roaring sound which is echoed far along the main pass-
ageway. .

From this point onward the walls are dripping more or less and are
fringed with small stalactites. About 900 feet from the entrance are
two large stalagmites, one of which, named by Collett ‘‘ The Image of
the Manitou,’”’ has been broken. Originally it must have been six feet
in height and eighteen inches in diameter.

Several branches leave the main passage but all but one are short in
length. The one exception turns to the right about 1,500 feet from the
entrance and extends in a southwesterly direction. At first it is a high,
narrow fissure with the jutting walls bearing many stalactites. A stream
of water covers the entire floor, and from far in the distance comes a
murmuring sound caused by a succession of water falls, four in number
and in size small, which occur at short intervals along the passage.
Wading through pools, clinging to corners of jutting ledges, climbing
over slippery, perpendicular banks we make our way until finally the
passage begins to rise, and the limestone gives place to a dark shale, and
this in time to a light colored clay. We are 900 feet from the fork and
think we are nearing the surface and will soon find our way above
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ground, when all at once our lights go out and we stagger backward
through utter darkness, escaping, as if by a miracle, the clutches of the
deadly choke-damp which lurks for unwary explorers amidst the deep-
st recesses of this cave.

Beyond the point where this right branch leaves it, the main paseage
continues in a southerly direction and was explored until the back water
from the dam at the mouth of the cave became too deep to wade. As
we were preparing to leave the cave a heavy thunder shower came up,
and the water soon poured in torrents through the sink hole, and adding
its volume to that of the enlarged stream within the cave, soon covered
the entire floor to & depth of nearly two feet.

Leaving the cave after the shower had subsided, a visit was made to
the mill at its mouth. This is located in one of the ravines or breaks of
Balt Creek, about two-thirds of a mile south of Shiloh Church. Here a
heavy wall of masonry has been built across the mouth of the cave, whieh
is on the hillside, forty feet above the mill. This dams the water back
until it entirely fills the cave for quite a distance. In wet seasons the
water is sufficient to grind full time, but in dry seasons the mill often has
to be shut down for several days to allow the water to ‘“ head up.”

Fauwna. Professor Collett reported the animals inhabiting Shiloh Cave
as ‘‘coons, rats and ant-lions.” None of these were seen by the writer,
nor were any vertebrates noted. Of crustaceans, the blind crayfish, Com-
barus pellucidus (Tellk. ), was quite common in the pools of the stream flow-
ing through the cave. Two small aquatic Hemiptera-Heteroptera of
the genus Coriza were taken, by dredging, about 350 feet from the en-
trance. These were the only specimens of Hemiptera taken in Indiana
caves. ,

A single specimen of the true cave beetle, Anophthalmus tenuis Horn,
represented the Coleoptera; while of Diptera, Blepharoptera pubescens
Loew, and two new species, B. latens and Mycetophila umbraticus, were
secured. A single myriapod, Lithobius sp. ? and a stone cricket, Ceutho-
philus maculatus (Harris), completed the living forms noted in the cave.

DONNEHUE'S CAVE,

The mouth of this cave is located near the foot of one of the bluffs of
‘White River, 500 yards distant from that stream and two and one-balf
miles southwest of Bedford, Lawrence County, in the southwest quarter
of section 27 (township 5 north, range 1 west). From the mouth of the
cave a small stream finds its way, the source of which is in a sink hole
three-fourths of a mile distant in a northeasterly direction. The stream
is greatly enlarged after a heavy rain, and by its erosive action the cave
is constantly but slowly increasing in size.
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THE ENTRANCE TO DONNEHUE’S CAVE, LAWRENCE COUNTY, INDTANA.
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Entering the cave, one
finds himself in a commo-
dious room, 10 feet high
and 48 feet in width, the
floor of rock, covered in
places to a depth of two or
three feet with alluvial
drift Fifty feet back this
narrows to 12 feet in width,
and a short side passage
puts off to the left, in which
a number of the cave sala-
manders were found. Back
180 feet from the mouth,
the passage was 63 feet
high by 6% feet broad, the
stream on the floor about
three feet in width and
three inches deep. Farther
on this stream deepens and
JAnr of DONNEHUES CRYE. - several pools were found in
Lowrence Counly, /nd” which the water was two

or more feet in depth. At
Lntrance a distance of 325 feet the
main passage forks, and from the right-hand branch so strong a current
of air came that it was impossible to use candles and lanterns had to be
substituted. The change in lights made, the right-band passage was
found to be a narrow, winding one, about 150 feet in length, and to lead
back into the main passage about 100 feet farther from the mouth than
the point from which it started. All these branches are through the
solid rock, and are only water channels, three or four feet high and about
as wide.

Beyond 425 feet, several side branches were found to contain water too
deep to wade, or to soon become too low for further progress; in fact,
the rock is more honeycombed with small passages than in any cave vis-
ited. The main passage, however, at about 500 feet from the mouth,
enlarges to a height of 40 feet and a width of eight to ten. This por-
tion is for the most part dry, the stream having disappeared in one of the
low channels already mentioned. In some places two floors are found, in
others the greater part of the upper floor has fallen in, leaving a portion
in the form of a natural bridge, spanning the passage from side to side.
At a point 950 feet from the mouth the upper passage ends against a per-
pendicular wall of rock, from near the top of which was a passage on-
ward, but too high from where we stood to admit of entrance, The
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lower passage was followed to about the same point, where it became
two feet high and three feet wide and almost filled with water, thus bar-
ring further progress. But few stalactites are found in the cave, and
they are mostly of small size and unattractive appearance.

Fauna. The cave salamander, Spelerpes maculicauda (Cope), was found
to be more abundant in this cave than in any previously visited. Several
were back 300 feet or more from the mouth, though most were taken
about fifty feet therefrom. No bats or other mammals were noted, though
tracks of raccoons and minks were plentiful. Although the conditions
for aquatic forms seemed most favorable, with the exception of the single
shrimp-like crustacean, Crangonyx gracilis Smith, none were seen. Blind
crawfish had been previously found in this cave by W. P. Hay, but the
raccoons, or something else, had caused their total disappearance in those
portions of the cave explored by us. Of spiders, one species, Meta
menardi Latr., was very plentiful; 'and of Diptera, four species were
taken, as follows: Sciara sp?; Blepharoptera latens and specus, two new
species described hereafter by Aldrich ; and Limosina tenebrarum, also new
to science. This last species was found in company with a number of
the larvee of the cave staphylinid, Quedius speleus Horn, inhabiting a
large pile of coon dung in a recess of the cave, 350 feet from the mouth.
Here also were taken a number of specimens of the mature beetles
Quedius fulgidus Fabr. and Q. speleus Horn, as well as an earthworm as
yet undetermined. No myriapods or thysanura were noted in the cave.

HAMER'S CAVE

has its mouth on the side of a hill at the head of a deep valley in the
southeast quarter of section 32 (Tp. 4 N., R. 1 E.) three miles east of
Mitchell, Lawrence County. Near the head of this valley and close to
the mouth of the cave are the ruins of an old stillhouse and a large
deserted stone mill, both of which were formerly run by the stream of
water which rushes with great force through the mouth of the cave fifty
feet higher on the hillside. At the time of our visit the dam at the
mouth of the cave was still intact and the water behind it filled the cave
to a depth of four feet or more, so that exploration was impossible.
From the mouth and through a wooden flumeway extending to the mill,
the water was rushing with great speed. According to Prof. Collett
(Ind. Geol. Survey, 1873, 303), the floor, a short distance within the
cave, was at that time ‘‘level, six feet wide and covered with a swift
stream of water eight inches deep, although at places the depth is in-
creased to twenty feet. A boat of course is needed for exploration,
Three-quarters of a mile* from the door is the first fall. The whole
stream rushes down an incline only three feet wide with great violence

*Distance guessed at and probably not over 250 yards.— W. S. B
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and a noise that fills the cave. The boat must be carried above this ob-
stacle, when another voyage is taken along a space of 300 feet to the
second falls or ¢ grand cascade.” Beyond, the cave is low, wet and full
of rushing water, which flows out of a crevice in the rock. Eyeless fish,
crawfish and other crustaceans are found in this and the two adjoining
caves which have outlets in the grand amphitheater in which the mill
is situated.”

DONNELSON’S CAVE.

Among Indiana caverns the mouth of Donnelson’s Cave ranks next to
that of Porter’s in picturesque beauty. Indeed, by some it is classed as
more attractive. The mouth of the cave is found at the head of a deep
gorge worn through the limestone by a good sized stream which flows
from the cave and down the gorge to the broader valley beyond. Many
centuries ago the cave extended the full length of the gorge, and the
waters of the stream flowed directly from its mouth into the valley.
The roof of the underground channel finally became so thin that it col-
lapsed, the gorge was then started, and as the centuries went by grew in
length, the cave ever becoming shorter by the continued falling of the
roof. Both gorge and cave are located in the sontheast quarter of sec-
tion 33, township 4 north, range 1 east, about three-fourths of a mile
east of Hamer’s miil.

Three passages open directly into the mouth of the cave. The right
hand passage has the level of its floor about five feet above that of the
entrance, while the opening on the left is 12 feet above the bed of the
stream and very difficult to enter without a ladder. The middle passage
extends straight back from the common vestibule or main entry. The
latter is twenty-five feet long, twenty-one feet high and eighteen feet wide,
but at its farther end is reduced to the narrow middle passage between
great masses of limestone. The water in this passage is waist deep and
explorations must be made by wading or in a light cance. One hundred
feet within is a magnificent cascade, where the stream rushes and leaps
down a narrow passage with such violence that the noise is plainly heard
at the entrance.

The right-hand passage for the first 100 feet is about ten feet high by
fifteen wide, with a clay bottom and a roof on a level with that of the
vestibule, It then expands into a large room, 230 feet long and forty
feet wide, which lies east and west at right angles to the entering pass-
age. This narrows at the west end to twenty feet, and at one point the
outer air flows in through a small opening in the roof. From near the
small end of the room a narrow passage starts off to the southward and
can be traveled for 200 feet, when it becomes too small for further ad-
vance. Along this passage a small stream flows, disappearing through a
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hole in the floor near the entrance to the larger room. Other than this,
both right and left passages leaving the main entry are dry.

The passage at the left of the main entrance to the cave is about 150
feet long by twenty broad, and contains no points of especial interest. No
stalactites worthy of notice are found in this cave. It is said that about
the year 1800 the nitrous earth on the floor of the two dry passages was
used in the making of saltpetre; and the stream flowing from the main
cave was afterward dammed and utilized in driving a woolen, grist and
saw mill.

Fauwa. The blind fish, Amblyopsis speleus DeKay, is said to inhabit
this cave, but none were taken or seen by the writer, though a number
were secured in a near-by cave, which probably is connected with this.

Among crustaceans, the blind crayfish, Cambarus pellucidus (Tellk.), and
the small Caecidotwa stygia Packard, were secured. Of spiders, two forms,
the common Meta menardi Latr., and an above-ground species, Dolomedes
urinator Hentz, were taken. Of flies, two species of Blepharoptera were
seen on the walls of the dry rooms. No beetles or myriapods were
taken.

CLIFTY CAVES,

The mouths of the two Clifty caves are about 200 yards apart, and are
located at the head of a deep and narrow valley in the east half of sec-
tion 14 (township 3 north, range 2 east), about three miles north of
Campbellsburg, Washington County, Indiana. Clifty Creek has its
gource in the streams which emerge from the caves, and flows in a north-
westerly direction about four miles to White River, into which it empties.
Its valley, especially the upper half, is noted for’ the wild and rugged
scenery, and the vicinity of the caves is a noted resort for pleasure
seekers. : '

The caves are designated, respectively, by the terms ¢‘ wet” and ‘‘dry,”
the former being the smaller of the two. Across the mouth of the wet
cave a dam has been built, and the water emerges from it in sufficient
force to turn the machinery of a distillery and grist mill, both abandoned,
however, since their owner died, a few years ago. The mouth of the
cave is a perfect archway in the solid limestone, fourteen feet wide and
eleven feet from roof to bottom. The water behind the dam was two and
a half feet in depth, and deepened rapidly as one went back, and the cave
was explorable only by boat, which we did not possess.

In Packard’s ¢“Memoir of the Cave Fauna of North America,” p. 16,
is an extract from a report on a visit to these caves by Dr. John Sloan,
of New Albany, in which he states that he went up the stream in the
wet cave for about 200 yards on a raft of timber, at which point rapids
were encountered, over which it was impossible to lift the raft, and the
water above being too deep to wade, he was obliged to return.

b
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The ““Dry Cave” was explored by our party for a distance of 2,650
feet, beyond which it was impossible to proceed. The entrance is larger
than that of the wet cave, being
eighteen feet high and twenty
feet wide. Back 100 feet it nar-
rows to thirteen feet in width,
and, fifty feet farther, to about
eight feet, the water at this point
covering the entire floor to a
depth of six inches. For the
first 500 feet the main passageis
very crooked, but beyond that
point it is comparatively straight
and extends in a general south-
westerly direction. Like May-
field’s cave, it is a mere water-
worn passage, with no Jarge
rooms, few stalactites, and, in
general, may be said to be mo-
notonous. The stream on the
floor winds from side to side of
the cave, thus making the fre-
quent crossing of it necessary.

Several short side branches
diverge from the main one, and
at a distance of 1,300 feet from
the mouth a larger branch turns
off to the right, which was ex-
plored for about 400 feet, but
not to the end, as our time was

rinpoF Curmy Cave.
Washington County, lnd

ematuca)

oo P limited. The main passage con-
tinues to the left, and at 1,800
feet we found a large rock, 30x

Entronce™y 15 feet, which had fallen from

the roof and partially blocked the way. Two thousand feet from the
entrance the passage widens into a room 100 feet across and four feet in
height, which contains much fallen rock, but nothing else of especial in-
terest. Beyond this the cave narrows again and varies from twenty to
thirty feet in width, as far as explored.

Fauxa. Dr. Sloan states, loc. cit., that blind fish are found in the
“ Dry Cave,” but, though especial search was made for them, none were
geen. Several cave salamanders, Spelerpes maculicaude (Cope), were
taken from the damp walls within 100 feet of the entrance. Bats were
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seen in small numbers hanging from the roof, and signs of *‘ coon’’ were
plentiful.

One blind crayfish, Cambarus pellucidus (Tellk.), and a large number of
seeing ones, C. bartonii Fab., represented the crustaceans, both forms be-
ing taken from the same locality, about 1,200 feet from the mouth. No
myriapods or thysanura were seen. Of Arachnida, the cave spider, Meta
menardi Latr. was common, hanging from a single thread attached to the
roof; and a few specimens of the cave harvestman, Scotolemon flavescens
(Cope), afterward found abundantly in Wyandotte Cave, were secured.
Several young and one mature specimen of the cave beetle, Quedius
speleus Horn, were taken from some refuse matter, 600 feet from the
entrance, and a representative of that common above-ground carabid,
Haorpalus pennsylvanicus De Geer., was taken by the side of the stream
flowing through the left branch, 1,400 feet from the entrance. It had
probably been washed in by some of the heavy rains the week before.
The only additional forms taken were Diptera, three species of Blepha-
roptera being found on the walls, and a small gnat-like form, Limosina
tenebrarum, n. sp., from some refuse matter, 600 feet from the mouth.

MARENGO CAVE.

rs

This cave, which next to Wyandotte is the most noted in Indiana, is
Jocated in the northwest quarter of section 6 (township 2 south, range 2
east), a short distance northeast of Marengo, Crawford County. The L.
E. & 8t. L. Railway (““Air Line’’) passes through Marengo, and the
entrance to the eave is less than one mile from the station.

Marengo Cave has been known only since 1883, and the owners of the
land on which the entrance is located, were wise enough to prevent the
ruthless destruction of the stalagmites and stalactites which form the
main beauty of the cavern. Some children playing about a sink hole in
September of that year, noted an opening which had been formed near
its bottom by a recent falling of earth and rock, and, venturing in, found
the room now known as ‘‘ Grand Entrance Hall.”’ Afraid to go farther,
they made known their discovery to other persons, and in a few weeks
the entire cave had been explored. A building was soon afterward
erected above the mouth, and stairways built, so that entrance into the
cave could be easily and safely nade.

Thousands of visitors have sinee passed through the cave, and no one
who is at all in sympathy with pature can come forth from its corridors
and passages without feeling fully repaid for his peep into one of her un-
derground chemical workshops There the only materials necessary are
water and limestone. Given these and time unlimited, and the varied
character and wonderful beauty of the products possible can only be
realized by those who have spent a few hours in a cavern like Marengo.
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Descending the
stairway, after hav-
ing been provided
with a lantern and
guide, the visitor
finds himself sixty
teet below the sur-
face in the large
vestibule known as
the Grand En-
trance Hall. This
is a room 50 feet
wide, 20 to 30 feet
in height, the floor
of dry earth, and
with two passages
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. Grand Entrance Hall.
. Cut Off.

. Congress Hall.

. Mammoth Hall.

. Elks’ Hall.

. Music Hall.

. Cave Hill Cemetery.
. Creeping Avenue.

. Junction Room.

. Fairy Palace.

. Prison Cell.

. Prison Bars.

. Washington Avenue.
. Lovers’ Retreat.

diverging, one as-
ceriding to the
right and leading
through the Short
Route and Crystal
Palace, the other
descending to the
left and leading
through the Long
Route. '
Taking first the
latter,” we find the
main passage to be 12 feet high and about 50 feet wide. Scattered at
intervals along its walls and roof are many stalactites, some in groups,
others singly, and all possessed of fanciful names given them by former
visitors or by the proprietors and guides of the cave. One hundred feet
from the foot of the entrance is a slab of limestone, fallen from the roof,
whose dimensions are 18 x 8 x 4 feet. This is known as Fallen Rock, and
beyond it a short distance is, on the right, a passageway known as the
“Cut Off,” which leads to the Crystal Palace. Continuing, the main
passage widens to 30 or more feet, and for a distance of 80 feet is known
as Statue Hall. In it are some noteworthy formations, the prettiest of
which is Mt. Vesuvius, a large, rounded stalagmite. Above it is a
group of slender stalactites, down which a stream of water trickles and
gives a muddy character to the floor for a distance of several hundred
feet. From the side of the roof, on the right, hangs a group of stalac-
tites, their bases thin, wide and overlapping, the whole resembling

1
Grawford Caumty. ind 15. Nameless Pass.
16. Crystal Palace.
17. Crystal Palace Gal-
lery.
18. Pillared Palace.
19. Western Avenue.
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somewhat a bunch of ‘‘long green,”’ whence the name of Tobacco Shed”
given to this formation.

Congress Hall succeeds Statue Hall, and contains along the edge of the
ceiling some handsome formations, known as the Giant’s Mitten, Mam-
moth Pen, etc. From this hall the bed of an old stream leaves to the
right beneath the massive limestone walls. Mammoth Hall, with a width
of about sixty-five feet and a length of 300, comes next in order, and
eontains the Elephant’s Head, Folded Lamberquin, Bridal Curtains and
other fantastic formations of carbonate of lime, wrought in darkness in
ages past. St

Beyind Mammoth Hall the passage divides and passes around a mass
of uneroded limestone. The branch on the right rises ten or fifteen feet
above the level of the main floor and enlarges into Elk’s Hall, a room
190 feet long and twenty feet high, which was dedicated and named, as
an inscriptivn on the walls informs us, by Louisville Order, No. 8, B. P.
O. E., September 27, 1885.

The two branches converge again, and at a distance of 1,000 feet from
the entrance enlarge into Music Hall, a large room containing a raised
platiorm of rock, known as the Band Stand. A short distance farther
on, a branch goes off' to the left which has been explored only by guides,
the ceiling being Jow and the scenery possessing no éspecial interest.

Fourteen hundred feet from the entrance the main passage again forks
the right branch containing Cave Hill Cemetery. Herein are found
some beautiful stalagmites and pillars, one of which, called Washington’s
Monument, is among the most striking objects of the cave. Its height is
four feet eleven inches, and a foot above the base it is two feet in circum-
ference. Composed of the clearest of crystalline limestone, it stands.
with its white surface gleaming in the dim lantern light, inspiring the
visitor with a feeling of wonder as to how an object of such beauty and
purity could have been formed in these depths of Cimmerian darkness.
Another monument of greater size, but less imposing, on account of its.

~ yellowish brown color, is the Tower of Babel—ten feet high and six feet
eight inches in circumference. It stands among numerous smaller stalag-
mites, a short distance beyond Washington Monument.

Beyond the Tower of Babel the roof of the right branch lowers, and
we crawl through a narrow opening and then creep or stoop for quite a dis-
tance through Creeping Avenue, passing meanwhile among many pillars,
stalagmites and stalactites, varied in form and beautiful to look upon.
We emerge and stand erect 2,000 feet from the entrance, in the Junction
Room, where the braneh which turned to the left at the entramce to the
Cave Hill Cemetery meets the right branch through which we have
traveled. Beyond this point the cave narrows and the roof comes down
within a foot of the floor. By creeping, crawling and twisting from side to
side we manage to get up a slippery hill and through a emall opening into




Revort of State Geologist, 1896. Prate VII.

L“ADAMS_EXPRESS CO.” AND “PILLAR OF CONSTITUTION,” MARENGO CAVE, CRAWFORD_CO., IND.




INDIANA CAVES, AND THEIR FAUNA. 147 -

the Fairy Palace, a place visited by few on account of the difficulty of the
way. Here we find the farthest explored part of the cave, and in the
small room, perhaps ten feet wide and five feet high, are thousands of
formations, which reflect our light in a most brilliant manner. Retrac-
ing our way to the Junction Room, we turn to the right into the Prison
Cell, a large room which contains some of the principal features of the
cave. Here is the Leaning Tower of Pisa, a stalagmite six feet high,
with the top inclined several inches beyond the base; Solomon’s Temple,
a group of slender pillars six and a half feet in height and arranged in
a circle; Administration Building, a pillar made up of a series of circular
layers of crystalline limestone, piled one on top of another so as to cause
the whole to resemble a Japanese pagoda; Bunker Hill Monument,
formed on a fallen slab, story on story as the preceding, besides many
others as handsome, yet too numerous to mention. We pass from the
Prison Cell, between the Prison Bars—a series of slender columns six
feet long and =ix to eight inches in circumference—into Washington Ave-
nue, the left branch of the main passage at the fork near Cave Hill
Cemetery. This avenue is 450 feet in length, from twenty-five to forty
in width, and for about one-third of its length the ceiling is so low as to
require a stooping position in passing through. On the way are many
small stalagmites grouped in a straggling fashion, Grant’s Army and
Coxey’s Army being the names given to two of the largest assemblages.
The floor of Washington Avenue is dry and for the most part composed
of earth, with here and there a slab of fallen rock. Near the fork it de-
scends for about fifteen feet, and we enter once more the main passage,
already described, and make our way along it to the ‘“ Cut Off”’ leading
to Crystal Palace, passing on our left the Lover’s Retreat, a winding cleft
which extends about seventy-five feet back into the solid limestone.

The Crystal Palace is the crowning glory of Marengo Cave. It is a
small alcove or side room, ninety feet long, fifteen feet wide and about
twenty-five feet in height. At the south end is a perpendicular wall
along which is a drapery or vast sheet of stalactites, and from a project-
ing shelf are many slender stalagmites, the whole so grouped as to resem-
ble a giant pipe organ. The side walls are studded with hundreds of
small and large formations, while from the roof hang perdent myriads of
slender stalactites of the clearest crystal, which reflect with sparkling
brilliancy the rays of the caleium or magnesium flash lights. By ascend-
ing a stairway fifteen feet, one finds himself on a balcony in the very
midst of these formations and can pass back into Crystal Palace Gallery, a
low passage, about 150 feet in length, the floor of which resembles a relief
map, being thrown up in many places in narrow corrugations and ridges,
with here and there a pool of limpid water cccupying the irregular and
shallow depressions.
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Descending the stairway and passing to the left, we enter the Western
Avenue or Short Route, the principal feature of which is the Pillared
Palace, where giant pillars, stalactites and stalagmites are so numerous
that it is with difficulty the visitor winds his way between and around
‘them. This portion of the cave extends but about 150 feet in a westerly
direction, and into it has been dug an artificial opening from the surface,
“forty feet above. Retracing our steps for the last time, we turn to the
-left at the mouth of the Pillared Palace and pass through another bower
of beauty, the Queen’s Palace, a small room, whose walls are composed
wholly of pillars and stalagmites. Beyond this we pass the Diamond
Dome, the largest stalagmite of the cave, thirty-one feet in diameter and
‘reaching from ceiling to floor, and emerge into Grand Entrance Hall,
which was our starting-point.

The total length of Marengn Cave, including the side branches through
which we passed, was as follows:

Long Route, foot of stairway to Junction Room 1,950 feet.
Junction Room to end of Fairy Palace 175 feet.
Junction Room to Prison Bars 200 feet.
Washington Avenue 450 feet.
Lover’s Retreat 75 feet.
Elk’s Hall 190 feet.
Nameless Pass 150 feet.

100 feet.
Crystal Palace and Gallery 250 feet.
Short Route to place of starting 310 feet.

TOtal . v vttt et e e, 3,850 feet.

Within this distance of less than three-fourths of a mile are probably
crowded more beautiful formations of crystalline limestone than in any
other known cave of similar size in the United States,

Lacking the length, the lofty vaulted rooms and the grand scenery of
Wyandotte, Marengo far excels that cave in the abundance and beauty
of its stalactites, stalagmites and other cave formations. To those who
wish but a glimpse of underground life, we most heartily commend it,

" believing that a visit of a few hours will repay all who take an interest in
the mysterious and beautiful in nature.

Fauna. The fauna of Marengo cave is not as varied and as numer-
ous as one would suppose. The short time that has elapsed since the
cave was opened and the erection of a building above the entrance have
prevented many forms of life from entering and taking up their abode
therein, Of vertebrates, a form of the white-footed mouse, Hesperomys
leucopus Raf., is frequent in the first 250 feet. Several were caught in
eyclone traps, and, while possessing larger ears, longer whiskers and more
protruding eyes than above-ground specimens, these variations were not
definite enough to separate the form even as a distinct variety., The
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cave salamander, Spele\rpes maculicauda (Cope), was taken at the side of
the entrance, and is said by the guide to occur thereabouts at all seasons
of the year. But one species of crustacean, Cacidotwa stygia Packard,
was secured, It was very plentiful beneath some pieces of boards in a
pool at the side of the ‘ Prison Bars.”” The blind crayfish is said to
occur in some pools near Diamond Dome, but none were to be found at
the time of our visit. The myriapod, Pseudotremia cavernarum Cope, so
common in Wyandotte, is also plentiful in Marengo, and was the only
member of the group there taken. Of Coleoptera, but three specimens of
one species, Quedius fulgidus Fab., were secured. They were found
within 250 feet of the entrance beneath a board used to bridge a damp
gpot. The Thysanuran, Degeeria cavernarum Packard, was plentiful and a
single specimen of a larger, lead colored species was taken in company
with the beetle above menttioned. Two species of Diptera, both new to
gscience and one representing a new genus, were taken. They are de-
scribed, in a paper accompanying this report, by Prof. J. M. Aldrich,
under the name of Limosina tenebrarum and Odontopoda (n. g.) sayi.
The former was taken in several other caves, the latter only in Marengo,
400 feet from the entrance. The only additional form of animal life
taken was Nesticus carteri Em., a small spider, several specimens of
which were found crawling over the damp rocks, 300 feet in the main
passage. Three species of fungus, one thin, white, and spreading over
the under side of boards, another spreading in large, thin, fan-shaped
masses over rocks; and the third, a large stemmed toadstool, were taken
about 400 feet within the cave.

WYANDOTTE CAVE.

Next to Mammoth Cave, Kentucky, Wyandotte is the largest cavern
in the United States. Its enormous underground halls and vaulted
domes, its gigantic fluted columns, and vast piles of fallen rock are un-
excelled in any other American cavern. Its sitnation among the rugged
hills which form the breaks of the Ohio River, in a country as yet primi-
tive in character, where game is plentiful, and fishing in the clear waters
of Blue River exceptionally good, makes it a most inviting spot for a sum-
mer’s outing.

Around the hotel, situated on a commanding eminence in a natural
wooded grove close to the cave, grow many forms of plant life which are
strangers to central and northern Indiana, while in the cave dwell many
sightless animals whose habits of life are yet unknown, so that the bot-
anist and zotlogist may add to the study of the cavern itself, the pursuit
of their favorite studies.

.History. The records concerning Wyandotte Cave go back only to
1812. During the war with England the demand for gunpowder became
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so great that much of the nitrous earth in the caves of Indians and Ken-
tucky was utilized in. the manufacture of potassium nitrate, or saltpetre,
one of the principal ingredients of guopowder. What is now called the
“Old Cave,” was the only portion of Wyandotte then known to the
whites, and to it the name of ‘“Indiana Saltpetre Cave” was given by a
Dr. Adams who first preémpted the land on which the cave was located,
for the purpose of manufacturing saltpetre. He carried on the business
on an extensive scale from 1812 to 1817, and remains of leaching hop-
pers, troughs, etc., can yet be seen near the mouth of the cave, and at
““Saltpetre Cave,” about a third of a mile distant. The close of the war
mede the ¢‘ petre” business unprofitable, and Dr. Adams relinquished his
claim, ~

In 1819 Mr. H. P. Rothrock, the father of the present proprietor,
purchased the land from the Government, paying the prevailing price,
one dollar and twenty-five cents per acre. He did not attach any value
to the cave, but wished the land for the timber growing upon it, he hav-
ing erected a sawmill on the banks of Blue River, about a mile from the
mouth of the cave, ,

But little attention was given to the cave by the owner and the
residents of the vicinity. In fact the latter considered it a nuisance and
in 1843 succeeded in getting the State Legislature to pass a law com-
pelling Mr. Rothrock to fence up the entrance, so as to prevent cattle
from entering and licking the epsom salts, which the cave contains in
abundance.® .

The only published account of Wyandotte cave previous to 1850
which has come to my notice is found in Flint’s Geography of the Mis-
sissippi Valley, 1833, p. 389, as follows:

“Like Alabama and Tennessee, Indiana abounds with subterranean
wonders in the form of caves. Many have been explored, and some of
them have been described. One of them is extensively known in the
western country by the name of ¢ the Epsom Salts Cave.’

“It is not very far from Jeffersonville. When first discovered the
salts were represented as being some inches deep on the floor. The in-
terior of this cave possesses the usual domes and chambers of extensive
caverns, through which the visitant gropes a distance of a mile and a
quarter to the ¢ pillar,” which is a splendid column, fifteen feet in diame-
ter and twentyfive feet high, regularly reeded from top to bottom.
Near it are smaller pillars of the same appearance.

““The ralt in question is sometimes found in lumps varying from one
to ten pounds. The floors and walls are covered with it in the form of a
frost, which, when removed, is speedily reproduced. The earth yields
trom four to twenty pounds to the bushel, and the product is said to be

*Revised Statutes 1843, Chap, 53., p. 974, sec. 67.
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of the best quality. Nitre is also found in the cave in great abundaace,
-and sulphate of lime or plaster of paris.”

In 1850 a party from Fredonia, Ind , observing that a current of air
‘was passing from bepeath a large, loosely placed flat rock, 1,000 feet
from the mouth and at the point at which the route of the ¢ Old Cave’’
turns abruptly to the le/t, succeeded in prying the rock loose and found
the opening since known as Fat Man’s Misery. This they entered and
passed through, and for the first time white men stood in the ‘‘New
Cave.” The ““ Long Route” waus soon explored as far as the Sulphur
Spring in Rothrock’s Cathedral, and the ‘“Short Route’ to its present
known limits  About a year afterward a small opening through a stalag-
mitic furmation by the side of the Sulphur Spring was observed, and by
active use of hammers and drills was enlarged sufficiently for persons to
enter. The opening was called the ““Augur Hole,” and through it ex-
plorers passed and made their way as far as the ends of Wabash Avenue
and the Fairy Palace. In 1858 W. R. and J. G. McCollister enlarged
the opening leading from the ¢ Easter Room’’ and partially explored the
passage now known as the ¢ Unexplored Route.” The next year Mr.
-G: J. Langsdale and Washington Rothrock finished the exploration of
this passage as far as Rothrock’s Island. This includes all the explored
portions of the cave, with the exception of Milroy’s Temple, which was
discovered by a party of students from Wabash College in 1878. A
number of descriptions of the cave have appeared in various papers,
magazines and reports; alist of those which have come under the writer'’s
notice being found in the bibliography at the end of the present paper.

The mouth of Wyandotte cave is located in the southwest quarter of
section 27 (township 3 south, range 2 east), Jennings Township, Craw-
ford County, Indiana. The nearest railway, the ‘‘Air Line,” passes
through Milltown, nine miles distant from the cave, over an exceedingly
rough road. From Corydon, the county seat of Harrison County, the
distance is about twelve miles, and the read a fair one for southern In-
diana. This route is a most pleasant drive in the summer or autumn,
and leads one down the romantic valley of Blue River. For several
"miles the road follows along the limestone bluff on the right side of that
stream, in many places having been excavated in the side of the bluff
forty or more feet from the water belew. From Leavenworth, on the
~Ohio River, the nearest point for steamers, the distance is five miles.

The Cave Hotel is, according to measurements made by Professor Col-
lett, 220 feet above Blue River, across whose narrow valley *“Greenbrier
Mountain, with sharp, conical peak and steep faces, belted with massive
rings of rock, variegated with evergreen cedars, affords a scene of quiet,
stately beauty.””* From the hotel a pathway leads down a gradual slope
to the mouth of the cave 100 yards away. '

*Collett, Geol. Surv. Ind., 1878, 467,
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0 Saltpetre Hoppers.
1 Arched Entrance.
2 Faneuil Hall.
3 Columbian Arch.
4 Falling Rock.
5 Wyandotte Chief.
6 Entrance to New
Cave and Fat
Man’s Misery.
7 Banditti Hall.
8 Jacob’s Ladder.
9iPigmy Dome.
10 Debris Dome.
11 Continued Arch.
12 The Canopy.
13 Lucifer’s Gorge.
14 Natural Bridge.
15 The Stoop.
16 Temple of Honor.
17 Secret Entrance to
to Rothrock’s
Straits.
18 Odd Fellows’ Hall.
19 Phantom Ship,
““ Millie.”’
20 Pharaoh’s Stair-
way,
21 Conrad’s Hall,
22 The Cliffs.
23 The Pit.
24 Falls of Minnehaha
25 Dead Fall.
26 Cyclops’ Chasm.
27 Dead Sea.
28 Screw Hole.
29 Polished Bowlders
—Indian.
30 Senate Chamber.
31 Chair of State.
32 Pluto Ravine.
33 Stallasso Monu-
ment.
34 Stillo Mountain.
35 Pillar of the Oonst1
tution.
36 Heman’s Bower.
37 Hine Cliffs.
33 Lonigan’s Pags.
39 Diamond Laby-
rinth.
40 Emmonecy Arcade.
41 Rode Reck No. 1.
42 Queen Mab’s Re-
treat.
43 Bnow Banks.
44 Zoe Grotto.
45 Ice House.
46 Frosted Rock.
47 Snowy Cliffs.
48 Indian Footprints.
49 Beauty’s Bower.
50 Queen Mab’s Mar-
ble Garden.
51 Fairy Palace.
52 Wyandotte Pota-
toes—Pebbles, °
53 The Arm Chair.
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54 Lovers’ Retreat.

55 Ewing Hall.

56 Frost King’s Palace.

57 Bowlder Flints.

58 Milroy’s Temple.

59 Penelope Grotto.

60 Ulysses’ Straits.

61 Rothrock Cathedral.

62 Coons’ Council Chamber.

63 The Rotunda.

64 Rugged Mountain.

65 Cut Off.

66 Counterfeiters’ Trench,

67 Starry Hall.

68 Wyandotte Grand Council
Chamber.

69 The Card Table.

70 Hall of Representatives.

71 Hill of Science.

72 The Alligator.

75 The Mound.

74 The Throne.

75 General Scott’s Reception
Room.

76 Anteroom.

77 Hovey Point.

78 The Pit and Sieve.

79 The Amphitheater.

80 Rocky Hill.

81 Muddy Fork.

82 Lost Rivulet.

83 Frozen Cascades or Cur-
tains.

84 The Hippopotamus.

85 Fairy Grotto.
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88 Neptune Retreat.

87 Hermit Cell.

88 The Sepulchre.

89 Purgatory.

90 Caliope Bower.

91 Palace of the Genii.

92 Pillared Palace.

93 Creeping Avenue.

94 Junetion Room.

95 Drawing Room.

96 Dining Room.

97 Delta Island.

98 Sandy Plain, 300 feet long.

99 Hill of Diffioulty.

100 Monument Mountain, 135
feet high, over which is
Wallace’s Grand Dome,
50 feet above top of
Mountain, and 185 feet
above bare of the hill.

101 Sulphur Spring.

102 The Augur Hole.

103 Lilliputian Hall.

10¢ Spxde’s Grotto.

105 Slippery Hill.

106 Hall of Ruins.

107 White Cloud Room.

108 Sentinel Office.

109 Bishop’s Rostrum or Pul-
pit.

110 Journal Office.

111 Calypso’s, or Island No.2.

112 Cerulean Vault.

113 Rugged Pass.

114 Chapel.

115 Vestry.

116 Josephine’s Arcade.

117 The Parsonage.

118 The Junetion.

119 The Lone Chamber or Bail
Room,

120 Dry Branch.

121 Island of Confusion, or
No. 3.

122 Grand View Island, or
No. 4.

123 Sandy Branch and Air
Torrent.

124 Newhall’s Forum.

125 Grosvenor’s Avenue,

126 Gothic Chapel.

127 Thé Gallery.

128 Indian Fooetprints.

129 The Den.

130 Ship in the Stocks.

131 Crawfish Spring.

132 Maggie’s Grotto.

133 Joseph's Pit.

134 Lama’s Bower,

135 Marble Rivulet.

136 Marble Hall.

137 Miller’s Reach.

138 Andrew’s Retreat.

139 Rode Rock No. 2.

140 The Devil’s Elbow.

141 The Pit.

142 Langsdale’s Basin.

143 Wash. Rothrock’s Island.

144 Bourbonoi.

We shall first describe that portion of the cave

known previous to 1850, and at present called by the guides the ¢ Old

Cave.” The mouth of the cave is twenty feet wide and six feet high;
the roof arched, the floor of earth, with here and there a fallen slab of
rock. For perhaps 100 feet* we descend gradually and enter a spacious
corridor known as Faneuil Hall, forty feet wide, eighteen feet high, and
probably 180 feet in length. Across the farther end of this hall a stone
wall bas been built, and a doorway constructed, and through this one
passes into Twilight Hall, where the last rays of daylight disappear and
the King of Darkness begins his reign. Stopping a few moments to ac-
custom our eyesight to the changed conditions, we pass onward and soon
enter the ‘‘ Columbian Arch,”” an almost perfect semi-cylindrical tunnel,
geventy-five feet in length. From this we emerge into ** Washington
Avenue,”” a grand passageway, 275 feet long, thirty feet wide and forty

*The proprietor of the cave, Mr. H. A. Rothroek, would not permit acourate measure-
ments to be made, except of a few of the rooms. It is needless to say that the measurements
a8 given in the previous geological reports have many of them been greatly exaggerated.
The map of the cave accompanying this report is the same as was published in the report for
1878, it being impossible to make a new map without new measurements to verify the
distances.
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feet high. Near the fariher end is ¢ Falling Rock,”” a huge mass of
limestone, resting partly on edge, 33x16x14} feet in dimensions, and
weighing, therefore, about 535 tons. Apes ago it fell from the roof and
assumed its present position, one which earthquakes have failed to change,
but which appears dangerous to the average visitor who passes beneath
its towering form. S

Within Washington Avenue a peculiar pungent odor became notice-
able, and inquiry as to its source brought information from the guide
that in 1884 certain gentlemen of Evansville attempted to corner the
onion industry of southern Indiana by buying up all the onion sets pro-
duced that season. Wishing a suitable storehouse, they rented room io
the cave and deposited therein several hundred barrels of the sets. But,
however suitable the pure cave air is for the preservation of sweet pota-
toes and other mild edibles, it failed to act in like manner on the onions,
and they soon began to sprout and grow. All were lost aud were allowed
to remain in the cave, their shriveled skins and pungent odor still remind-
ing the visitor thereto of an attempted financial ¢‘ corner,” which failed to
materialize. Another odor, more strong and disagreeable, especially in
autumn and winter, is noted at this point or before. It is that of the ex-
halations of thousands of bats, which make the cave a winter-abiding
place. Their faint squealing notes and flutter of wings are the only
sounds that greet us from the depths of darkness beyond.

Passing under the * Falling Rock’ and up a short declivity, we find
ourselves in Banditti Hall, fifty feet wide, forty to fifty high, and par-
tially filled with rugged fallen rock, grouped in great masses on either
side of the pathway. Stepping from slab to slab, we pick our way, until
finally the guide calls a halt and, lighting some ‘‘red fire,”” directs our
attention to two outline figures formed on the ceiling above, by the scaling
of the dark exterior frown the whiter limestone. To one the name ‘“Wyan-
dotte Chief” was given many years ago by a correspondent of the Cinein-
pati Times, who wrote of it as follows: “ We look up and see above the
Falling Rock a mass of white limestone resembling the front of an Indian
chief, with crown shorn to the scalp lock and fanciful ear-rings dangling
from the ears. There ke hangs, seemingly suspended, like Mahomet’s
coffin, keeping his dark and weary vigils, waiting to gloat over the death

"of some daring paleface, crushed by the Falling Rock below.”” Upon the
other figure, which resembles the facial characters sometimes seen in
Punch and Judy shows, the fanciful name of ‘‘ Betsy and I Are Out” has
been bestowed.

Banditti Hall is the closing portion of the common entry to both the
Old and New caves. At its farther end the opening leading to the Old
Cave is seen on the left, some twenty feet above the level of the floor,
while about the same distance below, om our right, opens the doorway
into ‘“Fat Man’s Misery” and the New Cave beyond.
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Climbing a steep ascent into the Old Cave, we find ourselves at first in
a passageway ten feet wide and seven feet high, with the floor of ochery
clay a number of feet thick, the walls of odlitic limestone, and the roof
here and there with the more soluble portions dissolved until it resembles
a coarse-celled honeycomb in appearance. Passing onward beneath
“Pigmy Dome,” we enter ‘“ Continued Arch,”’a long passageway eight
feet in height, ten feet wide, with an occasional erystal of selenite glisten-
ing on the dry and dusty floor. From this we pass into the ‘‘ Canopy,”
a circular room, twenty feet in diameter and ten feet high, with a smooth
white roof. This is succeeded by another long, low passage, where stoop-
ing is necessary for some distance, and then we pass down through a
narrow passage into Lucifer's Gorge, forty feet deep, with precipitous,
jagged rocks overhanging the sides. Up we climb once more, from rock
to rock, and, reaching another opening, crawl ‘over a natural bridge, and
on hands and knees creep for seventy-five feet through the ¢* Grecian
Bend.”” Finally we emerge into Odd Fellows’ Hall, one of the grand
underground rooms for which Wyandotte is noted. This we measured
carefully and found to be ninety feet wide, 210 feet long and sixty-five
feet or more in height. The massive ledges of limestone forming the
walls project toward the top, each layer a few inches farther than the one
below, so that the ceiling is oval in shape, much narrower than the floor
and appears to be hollowed out by successive fallings of rock. Great
masses of fallen rock partially fill the room, and bats by tens of thousands
hang head downward from the ceiling. We extinguished the lights, and
their low squealing notes became instantly hushed, and the only sound
which broke the death-like stillness was a continuous faint and lisping
noise, like the ripple of water aver a distant waterfall, due probably to
the rustle of the wings of such as were flying through the Plutonian
darkness.

On the right side and about fifty feet from the entrance to Odd Fel-
lows’ Hall is a pit hole or perpendicular cleft in the floor, through which
an average sized man can just squeeze himself. This is the opening into
Rothrock’s Straits, a deep and narrow passageway which connects with
the new cave in Rothrock’s Cathedral.

From Odd Fellows’ hall we climb by a rugged stairway and pass
onward through narrow passages, and beside pits and chasms—the way
ever seeming to grow rougher—the hills and valleys following each
other in rapid succession. In one place we descend full fifty feet and
from the bottom note on our right the perpendicular walls of rock known
as the “‘Cliffs.” Over these in ages past a drapery of stalactites has been
thrown in graceful folds, resembling a cascade which in mid-air has been
congealed into stone, and is most worthy of its name—*‘ The Falls of
Minnehaha.”” Below these overhanging cliffs is the gaping mouth of the
“‘Pit”—a deep cavity leading by one drop fifty feet into space—as yet
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unexplored. . From the foot of the ¢ Cliffs”’ we make our way with dif-
ficulty up Uncle Sam’s Stairway and then under the * Dead Fall,” a
large, flat rock which lies at an incline across the passage, the upper
edge supported by less than three inches of a thin rock projecting from
the wall. From the ¢‘Dead Fall” onward for a distance of perhaps
1,000 feet the way is a succession of steep climbs and steeper descents,
varied by an becasional crawl on hands and knees; and a final twisting
of the body into shapes innumerable in order to effect the passage of the
“BScrew Hole,” which forms the portal to the ** Senate Chamber,” the
final room of the Old Cave.

Collett describes* the Senate Chamber ““ as a vast elliptical amphi-
theater, estimated at six hundred feet long and oue hundred and fifty
feet wide. The sides are built up with massive ledges of limestone,
thinning and converging upward into a mounster dome, with a flat ellip-
tical crown fifty by twenty feet in diameter. The center of this vast
room is piled up with a great mass of rocky debris fallen from the im-
mense cavity above.”’ )

Other than the dimensions, the above is an excellent description of
the room. Exact measurements show the room to be 144 feet long and
56 feet in width. The mass of fallen rock in the center, known as <“Capi-
tol Hill,” is about thirty-two feet in height and is crowned to a depth of
several feet with an immense mass of stalagmitic material. From the
center of this mass rises from the top of the hill the grandest natural
wonder in Wyandotte Cave—the great fluted column of satin spar, or
crystalline carbonate of lime, known as the “ Pillar of the Constitution.”
Perfectly cylindrical, seventy-one feet in circumference, and extending
from the crest of the hill t6 the ceiling -above, this enormous column ex-
ceeds in magnitude any similar formation in any known cave on earth.
From the point where it first became visible in the dim light of our
candles it appeared ‘‘like an immense spectral-looking iceburg looming
up before us, looking as if it had just arisen from the foaming waves of
the ocean on a dark and foggy night.”” The entire column is composed
of ‘“‘satin spar"—a rather soft, white, striated mineral, the purest form
of carbonate of lime. From one side, near the base of the column, Las
been removed by the Indians or some prehistoric race in ages past, sev-
eral hundred cubic feet of this material. A full account of some inter-
esting discoveries made here will be given farther on under the heading
of “‘ Former Visitors to Wyandotte Cave.”

Down the sides of the ‘ Pillar’’ tiny streams of water are constantly
trickling, and, spreading out upon the top of the hill, quickly evaporate,
leaving behind the solid particles to make thicker the crust of so-called
“‘alabaster,” which covers the rough edges of the mass of rocks. This

“Indiana Geol. Surv,, 1878, 473.
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will continue for thousands of years, until ultimately, by continued ac- .
cretions, this hill will reach the ceiling and enclose entirely the wondrovs
pillar with its flutings and carvings, wrought in ages past by that magic
graver—water. '

~ Back of the ‘‘Pillar of the Constitution” is the *‘ Chair of State”—
another handsome mass of stalactites and stalagmites that extends from
the top of the hill to the ceiling. Behind this on the right is the entrance
to *“ Pluto’s Ravine,” the roof of which is studded with representations of
sprigs, twining tendrils and branching corals, all wrought from calcite
and ‘“‘alabaster” in most exquisite fashion by the hand of nature. Many
are broken, being the remains of those removed before 1850, when the
cave and its contents were esteemed but lightly by the owner, and no care
was taken to prevent its despoliation by visiting vandals. Beyond this
point one can penetrate but a few yards in the “Old Cave,” the roof and
floor coming close together and barring farther progress.

Much diversity of opinion prevails as to the distance between the “Pil-
lar of the Constitution” and the mouth of the cave. Stelle, in his work
published in 1864, says it is ** just three miles.” Both Collett and Hovey
place it at two miles. Flint, in 1833, before it was thought necessary to
exaggerate the distance, gives it as one and a quarter miles. Pedometer
measurements, made by Mr. Peddle, make it one and one-sixth miles, so
that Flint’s statement is probably not far out of the way. The rough
character of the passage, the many steep ascents and corresponding de-
clivities, added to the oppressive silence, cause perzons unaccustomed to
subterranean travels to think the distance much greater than it really is.*

SHORT ROUTE. As before noted, one must pass from the mouth of the
cave to the end of Banditti Hall and there start on the Short Route
through a narrow and slippery descending passage known as the ** Scut-
tle” or *‘Fat Man’s Misery.”” By sliding or crawling downward for about
15 feet, we find ourselves at the entrance of ‘‘Bat’s Lodge,” a low room
70 feet long, 21 feet wide and five to six feet high, the walls and roof
* begrimed with the smoke of fires kindled by former inhabitants, of which
more anon ; the floor a mixture of dry, dusty earth, with here and there
a piece of fallen limestone. We have been gradually descending from
the mouth of the cave to Bat’s Lodge, and barometer measurements
show the floor to be 150 feet lower than the Cave Hotel. Beyond this
room the roof so closely approaches the floor that ‘‘Counterfeiter’s
Trench’” was dug through the earthy deposit which had silted up the

“The lengths of all the caves visited by our party were found to be much less than they
were reported., Where the natives had explored for * miles underground,”’ guessing
the distance as they went, careful measurements proved their miles to be rods, or, at the
best, furlongs, For example, Marengo Cave has heen advertised far and near as containing
seven miles of underground passages. Qur measurements showed its total length to be 3,850
feet, or seven-tenths of one mile., Except the lengths of the passages in Wyandotte, Mr.
Peddle made all measurements with a 50-foot tape, henee they can be relied upon as being
exact,
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- way. Through this trench we easily pass and find ourselves at the foot
of “Rugged Mountain,” a mass of broken pieces of limestone, thirty
feet or more high, which fills the greater part of a large room. Climbing
this mountain we reach the ‘Rotunda’ or upper portion of the room, 52
feet one way by 90 feet the other, with the roof 16 feet above the top of
the mass of rock. Around the edges of the room are numerous deposits
of fine, white, needle-shaped crystals of epsom salts (magnesium sulphate)
encrusting the rocks and sparkling like frostwork in the light of our
candles. They seem to exude from a porous matrix of magnesian lime-
stone, and if not disturbed often attain a length of three to five inches.
Passing down ‘‘Rugged Mountain’’ on the farther side we enter ‘‘Han-
over Chapel,” where numerous artificial piles of heavy stones, dedicated
to some Greek fraternity or college class, stand as monuments to the
muscular ability of visiting students in days gone by.

A short distance beyond this point we climb again and enter the
“‘Coon’s Couneil Chamber,’’ a circular room 35 feet in diameter. Here
two bands of blackish flint-or jasper about four inches in thickness, first
noted in descending Fat Man’s Misery, are very prominent around
the walls. A few yards farther on we come to ‘‘Delta Island,”’” an un-
eroded mass of limestone, H0 feet long by 20 feet wide, on either side of
which one may enter that part of the cave called the ‘“South Branch,”
which forms the greater portion of the Short Route. To the left of
Delta Island the passageway leads onward through ‘‘Rothrock’s Cathe-
dral’’ and the ‘““Augur Hole” to the end of the *‘ Long Route,”’ described
under another section.

Passing to the right we enter the ¢ Dining Room,”” 40 feet wide, 10
feet high and 70 feet in length, the monotony of the limestone walls be-
ing relieved by several bands of jet black flint, about three feet apart.
One of these bands has the flint in quadrangular blocks, while in the
others it is in nodules, many of which are several inches in diameter.
Sometimes these nodules resemble in form a geode, and when broken
gshow a crystalline center, the siliceous particles having collected and
crystallized about a common nucleus. Leaving the Dining Room we
proceed through a short pass to the ‘“ Drawing Room,” whose dimensions
are about 26 x 10 x 60 feet, and from this into the ‘“‘Junction Room.”
From here three passages diverge, one to the left through Creeping
Avenue, one straight ahead to the right of the ‘‘ Continent,” the latter
being a vast mass of uneroded limestone, around which the two branches
of the old subterranean river formerly flowed, and the third, known as
the *“ Cut Off,” turning abruptly to the right and entering a short, tortu-
ous, descending passage, which leads out into the main cave between
Counterfeiters’ Trench and Rugged Mountain.

"Taking the passage past the right of the ¢ Continent”” we enter the
““Council Chamber,” a spacious room 15x 50 x 100 feet, which, like:
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‘‘ Hanover Hall,” contains many artificial monuments, erected in the past
by enthusiastic visitors who knew no better way of proclaiming to the
world the fact of their existence. Narrowing again, ‘the main passage
continues for perhaps 200 feet, when once more it expands into another
-of those grand subterranean rooms which characterize Wyandotte Cave.
This has been dubbed the ¢ Hall of Representatives,”” accurate measure-
ments showing it to be 100 x 60 feet, with the ceiling 35 feet above
those masses of fallen rock which in the past filled the space of the broad
dome above. Where these large rooms occur, the old river which eroded
the cave must have flowed over a softer portion of rock and eroded or
dissolved a great basin in the bed or floor of the channel, perhaps escap-
ing by an outlet new hidden. In time the roof, no longer self-support-
ing, éame tumbling down and partially filled the basin. From most of
the rooms, as from the Hall of Representatives, one must climb 20 or
more feet to the mouth of the passage leading onward.

Beyond this hall we descend the ¢* Hill of Stience” into a lower por-
tion of the cave, from which a low, wet side passage turns to the right.
Here for the first time we encounter mud, and the floor of the ‘“No. 10”’
passage, as it is called, is for the greater portion of the year covered to a
depth of several inches with standing water. We next arrive at the
junction room, called “ Jordan’s Wait,” where that noted scientist, Dr.
D. 8. Jordan, once had several hours for cool reflection, having been left
in total darkness by the accidental extinguishing of a candle which he
had no means of relighting. This junction room is located at the foot of
the *Continent,” where the passage which turned to the left around
that body, meets the one through which we have traveled.

. Turning to the left, we enter the most southern arm of the cave, and,
passing through a damp-floored passage, 150 feet long by thirty feet wide,
we find ourselves at the foot of a slippery hill on top of which is one of
the most handsome formations in the cave—the ‘“Throne and (anopy.”’

"The former is composed of a circle of rounded stalagmites cemented to-
gether and having the general appearance of a throne of state, while at
a distance of six feet above is a curtain of broad, leaflike stalactites
- .draped in a graceful semi-circle and attached to a projecting mass of
crystalline limestone. From a crevice or seam between the massive lay-
ers forming the walls the water for ages has seeped, then evaporating,
has produced these charming natural wonders, and glvmg a slippery coat
* of stalagmite to the surface of the hill below.

Beyond the throne is a long stretch of partly explored avenues -and
- gide branches, through which visitors are not often taken, there being .
therem but one scene of more than' passing interest. This is ** Helen’s -
Dome,” so named by that nestor of cave explorers, the Rev. H. C. Ho-
vey, in honor of his wife. To reach it one must pass through ** General
Scott’s Reception Room,”” seventy-five by 100 feet in dimensions, and then
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by stooping and crawling through a narrow passage into “ Diamond Ave-
nue,” ‘‘ where nature asserts her power to work miracles of beauty from
cheap materials, transforming gypsum and epsom salts into lustrous crys-
tals which sparkle on the walls and glisten from the floor.”” Leaving a
branch to the right, we turn to the left, and passing cautiously beneath
a poised mass of fallen rock, which seemed ready to fall at the slightest
touch, we entered a large opening midway between roof and floor, and a
few feet farther on found ourselves at the foot of a great circular pit
some twenty feet in diameter and extending upward through the solid
limestone for eighty feet or more.

This was Helen’s Dome, and when the guide kindled his ‘‘red fire,”
and the light therefrom revealed the rugged, waterworn carvings of the
sides, and the pendent stalactites which far above gleamed and glistened
from their inaccessible heights, we with one accord voted it the wildest
and most romantic bit of scenery which the cave possessed.

Retracing our steps to ‘ Jordan’s Wait,” we take the right branch
around the Continent. This leads us on through a low passage known
as ‘‘ Purgatory,”” 140 feet in length, its floor of yellow ochre, with here
and there a handsome crystal of selenite, its roof of white limestone,
with many fantastic grooves and carvings wrought in days of yore by
the slow but powerful energy of flowing water.

Emerging from Purgatory we assume once more a standing posture,
-and find ourselves in ‘“ Caliope Bower,” where many stalactites grace
the walls and ceiling. From thence we pass into ‘“ Whispering Gallery,”
where the floor resounds to our tread and the low tones of our voices are
echoed back and forth from the arched sides in a manner similar to that
noted at the bottom of a deep and empty cistern. Then comes the
‘““ Palace of the Genii,” where these gods of fable dwell beneath a roof
spangled with glittering crystals of calcite and gypsum. The ¢ Pillared
Palace’’ follows, and therein is found a wealth and profusion of cave
formations such as no words of man can properly picture. Pillars, sta-
lagmites and stalactites abound of every conceivable form which the
fancy can suggest. Many of the stalactites are no larger in diameter
than a lead pencil and are curved and twisted in a unique and grotesque
manner seen elsewhere in no Indiana cave. Prof. Collett says* that they
‘“are pushed out of the solid rock and still growing by propulsion from
the bottom,” a statement which the average scientist of to-day will ac-
cept cum grano salis. The bent and twisted condition of the slender sta-
lactites is doubtless due to the varying ctirrents of air which pass through
portions of the cave and force the tiny drops of water on the end of the
stalactite first to one side and then to the other of the tip. The air of
Wyandotte flows outward, or toward the mouth, in summer, and inward,

*@eol. Surv. Ind., 1878, 476.
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or toward the depths of the cave, in winter. This difference in direction
of flow can but have its influence on the formation of such slender sta-
lactites as those above mentioned.

Emerging from the Pillared Palace by an ample doorway flanked by
handsome pillars of calcite, we leave on our left a room where much
quarrying of jasper was done by the ancient visitors to the cave, and
pass onward to ‘‘ Creeping Avenue,” where the roof for a distance of
172 feet comes down to within two and one-half feet of the floor, and
progress is possible only upon hands and knees. According to the guide,
the dryness of this portion of the cave is slowly increasing and as a con-
sequence epsom salts (magnesium sulphate) is becoming more abundant.
Where the cave is damp with dripping water, stalactites and other forms
of calcium carbonate are abundant; where the drippiog has ceased but
the walls still give off more or less dampness, calcium sulphate or gypsum
is the prevailing formation, and where perfectly dry the epsom salts alone
are being produced. The tiresome crawl through Creeping Avenue fin-
ished, we stand erect onee more in the ‘‘ Junction Room ” at the head of
the ¢“ Continent’’ and the exploration of the Short Route is at an end.

The estimated length of the portions passed through, based upon
pedometer measurements, is as follows:

Fat Man’s Misery to Delta Island : 1,200 feet.
Delta Island via Creeping Avenue to Hovey’s Point 2,400 feet.
Jordan’s Wait via House of Representatives to end of ““‘Cut Off” 2,000 feet.

5,600 feet.
1.06 miles.

Loxg Route. In going through what is known as the ‘‘Long Route”
in Wyandotte, we passed from the mouth of the cave to Delta Island over
. the same way asdescribed above under the ‘“‘Short Route.” At Delta Island
we turned to the left and traversed the ‘‘Sandy Plain,” a passage about
350 feet long, twenty-five feet wide and six to ten feet high; the floor of
- which is covered in places to a depth of several feet with sand deposited
by the ancient cave river. At the end of the ‘““Plain’’ we found ourselves
at the foot of the ‘“ Hill of Difficulty,” which is but a mass of fallen
rock, forming, as it were, a foot-hill to the grander ¢ Monument Mount-
ain,” which lies beyond. On the left, in climbing this hiil, the guide
poioted out the entrance into Rothrock’s Straits, that narrow and deeper
passage connecting the **Old” and ** New’’ caves.

Reaching the top of the Hill of Difficulty, we found. ourselves within
the confines of the largest underground room yet known to man—¢‘Roth-
rock’s Grand Cathedral.””  Before us in the dim candle light was a
towering mass of fallen rock, thrown together in most glorious confusion
and piercing the gloom above us for 135 feet. Following the guide and
clambering from rock to rock, we made the ascent by easy zigzags and

11—GEo1.




162 REPORT OF STATE GEOLOGIST.

reached a point near the summit with but little fatigue. The crest of’
“Monument Mountain,”” like that of ‘“ Capitol Hill,” in the ‘‘ Senate

Chamber” of the Old Cave, is covered to a depth of several feet with an

encrustation of stalagmitic material. This is slowly increasing in thickness

by the accretion of solid particles of limestone left by the evaporation of
the water which is constantly trickling in a small stream from the roof

above. The uppermost ten or twelve feet of the mountain is very smooth

and slippery, and one has much difficulty to keep his footing while climb-

ing to the very pinnacle, from which projects a brownish-yellow stalag-

mite 6.5 feet in height and 3.7 feet in circumference. Below this a short

distance, and on the opposite side of the ¢ Mountain ” from the entrance,

is another stalagmite 6.8 feet in height by 5.2 feet in circumference,

while but a short distance away is a third and shorter one. The last two

are composed of spotless white, almost translucent limestone, and are

known as ‘‘ Lot’s Wife and Daughter.”

Trorty or more feet above the crest of the mountain expands *“Wallace’s
Grand Dome.””  The center piece of this is, in the words of Hovey, ‘““a
smooth, elliptical slab of oolitic marble €0 feet long by 30 wide, finely
contrasting with the darker limestone, from which it is divided by a deep
rim, fringed with long stalactites, curling like leaves of the acanthus.”

Leaving three candles burning a few feet below the summit, we de-
scended the opposite side, and, extinguishing our srights, as soon asthe eye
accustomed itself to the surroundings, beheld a scene as grand as human
mind can fancy—¢‘an indescribable vision, as if an opening had been
made into the realms of supernal splendor.” The scene is known as the
¢‘ Cathedral by Moonlight,”” the faint candle light reflected from the white,
oval dome appearing like a halo of moonlight over the dark crest of the
mountain, while the three stalagmites stood like spectral visions sur-
mounting the dark and rugged ledges which rose between us and the
source of the faint light above.

Relighting our candles, we found a few feet farther on, the “Sulphur
Spring,” the trickling waters being caught in a shallow cavity of a round
stalagmite. By the side of the spring is a smooth and slippery opening
thirty inches wide by fifteen inches high. This is the famous ‘“Augur
Hole,” which, when first discovered in 1850, and enlarged as before
mentioned, admitted the explorers to a large area of unknown passages
and rooms—yet none o grand as those already noted.

Through the Augur Hole we made our way, some head first, others the
reverse, all finally landing safely aboit ten feet below in a low, damp
room known as ‘* Lilliputian Hall,” along which, by stooping, we found
our way into ‘““Spades Grotto,” once evidently connected with Roth-
rock’s Cathedral by a passage now hidden by fallen rock. From thence,
in divers manners, we descended Slippery Hill and found ourselves in
the ““ Hall of Ruins,” a passage 150 x 30 feet, with an average height of
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ROTHROCK’S GRAND CATHEDRAL AND MONUMENT MOUNTAIN, WYANDO1TE CAVE.
(The circular space above is the center of the roof of the Cathedral.)



http:WYAND01.TE

INDIANA CAVES AND THEIR FAUNA. 163

perhaps eighteen feet; then into *“ White Cloud Room,” probably 350
feet in length, where the roof and walls are crusted with an efflorescence
of gypsum, resembling after a fashion ‘“billows of fleecy clouds.” Be-
yond this room we passed through the ‘‘ Journal Office,” near the farther
end of which is the Bishop’s Rostrum, a high platform of rock, 8x10
feet in dimensions, from which portions of many a sophomoric oration, as
well as several divine dissertations, have in the past been delivered.
¢ Calypso’s Island ” is a large mass of uneroded limestone, on both sides
of which the old cave stream has forced a passage. The floor of the pas-
sage to the left of the ¢‘ Island ” resounded our steps in a peculiar echoing
fashion, suggesting the presence of a lower passage beneath our feet.
The two wings of the main passage converge at the farther end of
Calypso’s Island and expand into the ‘¢ Cerulean Vault,”” a room 40
feet wide by 20 feet high. This narrows into ‘‘ Rugged Pass,” from the
side of which a narrow cleft in the rock leads by an ascending, very low
and tortuous passage, known as “Worm Alley,” into Milroy’s Temple.
This is a room 100 x 150 feet in dimensiong, around the upper edge of -
which are found some of the most handsome formations in the cave.
¢ One of them is a row of musical stalactites, broad and thin, on which
a melody can be played by a skillful hand. There are also creamy stalac-
tites, vermicular tubes strangely intertwined, convoluted roots, mural
gardens and galleries, gay and grotesque.” A deep pit, the bottom of which
is sixty feet or more below the entrance, is found in one side of the
room, and the sound of a stream of water falling from a cleft in the
ceiling and splashing on the rocks at the bottom of the pit is a pleasing
break of the monotonous silence of the vast rooms through which we
have come.

Once more bowing our heads to the inevitable, we crawled, squirmed,
rolled and pulled ourselves through ¢ Worm Alley” back into the main
cave. Following our guide, we passed on through Josephine’s Arcade,
where a silkouette of the ‘“ Cave Queen,” formed by a falling away of the
white gypsum from the darker limestone, greeted us from the wall. ‘“In-
diana University Chapel” and the ‘“ Ball Room” succeeded and brought
us to the ‘““Junction Room ” of the Long Route. Here the cave forks, one
branch leading to the southwest and the other continuing northward to
¢ Crawfish Spring” and Wabash Avenue. Taking thelatter, we found it to
be made up of a succession of halls, galleries and avenues, each with its
own fanciful name and pleasing peculiarities, yet no place worthy of more
than passing notice when taken in contrast with the grand scenes already
described.

Crawfish Spring itself is formed from a small stream which flows through
a cleft in the rock, and from it a trickling rill meanders on beneath the
edges of the jutting walls to be soon lost to view beneath the roof which
a few rods farther on comes down to. meet the floor. Above the spring
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is the passage known as ‘“ Wabash Avenue,” which extends for several
hundred -yards in a northwesterly direction where it forks into a number
of low and muddy branches.

Retracing our steps to the ‘‘Junction Room,” we took the southwest
passage, the first room entered being the ‘‘Frost King's Palace,” eight
teet high and twenty wide, where every object, great and small, is en-
crusted with sparkling crystals of gypsum. To one side is the  Bridal
Chamber,” and therein are found some of the finest of the gypsum
rosettes for which the cave is noted. Several of these are four and a
half inches in diameter, the slender crystals forming them having pro-
truded from the pores in the magnesian limestone, and then, uniting into
fibrous masses, have curved inward to form the oulopholites, or curl-leaved
stones, each of which bears a close resemblance to a true rosette.

The ‘“Ice House’ is a rough-floored room where dripping water from
the roof has covered the surface of the rocks with a film or coating of
the thinnest and most translucent of caleite, resembling ice. Leaving
the opening to the “ Unexplored Region” on our left, we descended from
the Ice Room into ¢ Morton’s Marble Hall,” 1,100 feet in length, the
sides and walls of which, in Collett’s words, ‘“are completely dressed in
snowy whiteness, equaling the brightest marble halls of dreamland, song
or story.” Occasional nodules of jet-like flint are seen exposed along the
walls and ceiling, and here and there are examples of the gypsum
rosettes already mentioned. Beyond the ¢ Marble Hall” is ‘‘ Queen
Mab’s Marble Garden” and the ‘‘ Fairy Palace,” both of which have
their walls covered with a gypsum effiorescence which has assumed the
shape of flowers, leaves, sprigs and fanciful forms of many kinds. Be-
yond this end of Fairy Palace, 1,750 feet from the Ice House, are several
low passages which visitors seldom enter, and from here we started on our
return to the entrance of the cave. '

The so-called ‘“ Unexplored Regions” opening from the Ice House and
running north have been explored by guides, but visitors seldom pass
within their portals. Washington Rothrock, the oldest and best known
guide of the cave, has been through this portion several times as
far as Rothroek’s Island. The formations therein are said to be won-
drously beautiful and more numerous than in many of the more
thoroughly cxplored regions of the cave. A large series of speci-
mens were obtained from some of these passages in 1893 for the
World’s Fair. A number of the larger passages of the Unexplored Re-
gion have not been penetrated as far as man can go, and some future ex-
plorer may, perbaps, find formations more beautiful and scenes more
grand than those occurring in the better known portions of the cave.

The distance from Delta Island to Crawfish Spring, including Milroy’s
Temple, was estimated from pedometer measurements to be about one
and four-tenths miles, and from the Junction Room to the end of Fairy
Palace, about one-half mile.
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The total length of the cave as traversed by the visitor who takes all
three routes i, therefore, about as follows :% 4

Old Cave—from mouth to Senate Chamber.............. 1.25 miles.
Short Route—from Fat Man’s Misery, onward .......... 1.06 miles.
Long Route—from Delta Island, onward................1.90 miles.

Total .o e e e 4.2]1 miles.

Rorarock’s Strarrs. The writer and two of the guides passed
through Rothrock’s Straits in November, 1896. Dropping ourselves
through the narrow cleft in Odd Fellows’ Hall, we erawled down an
angling passage over a mass of rough rocks and into a low room almost
filled with fallen rocks. From this we crawled still farther down, elimb-
ing over great ‘blocks of limestone and making our way beneath others
partly loosened from the roof, until finally we reached the very bottom,
probably seventy five feet below our starting point. Here we found
another low room, with an earthen floor which had great cracks running
through it in every direction, but with no signs that water had been
present for centuries. From this a very low passage makes its way to
near the Coons’ Council Chamber, but there is no exit into that room.
Retracing our way we took amother route, and after much creeping,
wriggling our way through dust, bumping our heads on the low ceiling,
and with notbing in the way of interest to repay us for our trouble, we
finally emerged on the side of the ¢ Hill of Difficulty,” and knew by ex-
perience that the Old Cave and the New are connected, and that the
passageway between them is a very rocky road to travel.

EvipENcES oF FORMER VIsiTORS TO WYANDOTTE CAVE. The first
white men who visited Wyandotte Cave found evidences of its former
inhabitancy by the Indians. Here and there throughout the Old Cave
were pieces of hickory bark with their ends charred by fire—a sure sign
of the previous visitations of man. Near the {oot of one side of the great
fluted “‘Pillar of the Constitution™ was a large excavation, and scattered
around the top and thrown over the sides of the hill which supports the
pillar were many tons of debris quarried from the excavation. But little
attention was paid to these features of the cave, and up to 1850 no record
had been made of them.

The opening up of the New Cave furnished more plentiful evidence
concerning these ancient visitors. The ceiling of Bat’s Lodge, the small
room first entered, was then black with smoke. Fragments of charred
hickory bark strewed the floor, while moceasin tracks, now entirely ob-
literated, were plentiful. Hundreds of poles -of sassafras, pawpaw, lin
and other soft woods were found both in this room and in that portion of

% These distances are for one way only. In taking the Short Route, one travels in addi-
tion the distance from the entrance to ‘‘ Fat Man’s Mitery.”” If the Long Route is taken on
a different day, one travels in addition the distance irom the entrance to Delta Island.
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Rothrock’s Straits nearest the New Cave.” None of these poles had been
cut with a sharp ipstrument, but all had been twisted from the parent
stem or hacked there-from with dull stone axes. On the left side of the
room was found a sloping bank of earth and sand in which bark, sticks,
leaves and bunches of twisted grass were plentiful. Digging into this
bank in November, 1896, numerous pieces of bunch grass, the inside
bark of lin or poplar trees and short stems of weeds were found. Ac-
cording to Mercer * these were ¢ rewunants of a store of fuel resorted to
when the torches waned or a relizht was needed.”

Near ‘“Pillared Palace” is a room where strata of jasper nodules
abound in the walls and where numerous chips and splinters of jasper
are abundant on the floor. Rev. H. C. Hovey first called attention to
the fact that the supposed ‘“bear wallows” of this room are depres-
sions where, in the treacherous light of bark torches, the ancient work-
men reclined while they worked down to partial finish the desired
blocks of jasper. Numerous fragments of charcoal and large heaps of
chips of jasper are about each depression, but though careful search
was made by Mr. Hovey, later by Mr. Mercer, and still later by myself,
no partially finished article of jasper was found. The fragments are
mostly oblong, with the faces parallel, their dimensions being on an aver-
age about 4x2x% inches. Several quartzite bowlders have been found in
the room, one of which is seen in the accompanying illustration to be

lying on top of one of the pillars at the entrance of Pillared Palace.
The first explorers of the Long Route found in the passages beyond

the ¢“ Junction Room’’ tracks of a small party of Indians who had wan-

dered to and fro in that region. They had evidently entered by some as

3

yet unknown opening, since the ‘‘Augur Hole,” now the only means of
entrance, was, when first discovered, entirely too small for the passage ot
a man. It is better, in my opinion, to consider that their means of en-
‘trance and exit has since been covered by fallen rock or, like that
through ¢¢Fat Man’s Misery,”” was hidden purposely by those ancient
explorers, than to take the ground, as did Prof. Collett,| that the tracks
were made 1,800 or 2,000 years ago, before the vpening of the Augur
Hole was so nearly closed as to prevent the passage of a man. These
mocecasin tracks were seen and noted by many of the early explorers,
and low stone walls were put around them for protection, but the tracks
have since been almost entirely obliterated by persons who, unmindful
of the warnings of the guides, stepped over and upon them.

Up to 1877 it was generally supposed that the whites had made the ex-
cavation near the base of the Pillar of the Constitution in the Old Cave.
Stelle, in 1864, wrote of it as follows :§

“Proe. Am. Phil. See., xxxiv, 1895, 400.
1 Geol. Surv. Ind., 1873, 467.
Wyandotte Cave, 69-70.
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““ For fifty years the people of a civilized—aye, a Christian nation, have
visited the Senate Chamber, not as admirers of the great God who has
reared for himself such a magnificent temple, but as vandals. All the
most interesting formations within their reach have been broken up or
carried away; and even the great pillar itself has not been exempt from
their attack, for an excavation has been made in its side which must have
required days of hard labor, and from which large quantities of the pur-
est white stone have been taken and scattered over the floor of the cave.”

Collett, in 1877, found three glacial bowlders in the Senate Chamber,
which, ‘‘ from indications, such as wear and bruises, had been used as
hammers or grinding pestles, and proved conclusively that that part of
the Old Cave had been visited, if not occupied, by men of the Stone
Age.’ *

Rev. H. C. Hovey, in 1882, first claimedf that the excavation had
been made by Indians ‘“more than 1,000 years ago,”” and that the
““round or oblong bowlders ” of granite rock were the implements with
which the ancient quarrymen wrought, being used ‘‘in breaking from
this alabaster quarry blocks of a portable size and convenient shape.”

H. C. Mercer, in 1894, visited the quarry, and mentions the finding of
a pick made of stag’s antlers, by Mr. Rothrock, and states that ‘ the
proof of Indian work at the spot was satisfactory and of a character
never noticed and studied betore the discovery of the site.”” '

These constituted the recorded observations of the quarry when myself
and party visited the place in July, 1896. It was noted at that time
that the quantity of spalls and flakes of the material thrown over the side
of the hill was very great, and that no digging had been done to discover
the nature or thickness of the debris on top of the hill, nor to more fully
verify the statement that it had been made by Indians. Our time being
limited, no excavations were made at this visit, but on a subsequent one,
in November, 1896, I secured the services of a workman and shovels and
again visited the quarry. Careful mensurements showed that above the
debris a space eight feet long, six feet high, and five feet wide, or 240 cubic
feet, had heen -quarried from the column.  The top of the hill on which
the column rests was found to be covered with an area 14 feet square of
the debris, and through this, close alongside the base of the column, a
trench was dug. eight feet long, three feet wide, and to the solid stalagmite
beneath. Itaveraged four feet three inchesin depth—i.e., at that point the
debris or pieces of quarried material and other matter was that thick.
A perpendicular section through this trench disclosed the following :

*Feol. Surv. Ind., 1878, 467.
fCelebrated American Caverns, 140.
1Proc. Am. Phil. Soc., xxxiv., 399.
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Bats’ dung 0.5 inch

Ashes in a compressed, damp bed, with occa-
gional flakes of stalagmite intermingled ....14.0 inches

Charcoal 1.0 inch
Ashes, with flakes of rock 3.0 inches
Rectangular flakes of stalagmite or satin-spar,

varying in size from an inch or two square to

pieces 8x3x1 inches, or even larger, with oc-

casional traces of charcoal intermingled 28.0 inches
Charcoal

4.0 inches

Total.......oooiiii i 51.0 iuches

Six quartzose bowlders, weighing from three to six
pounds, were found scattered through the mass which
we threw aside, two of them within a few inches of the

_ bottow. They were worn with use, and on the surface
of two or three of them were depressions which ap-
peared to be fingermarks due to excessive use. At any
rate, they must have enabled the workwan to retain
the rock hammer more firmly'in his grasp.

Remains of five different deer’s horns, which mostly
crumbled when disinterred, and numerous small bones,
also too much decayed to identify to what animals they
formerly belonged, were found at intervals in the
trench. _

By digging in a few other spots it was found that an area 14x14 feet,
on top of this hill and at the hase of the column, was covered to an average
depth of three and one-half feet with the particles of stone quarried. In
addition to this, no less than twenty tons of the material had been pitched
over tbe hill. Much, if not all, of this additional space was formerly
oceupicd by stalagmitic material, the hase of the column flaring outward
on this side, and when the space already mentioned as having been
quarried above the debris is taken into consideration, there is little doubt
but that more than 1,000 cubic feet of the stalagmite has been broken
locse. ’

A large quantity of wood must have been necessary to have produced
such a bed of ashes as was found. The carrying this in over the seven-
teen rough hills and through narrow passes, through which one has to
crawl and where more than a candle is a burden to the ordinary visitor,
must have entailed a vast amount of labor and leads one to suppose tbat
the material sought was used for a purpose deemwed especially valuable.
‘What that purpose was, I have not yet been able to ascertain, there being
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few objects made of stalagmite among the ‘Indian relics” in any collec-
tion or museum in the United States.*

The deer’s horns found in the debris were most probably used as
wedges to pry loose the pieces of satin-spar after the latter had been
cracked by the stone hammers. Such horns have been found in a num-
ber of caves of Europe, where ages ago they were put to similar use.t

The stalagmitie material on the summit of Monument Mountain in the
New Cave was also quarried by these apcient visitors, but far less exten-
sively than that in the Senate Chamber.

“ Not inconsiderable must have been the danger of a long ramble in
the cavern, when provided only with their primitive torches of hickory
bark, and I can imagine that many precautions were taken in the way of
shouted signals, of comrades left behind apd of watches kept over a sort
of reserve fire in ‘ Bat’s Lodge,” when, venturing their lives on the chance
of a rude firebrand that must never be allowed lo go out, the red men
quarried jasper and stalagmite in Wyandotte Cave.”{

Fauxa. Taking into consideration the size of Wyandotte Carve, its
fauna can not be said to be an extensive one. Since it contains no large
streams or pools of water, blind fishes are not found therein, and the
gpecimens accredited to it by Cope and other writers, were all secured
from much smaller neighboring caves.

Three vertebrates inhabit the cave in greater or less numbers. Of
these the most common is the little brown bat, Vespertilio subulatus Say.
In the winter season it hibernates in the cave by myriads, finding its
way into the most distant recesses. In the ‘‘Senate Chamber’” of the
Old Cave it was abundant in November, while on the same date several
specimens were found beyond Crawfish Spring, more than two miles from
the entrance.

A form of the ‘‘ white-footed’” mouse, Hesperomys leucopus Raf., simi-
lar to that taken in Marengo Cave, occurs in small numbers, a dead
specimen having been taken in Rothrock’s Straits. The cave salamander,

“Since the above was in press | have received a letter from J.W. Powell, Director of
the Bureau of American Ethnology, to whom samples of the material quarried were sub-
mitted, in which he says: ‘““The specimen of stalagmite from Wyandotte Cave came duly to
hand, and was submitted to an expert for chemical examination; this examination has been
completed this morning, and indicates that the material is essentially pure carbonate of
lime, the residue left on solution being too small for separate examination. It is ot great
interest to find that this cave deposit has apparently been worked extensively during pre-
historic times. A few specimens of pipes. etc , carved out of white calcareous rock, presump-
tively stalagmite, are known, but there are not enough of these in the tnuseums of eastern
United States to indicate extensive quarrying of the material. It would be well to examine
the collections of prehistoric material found in the vicinity of Wyandotte Cave with the view
of ascertaining the extent to which the material was used locally by the aborigines. Re~
searches in other districts demonstrate that, commonly, peculiar rocks available for primitive
purposes were largely used locally, and that the use diminished in every direction from the
natural center, finally leaving only a few sporadic examples, perhaps distributed to great
distances.’” )

T Merecer, loc. cit.

1 Mercer, loc cit.
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Spelerpes maculicaudus (Cope), occurs in the first 150 feet, and is said to
have been taken from the damp pit in Milroy’s Temple; but careful
search on both visits made thereto revealed no specimens. Several of the
young of this or an allied species were found in the shallow muddy pools
at the foot of the Throne in the Short Route.

Among insects, species of Diptera were rather plentiful. Two species
of Seiara were secured, one in Creeping Avenue, the other near the Augur
Hole, while three species of Blepharoptera, viz.: defessa O. S, pubescens
Loew, and specus Aldrich were collected. Phora nigriceps Loew was
found in numbers near the Augur Hole, and Limosina tenebrarum n. sp.
was plentiful beneath loosely placed stones near *‘ Fat Man’s Misery.”

Two species of Coleoptera, namely Quedius speleeus Horn and Anop-
thalmus tenuis Horn, both true cave forms, were taken, the former only
near the Scuttle, beueath stones; the latter plentiful on top of Monument
Mountain and near Crayfish Spring, and sparingly near the Throne.

A single moth, the only lepidopterous cave form taken, or hitherto re-
corded, was found in numbers between Banditti Hall and Monument
Mountain, flitting close to the earth, usually about the borders of the
rooms.

The cave cricket, Ceuthophilus stygius (Scudder), was common in the
crevices of the ceiling and walls of the first room of the cave, and a
single specimen, said to have been taken from the top of Monuwment
Mountain, was presented to me by one of the guides.

The Thysanuran, Degeeria cavernarum Pack., was very plentiful in damp
places on the floor, especially where any organic matter was present ; while
the cave myriapod, Pseudotremia cavernarum Cope, swarmed over the moist
summits of Capitol Hill and Monument Mountain, and was frequent in
several other localities.

Belonging to the Arachnida six forms were taken, the most common of
which was the cave harvestman, Scotolemon flavescens (Cope). The others
were Phanetta subterranea (Em.), and Meta menardi Latr., both true cave
spiders: Chthonius packardi Hag., a semi-blind pseudo-scorpion, occur-
ring in small numbers on the sides of Monument Mountain and in Odd
Fellows Hall, and two undetermined species of acarina or mites; one of
which cccurs on the wings of bats, both living and dead, and was un-
doubtedly introduced-into the cave by those mammals.

Three species of crustaceans were taken in the cave, namely, the blind
crayfish, Cambarus pellucidus (Tellk.), found sparingly in Crawfish Spring
but not noted elsewhere ; and Crangonyz packardic Smith, and Cecidoteen
stygia Packard, both found in ‘* Crawfish Spring ” and in the rill running
there-from, and also in the shallow pools at the foot of the ¢ Throne” as
well as in the ** Pool of Deception ” near its side. Specimens of a long,
slender, whitish worm were also secured from the shallow pools at the
foot of the ‘ Throne.”
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Omitting the bat and mouse as not being cave residents, we place the
list of animals taken by our party alongside of that listed by Cope from
Wyandotte Cave in the Indiana Geological Report, 1872, 160, and find
them to be as follows:

BrarcaLey, 1896. Corx, 1872.
: VERTEBRATA.*

1. Spelerpes maculicaudus (Cope.)

INSECTA.

2. Anophthalmus tenuis Horn. 1. Anophthalmus tenuis Horn.
2. ¢ eremita Horn.

3. Quedius speleus Horn. 3.  Quedius speleus Horn.
4.  Lesteva sp. nov. Horn.

4,  Ceuthophilus stygius (Scudder). 5. Raphidophora.

5. Phora nigriceps Loew. 6. Phora.

6. Blepharoptera defessa O. 8. 7.  Tipulid.

7 « pubescens Loew. 8. Anthomyia.

8 “ Specus sp. nov. 9.  Machalis.

9. Sciara sp.?
10.  Sciara sp.?
11.  Limosina tenebrarum sp. nov.
12.  Degeeria cavernarum Pack. 10.  Campodea.
13.  Blabophanes ferruginelle Hbn.

MYRIAPODA.

14.  Pseudotremia cavernarum Cope. 11.  Spirostrephon cavernarum Cope.

ARACHNIDA.
15.  Seotolemon flavescens (Cope).  12.  Erebomaster flavescens Cope.
16.  Phanetla subterranea (Em).
17.  Meta menardi Liutr. 13.  Anthrobia.

18.  Cthonius packardi Hag.
19. Diplotaspis sp ? ,
CRUSTACFEA. T

20.  Cambarus pellucidus (Tellk.). 14. Orconectes inermis Cope.
21, Cecidotea stygia Pack.
22.  Crangonys packardii Smith.

*Cope listed the blind fish from Wyandotte when in reality it was taken in Sibert’s Well
Cave, where I also secured a specimen. I therefore omit it from both lists.

tC0ope listed among his Wyandotte erustaceans two additional species from neighboring
caves, viz.: Ca cidotea micr.cephala Cope, a synonym of (. stygia Pack., from Salt Petre
Cave; and Couloxenus atygius Cope, a uniqne form, of which he took in “ Sibert’s Well Cave,”’
.a single specimen from the 1ip of a blind fish on which it is parasitic.
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LITTLE WYANDOTTE CAVE,

The entrance to this cave is situated at the bottom of a sink hole about
300 yards from the front of Wyandotte Cave Hotel. The floor of the,
cave is about 20 feet below the bottom of the sink, and descent is
made by a ladder placed in a well-shaped opening about three feet in di-
ameter. At the bottom one finds himself in an entry which leads both
to the right and the left. The right hand passage can be followed only
about 75 feet, when it becomes too small for farther progress. It contains
no feature of interest except a few stalactites.

The left-hand passage was found by actual measurement to be 340
feet in length. Passing ‘‘ Pom-
pey’s Pillar,”’ a large stalagmite,
the first room entered was *‘ Cle-
opatra’s Palace,” where there are
hundreds of fine stalactites,
which show grandly in the glare
of the magnesium light.

Beyond this room two pits,
said to be 60 feet in depth,
shut off the further side of the
cave. A nparrow partition of
slippery stone separates the two,
and serves as a bridge to cross
the chasm. On leaving this
natural bridge, we made our
way along the side of a steep
ledge that skirts the left-hand
pit, and then passed around a
gigantic fallen stalactite, which
has been kept from rolling into the pit only by a friendly stalagmite
against which it rests. Climbing a steep slope in which notches have
been cut to serve as footholds, we enter a gallery, one side of the ex-
panding mouth of which serves as a balcony above and partially around
the deepest pit. On and above this balcony is a collection of cave forma-
tions of exceeding beauty and grandeur. A stately, fluted pillar, with
its base expaunding in broad-leaved masses of dripstone, thus forming a
heavy folded curtain along the edge of the pit, is'the giant of the group;
while most unique of all is the ‘“ Corinthian Column,” 10 feet high and
less than three inches in diameter—a slender shaft of translucent snow-
white satin-spar reaching from floor to ceiling. A number of fragile,
tubular stems were clustered about the head of this pillar, each with a
terminal drop of water, which glistened like a well-cut diamond in the
light of our candles. Entering the gallery, in the words of Rev. Hovey:

MaroF LiTTie WYANDOTTE CAVE. -
Crawford County, Ind

[ ]

loo Fr

ELntrarce.
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““ We wander on beneath a ceiling fretted with glistening pendants, amid
pillars and pilasters, flying buttresses and interlacing arches, with here a
cascade in mwid-air transmuted into stone, and there a sculptured ceil
amid clustered columns.” The cave finally ends in “‘Peri’s Prigon,”
where a parrow side gallery is separated from the main passage by a row
of slender pillars, each but a few inches from its neighbor. All in all,
Little Wyandotte is well worthy of visitation, and all those who wish to
see the beautiful and at the same time experience a sense of the perils
attending cave exploration should enter its bounds, cross the narrow
bridge between the yawning chasms, and climb the slippery hill to the
lovely gallery beyond.

Fauxa. Cave salamanders were plentiful in crevices about the walls
of the descending shaft, and the cave cricket, Ceuthophilus stygius (Seudd.),
was also taken in numbers in the same place. Other than these, no liv-
ing forms were found except two myriapods, Pseudotremia cavernarum
Cope. and Seytonotus granulatus (Say.), the latter an above-ground species,
probably an accidental visitor to the cave.

SALTPETRE CAVE,

Crawford County, is located about one-third of a mile northwest from the
mouth of Wyandotte Cave. The entrance, in a side of a ravine, is
five feet high and 19 feet wide. Once within, a gigantic room expands,
220 feet long, 75 feet wide and 10 to 30 feet in height, with smooth,
flat ceiling and earthen floor, the latter descending, and with its edges
much encumbered with fallen rock.

Fragments of troughs, hoppers, vats and furnaces are still to be found,
both in the cave and about its mouth, the sole remains of the saltpetre
industry, carried on by Dr. Adams in 1812-15, an industry from whence
the name of the cave was derived.

The one room comprises the cave, the only extension being a short
passage in the right-hand corner of its farther end, where two openings
extend upward through the ledges of limestone for 40 feet or more.
A few stalactites occur about the edges of the ceiling, and in an alcove of
the right wall, 50 feet from the entrance, are two columnar stalactites,
six feet long and 20 inches in diameter, which have united from the
center downwards, causing them to be dubbed with the fanciful name of
¢ Siamese Twins.”

Fauxna. The fauna of this large semi-subterranean chamber proved
most interesting. .

Bats by thonsands were found therein in November, hanging head
downward from the more remote and darker portions of the ceiling.
Several specimens of the cave salamapder were found in erevices near
the mouth, while from similar localities were captured, in July, 50 or
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more extra large adult specimens of the cave cricket. In November but
one or two half grown examples of the same insect could ke found.

Three species of Diptera were taken from the walls, namely : Sciara sp.,
Psychoda minuta Banks and Blepharoptera pubescens Loew, Two species
of spiders, Meta menardi Latr., and a new form, Tegenaria cavicola, de-
scribed by Banks in a supplemental paper, were taken from the ceiling,
about 100 feet from the entrance. The harvestman, Liobunum longipes
Weed., was also rather plentiful about the same distance.

That handsome autumn-emerging moth, Scoliopterys libatriz, also evi-
dently uses the cave as a winter abiding place, several specimens having
been taken, November 5, from an alcove about 75 feet from the mouth.

In a wooden trough at the fartber end of the room, used by the ancient
““ petre” workers to catch the drippings from a crevice in the roof, two
crustaceans were secured, viz.: Crcidotea stygia Packard* and Crangonyz
vitreus (Cope), the latter not having been previously noted north of Mam-
moth Cave.

SIBERT'S WELL CAVE.

This cave is located at the foot of the ridge traversed in going from
the Cave Hotel to Little Wyandotte Cave, and is distant about 200
yards from the mouth of the latter. To enter the cave one must climb
down the stone walls of a well about 20 feet, when he will find him-
self close to the bed of a stream which flows rapidly to the southward
towards Blue River.

On the right, or down stream, one can crawl but a few feet. Up
stream, by crawling, stooping and wading, one can make his way for
about 150 feet. With the exception of the animals which inhabit it,
there is nothing of interest in the cave, it being merely a low, water-
worn subterranean channel which is doubtless constantly but slowly in-
creasing in size.

Fauna. A single specimen of the blind fish, Amblyopsis speleus De
Kay, was taken from a deep pool near the center -of this cave. Cope
secured his specimens accredited to Wyandotte Cave from this pool, and
Collett also recordst the capture of a specimen here. v

The cave salamander, Spelerpes maculicaudus (Cope), was found to be
very plentiful close to the mouth of the cave, in May, 1895, and in July,
1896, more than a dozen being taken on each date. The cave cricket,
Ceuthophilus stygius, was also taken on both occasions, being found in
numbers within fifty feet of the bottom of the entrance. The blind crayfish,
Cambarus pellucidus (Tellk.), occurs sparingly in the water, and a single
specimen of the small, brown, eyeless beetle, Anophthalmus tenuis Horn,

*It was from this trough that Cope secured his specimens of C. microcephala, now
regarded as identical with C. stygia.
1Ind. Geol. Surv., 1872, 153,
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was taken from the damp floor over which it was crawling rapidly. Col-
lett, loc. cit , records a similar beetle from this cave, and also the taking
of a specimen of the blob, or *‘ Miller’s Thumb,” a seeing fish, from a
ripple in the stream.

EVASTON'S CAVE

is located about one and one-half miles northeast of Wyandotte, the en-
trance being at the bottum of a large sink hole. By crawling through a
small opening and down a shelving slope of rock, we reached a water
channel about three feet wide and eight to 20 feet high. We fol-
lowed this up for probably 500 feet until it became too narrow for
farther passage.

The stream which has eroded the channel is much smaller than that in
‘“Sibert’s Well Cave,”” and contains no deep pools. The cave was devoid
of stalactites or other formations of interest. .

Fauwna. No vertebrates, except a single bat which went flitting here
and there before us, were noted. Two blind crayfish and several speci-
mens of that small and common cave crustacean, Caecidoteea stygia Pack.,
were secured. The only other living form seen was an above ground
myriapod, Polyzonium rosalbum (Cope), which was found beneath a loose
stone abont 59 feet from the entrance.

Other caves there are in southern Indiana which we wou'd gladly have
explored and described liad our 1ime permitted. No two in the State
are alike. Each is noted for some peculiar formation, room or passage
which it possesses. In each and all can one see the results of the action
of water—that greatest of nature’s solvents and abraders, soft to the
touch, gentle to look upon, its work of a day, a year, a century upon the
solid limestone not appreciable to the eye—yet, by slow, unceasing ac-
tion through the eons which Lave elapsed since that work began, it has
carved every room and passage, constructed every pillar and stalagmite
existing beneath the surface of southern Indiana.

e
B

THE FAUNA OF INDIANA CAVES.
BY W. 8. BLATCHLEY.

In these days, when the great problem of evolution with its attendant
factors of variation, adaptation, and distribution of species is foremost
in the minds of all truescientists, the fauna of any region which is possessed
" of some peculiarity of climate, surface or other environment, becomes of
especial interest. The total darkness and absolute silence which ever
pervade the subterranean rooms and passages of caves have, in the
course of centuries, proven potent factors in modifying the organs of
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those animals which by accident have taken up their abode therein.
Caves have, therefore, given rise to many so-called species which to the
evolutionist are but links forged in the chain of evidence tending to
prove the truth of the great doctrine which he espouses. Any facts re-
lating to the habits, life history or distribution of cave animals are,
therefore, of more or less value and inasmuch as several short papers
have been prepared by specialists to whom the different groups of Insecta
and Crustacea collected in Indiana caves were referred, it has been
thought best to bring those papers together into one supplemental chap-
ter under the above heading. To these papers have been added such
notes concerning the abundance, distribution and habits of the different
forms as were recorded by myself or assistants.

VERTEBRATA.

MAMMALIA (The Mammals).

By referring to the preceding notes on the fauna of individual caves
it will be seen that a number of above-ground mammals resort to caves
either for shelter or in search of food. Foxes, minks, weasels, raccoons,
cats, bats and mice were the ones noted by our party, either as present
in the caves, or by abundant ““sign” to be frequent visitors thereto. Of
these, the bats and mice are the only forms which spend much time in
the caves, and therefore they are the only ones whose organs have become
appreciably modified by subterranean life.

Foxes, Vulpes vulpes (L.) and Urocyon cinereo-argentatus (Schreber),
resort to caves probably only for shelter, their dens and characteristic
odor being noted in a number of the caves visited, usually within a few
hundred feet of the mouth, but in Wyandotte back as far as Odd Fel-
lows’ Hall, a half a mile or more from the entrance.

The raccoon, Procyon lotor (L.), and the mink, Putorius wison
(Schreber), frequent, for the most part, those caves which have streams
flowing through them, and undoubtedly are on the search for crayfish
and other aquatic forms which they are accustomed to find in their night
prowlings along the margins of surface streams. But one or two of the
caves entered did not show signs of ‘“coons,”” and the tracks of minks
were seen in five or six.

Cats (Felis domesticus Schreber) and probably weasels, Putorius erminea
(L.), frequent the caves in search of the mice and bats which are found
therein. In Wyandotte Cave especially, do cats abound, their tracks
and excrement being very common in the Old Cave as far as Odd Fel- °
lows’ Hall, and in the New Cave to Monument Mountain. According
to Mr. Rothrock a number of cats have taken up their abode in the
cave, and bring forth and rear their young therein. They have exter-
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minated the ‘‘rats’” (Neotome) mentioned by Cope and Packard as
heing inhabitants of the cave, and probably also any mice that may
Liave formerly occurred in the cave. They now subsist wholly on the
bats, and are said to have become so skilled in the capture of-these
flying mammals, that they leap as high as eight feet into the air for them
and rarely miss bringing them down. Near the ‘Scuttle,” at the time
of our visits, were many remains of the wings and feet of bats, the cats
having stationed themselves there and caught ““on the fly,” as it were,
the bats, while the latter were winging their way through the narrow
passage.

In the early part of the present century the Black or Cinnamon Bear
{ Ursus americanus Pallas) was a frequent resident of southern Indiana.
Their * wallows” and claw marks are plainly visible in Eller’s and.
Salt Petre caves, Mouroe County, and Connely’s Cave, Lawrence County.
The first named cave was probably the seat of the sanguinary struggle
described in the following letter which was received from Mr. R. M.
Hazelett, an old and honored resident of Greencastle, Putnam County.
From this letter one can learn something of the methods of cave explor-
ation among the early settlers, as well as some of the dangers incident
thereto. :

GREENCASTLE, IND., July 16, 1896,
Prof. W. 8. Blatchley, Indianapolis, Ind. :

DEAr S1ir—I see from the papers that you, in company with other
scientists, are contemplating making a trip of exploration to the caves of
souhern Indiana.

I feel interested in the exploration and description of a cave about
five mi'es ronthwest of Bloomington, Monroe County, and have often
thoushie [ w. u'd at soms time visit it, but I am now too old. My reasons
for fecling auxious to s-¢ or have a correct description of the cave are
these:  ‘I'liere wes quile an exciring circumstance took place in that cave
in which my father, Samuel Hazelett, was a party. My father, in 1818,
moved from Juackson Coun'y anl settled in Monroe County, where I was
bora Ociober 2, 1819, nemly seventy-seven years ago. In those days
most men hunted and kil ed wild game more or less, and some were called
“hunters”" from the fact that they did little else but hunt for a
living.  Oue of these was James Wood. He could not write his own
pname but proached and hunted.  1le was out hunting one day when
there wis a ““skift’” of ¢no v on the ground and he struck the trail of a
bear wh'ch he fol'owed to this cave. He thought he would not be
beaten, so he went and got my futher, who was rather more a farmer
than a hun'er, and William Smi-h and Henry Wood, who were consid-
ered hunters. They all resolved to go into the cave after the bear, and

12—GEorL.
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prepared themselves by taking their guns, shot pouches, butcher knives,.
and flints and steels to make fire. They made also two sluts about as
big and long as a man’s arm. I reckon you don’t know what a slut is.
It is made by taking a large wick of some kind of cotton goods and
squeezing tallow around the wick until the desired size is obtained.
Then they started for the cave, and lit one of the sluts when they started
in. After going in some distance they came to where the cave divided,
one passage going to the left and the other to the right. There they
lighted the other slut and placed it on the dividing point so that if they
should get lost and get back there they would know where they were.
They then took one of the passages, and after traveling some distance
they came to quite a room with high ceiling and the floor about six feet
lower than the passage. They went in on shelving rocks projecting over
the floor around the outside edges of the room. These rocks allowed a
man to squeeze around on about a level with the entrance without going
down on the floor. They finally spied a bear at the opposite side of the
room lying under these shelving rocks. My father took the slut and
crawled around on these shelving rocks until he got over the bear so as
to give James Wood a good chance to draw a bead on the bear. As
Wood was considered the best hunter he did the shooting. At the crack
of the gun the concussion knocked the light out, and there they were
with a wounded bear in darkness they could almost feel. They had to
grope their way back to where they had left their other slut burning.
Father was the hindmost one getting back. He afterward said he félt
like the bear was just behind him all the way.

After consulting for awhile, they concluded best not to go back into
the cave where there was a wounded bear, so they took the other branch
of the cave, and after traveling some distance they came to another room
somewhat similar to the first one, only larger. They got down on the
floor of this, and after getting pretty well across it they discovered an-
other bear. He sneaked around as though he wanted to avoid trouble,
but that did not meet the hunters’ views, so Wood fired on him and
wounded him just enough to enrage him. He came tearing at them, and
they all broke for the outlet. Henry Wood stepped into & hole and fell
down. The bear ran over him, and as he did =0 gathered up Wood’s gun in
his mouth and slashed it around asif he would break it to pieces. Henry
Wood cried out, for God’s sake, not to leave him. With that, fatherstopped:
and stayed with him. He said he would not have left him then if the bear
had eaten them both up. James Wood and Smith hoth got up on the
declivity, and as the bear made a rush to get out Wood: gave him another
fire that turned him, and as he came back father fired. on him and that
turned him. Thus they kept him going back and forth, Smith loading
for Wood and H. Wood loading for father, until the bear’s head was in
a jelly; but he had gotten too mad to die. Finally H. Wood got a.
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chance to get out and left father alone, and he got- back and laid down
and crept under the ledge of rock as far as he could, pretending to be
dead as much as possible, as he had always heard that a bear would not
disturb a dead man. The bear came and put his nose to the back of
father’s neck and opened his mouth and let about a quart of blood run
down his neck. He said he thought then that his turn had come, but
the bear daid down against him without further molestation, only breath-
ing his stinking breath where father had to breathe it. Hostilities had
to cease until the bear saw proper to get up, which he did when he got
ready. Then theysoondispatched him. His head wasshotintoa jelly. They
skinned and quartered him, each one taking a quarter, and left the cave
forever. They built up a fire and watched till day for the other bear to-
come out, but when day eame they found by the tracks in the snow that
he had come out and left. They then went to a neighbor who kept a
pack of dogs, and got them and put them on the trail of the bear. They
tracked him but a few miles until they found the bear dead, so they got
them both.

I have never heard of the cave being further explored. The knowl-
edge of it in the neighborhood may be very limited, as father moved
from there to this place in 1824, and I suppose all the old settlers are

dead or moved away.
Yours truly, .
R. M. HazgreTT.

We next take up those species of mammals which were found to spend
ost of their lives in caves—mnamely, the mice and bats.

Family Muripze (The Mice).

Peromyscus LEvcOoPUs (Raf.) White-footed Mouse. A form of this
common above ground mammal inhabits Marengo Cave and, possibly,
several other caves, where mouse tracks and excrement were plentiful.
Three were captured at Marengo, within 400 feet from the entrance, in
cyclone traps set for the purpose. They differed much in appearance
from above-ground specimens, having larger external ears (13 mm. long
by 11 mm. broad), longer whiskers (38 mm.) and more protruding eyes.
Dr. C. H. Merriam, to whom specimens were sent, did not, however,
consider these variations definite enough to separate the form, even as a
distinet variety. The mice have been noted ever since the cave was dis-
covered, but seem to keep close to the entrance, through which, however,
no light passes. In the winter season they are very destructive to sweet
potatoes and pumpkins stored in the cave, and at other seasons evidently -
subsist upon the-tallow drippings and other refuse matters left by the
visitora.
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One mummified specimen, which had evidently been dead a number of
vears, was obtained in Rothrock’s Straits, Wyandotte Cave. A dozen
traps were set for five nights in this cave, but none of them were
molested.

Family VesperTILIONIDZ (The Bats).

VESPERTILIO SUBULATUS Say. Little Brown Bat. This, the most
common bat inhabiting Indiana, was found in small numbers in almost
every cave visited. In the winter season they are said to be much more
abundant, flocking by thousands to the caves for shelter, and there pass-
ing the winter, hanging head downward and in a state ¢f comparative
torpor, for months in succession.

A second visit to Wyandotte in November gave a better idea of the
immense numbers which hibernate in that cave. As one passed along
through the rooms and passages, their low squealing notes could be heard
on every side, being the only sound which broke the death-like stillpess.
This squealing note was uttered only as we passed along, the light from
the candles evidently disturbing those which had not yet entered their
winter torpid state. Two other sounds they seemed capable of making,
one, the cry of a single bat in rapid, broken notes, resembling the song
of a robin in a minor key; the other, a noise somewhat similar to the
short, quick alarm note made by the common ground squirrel, Tamias
strigtus (L.), when it espies some intruder on its domain.

The bats choose as a resting place that part of the roof where small
portions have begun to flake, giving a certain degree of roughness, or
gmall erevices, to which they can cling. They can not attach their claws
to a smoth surface, hence from large portions of the roof of a room
they may he eniirely absent. In places where they find a suitable foot-
hold tiey ¢ n.regate so closely together that it is difficult to pull one
from the midst of a prep. On a low ceiling in Salt Peter Cave, Craw-
ford Comnry, an aren, ove fiot wide by one and seven-tenths feet long,
wis micasured,-and the bats thereon were pulled off one by one and
counted. Their number was 401 on the one and seven-tenths square

feet.

" When pulled or knocked loose from the roof they fall to the floor,
where they lie motionlcss for some time, and then begin to flutter and
eraw! atout, firal'y becuming lively enough to fly and find a new rest-
ing place.

They show a remarkable sense of direction in their flight, passing, in
a darkness so profuund that man can see absolutely nothing, swiftly and
unerringly through apenings but a foot or two in diameter, without hitting
the walls. The directivn of flight seems to be, however, one of instinct
or traiving rather than of reason, since when a door was first put in the
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opening at the end of the * Scuttle,”” through which they had been wont
to pass in numbers, they flew blindly against it and were killed by
thousands.

The odor which the bats give off is a disagreeable one. - At Wyan-
dotte in summer it is not noticeable since their numbers are then few.
In winter it is recognized immediately one passes into the main portion
of the cave. Here, as elsewhere, the bats pass in numbers into the
deepest recesses, being found abundantly in the Senate Chamber and
sparingly near Crawfish Spring, two miles or more from the entrance.
Several questions of interest, which to my mind are unanswered, arise
regarding the cave life of these animals:

First. In a cave where the temperature is 54° F. the year round, how
do they determine when warm weather has begun out of doors?

Second. How do those which spend the days of the summer season in
the cave determine the approach of dusk?

Third. How do they distinguish in the intense darkness those por-
tions of the roof which are smooth from those which are rough enough
to furnish a foothold ?

As is well known, bats are crepuscular in habit. They spend the
day in darkness and the night in search of food. Such habits have, in
the course of ages, rendered their eyes exceedingly small, their external
ears large, their flight, like that of owls and whippoorwills, noiseless.
Mr. Rothrock reports an occasional albino bat among the thousands
hibernating in Wyandotte Cave ; and also a larger, reddish brown species,
probably Atalapha noveboracensis (Erx.), as being occasionally seen.

BATRACHIA (The Frogs and Salamanders.)

Family PLETHODONTID .

SPELERPES MACULICAUDUS, (Cope.) Cave Salamander.
Gyrinophilus maculicoudus Cope. Am. Nat., XXIV, 1890, 967,
. Butler, Journ. Cin. Soc. Nat. Hist.,
X1V, 1892, 170.
Spelerpes maculicoudus, Hay, Am, Nat., XXV, 1891, 1133.
Id., Indiana, Geol. and Nat. Hist., XVII,
1891, 447.

This handsome salamander, which was described from specimens taken
from springs at Brookville, Indiana, was found to oceur in the following
caves: Porter’s, Donnehue’s, Donnelson’s, Clifty, Marengo, Salt Petre,
Little Wyandotte, Wyandotte and Sibert’s. It will doubtless be found
" in all others which contain streams of water or damp rooms near the en-
trance. It has also been taken by myself in a sandstone cave at Indian
Springs, Martin County, and by W. P. Hay at May’s Cave, Monroe
County, and Kern’s Cave, Lawrence County.
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It is usually found within 150 feet of the entrance, clinging to the
walls, especially in crevices and crannies just above flowing streams or
pools of water. In Wyandotte it is said by the guides to be found occa-
sionally in Milroy’s Temple, one and a half miles from the entrance. If
80, 1t must come down through a crevice in the roof. At Sibert's Well
Cave it was abundant both in May, 1895, and July, 1896, as many as
20 specimens having been secured on each visit.

While its eyes appear as large and normal as those of allied terrestrial
species, its sense of sight seems to be limited. It remains quiet when
discovered and shows little fear until touched, when it scrambles deeper
into the crevice or beneath some fallen rock on the floor. Even wher a
candle is put within a few inches of its head ii does not move until it
teels the heat.

The body of maculicaudus is somewhat stouter than that of longicaudus
(Green). The tail of the former, while of about the same proportional
length, is less wide and less compressed. The ground color of maculi-
caudus is in life a bright orange yellow, approaching in some specimens a
vermilion. The black spots on the back and sides are very numerous
and vary much in size and shape, but never coalesce to form vertical bars
on the sides of body and tail, though in a specimen from Donnehue’s
Cave they unite on the sides of body to form horizontal bars, equal in
length to the width of the intercostal spaces.

The largest specimens takén were from Donnelson’s Cave Lawrence
County, and gave the following measurements: Total length, 156 mm.;
snout to cloaca, 61 mm.; snout to gular fold, 15 mm.; width of head,
10 mm. ; length of fore limb, 16 mm. ; of hind limb, 17 mm. ; of tail,
80 mm. ; distance from axil to groin, 35 mm.

Several immature specimens, probably of this species, were taken from
shallow pools in Mayfield’s Cave, and in Wyandotte near the ¢ Throne.”
They were olive gray in color, mottled with irregular rows of small
rounded yellow spots on the back and sides. The adults must, at the
spawning season, find their way back as far as these pools or enter the
.cave through some near-by crevice.

Contrary to Cope and Hay, I do not regard the adults of S. maculi-
caudus as aquatic. While all the specimens noted in the caves were in
damp rooms and usually within a few feet of water, none were in the
water. In Monroe County, in 1886, I took two specimens from beneath
logs a mile or more from any known cave, and half that distance from
streams or springs. They were wrongly referred to S. longicaudus
(Green), a species that I have since found in numbers in pools, beneath
flat rocks in the bed of a stream in Putnam County, and also in Vigo
County.

In Jordan’s Manual of Vertebrates, S. longicaudus is glven the com-
mon name of ‘‘Cave Salamander.” I have never seen it in caves, nor
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-do I believe that it frequents them, there being no record to that effect.
8. maculicaudus probably occurs throughout the limestone regions of
southern Indiana and Kentucky; but as yet no specimens have been re-
-corded, except from this State.

Family RaNma,

Rana cramara Daudin, Green Frog. A specimen of this comnion
terrestrial frog was taken in a cave near Mitchell, Lawrence County, 450
feet from the entrance. It was evidently following up tle stream found
in the cave, and was without doubt an accidental visitor.

PISCES. (The Fishes.)

Family AMBLyorspa. (The Blind Fishes.)

Awmsryopsis spELZDS, DeKay. Blind Fish.

DeKay, Zodl. New York, IV, 1842, 1-7.

Putnam, Am. Nat. VI, 1872, 10, Pls. I and II.

Jordan and Gilbert, Syn. N. A. Fishes, 1883, 324.

Hay, Indiana Geol. and Nat. Hist., XIX, 1894,
234,

Jordan and Evermann, Fishes of N. Am., 1896,
706.

Of the five species of cave fishes recognized as belonging to the fauna
of the eastern United States, this is the largest, yet specimens of it are
seldom, if ever, more than five inches in length.

It was found in but three of the caves visited; namely, Sibert’s Well
Cave, where a single specimen was secured, and in two small caves
three miles east of Mitchell, Lawrence County, where 24 specimens
were taken. It has been recorded from Sibert’s cave by - Collett and
Cope; from Clifty caves and a cave four miles west of Orleans, Orange
County, by Dr. John Sloan; and from Donnelson’s and Hamer’s caves,
Lawrence County, by Collett.

In that portion of Sibert’s Cave large enough for exploration, there is
but one pool which the fish inhabits, and usually but one or two are
found therein. Whether the species breeds in this pool, or in some dis-
tant portion of the cave is as yet unknown.

In the Lawrence County caves the species seems to be common, though
never more than two and seldom but one were seen at a time. They
move very slowly through the water, usually near the surface and close
to the edges of the deeper pools which they inhabit. They are wholly
pon-sensitive to light, but extremely gensitive to touch or any jar or mo-

-tion of the water. They were readily caught by putting a dip-net very gen-
«tly into the water a foot or two from them and then making a quick for-
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ward and upward scoop. If in still, deep water, they seem to glide, or rather
float, on and on, propelled by a scarcely perceptible motion of the caudal
fin. One must think of them as ever surrounded by an intense darkness,
the prey of every fish-loving animal, as mink or coon, that can swim and
see in the darkness, the white skin of the fish readily revealing its pres-
ence if the least gleam of light reflects from its sides. No external trace
of eyes are to be found in adult specimens, but the loss of sight is in part
compensated by numerous tactile papille, arranged in ridges on the sides
and front of the head.

Of these fishes Cope has written as follows : *

*“If these Amblyopses be not alarmed they come to the surface to feed
and swim in full sight, like white, aquatic ghosts. They are then easily
taken by the hand or net, if perfect silence is preserved, for they are un-
conscious of the presence of an enemy except through the medium of
hearing. This sense is, however, evidently very acute, for at any noise
they turn suddenly downward and hide beneath stones, etc., on the
bottom.”

My observations of the specimens taken do not bear out the above
statement. Wetalked and even hallooed close to the fish without causing
them to take alarm, but the least movement of the water frightened
them, and they darted rapidly away, usually at right angles to the course
they were pursuing. The sense of touch, rather than that of hearing, is,
in my opinion, the one which has been intensified by long residence in
the dark and silent recesses of the caves.

In several instances, as the dip net was raised quickly upward, the fish
would leap several inches above the surface of the water in a vain en-
deavor to escape. In one place in Lawrence County a stream flows out
of a cave and through a deep ravine for about 200 yards, and then enters
another cave. In both caves the blind fish were captured within 100 feet
of the openings, and there is little doubt but that they make their way
through the open stream from one cave to the other. The caves and
subterranean streams of southern Indiana doubtless form a more or less
complete system of subterranean drainage, and through this the blind
fish finds its way wherever the water is deep enough to allow it passage.

In captivity this fish eats very little. Dr. Sloan, of New Albany, has
kept specimens in an aquarium for 20 months, and says: ‘They
have taken no food, except what has grown up in the water and on the
sand in their tank.”t ““Some of them would strike eagerly at any small
body thrown in the water near them, rarely missed it, and in a very short
time ejected it from their mouths with considerable force. I often tried
to feed them with bits of meat and fresh worms, but they retained nothing.

*Geol. Surv., Ind., 1872, 162; 1878, 494,
tPackard, Cave Fauna of N. Am,, 1889, 24.
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On one occasion I missed a small one and found his tail projecting from
the mouth of a larger one; I captured and released him.*

In pature they doubtless feed upon one another and upon the blind
crayfish and smaller crustaceans which inhabit with them the streams of
caves. A number of those captured were ‘“‘nosing,” as they slowly swam,
the rocks along the sides of the pools, and it is possible that they gather
some organic matter from the slime on these rocks.

The measurements of the largest specimen taken were as follows:
Length, four and a half inches; head, three in length; depth, four and a
half in length. The color is white, the scales are very small, and the
young are born alive.

A second species of blind fish, Typhlichthys subterraneus Girard, is said
to occur in some of the wells and subterranean streams of southern
Indiana, but as yet no definite localities have been recorded.

INVERTEBRATA.

INSECTA.

Representatives of Diptera, Lepidoptera, Coleoptera, Hemiptera, Or-
thoptera, Thysanura, Myriapoda and Arachnida were secured in the
caves visited. The members of each order were sent to different special-
ists, as follows: The Diptera to J. M. Aldrich, Moscow, Idaho; the
single Lepidopteron to Miss Mary E. Murtfeldt, Kirkwood, Mo. ; the
Coleoptera to H. I. Wickham, Jowa City, Ia.; the Hemiptera to E. P.
Van Duzee, Buffalo, N. Y.; the Myriapoda to O. F. Cook, Washing- -
ton, D. C.; and the Arachnida to Nathan Banks, Sea Cliff, N. Y.

Messrs. Aldrich, Wickhani and Banks (in part), and Miss Murtfeldt
have prepared papers, which are presented herewith, with supplemental
notes added by myself, on habits, etc. Messrs. Van Duzee, Cook and
Banks identified the species sent, and the papers as presented were pre-
pared by me. To all the parties mentioned I am under especial obliga-
tions for the work done on the specimens submitted.

“Packard, loc. eit., 127,
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On A CorrecrioN oF DipTErRa FROM INDIANA CAVES.
BY J. M. ALDRICH.

This collection embraces 12 species, of which five are herein described
as new, one constituting a new genus Two species are only generically
determined. The family Mycetophilide is represented by five species,
Helomyzide by four, and Psychodids, Borboridee and Phoride by one
each. The Helomyzidz furnish by far the greater number of individ-
uals It does not appear that any of these species are wholly confined to
a cave life. They show no marked peculiarities of structure and are
probably found in shady places generally. None of those previously de-
scribed, except Blepharoptera defessa, have been heretofore known to in-
habit caves.

1. MAacrOCERA HIRSUTA Loew.
Loew, Centuries IX, 5.

One specimen, Truett’s Cave, July 9. Slightly larger than Loew’s
type, thoracic dorsum and pleure more. infuscated ; halteres brownish at
tip. Described from the District of Columbia. I have no knowledge of
any captures of the species since that time till now.

The specimen noted was taken on the wing in the main room of the cave, 800
feet from the entrance.—W. 8. B..

2. SCIARA SPP.

Two species, both small. Of the first, which is dark with a shining
black thoracic dorsum, there are seven specimens, six from near the
mouth of Salt Petre Cave, the other from Wyandotte Cave. November
5, 1896. Of the second, which is lighter with yellowish brown thorax,
one specimen is from Donnehue’s Cave, July 14; another, Wyandotte
Cave, near Augur Hole.

The specimens of Sciara were in all instances taken in small crannies in
damp portions of the cave. The ‘““Augur Hole” of Wyandotte is about three-
fourths of a mile from the entrance. Species of the genus are quite common in

Mammoth Cave, Kentucky, and the young, according to Osten Sacken, live on de-
caying vegeiable watter, fuogi, ete.—W. 8. B,

3. MYCETOPHILA UMBRATICUS n. 8p.

Female. Front dark brown; palpi and three basil joints of antennae
yellow. Thorax clay yellow, somewhat pruinose with white, the dorsum
somewhat infuscated and provided with numerous stout black hairs along
the sides; scutellum and metanotum algo brownish, the former with two
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distinet hairs, Abdomen brown, compressed, the distal part of each seg-
ment with a lighter ring, which is broader underneath. Legs pale yel-
low with a distinet fuscous tinge. Coxz paler, the front ones with only
a few fine hairs at tip; tibiz wholly without spines except at tip, still
on the posterior ones a few scarcely perceptible setulee. Tarsi elongated,
uniformly infuscated, slightly darker than the tibiee; in the front leg the
entire tarsus is about four times the length of the tibia, in the middle leg
two and a half, and in the hind leg one and a half times. Tue tibial
gpurs on the front leg are a fifth the length of the metatarsus; on the
other legs a third. '

Wings without macule, tinged with yellow along the costa and to a
less degree all over the apical half. Venation as figured.

Length, 5.2 mm.; of wing, 4.5 mm. -
One female, Shiloh Cave, July 15. Q)\/\

The specimen was taken from beneath a
rock about 800 feet from the entrance. A
member of the genus has been recorded by  Wing of Mycetophila umbraticus n. sp.
Osten Sacken from Bradford Cave, 16 miles :
from New Albany, Ind. The larvee live in fungi.—W. 8. B.

ODONTOPODA, new genus.
(6dobe tooth ; mobe foot.)
(Myecetophilidee near Glaphyroptera.)

Ocelli three, all large, nearly in a straight line; antennz 186.
jointed, the two basal joints distinct, the others cylindrical, the third
longest ; palpi four-jointed, first short, second a little longer, third longer
than the two preceding, fourth & trifle shorter; coxx elongated; abdo-
men (male) long, slender, clavate, composed of seven distinct segments
besides the hypopygium. Wings, fourth longitudinal arising near the
base; third vein not branched ; costal vein not extending beyond tip of
third longitudinal ; fifth vein forked ; auxiliary vein ending in the costa
almost half way to the apsx; small crossvein nearly equal in length with .
the first segment of the third vein; fourth vein with a very thin anterior
branch arising at the origin of the crossvein, or seemingly from the
crossvein itself.

4. ODONTOPODA SAYIL, 1. sp.

Male. Front black, antenns brown,
except the first three joints, which are
yellow; mouth parts yellow; thorax

Wing of Ouontopoda says n. sp. and coxe yellow, rather pale; the dor-
sum, however, more acorn-colored without distinet lines. Abdomen
brown, the bases of the segments and a larger part underneath of
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a lighter color; seventh segment distinct, nearly as long as the sixth,
hypopygium as long as the seventh, first segment over half as long as
the second. Femora and tibie yellow, with a brownish tinge ; front tarsi
black (the others wanting, but doubtless black). Wings of a clear yel-
low tinge, lighter posteriorly; third vein with a rather strong curvature.
Length, 6 mm.; of wing, 4.7 mm.
One male, Marengo Cave.

The single specimen was on the side of a damp rock, 400 feet from the
entrance.—W. 8. B. \

5. PsycHODA MINUTA Banks,
Banks, Canad. Ent., XXVI, 331.
One specimen, Salt Peter Cave, Crawford County.

6. ULomorpHA PILOSELLA Osten Sacken.
Osten Sacken, Proc. Acad. Nat. Sci. Phila-

delphia, 1859, 342
Osten Sacken, Monograph N. A. Dipt., IV,
233. :

One specimen, Porter Cave.

7. BLEPHAROPTERA DEFEssa Osten Sacken.
Osten Sacken, Bulletin U. 8. Geol. and
Geog. Survey, Vol. III. No. 1, p.
168, note.

One female, Wyandotte Cave.

By the kindness of Professor Packard, I was enabled to see the de-
scription of this species. The following sentence is at the end of the
description: ‘¢ Blepharoptere are often found in caves, where they are
said to breed in the excrement of bats.” The description occurs as a foot-
note to an article by Professor Packard on ‘““A New Cave Fauna in
Utah,” but the specimens described were from Hundred Dome Cave,
near Glasgow, Kentucky, and were also reported from Wyandotte Cave,
among others.

This is the Anthomyia of Cope’s ‘‘Fauna of Wyandotte Cave.” Ind. Geol.
Surv., 1872, 16C. For description and figure see also, Packard’s *‘Cave Fauna
of North America,” 1889, 80.—W. S. B.

8. BLEPHAROPTERA PUBESCENS Loew.
’ Loew, Ceniuries II, 82. _
Seven specimens, both sexes: Shiloh Cave, July 15 (1); Salt
Peter Cave (2), Coon’s Cave (2), Porter Cave (1), Wyandotte
Cave (1). :
The species was described from Massachusetts.

9. BLEPHAROPTERA LATENS 0. Sp.
Brownish-black, head, knees, venter and tip of abdomen reddish; two
vibrissee each side.
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Head dark red, rather variable in color, vertical triange black second
fronto-orbital bristle a trifle smaller than the precedins; santennge dark
red, third joint more or less infuscated ; face and mouth parts dark red ;
two large vibrissz on each side, one a little longer than the other, a nar-
row strip only is-bare below the eye, the remainder of the cheek with
rather coarse black pubescence; occiput black above. Thorax black,
the roots of wings, halteres and pleural sutures red or yellowish-red;
scutellum and mesopleurs bare, hypopleurse with a group of four ascend-
ing bristles near the upper edge, otherwise bare on the sides except for a
little very small scattering black pubescence ; underneath, between the fore
and middle coxe, are very numerous bristles. Abdomen black, its tip,
the venter, and usunally the posterior margin of each segment red. Coxz
and femora black, hairy, the latter stout; trochanters and knees red;
- tibize usually with a considerable red or reddish yellow, especially near
the middle; tarsi almost uniformly brown. No special long bristles on
the legs. Wings without spots, slightly yellow, the costal bristles small.

Length, 5 to 55 mm. ; of wing, 4.5 10 5 mm. )

Nine specimens, both sexes: Donnehue’s Cave, July 14 (3); Shiloh
Cave, July 15 (1); Porter Cave, (2); Mayfield’s Cave, July 9 (3).
Two of the specimens have numerous mites attached to the body.

10. BLEPHAROPTERA SPECUS n. Sp.

Cinereous, largely yellow, scutellum pubescent.

Head yellowish, vertical triangle and upper part of occiput black,
second fronto-orbital bristle smaller than first. Antennz far apart, yel-
low, third joint somewhat darker, one vibrissa, the small [.airs behind it
confined to a narrow strip close to the oral cavity. Dorsum of thorax
brown, about the edges more yellow; humeri, the posterior purt and the
scutellum usually entirely yellow, scutellum with distinet hlack pules-
cence besides the usual bristles. Pleurs yellow with a darker <olor on
the meso and hypopleurz, the former part bare, the l.ticr with oue
ascending bristle above and almost imperceptible sparse Llick pubcscerce,
underneath a few bristles; tegule and halteres yellow. Ab lemen on the
basal half quite blackish, overlaid with cinereous dust, towaid the tip
yellow; male hypopygium large. Legs principally yelisw, but varyirg
in different individuals. In both sexes a row of six or cight bristles in
front near the tip of the middle femur; in male a similariy laccd row,
but higher up, on the hind femur, numbering four or five. Wings
slightly yellow, the costal bristles large.

Length, 8.5 to 5 mm.; of wing, the same. .

Eighteen specimens, both sexes: Eller'’s Cave (3); Porter Cave (11);
Mayfield’s Cave, July 9 (2) ; Donnehue’s Cave, July 14 (1); Wryandotte
Cave (1). ‘

The species of Blepharoptere were the largest and most common Diptera noted
in the caves. They were found in the damper portions of nearly every cave vis-
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ited, on the walls and roof. They were never noted on the wing, except when
disturbed, when they would fly but a short distance before alighting. The large
species were about as long as, but more slender than, the common house fly. The
larve, according to Osten Sacken, live in fungi and the excrement of bats.

—W. 8. B
1]. LIMOSINA TENEBRARUM D. &D.

General color throughout, dark brown, sub-shining. Front, face,
edge of clypeus and proboscis the same, the last at the tip yellowish;
third juint of antenna rounded, arista slender, microscopically pubescent.
Dorsum of thorax with moderate bristles; scutellum concolorous, with
four bristles; pleurz with a little yellow along the sutures; halteres yel-
low. Legs of simple structure; the tibiz a trifle lighter than the femora,
their tips and the tarsi yellow ; hind metatarsus but little thickened, two-
thirds of the length of the following joint. T~ ’
Wings as figured. The Jast section of the /
third vein perfectly straight, the fourth be-
yond the posterior crossvein becoming ex-
tremely thin, yet traceable to the margin;
second and third sections of costal vein sub- Wingof Limosina tenebrarum n. 8p.
equal. The wings are moderately tinged with brown.

Length 2 to 2.1 mm. ; of winy, 1 to 1.3 mm.

Ten specimens, both sexes; Truett's Cave, July 9 (2); Donnehue’s
Cave, July 14 (2); Clifty Cave (1); Marengo Cave (1); Wyandotte
Cave (3) ; same, near Augur Hole (1); same, November 6, 1896 (1).

The venation will readily distinguish the species.

The specimens from Donnehue’s and Clifty caves were taken from piles of half
dry excrement of the raccoon. Those from Wyandotte from beneath stones in
the vicinity of remiains of dead bats near the ‘“Scuttle.” The insects leap a few
inches, rather than fly, when disturbed.—W. 8. B.

12. PHORA NIGRICEPS Loew. .
Loew, Centuries, VI, 99.
Nine specimens, Wyandotte Cave, near Augur Hole.

Taken from the mouldy remains of bread, chickens, etc., near the “Augilr
Hole,” three-fourths of a mile fromn the mouth, July 27, 1896.—W. 8. B.

LEPIDOPTERA.

Fam‘ily TINEIDA.

The discovery of the fact that a small Tineid moth is a common resi-
dent in Wyandotte Cave was one of the most interesting results of our
study of the cave fauna of Indiana, since no other instance is on record
of a member of the order of Lepidoptera being an inhabitant of caves.

Specimens were sent to Miss Mary E. Murtfeldt, of Kirkwood, Mo.,.
who has made a special study of the Tineid group, and she kindly pre-
pared the following paper on the species:
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A Cave-INgaBiTING MoOTH.

BY MARY E. MURTFELDT.

BLABOPHANES FERRUGINELLA Hbn. Specimens of the above named
Tineid, with a number of its pupal cases, were recently received for de-
termination from Prof. W. 8. Blatchley, State Geologist of Indiana,
who gives the following interesting account of its habits: ¢ This insect
was found quite abundantly in Wyandotte Cave, 1,000 feet or more
from the entrance, in the vicinity of ‘the remains of dead bats and other
decaying animal matter, including the dried excrement of cats. Quite
a number- of the latter inhabit (or frequent?—M. E. M.) the cave and
catch the bats as they go in and out of the small openings known as ¢ Fat
Man’s Misery’ and the ‘Augur Hole.” The moths seldom fly, but crawl
very rapidly, or leap short distances when disturbed.” :

In a succeeding letter, Professor Blatchley remarks: ‘‘I have Dr.
Packard’s monograph on ‘The Cave Fauna of North America,” but can
find no mention of a Tineid or any other moth being found in the caves.
Wryandotte Cave has been pretty thoroughly explored before, especially
by Professor Cope in 1872, but he also says nothing of moths among its
fauna. I have made three visils within the past two years. The first
time I took only one moth, but at that time was sight seeing rather than
hunting insects. The second and third times I went on more serious
business and found the moths plentiful.” LI T

Following Professor Blatchley’s lead, I also looked through all the lit-
erature accessible to me on the subject of cave insects, but without find-
ing any reference to any species of Lepidoptera.

The species received from Professor Blatchley not being represented in
my collection, was sent for determination to Dr. C. H. Fernald, of Am-
herst, Mass,, our leading authority on the Micro-lepidoptera, who pro-
nounced it Blabophanes (Tinea) ferruginella Hbp. As Professor Blatch-
ley suggested, it was first described in this couatry By Dr. Clemens as
Linea croceicapitella. Clemens” description does not appear to me to apply
very closely to the typical form of B. ferruginella, and it would seem that
it was not at the time recognized as the latter species by Mr. Staniton,
then the highest. English authority on the Tineidew, but the type in the
Philadelphia collection established the identity.

Both Mr. Chambers in his ‘‘ List of North American Tineina,” and
Professor Riley in the more recent Smith ‘¢ List of American Lepidop-
tera,” discard the genus Blobophanes as not sufficiently distinct from Tinea ;
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but Professor Fernald concurs with contemporary European authors in
regarding the scaleless discal spot, in connection with some less conspicu-
ous characters, as of generic value. So far as I have been able to ascer-
tain, no account of the habits or life history of this species has ever been
published in this country. It is not included among the species com-
monly grouped as ¢ clothes moths’’ by either Drs. Fernald or Riley in
their synonymical and popular papers on these species, nor is it men-
tioned in Mr. Howard’s recent bulletin on ‘* Household Pests,” and yet it
probably occurs where furs and pelts are stored. Indeed, its presence in
the depths of the cave can best be a~counted for by its accidental intro-
duction on the clothing of guides and visitors.

The species expands from 14 to 18 mm. Length of body, five to
seven mm. Head with dense tuft of rust-red hairs. Fore wings oblong,
with rounded apex, silky, grey-brown, with slight violet tinge in fresh
specimens; a broad ochreous or buff stripe extends along the inner edge,
forming a conspicuous dorsal stripe when the wings are closed; discal
spot translucent, dingy white. Under wings shining, pale gray-brown.
Both wings with long, yellowish gray fringes. Larve not observed—
probably resembling those of the other case-making species. Pupal cases
densely felted, dark gray, subcylindrical, truncate, varying in length
from six to eight mm.

Heinemann says that in Europe this species is on the wing during June
and July, and again in autumn, indicating two summer broods. It would
be interesting to sscertain how far its habit in this respect bas been, or
would be modified by the unvarying temperature and food couditions of
cave existence.

The occurrence of this moth in Wyandotte Cave can not date back
many years, for it surely would not have escaped the notice of Drs.
Packard and Cope, when their researches were made.

As yet, the species shows no organic or colorational departure from the
open air type, but it is not unreasonable to suppose that in years'to come
there may be perceptible modification in these respects, as has been ob-
served in other cave inhabiting forms.

On the occasion of my first visit to Wyandotte, May, 1895, but few of the
moths were noted, and but one was captured. In July, 1896, they were frequent,
and in November, 1896, quite common, especially about the ‘“Scuttle,” and as far
back as ‘“ Monument Mountain.” :

The pupal cases were found attached to small projections of the wall, close to
the floor, or on the under side of stones which rested loosely on the floor. In all
instances they were in close proximity to decaying remains of bats or other refuse.

The introduction of this European moth into a cave like Wyandotte, and its
rapid adaptation to the peculiar environment there found, is an excellent proof of
the now commonly accepted theory that all cave animals are but the descendants
of seeing forms, which, in the past, have thus accidentally found their way into
caves, —W. S. B.
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COLEOPTERA. "
Mr. Wickham’s paper, annotated by me is as follows:

O~ A CorLEcTION OF INDIANA CAvE BEETLES.

BY H. F. WICKHAM,

The species of cave beetles resulting from the recent explorations are
few in number, but several are of considerable interest and add a great
deal to our knowledge of the local distribution of life in the Indiana
caverns, Several are common epigal forms, no doubt attracted by the
opportunity for shelter or washed in by rains, while others are truly cav-
ernicolous, and partake of the peculiarities in color and development of
the visual organs so often exhibited by cave insects.

Attention may be called to the discovery of the blind larve of Quedius
speleus Horn, the adult having been originally described from Wyan-
dotte Cave. Additional material has also been obtained of Anophthalmus
tenuwis Horn, first collected in the same locality as the Quedius.

A detailed report on the material is submitted below :

Family CARABIDZ.

SCARITES SUBTERRANEUS Fabr. Syst. Eleuth. I, 124. Say, Tr. Am.
Phil. Soc., II, 17.  Ent. Works, Lec. Ed.,
II, 448.  Substriatus Hald., Proc. Acad.
Nat. Sci. Phila., I1, 54.

This common but variable species has been described under about a
dozen names by Le Conte, Chaudoir, and Bonelli, in addition to the
ones cited above. A specimen of the form, substriatus Hald., was taken
by Mr. Blatchley in Porter’s Cave. Very widely distributed in North
America, from Atlantic to Pacific coasts, and south to Lower California.
Usually found under boards or stones ; often exhumed in digging gardens.

AnoruraaLmMus TENUIS Horn, Trans. Am. Ent. Soc., 1871, 327; Id.,
Geol. Surv. Ind., 1872, 177; Packard, Mem.
Nat. Acad. Sei., IV, 75.

Numerous specimens were received, representing the following local-
ities: Wyandotte Cave, ou top of ‘“ Monument Mountain,”” near
“Throne” and near ‘ Crayfish Spring; Sibert’'s Well Cave, Mayfield’s
Cave, Truett’s Cave and Shiloh Cave. Very little variation is exhibited,
though occasionally there is a tendency toward a greater acuteness of the
hind angles of the thorax, quite possibly due to irregular shrinkage of

13—GEoL.
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the very soft integuments. This is one of the true cave beetles, and is
never found elsewhere. A. eremita Horn is described from Wyandotte
Cave, but no specimens were found among Professor Blatchley’s material.

But one specimen was taken in each of the caves except Wyandotte, where it
was rather plentiful in the localities above mentioned, about 20 having been
taken along the margin of the rivulet flowing from ‘ Crayfish Spring.” It was
found only in remote parts of the caves in which it occurred, and was always
crawling rapidly over mud, sand, or rocks in damp localities. It is a small, light-
brown species, with no vestige of eyes, and appeared wholly unaffected by the
light of a candle when the latter was held within a few inches of it.

Like other Carabids, these small blind beetles are supposed to be carnivorous*
In Wyandotte specimens of mites, spiders, podurids, and harvestmen were taken
in the same localities as the beetles, and probably furnish the latter a scanty sup-
ply of food. This species was first described from Wyandotte and has since been.
recorded from Bradford and Donnelson’s Caves.—W. 8. B.

PTEROSTICHUS 8AYI Brulle, Silb. Rev. Entom., III, 277.  Chaledtes Say,
Trans. Am. Phil. Soc., II, 56; Ent. Works,
Lec. Ed., II, 479. Micans Chaud. Bull. Mosc.,,
1V, 767.
Common above ground over most of the United States east of the.
Rocky Mountains. Taken in Eller’s Cave by Mr. Blatchley.

PraTyNus civceTiconiis Say, Trans.,, Am. Phil., Soc., N. 8., I1, 52 ;
: Ent. Works, Lec. Ed., II, 476 ; Le Conte,
Proc.: Acad. Nat. Sci. Phila., 1854, 43;
_ Bull. Bklyn. Ent. Soc., II, 46 and 55.
Porter Cave, five specimens not different from above-ground examples-
in my collection. Inhabits Canada and the northeastern United States,
extending south through the Middle States. Not a true cave beetle.

The specimens were taken from beneath stones by the side of the cave stream

~ about 250 feet back from the mouth,—W. S. B.

HarpaLus PENNSYLVaNICUS De Geer, Mem. Hist. Ins, IV, 108.
Olivier, Entomologie, III, 72. Say,
Traps. Am. Phil. Soc., II, 28; Ent.
Works, Ed. Lec., 11, 456,

Clifty Cave, one specimen from the side of a stream 1,700 feet from
the mouth, probably of accidental occurrence. Very abundant above
ground throughout southern Capada and the greater part of the
United States.

SteNoLopaUs OCHROPEZUS Say, Trans. Am. Phil. Soc., 11, 54; Ent.
Works, Lec. Ed., II, 478, Dejean, Spe--
cies General, IV, 411. Le Conte, Proc.
Acad. Nat. Sci. Phila., 1868, 377.

Porter Cave, one specimen of the ordinary form. This iz another-
beetle of extremely wide distribution, and there is little doubt of its oc--
currence in the cave being merely fortuitous.
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BraDpYCELLUS RUPESTRIS Say, Trans. Am. Phil. Soc., II, 91; Ent.
Works, Ed. Lec., II, 505. Le Conte,
Proe. Acad. Nat. Sci., Phil., 1868, 381.
Porter Cave, one specimen. Very widely distributed and common
over a large part of North America.

Family HYDROPHILID .
PrILEYDRUS 8p. indet.
Porter Cave, one immature specimen in otherwise bad condition;
taken from beneath a stone in margin of stream 300 feet from mouth.

Family SiLprIDZ.

A specimen seeming to belong here is among the material from Coon’s
Cave. Itisin too poor condition to render proper study possible. The
best course, in the absence of other material, seems to indicate its
preservation until more specimens are secured.

It was taken from beneath a stone 400 feet from the entrance.—W. S. B..

Family STaAPHYLINID .

RerocHARA LUcIiFUGA Casey, Ann. N. Y. Acad. 8ci.,, VII, 18983,

288.  Calodera  cavicola Garman, Psyche,
VII, 1894, 81.

Both the above descriptions were based on specimens taken from small
caves near Lexington, Ky. The specimens taken by Mr. Blatchley were
identified by Capt. Thos. Casey.

Two specimens were secured in Truetts’s Cave, Monroe County, about 700
feet from the entrance. They were found beneath some moldy chicken bones left
by preceding visitors. Casey, loc. ¢it., says: ‘‘This interesting species is said to
inhabit caves, but, as the eyes are well developed, it probably only seeks their se-
clusion and darkness during the day.” Garman, loc. cit., says of it and another
species: ‘‘Both have pretty well developed eyes, and may, therefore, live at
times in ordinary situations, but they are perfectly at home in the deepest parts
of caves, and are at times very abundant there. In all my collecting in ordinary
situations I have not seen either species out of doors, and am disposed to consider
them true cave dwellers.”

Mr. Garman is doubtless right, for no beetle is going to crawl into the deepest
Tecesses of caves each day and emerge again at night. So far the species has only
been found in caves, and, like Quedius speleeus Horn, has probably inhabited them
too short a time to entirely lose the eyes.—W. 8. B.

QueEDivs FuLaipus Fabr., Mantissa Insectorum, I, 220, — iracundus
Say, Trans. Am. Phil. Soc., IV, 449; Ent.
Works, Ed. Lec. II, 564. Horn, Trans. Am.

Ent. 8oc., VII, 158. Hamilton, Trans, Am.
Ent. Soc., XXI, 366.
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Donnehue’s and Marengo Caves. These are true fulgidus, with red-
dish elytra, the head, thorax and abdomen black. Widely distributed
(above ground), being found, according to Dr. Hamilton’s recent Cata-
logue, over all of North America, as well as in the other continents, ex-
cept South America. Recorded from Weyer’s and Dixon’s Caves in Vir-
ginia and Kentucky by Dr. Packard.

Taken from piles of the excrement of raccoons (?) in Donnehue’s Cave, and
from beneath half decayed boards in Marengo; in both instances in total darkness,
300 or more feet from the entrance.—W. S. B.

Queptus sPELEUS Horn, Trans. Am. Ent. Soc., 1871, 332; Id., L .
VII, 158; Id., Ind. Geol. Surv., 1872, 179.

- Beveral specimens, Wyandotte Cave, near *“ Fat Man’s Misery ;7 May-
field’s, Clifty, Donnehue’s, Truett’s and Coon’s Caves. In some of the
specimens the elytra and tip of the abdomen tend to become bluish.
Varies in size from 6.25 to 12 mm. ; Dr. Horn’s specimens were 14 to 15
mm. long. A single specimen is known from Colorado.

A number of larve are among Professor Blatchley’s collections from
Donnehue’s Cave, Clifty Cave (July 17), and Eller’s Cave (450 feet).
As no description has hitherto been printed, the following is appended :
Larva of ordinary staphylinidous form, very elongate, subeylindrical,
slightly tapering. Color, in aleohol, nearly white, occasionally yellowish ;
the head, thoracic scutes, legs and terminal appendages testaceous or cas-
taneous. Length of largest specimen, 15 mm. Head as long or a trifle
longer than the prothorax, sides parallel to near the hind angles, which
are rounded; base truncate. Mandibles slender, curved regularly on
the outer side, irregularly on the inner, not toothed. The maxille are
composed of a rather heavy basal joint, followed by a second articulation
of about twice the length, which bears a rather slender appendix at its
inner distal end ; exterior to this appendix is borne the remainder of the
maxilla, composed of three joints of very nearly equal length, no one of
which is quite half as long as the second. Bristles are few, and as nearly
as can be made out are located as follows: One near the base of the first
joint, three on the inner and three on the outer edge of the second joint,
ope near the base of the third; the fourth joint bears one near the base
and one near the tip. The fifth joint is not armed and is rapidly nar-
rowed pear the middle, continuing slender to tip. Labium very small,
free portion elovgate, nearly parallel-sided to near the tip, becoming rap-
idly broader and tri-lobed at apex, which is finely and densely bristled.
Palpi borne on the outer lobes, two jointed, basal joint much the larger.
The middle lobe bears a small blunt process articulated to its center.
Above the mouth, the margin of the head (clypeus?) is armed with nine
teeth, of which one on each side of the middle tooth is larger and longer
than the remainder. The outer three teeth on each side are the shortest.
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There are eight long bristles near the edge of this organ, of which the
one next the outer is much longer than the rest. Antenna with short
basal joint, second much longer, third shorter than the second, gibbous
beyond the middle, the gibbosity with an external and an internal long
bristle. On the inner edge of this gibbosity, near the tip of the joint,
arises also a very swall two-jointed appendix, near the base of which is a
small bristle. The fourth joint proper is shorter than the third, slender,
tipped with three minute bristles and with a larger one inside, near the
tip. Eyes wanting. Prothorax at base about as wide as the head, sides
arcuately narrowing to apex; pronotal scute margined all around, mese
and metathorax slightly broader, but much shorter, the dorsal scutes
margined. Legs moderate in length, the coxa rather elongate and with
about six spines on their outer face, two or three on the inner. Troch-
anter and femur spinose, the latter joint about as long as the coxa. Tibia
shorter, very spiny, not broader at tip; claw single, slender, slightly
curved, tri-spinose before the middle. Abdomen with the first four seg-
ments shorter than the remainder, the first narrower than the three fol-
lowing. The fifth, sixth, seventh and eighth are about cqual in length
among themselves, but gradually narrower. Ninth muach more slender,
bearing at apex the anal proleg, which is parallel-sided, linely spivose,
less so near the base. The anal appendages are two in number, two-
jointed, the second joint small and short. They arise one on either side
of the proleg, and are armed with a nywmber of curious brush-tipped
spines, of which two on the outer edge are longer than the others. These
brush tipped spines are also to be found on the sides of the ninth segment.

The accompanying plate will illustrate the points of structure
brought out above. The antenna is represented at a; b represents a
maxilla; ¢, the labium; d, the mandible; f, the front margin of the
head; g, a leg; h, claw of same; i, the ninth abdominal segment with
its appendages, and k, a brush-tipped spine.

Both the mature insects and the larve of Quedius speleus were in all instances
taken in decaying organic matter, or beneath stones in the vicinity thereof. Most
of the larvee were in piles of the excrement of raccoons. Although Cope and
Packard both refer to this as a ““twilight species,” all specimens taken by me were
in total darkness, those in Wyandotte Cave being 1,000 feet from the mouth.—
W. 8. B.

CryPTOBIUM BICOLOR Grav., Coleoptera Microptera, 179. Say, Trans,
) Aw. Phil, Sce., IV, 4564; Ent. Works,
Ed. Lec., II, 570. Horn, Trans. Am.

Ent. Soc,, XII, 92.

One specimen, Porter’s Cave; undoubtedly accidental in occurrence,
as it is like above ground specimens. ’
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HEMIPTERA.

Family Corisipa.
Corisa sp.?

No members of the order Hemiptera have as yet been recorded as in-
habiting caves. In dredging the stream flowing through Shiloh Cave,
Lawrence County, two specimens of aquatic bugs belonging to the genus
Corisa were taken about 300 feet from the entrance, and in the same
pool as the blind crayfish, Cambarus pellucidus (Tellkamp).

The bugs were sent to Mr. E. P. Van Duzee, who wrote me concerning
them as follows: ¢ Your species belong to the group represented by C.
erichsonit, limitata and stigmatica, but it differs a little from each and may
be distinct from any. It seems to be nearest erichsonii Fieb, though X
would dislike to label it assuch without a pretty emphatic question mark.”

The compound eyes of the insect appear well developed, and it may
be only an accidental visitor in the cave.

ORTHOPTERA.

Family Locusrinz.

CeuTHOPHILUS 8TYGIUS (Scudd).
Raphidophora stygius Scudd., Proc. Bost. Soc. Nat. Hist. V1III,
1861, 9.
Pack., Amer. Nat., V., 1871, 745.
Ceuthophilus stygius Scudd. Bost. Jour. Nat. Hist., VII, 1862, 438.
Pack. Guide Stud. Ins. 1869, 565.
Riley Stand. Nat. Hist., IT, 1884, 184,
Packard, Mem. Nat. Acad. Sci., IV, 1888,
70, 83.
Brunoer, Monog. Stenop., 1888, 309.
Blatch., Proc. Ind. Acad. Sci., 1892, 148.
Scudd., Proc. Amer. Acad. Sci., XXX,
' 1894, 33.
Ceuthophilus sloanii Pack., Ann. Peab. Acad. Sci., V, 1873, 93.
Id., Mem. Nat. Acad. Sci., I'V, 1888, 71, 83.
This ¢ cave cricket” occurs abundantly in crevices in the walls and
roof near the mouths of Wyandotte, Little Wyandotte, Sibert’s Well
Cave and Salt Petre Cave, Crawford County, and a few immature speci-
mens, promounced by Mr. 8. H. Scudder to be the same species, were
taken in Porter’s, Truett’s and Strong’s Caves, 80 miles farther north.
In the Crawford County caves no specimens were found farther back
than 250 feet from the mouth ; in the other caves they were found back
beyond the reach of any rays of light.
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The adults of this species seem to be more or less gregarious. In one
instance, in Sibert’s Well Cave, more than 20 were found in a small
cranny in the wall. They were grouped in a circle, in a space about six
inches square, with their antenn® pointing toward the center of the
cirele, and appeared to be holding a conference or cricket convention.

In regard to the life history of this insect, but little is known. I
found a number of specimens of the half-grown young in Sibert’s Cave
in May, 1895. The adults were common in July, 1896; and in Novem-
ber, the young about one-third the size of mature specimens were fre-
-quent in Salt Petre Cave, but could not be found elsewhere.

The species may be represented in winter by the young as well -as by
-eggs, as is the case among some other members of the genus.*

According to Mr. Rothrock, stygius is sometimes found as far back in
Wyandotte Cave as the top of ‘* Monument Mountain.”” I searched for
it there on the three dates above mentioned and could find no specimens.

In Salt Petre Cave, where in July they were very plentiful, all were
found within 100 feet of the entrance. They were never seen on the floor,
unless they leaped there when disturbed, but were found resting on the
sides of small projections and in small cavities of the walls or roof, with
their antennee spread out before them. If a lighted candle were held
close to them they paid no attention to it, but were very sensitive to its
heat and to touch. When disturbed they leap with agility, sometimes
to a distance of six feet, but with a little care can usually be readily
picked up with the fingers before they become frightened.

This is the largest of the seven species of Stone or Camel crickets be-
longing to the genus Ceuthophilus which are known to occur in Indiana,

A number of the larger specimens taken in Salt Petre and Sibert’s

caves measured as follows :
: Males. Females.

Length of body . 26.0 mm.
Length of pronotum.... .. 7.5mm. 6.5 mm.
Length of front femora .............. voen 15, . 12.5 mm.
Length of hind femora . . 24.0 mm,
Length of hind tibia. .27 . 25.0 mm.
Length of antennee................... .. 163, . 96.0 mm.
Length of ovipositor 16.0 mm.

But little variation was noted in the color of mature specimens, though
they varied much in size.

The immature ones from caves in Monroe and Owen Counties were
darker than typical stygius, and were found on the floor of the caves—
in one or two instances beneath loose rocks. From their habits, I am
somewhat inclined to doubt their being stygius, since it is difficult to
always name correctly an immature specimen. The C. sloanii of Packard,

*See Proc. Ind. Acad. Sei., 1892, 141.
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from Bradford and Little Wyandotte Caves, has been pronounced by
Seudder, who has recently monographed the genus, to be the young of
stygius.

THYSANURA.

Family Popurm .

DEGEERIA CAVERNARUM Packard.
Packard, Memoir Nat. Acad. Sci, IV,
1888, 66, P1. XVI.

This small Thysanuran was deseribed from specimens taken in Little
Wyandotte Cave, and has been recorded also from Bradford Cave, and
from several Kentucky caverns. It was found by our party to be the
most common form of life in each of the following caves: Mayfield’s,
Truett’s, Eller’s, Shiloh, Clifty, Marengo, Little Wyandotte and Wyan-
dotte.

Like most other cave inhabiting insects, it occurs only in compar-
atively moist places, often swarming by thousands beneath or on the sur-
face of damp rocks, espeeially where organic matter, such as the remains
of lunches, drippings from candles, decaying wood, ete., was scattered.

It has the power of leaping several inches by means of a long, spring-
like appendage bent under the hind body, which on being released throws
the insect high in the air.

Since the species is so common in Indiana caves, its description, as
given by Packard, is copied herewith, as follows: ‘

““Whitish, with a slight yellowish tint; usually blind; no traces of eyes.
Body of the usual form of the genus; antennz of great length, two-thirds as long
as the body, and more than twice as long as the head; basal joint longer than
usual; fourth joint very long and slender. ILegs: Last joint with fine, slender
scales; the claws much ag in D. grisca Pack., but the spines on the larger claw are
less distinct and the tenent hair shorter; the spring long and slender; the second
joint serrulate along the under side nearly to the base: third (terminal) joint long
and slender, ending in three teeth; the terminal tooth claw-like, as usual. The
collophore is large and well developed.

“Length of body, without the spring 3 mm.”

This Podurid doubtless forms much of the food of the small spiders,
harvestmen and beetles which inhabit the caves.

Two additional members of the order Thysanura, viz.: Cempodea
cookei Pack., and Machilis sp., are recorded by Packard* as occurring in
Wyandotte, but no specimens of either were taken by us.

*Mem. Nat. Acad. Sei., IV, 1888, 15, 67.
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MYRIAPODA.

Poryzontum rosarBuM (Cope).

A single specimen from Evaston’s Cave, 100 feet from the mouth.
Prebably an accidental visitor, the species being a rather common above-
ground form, living beneath half-buried logs.

SPIROSTREPHON LACTARIUM (Say).

This is a common above-ground species throughout the eastern United
States, and, according to Packard, was probably the parent of Pseudo-
tremia cavernarum Cope, the common species found in Wyandotte Cave.
A single specimen was taken from the roof of Mayfield’s Cave, 700 feet
from the entrance.

PsEuDOoTREMIA CAVERNARUM Cope.
Pseudotremia cavernarum Cope. Jour. Am. Phil. Soc., XI, 1869,

179. Id., Trans.,, Am. Ent. Soc, III,
1870, 67.

Bollman, Proc. U. 8. Nat. Mus,, XI,
1888, 405. (Wyandotte, Little Wyan-
dotte, Bradford’s and Marengo Caves.)

Packard. Mem. Nat. Acad. Sci., IV,
1888, 61, PL VI,

Cook and Collins, Ann. N. Y. Acad. Sei.,
IX, 1896, 36. (Wyandotte and Ma-
rengo Caves.)

Spirostrephon cavernarum Cope. Am. Nat., VI, 1872, 409
Id., Geol. Surv. Ind., 1872, 161, 167.
1d., Geol. Surv. Ind., 1878, 493, 499.

This species was found to be very common in Marengo, Wyandotte
and Little Wyandotte Caves. It frequents damp localities, especially
masses of stalagmite over which water is trickling, and is usually crawl-
ing very rapidly, for one of its kind. It has not been taken in the State
north of Crawford County, and outside of the State only at a few points
in Virginia and Tennessee.

The fact that Mammoth Cave and vicinity has a peculiar myriapod,
Scotherpes copei (Pack.); the northern caves of Indiana, another— Cono-
tyla bollmani (McNeill), and the Virginia caves a third, Zygonopus whitei
Ryder, while in the Wyandotte region we find abundantly the P. cavern-
arum isstrong evidence of the origin of each of these species from a different
type which inhabited the region in which the corresponding cave form is
now found. A closely allied species, P. carterensis Packard, has been
recorded * from Sibert’s Well Cave. It was previously known from
Carter Caves, Kentucky. No specimens were secured by us.

*Bollman, Proc. U, 8. Nat. Mus,, XTI, 1888, 405.
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CoxoryLa BOLLMANI (McNeill).

Trichopetalum bollmani McNeill, Proe. U. 8. Nat. Mus., X, 1887,
330. (Mayfield’s Cave.)

Scotherpes bollmani Bollman, Proc. U. 8. Nat. Mus., XI, 1888,
405, (Mayfield’s, Neeld’s, Truett’s and
Coong’ Caves, Monroe Co.; Phitts’ and Don-
nehue’s Caves, Lawrence Co.)

Conotyla bollmani Cook and Colling, Ann. N. Y., Acad. Sci., IX,
1896, 76. (Localities as above.)

This appears to be an abundant myriapod in the caves of Lawrence
and Monroe Counties. It was taken by us in all the caves cited above
which were visited, and also in Porter’s Cave, Owen County, but was not
noted in the caves of Crawford County. It was usually found beneath
stones in the vicinity of decaying organie matter.

SCYTONOTUS GRANULATUS (Say).

Another epigal species, a single specimen of which was taken from
Little Wyandotte, 200 feet from the entrance. From this cave a few
specimens of Cambala annulate (Say), another above-ground species,
were taken by Packard and recorded in his ** Cave Fauna,”” p. 65.

LirsosIus sp.?

A single specimen from Shiloh Cave, 200 feet back. Of this Mr.
Cook wrote: ¢ This may be a true cave species, since the eyes seem not
normally pigmented, but this is perhaps due to the contraction of the -
tissues in alcohol. The anal legs are wanting, so that a satisfactory spe-
cific determination can not be made.”

ARACHNIDA.

The members of this group were named for me by Mr. Nathan Banks,
Sea Cliff, N. Y., who also prepared the descriptions of the two new spe-
cies which follow :

ARrANEIDA (The Spiders).

Family AcALENIDZ.

TEGENARIA CAVICOLA n. 8p.

Length female (immature) 6 mm. Cephalothorax pale, eyes on black
spots, more or less connected ; a black line from the P. S, E. backward
uniting at dorsal groove, a fine line from the P. M. E. forked and one
branch joining the line from P. 8. E., three dark spots each side, a black
seam, and a line each side behind from the dorsal groove ; mandibles pale ;
legs pale, with two dark rings on the femora and tibis, incomplete on
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the former, also blackish at tips; sternum blackish, paler in center; ab-
domen pale above, with many black marks so thick behind as to leave
only a few white chevrons, in front a median spear mark, and spots each
side; venter blackish with a white stripe each side. Cephalothorax
quite bread, much narrowed in front, P. M. E. about their diameter
apart, fully as far from the equal P. 8. E.; A. M. E. smaller, less than .
diameter apart and closer to the larger A. 8. E. Mandibles long, verti-
cal; legs long and slender; sternum broad, sides rounded, pointed be-
tween hind coxs; abdomen nearly twice as long as broad, convex above,
rather blunt at tip.

Two young females from Salt Petre Cave, Crawford County, Indiana.
Quite different from any eastern Tegenaria, more like 1. californica.

This species was taken about 75 feet back from the entrance of the cave. It
spins a handsome web, basket-like in form, attached to the roof. When ap-
proached with lighted candle, the spiders came down from a crevice in the roof
on the side of the web nearest us. Several were seen but only two taken.—W. 8. B,

Family EPERIDE.
MEera MENARDI Latr.

This was found to be the most common spider in Indiana caves. It
was taken in Mayfield’s, Strong’s, Donnehue’s, Donnelson’s, Clifty,
Wyandotte and Salt Petre Caves, usually within 250 feet from the mouth.
The specimens varied much in age and size. They were usually found
banging from the roof or projection of wall by a single thread, with a
loosely constructed web near by. According to Banks, ¢ The Meta is
not uncommon in dark and shady places in the eastern States, and prob-
ably elsewhere, but much more abundant in small caves. It is an
European species.”

Family Lycosmz.

DorLoMEDES URINATOR Hentz.
An above ground form which was taken about 50 feet back from the
mouth of Donnelson’s Cave.

Family THERIDID 7.

THERIDIUM PORTERI N. Sp.

Length of female, 3.8 mm., femur I, 3 mm. Cephalothorax pale yel.
lowish, infuscated on the pars cephalica, and a blackish marginal seam.
Mandibles yellow-brown; sternum a little darker; legs pale, yellow-
brown marks as follows: a stripe in front of femur I, a spot on the mid-
dle of femora IT and IIL, a ring at end of all femora, whole of patellx,
and bands before middle and at tip of all tibize and metatarsi, very broad
on the latter joints. Abdomen light or dark gray, often with two large
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dark patches above near the base, and a larger, irregular transverse mark
behind, besides some scattered dots. Cephalothorax rather short and
broad; mandibles normal; sternum nearly triangular, longer than
broad ; abdomen globose, high and convex. The epigynum shows two
small red circles connected behind by an emarginate ridge. Eyes well
developed, all about equal in size, P. M. E. about their diameter apart,
as far from the P. 8. E.; A. M. E. hardly their diameter apart,
rather closer to the A. 8. E.; S. E. touching. What I take to be the
male is about the same size, with reddish, longer legs, and a less globose
abdomen, wholly pale gray. The stout, black style is coiled once around
the top of the bulb, and its tip rests in a long, stout, black sheath, very
prominent. Five females and one male, Porter Cave, Indiana.

A common species in a large room with low ceiling near the source of the
cave. They were found suspended by a single thread, with scattered threads of
webs near by. Near each specimen was always one, and sometimes two, small
cocoons of the usual form for the genus Theridium, and white in color. This spe-
cies was also noted in the first room of Truett’s cave.—W. 8. B.

TMETICUS TRIDENTATUS Em.
A single pair were secured from the floor of Porter Cave, Owen
County, 250 feet from the mouth.

NEsricus cARTERI Em. Am. Nat., IX, 1875, 279; Id., Pack., Mem.
- Nat. Acad. Sci. IV, 1888, 57.

This species was taken in Porter’s, Coons’ and Marengo Caves. It had
been before recorded only from caves in Carter County, Kentucky. It
is a small, light yellow species, and was found crawling over the surface
of damp rocks, 200 to 500 feet from the entrance.

This and the next species are wandering spiders, and spin no web.
They evidently feed upon the Thysanuran, Degeeria cavernarum Pack.,
which was abundant wherever they were found.

PHANETTA SUBTERRANEA (Em).
Linyphia subterranea Em, Am. Nat., IX, 1875, 279.
Id., in Pack., Mem., Nat. Acad. Sci.., IV,
1888, 57.
This small, pale, pinkish-brown species was described from specimens
taken in Wyandotte. We found it scarce, but three or four specimens
being seen. It has essentially the same habits as Nesticus carteri Em.

Praravaipa (The Harvestmen).

Family PEHALANGODIDZ.

ScoToLEMON FLAVESCENS (Cope.)
Erebomaster flavescens Cope., Am. Nat., VI, 1872, 420, figs. 114-115.

Id., Geol. Surv. Ind., 1872, 168, 177.

Id., Geol. Surv. Ind., 1878, 501.
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Phalangodes flavescens Pack., Mem. Nat. Acad. Sci., IV, 1888, 49,
: pls. XII and XV.

This is the most common Arachnid in Wyandotte Cave, its only pre-
viously known locality. It is a pale yellow species, with distinet eyes,
although it occurs in remote portions of the cave, being most common
on the damp stalagmite at the base of the ‘* Pillar of the Constitution”
and on top of *‘ Monument Mountain.” What they feed upon is as yet
unknown, though probably, like the two spiders above mentioned, the
Podurans form a portion of their diet. A few specimens were secured in
Clifty Cave, Washington County.

PseuposcorpioNipa (The Chelifers).

Family OBz

CHTONTUS PACKARDII Hagen.
Chitonius packardin Hag., Zool. Anzeig., II, 1879, 399.
Id., Amer. Entom., ITI, 1880, 83,
Pack., Mem., Nat. Acad. Sci., IV, 1888, 43,

The type specimens of this small, semi-blind chelifer came from W yan-
dotte. None were secured on our visit in July, but in November three
gpecimens were obtained from the surface of damp rocks one-half mile or
more from the entrance. It moves slowly along with its chelx held in
the air in front, and, being less than one-tenth of an inch in length, is
very likely to be overlooked unless especial search is made for it. It has
been taken in Mammoth and other Kentucky caves, and varies much in
regard to the development of the eyes, some having two eyes, with the
cornea as usual ; some having no cornea, but retaining the silvery dot in-
dicating the retina, and others being totally blind. *

AcarNA. (The Mites.)

But little has hitherto been published concerning cave mites, and the
descriptions of the different species are brief and confusing. Examples
of two species were obtained in Wyandotte Cave as follows:

DrrroTAsPIs 8p. ?

This was found to be a common parasite on the wings of both living
and dead bats. TItis a very small, white form, and probably occurs on
bats wherever found. It may prove to be the young of the following:

DiprLoTASPIS 8p. ?
A gingle specimen of a larger, dark-colored form was found on a damp
rock near the remains of waste food, close to the ‘‘Augur Hole.”

#* Pack,, Mem. Nat. Acad. Sci., 1888, 47.
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CRUSTACEA.

Ox A CoLreEcTION OF CRUSTACEANS FROM INDIANA CAVES,
BY W. P. HAY.

Family GaAMMARIDE.

Genus CraNGONYX Bate.

CRANGONYX GRACILIS Smith.
Crangonyz gracilis Smith, Am. Jour. Sci. Ser., 3, II, 1871, 453.
Id., Rep. U. 8. F. C., 1872-73, 654.
Forbes, Bull. Ill. St. Lab. Nat. Hist., No. 1,
1876, 6.
Hay, O. P., Am. Nat., X VI, 1882, 241.

A number of specimens representing this species were taken from the
following caves: Eller's, Mayfield’s and Donnohue’s. The animal is not
one given to life in such situations, and I am of the opinion they are to
be regarded as accidental visitors only, having been washed by heavy
rains into the eave streams, from which they have been unable to make
their escape.

Packard in Mem. Nat. Acad. Sci., IV, 1888, p. 36, says that C. gracilis ‘‘oc-
curs as far south as Grand Rapids, Mich., whereas Forbes, loc. ¢it., had already
stated that it was common in southern Illinois. It is much the larger of the three
species taken in Indiana caves. It was first known to occur in Mayfield’s Cave in
1886, when it was taken by the late C. H. Bollman. From the nature of the
stream in this cave I do not think it is possible for it to escape, and the facilities
are, therefore, excellent for a future study of the length of time necessary to bring
about organic changes due to cave environment.—W. 8. B.

CraNgoNYX VITREUS (Cope).
Stygobromus vitreus Cope., Am. Nat. VI, 1872, 422.
Id.,, Geol. Surv. Ind., 1872, 165, 181;
1878, 408.

Crangonyz vitreus Smith, Rep. U. 8. F. C., 1872-73, 656.
Id., Am. Jour. Sei. Ser. 3, IX, 1875, 476-17.
Packard, Mem. Nat, Acad. Sci, IV, 1888, 34,
This species is represented in the collection by nearly a dozen small
specimens which were taken from a weoden trough in Salt Petre Cave,
Crawford County. The crustaceans originally described by Cope, and
later by Smith, were from Mammoth Cave of Kentucky. The present
record, therefore, extends their range very materially.
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CRANGONYX PACKARDII Smith.

Crangonyz packardit Smith, Am. Jour. Sci. Ser. 3, IX, 1875, 476-7.
Packard Mem. Nat. Acad. Sci. IV, 1888, 35.
Crangonyz vitreus Packard, 5th Rep. Peabody Acad. Sci., 1873, 95.
Seven specimens of this subterranean crustacean were taken at Craw-
fish Spring in Wyandotte Cave. They differ from C. witreus in having
small eyes, and are evidently more closely related to C. gracilis, from

which both have probably descended.

The type specimens of this species were obtained from wells in Orange County
by Dr. M. N. Elrod. Others were afterwards secured from a well in New Albany
by Dr. John Sloan. These are its only previous records. It swims very rapidly,
jerking itself hither and thither through the water in a zigzag course, and is ex-
tremely difficult to capture. In July a number of specimens of this or the pre-
ceding species were noted in the ‘“Spring of Deception,” near the ¢ Throne,” in
Wyandotte, but all escaped capture. In November the water in this spring had
disappeared, and the bottom was covered with very soft, sticky mud. In this a
number of small holes resembling the burrows or pits of angle worms were noted.
Each had numerous particles of dry, sand-like grains of mud about the mouth.
The pits were probed and cut out with a knife, but no living form could be
found. In my opinion they were formed by the small Crangonyx, of which
1o trace remained.—W. 8. B.

Family AsELLIDZE.

Genus Cxoporxzas Packard.

Cxacmorma sTycIA Packard.
Cacidoteea stygia Packard, Am. Nat. V, 1871, 751.
Id., Rept. Peabody Acad. Sci., V, 1873, 95.
Smith, Rep. U. 8. F. C., 1872-73, 661.
Hubbard, Am. Etom,, N. Ser. I, 1880, 36, 98.
Packard, Mem. Nat. Acad. Sci., IV, 1888, 29.
Ceecidoteea microcephala Cope, Am. Nat. VI, 1872, 411.
Id., 3d and 4th Rep. Geol. Surv. Ind., 1872,
163, 174.
Smith, Am. Nat. VII, 1872, 244.

Asellus stygius Forbes, Bull. 111. State Lab. Nat. Hist., I, 1876, 11.

Numerous specimens of this crustacean were taken from the following

caves: Strong’s, Eller's, Mayfield’s, Marengo, Wyandotte, Salt Petre
and Evaston’s.

Although Cewoidoteen stygia is apparently strictly subterranean in its
habitat, it may occur in many places remote from the cave regions. It
has been reported from central Illinois, where it frequents tile drains and
wells. I have found it in similar situations in central Indiana and have
frequently taken it from wells in the vicinity of Indianapolis.
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Described originally from an injured specimen, the affinities of this
crustacean were for a long time in dispute, and the literature is, for so
small an animal, somewhat voluminous. The first complete description
was given by Forbes {(see synonymy), who regarded it as being generi-
cally identified with the water sow-bugs, which are so common in our
ponds and streams. The genus Cmcidotza is now regarded as valid and
definable by other characteristics more important than the lack of organs
of vision.

This was the most common crustacean noted in Indiana caves. It was usually
found eingly, swimming or crawling slowly through the water of small cave
streams, and was easily picked up with a pair of forceps. In Marengo Cave,
however, it was gregarious, hundreds being found on the under side of some rot-
ten boards floating in a pool, 2,000 feet from the entrance. The specimens taken

varied much in size, and those from Marengo were much darker in color than the
others.—W. 8. B.

Family On1scipza.

Genus PorcerLio Latreille.

PorcerLIo (sp. indet.).

A single specimen, which I refer to this genus, was taken near the
mouth of Wyandotte Cave. On account of the lack of the necessary
literature I am unable to carry the identification further.

Family PoromoBupz.

Genus CaMBARUS Erichson.

CaMBARUS PELLUCIDUS (Tellkampf).
Astacus pellucidus Tellkampf, Arch. Anat. Physiol. u. Wissensch.
Med., 1844, 383.
Astacus (Cambarus) pellucidus Erichson, Arch. Naturgesch., XII,

1846, 95.
Cambarus pellucidus Hagen, I1l. Cat. Mus. Comp. Zoo., 1870, No.
III, 55.
Putnam, Proe. Bost. Soc. Nat. Hist., XVII and
XVIII, 1875.

Faxon,Mem. Mus. Comp. Zoo., X, 1885, No. 4, 40.
Packard, Mem. Nat. Acad. Sci., IV, 1888, 38.
Hay,W.P.,Proc.U. 8. Nat. Mus ,XVI1,1893,283.
Id., 20th. Rept. Geol. Ind., 1895, 482,
Orconectes pellucidus Cope, Amer. Nat., VI, 1872, 410.
Id., 3d and 4th Rept. Geol. Ind., 1872, 173.
Orconectes inermis Cope, Amer. Nat., VI, 1872, 410.
1d., 3d and 4th Rept. Geol. Ind., 1872, 173,
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Twelve specimens of this curious and well-known blind crayfish were
collected in the following caves: Wyandotte and the Well caves in
Crawford County; Shiloh Cave in Lawrence County; cave east of
Mitchell, Lawrence County; Clifty Cave, Washington County. The
following list of localities, taken from the Twentieth Annual Report of
the Indiava State Geologist, will give an idea of the range of this species:
Shiloh, Down’s, Donnehue’s, Connelly’s and Donnelson’s caves in Law-
rence County; cave at Clifty in Washington County; cave near Paoli
and in Lost River, Orange County; Wyandotte, Wildcat and Marengo(?)
caves in Crawford County.

The species was first described from specimens from Mammoth Cave
in Kentucky, and it has since been taken in other cave streams of that
State. .

In Indiana the blind crayfish probably occurs throughout the whole
cave region and is to be looked for in every cave in which there is a running
stream. Careful examination of cave bed streams ought, also, to show
its occasional occurrence outside of its subterranean homes. During the
heavy rainfalls the water rushes with great violence through the caves
and doubtless frequently carries the animals out to the rivers. Here its
light color, soft shell and defenseless condition would prove such a heavy
handicap that in the struggle for existence its life would be of very short
duration.

The blind crayfish inhabits shallow pools with muddy bottom rather than
rapid flowing water. It moves slowly with its antenna spread out before it, and
gently waving to and fro, feeling, as it were, every inch of its way. It is wholly
non-sensitive to light, and seemingly so to sound, but when disturbed by any
movement in the water it is extremely active, much more so than ordinary ter-
restrial forms, leaping upward and backward with quick, powerful downward
blows of its abdomen.—W. 8. B,

CaMBARUS PELLUCIDUS TESTII Hay.

Cambarus pellucidus testit Hay, W. P., Proc. U. 8. Nat. Mus. X VI,
1893, 283.
Id., 20th Ann. Rept. Ind. State Geol., 1895,
484,

One specimen was examined which was taken from Mayfield’s Cave in
Monroe County.

So far as our present knowledge goes this peculiar sub-species occurs
only in the above mentioned cave and a neighboring one—Truett’s.
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CamBARUS BarTONII (Fabricius).
(%) Astacus bartonii Fabricius,Suppl. Entomolog. Systemat 1798,404.
Cambarus bartonii Hagen, Ill. Cat. Mus. Comp. Zoo. No. III,

1870, 75.

~ Faxon, Mem. Mus. Comp. Zoo. X, No. 4,
1885, 59.

Hay, W. P, 20th Ann. Rep. Ind. State Geol.,
1895, 487.

This crayfish, although usually regarded as an inhabitant of surface
waters, seems to take very kindly to a subterranean abode when the op-
portunity is offered. Whether it passes its vhole life here or makes
visits to the outside is a question, but in several cases I have taken the
animal in places from which I can scarcely believe it could have made
its escape. In the present collection the specimens came from Strong’s
Cave in Monroe County; Clifty Cave, Washington County ; Dénnehue’s
Cave, Lawrence County, and Spring Cave, Owen County. In the
Clifty Cave C. bartonii was found within 50 feet of individuals of the
eyeless C. pellucidus.

BiBLiogrAPHY OF INDIANA CavESs AND THEIR FAUNA.
BY W. 8. BLATCHLEY.

The following is a list of such papers and works as have come to my
notice, referring in whole or in part to Indiana caves and their fauna.
Brief attention is called to the particular feature of each pertammg to
Indiana caves.

Browx, Dr. R. T.—In Trans. Ind. State Agr. Soc., 1853 309. De-
scribes very briefly Wyandotte ; mentions a ‘ lizard about three inches.
long and without eyes as the only living inhabitant of the cave.”

Browx, Dr. R. T.—13th Rep. Ind. Geol. Surv., 1883, 78. Gives a
brief description of Porter’s Cave.

CocrrerT, JouN.—Rep. Ind. Geol. Surv., 1872, 149, Gives a brief
description of Wyandotte and Little Wyandotte caves.

CoLLEtrT, JouN.—Geol. Surv. Ind., 1873.  Desecribes briefly Shiloh
Cave, p. 289; Dry Cave, p. 290; Connelly’s Cave, p. 298; Hamer's
Cave, p. 303; Donnelson’s Cave, p. 304. Gives brief list of animals
found in the last three caves mentioned. : )

CorrerT, JouN.—Geol. Surv. Ind., 1875, 321. "Mentions briefly
Miller’s (Porter’s) Cave, Owen County.

CorieTy, JoBmN.—* Wyandotte Cave.””—Rept. Ind. Geol. Surv.,
1878, 456. (ives a rather full popular description, accompanied by
map, of the cave. Treats also Salt Peter Cave and Little Wyandotte on
p- 5U7; King’s Cave, Harrison County, on p. 370, and Rhode’s Cave,
Harrison County, on p. 360.
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Corg, E. D.—Ind. Daily Journal, Sept. 5, 1871.

Copg, E. D.—*“ On the Wyandotte Cave and Its Fauna.” —Am. Nat.,
VI, 1872, 406. Makes brief mention of the more interesting features of
the cave and gives an account of its fauna as then known, together with
descriptions of & number of forms supposed to be new.

Copg, E. D.—Reprint of the above in Reps. Ind. Geol. Surv., 1872,
157, and 1878, 487, ‘ ' ‘

Emertoxn, J. H.—*Notes on Spiders from Caves in Kentucky, Vir-
ginia and Indiana.”” Am. Nat. IX., 1875, 278. Describes and figures
Linyphia subterranea, a spider from Wyandotte

Furixt, E. H—* History and Geography of tbe Mississippi Va]]ey,
3d Ed., 1833, 389. Contains a brief descrlptlon of Wyandotte Cave,
under the name of ‘‘Epsom Salts Cave.”

Hacexn, DrR. H.—¢ The Blind Crayfish"—Am. Nat., VI, 1872, 494.
States that Cope’s genus, Orconectes, proposed for the blind crayfish is
not valid, and that the species O. inermis from Wyandotte is but a form
of Cambarus pellucidus (Tellk).

Hay, W. P.—‘ Observations on the Blind Crayfishes of Indiana,
with a description of a New Subspecies.”—Proc. U. 8. Nat. Mus.,
XVI, 1893, 283. Plates.

An excellent account of the habits of Cambarus pellucidus (Tellk.), with
description of the subspecies festit. Also remarks on Shiloh and May-
field’s caves.

Hovey, Rev. H. C.—¢ Celebrated American Caverns, especially
Mammoth, Wyandotte and Luray,” 1882.

Mentions briefly several of the caves in Lawrence County, and gives
an extended popular account of Wyandotte, accompanied by maps and
illustrations.

MEercker, H. C.—Am. Nat., 1894, 1,065.

Mercer, H. C.—* Jasper and Stalagmite Quarried by Indians in
Wyandotte Cave.” Proc. Amer. Phil. Soc., XXXTIV, 1895, 396.

In these two papers Mr. Mercer states his doubts of the alleged age,
as given by Hovey, of the stalagmite quarry near the base of the * Pil-
lar of the Constitution” in Wyandotte. In the second paper he de-
scribes briefly the quarry and mentions other discoveries made by him,
which tend to prove the Indians’ former inhabitancy of Wyandotte.

OweN, RicHarD.—Ind. Geol. Surv., 1859-60, 149. Gives a four-
page description of Wyandotte, accompanied by two illustrations and
a good map, the latter in appendix to the volume.

Packarp, A. 8., Jr.—¢ The Invertebrate Cave Fauna of Kentucky
and Adjoining States.” Am. Nat., IX, 1875, 274. Mentions the habits
of Linyphia subterranea, a small spider found in Wyandotte, also com-
ments on the origin of the myriapod therein found.
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Packarp, A, 8., Jr.—“The Cave Fauna of North America with
Remarks on the Anatomy of the Brain and Origin of the Blind Species.”
Mem. Nat. Acad. Sci., IV, 1888. Treats in detail the fauna of Wyan-
dotte and Bradford caves; gives brief description of Clifty Caves, Wash-
ington County. Gives full descriptions of many cave animals, with
notes on origin, changes due to environment, etc. The most valvable
work extant on cave fauna.

Packarp, A. 8., Jr.—*‘ The Effect of Cave Life on Animals.” Pop-
ular Science Monthly, XXX VI, 1890, 389. Discusses the origin and
changes due to environment of certain animals found in Bradford and
Wyandotte caves,

Purwvam, F. W.—¢ The Blind Fishes of Mammoth Cave and Their
Allies.” Am. Nat., VI, 1872, 6. Mentions the occurrence of Amblyop-
sis speleeus in Wyandotte Cave and Lost River, Indiana. Discusses its
origin and.habits, and the changes which it has undergoue by cave en-
vironment. '

SteLLE, Jas. PARIsH—¢‘The Wyandotte Cave of Crawford County,
Ind.,” 1864. A 12mo. volume of 85 pages, giving a good popular de-
scription of the cave. The distances, however, are very much exag-
gerated.
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LETTER OF TRANSMITTAL.

StaTE COLLEGE, PENNSYLVANIA,
January 1, 1897,

DErar Sir—I have the honor to transmit herein my report, along with
that of Mr. Siebenthal, on the odlitic limestone of Indiana, prepared
under your directions during the past year. It is much to be regretted
that time and the means at your command did not permit the investiga-
tion and mapping of the entire oolitic area. The accompanying maps
will be found, I think, valuable and reliable. They are made with
greater accuracy of detail than is commonly given:to maps of this char-
acter. The locations of the quarries and limits of the outcrop of odlitic
stone will be found to be reliable within the limits of the scale of the map.

In accordance with your instructions the work was pursued very largely
on economic lines.

Respectfully submitted,

T. C. HOPKINS.
Pror. W. S. BLATCHLEY,
State Geologist.




THE BEDFORD OOLITIC LIMESTONE.

BY T. C. HOPKINS AND C. E.SIEBENTHAL *

INTRODUCTORY.

The Bedford odlitic limestone is probably the best known building
stone in the United States at the present time. It is probably shipped
to more different points than any other stone. As shown in the report,
it has been used in 23 States, one territory and one foreign country. It
has several rather unique features that have placed it and will probably
keep it in the list among the best building stones. There is no other
building stone as soft and as easily worked thatis, at the same time, as
durable and strong. This is due largely to the happy combination of the
good properties of both sandstone and limestone, being a calcareous free-
stone, and also to its great homogeneity both of texture and composition.
It is more easily cut and carved than any other well known building
stone in this country, and it will retain the carving in good preserva-
tion longer than any other stone of equal softness.

Its general usefulness—in plain building, in ornamentation, in monu-
ments—coupled with its lasting properties and its abundance and the
ease with which it can be quarried, all combine to keep it in prominence
among building stones. Naturally, then, there is a desire among stone
dealers, architects, scientists and others to have access to detailed and
specific information concerning the stone. To supply this demand the
following pages have been prepared.

In view of the brief time and small expense that could be devoted to
this subject, all the work was conducted on economic lines, and the
more strictly scientific phases of the subject were subordinated or ig-
nored entirely. . . .

On the accompanying maps will be found the location of every quarry
that has been opened in the odlitic limestone in Owen, Monroe and Law-
rence Counties, showing its relative position to the railroads, the wagon

®*Mr. Siebenthal wrote Chapter I, obtained nearly all the statistics at the end of Chapter
III, furnished the historical data in Chapter IV, and assisted in Chapter VI. The re-
mainder of the report was written by the senior author. The entire report has had the criti-
cism of both writers. The maps are the work of Mr. Siebenthal alone.
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roads, streams, towns and postoffices. There is also shown the area of
outcrop of the odlitic stone, where other quarries may be opened, and its
relation to the overlying and underlying rocks.

Despite the wonderful development of the stone industry in this re-
gion during the past 20 years, it is but reasonable to suppose from the
present indications that it will continue to increase for some years to come ;
because the stone is now better known than ever before and there is a de-
mand for light colored stone and stone adapted to ornamental carving,
which demand no other stone meets more satisfactorily than the Bedford
odlitic limestone.

Some may criticise the report as partaking too much of the nature of
an advertisement. A little contemplation will, however, convince any
one that a State has not only a right but a duty to advertise her own
natural resources, as the more they are known the more intelligently
they will be used to the improvement of the State. The report is in-
tended primarily for persons interested in the use or production of the
stone, and to such the so-called advertising features may be not the
least valuable.

By advertisement is not meant an extravagant praise of the merits
while totally ignoring the defects, but the plain, candid, unprejudiced
statement of such facts as will be of interest and use to persons inter-
ested in the industry, whether as producers or as consumers. This
we have endeavored to do as far as possible, while at the same time en-
deavoring to say nothing that would compromise or make public the
private affairs of any single company.
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CHAPTER L

GENERAL GEOGRAPHICAL AND STRATIGRAPHICAL FEATURES.

Location. The area mapped and covered by this report includes the
Bedford oélitic limestone as it occurs in Owen, Monroe and Lawrence
Counties. This limestone, in the region under consideration, is exposed
in a labyrinthine outcrop winding in and out the valleys and around the
hills over a distance of more than sixty miles, and varying in breadth
from outlier to inlier from two to fourteen miles, on the average, per-
haps, five miles. It is not to be inferred that this area includes the:
whole of the Bedford oélitic limestone within the State, nor even all of
commercial value. Itis simply the ground covered within the limits of
time and means at the dispbsal of the survey, and is inclusive for all the
area north of the south boundary of Lawrence County. The quarriesat
Salem are not included in this area, nor the many other valuable de-
posits known to occur in Washington, Harrison and Crawford Counties. .

The o6litic belt practically begins on the north at Gosport. The lime-
stone is traceable north of there as far as Quincy, but at no place does it
occur in commercial quantities. Southwest of Gosport it shows in the
bluffs of White River to within about a mile of Spencer. Southeast of
Gosport the o6litic crops out in a belt about three miles wide, embracing
the quarry districts of Big Creek, Stinesville, Ellettsville and Hunter
Valley and extending to Bloomington. Four miles south of Blooming-
ton, in the vicinity of Clear Creek Station, the oélitic belt rapidly
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 oodlitic 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 part of White River -
from Tunnelton to the mouth of Salt Creek both lie several miles west
of the eastern crop of the odlitic limestone, but have cut their valleys
down through both the Mitchell limestone and the oélitic limestone. 'The
various creeks from the east—Little Salt, Pleasant Run, Leatherwood
and Guthrie creeks—also cut down through the oélitic, and what would
otherwise be a plateau is divided into a number of flat ridges capped
with Mitchell limestone, but fringed with a band of outcropping oélitie
limestone.
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The odlitic belt, after passing out at the southeast corner of Lawrence
County, swings eastward to Salem, Washington County, taking in the
Salem quarries and Spergen Hill. Thence it swings southward, its west-
ward 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 Subcarboniferous rocks over the region
herein described is from 50 to 60 feet to the mile in a direction south of
west. This dip does not seem to have left any impress on the topography
of the region other than the initial direction of the drainage. The topo-
graphic features of the area owe their 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 knob-
stone 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 baselevel, which is the level of White River.
This may readily be seen in the vicinity of Bloomington, at a point two
miles east of that city on the divide between Bean Blossom and Salt
. Creeks. The distance north to Bean Blossom Creek is five miles, the
. distance east to Salt Creek four miles, and the distance to Salt Creek by

way of Jackson and Clear Creeks is sixteen miles. The result is mani-
fest in the topography. Northward and eastward from the divide the
hills are rugged, the hollows crooked and deep. Southward, down Jack-
gon Creek, the surface is but gently rolling.

The oclitic limestone, being the thinnest of the Subcarboniferous form-
ation, has no particular type of topography. It usually occurs as a nar-
row outerop from 100 to 400 yards in width fringing 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 topog-
raphy is gently undulating.

The Mitchell limestone, where it hag superficial drainage and especially
where it has a capping of the Kaskaskia sandstone, forms high, bold
hills with wide, well-rounded valleys between. Where 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 Bloomington along the divide be-
tween 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,
gouth of Bedford, is 500 feet above sea level. The highlands about Bed-
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ford range from 700 to 750 feet in elevation, and those about Mitchell,
something near the same. The crest of the ridge, which marks the east-
ern escarpment of the Kaskaskia group, approximates 800 feet in height.

Nomenclature.—The term Subcarboniferous, as first used by D. D.
Owen,* was undoubtedly applied to the whole series of sedimentary
rocks which lie beneath the Coal Measures of Indiana. ILater, in 1844,
he restricted its application in a somewhat indefinite way to the lower
calcareous division of the Carboniferous.

In 1852 the name was definitely applied to the lower division of the
Carboniferous rocks and included the Carboniferous limestones of the
Mississippi section. In a paper entitled ‘‘Researches among the Pro-
tozoic and Carboniferous Rocks of Central Kentucky,” published in 1847
by D. D. Owean and J. G. Norwood, the Knobstone is referred to the
Carboniferous. Finally, in the revised reprint of D. D. Owen’s Geo-
logical Reconnoissance of Indiana, the Subecarboniferous is specifically
designated as ‘‘ a series of limestones with subordinate fine-grained sand-
stones and shales” lying between the Coal Measures and the Devonian
black slate ;{ and it is as thus limited that the term Subcarboniferous
has been since used in the reports of the geological surveys of Indiana,
Illinois and Kentucky.

The word has been objected to as having been applied under a miscon-
ception and as being a misnomer. As to the first objection, we have seen
how that misconception was cleared up and how the term was sanctioned
by general use afterward. The second objection arises from a misunder-
standing of the meaning of the term in its restricted application. So
used, it means not ‘‘ under the Carboniferous’” but ¢ the under-Carbonif.
erous,” or, according to J. D. Dana,|| the preposition sub is used in the
same sense as in the word substructure. It was with this meaning that
James Hall applied the term independently to certain beds of limestone
intercalated in the Knobstone whose fauna he recognized as Carbonifer-
ous, yet which he wished to distinguish from the later Carboniferous.§
So it is that in preference to the various synonyms, Lower Carboniferous,
Mississippian and Eocarboniferous, which have been proposed, we have
retained the Subcarboniferous out of justice and respect to the memory
of Indiana’s first and greatest geologist.

*“D. D. Owen: Report of Geological Reconnoissance of Indiana, made in 1837. 1839
p.12,

7D.D.Owen: Report of a Geological Exploration of a part of Iowa, Wiscongin and II-
linois in 1839. Senate Document, 407, 1844.

tD. D.Owen: Report of a Geological Reconnoissance of Indiana, made in 1837; re-
printed, 1859,

|J.D.Dana: Manual of Geology, 4th edition, p. 634.

2James Hall: Notes explanatory of a Section from Cleveland, Ohio, to the Mississippi
river in a gouthwest direction, with Remarks upon the Identity of the Western Formations
with those of New York. Trans. Assoc. Am. Geol. and Nat.; 1840-42, pp. 267-293.




296 REPORT OF STATE GEOLOGIST.

Stratigraphy.—The Subcarboniferous deposits, as generally recognized
in Indiana, include the Rockford Goniatite limestone, the Knobstone
group, the Harrodsburg limestone, the Bedford Oélitic limestone, the
Mitchell limestone and the Chester and Kaskaskia group.

The Rockford Goniatite Limestone was first noticed by Owen and Nor-
wood in their paper on the Protozoic and Carboniferous rocks of central
Kentucky, and referred by them to the Devonian. 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 Carboniferous.

The Knobstone was originally included by D. D. Owen with the Har-
rodsburg limestone under the name Calcareo-siliceous or Encrinital lime-
stone series.* The use of the word Knobstone to designate the forma-
tion first occurred in 1859 on page 21 of the revised reprint of Owen’s
report then issued. The name was again used in 1862 by Richard
Owen,} and has been retained by the various writers on Indiana geology
gince that time. It is a series of alternating friable arenaceous shales
and sandstones, ranging in the region under consideration from 500 to 600
feet in thickness. The outcrop reaches its maximum development in
Hendricks, Morgan, Brown and Jackson Counties, in which region it
ranges from 30 to 50 miles in width. The outcrop narrows rapidly both
north and south of thisarea. It is in the main unfossiliferous, but at in-
tervals there are intercalated lenticular beds of limestone and calcareous
septaria with rich faunas, and in one place at least the Knobstone itself
is fossiliferous. 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 use of a topographic term as a designa-
tion for a geological formation is rather unfortunate, but in view of its
firm establishment and the fact that it is more or less probable that the
formation may in the future be subdivided leads us to retain it in this
report.

The Harrodsburg Limestone lies above the Knobstone and between that
formation and the Bedford odlitic limestone. At first known as the En-
crinital limestone, it was afterward correlated with the Burlington and
Keokuk limestone of the Mississippi section. These formations have
latterly been grouped together in the original locality as the Augusta
limestone.f Until more detailed palxontologic work has been done in
Indiana it would seem better to consider the formation a unit., We have

* Geologieal Reconnoissance of Indiana, 1837, p. 14,

1 R.Owen; Report of Geological Reconnoissance of Indiana made in 1859 and 1860, pub-
lished in 1862, p. 108. .

1t Keyes: A.J.8., 3d Series, Vol. XXX VITI, 1889, pp. 186,193. Keyes; Missouri Geologi-
cal Survey, Vol. IV, p. 58, Keyes: Towa Geological Survey, Vol. I, p. 59,
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designated it the Harrodsburg limestone, taking the name from the vil-
lage of that name on the L., N. A. & C. Ry., in the southern part of
Monroe County, where this limestone is typically developed. The village
itself is mainly built upon the oélitic limestone, but near its contact with
the Harrodsburg limestone, and descending the hill from the village
either north, east or south, one passes over the whole outcrop of the
latter from its contact with the odlitic to its contact with the Knobstone.

The following section of the north bluff of Judah’s Creek at the crose-
ing of the Bedford-Bloomington road, one mile south of Harrodsburg, is
typical of this limestone. The thickness of the different strata are based
on barometer readings :

Odlitic Limestone. _ Feet.  Inches.
Massive fossiliferous limestone............c.oooviint, 6 0
Gray heavy-bedded limestone...........cocoviuviinn, 16 0
Blue argillaceousshale...................... e e 2 0
Limestone .....oovveviiii i e 0 4
Chert. o e e 0 3
Heavy-bedded blue to gray crystalline limestone. ........ 6 0
Yellow calcareous shale with geodes. ... ................ 1 3
Fine, heavy-bedded blue crystalline limestone........... 11 0
Flaggy limestone........... ... ... ... i 1 0
Gray argillaceous limestone .......... ... ... ... 0 10
Calcareo-argillaceous shale with bands of limestone and

SOME ZOA@S. ..ot e s 18 0
Heavy limestone, weathering shaly .............. e 3 0
Calcareous shale in bed of creek ............. ... .. .. ? ?

67 8

The Harrodsburg limestone varies from 60 to 90 feet in thickness. It
forms a belt four or five miles in width lying along the eastern outerop
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 Harrodsburg lime-
stone 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 coufined 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.

Towards 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
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character of their fauna and consist almost wholly of comminuted bryozoa.
In places these more massive strata are quarried in a small way as mar-
bles. 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 high polish, so that it could not justly be
classed as a true marble. The value of some of the more crystalline strata
which would take a good polish is lessened by the digseminations of crys-
tals of pyrite, siliceous fossils and nodules of chert. .

The contact of the Harrodsburg and oélitic limestones is almost always
marked by a bad crowfoot (stylolite), with which are associated masses
of silicified odlitic fossils and black siliceous masses.

The Bedford Odlitic Limestone.—The term ‘ o5litic” was first applied in
Indiana by D. D. Owen to the whole series of limestones from the Knob-
stone to the Coal Measures.* 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 reportt the
name is retained, but its application is restricted to a subordinate mem-
ber of the Subcarboniferous limestone—in reality, to the present quarry
bed, the Bedford oolitic limestone —and its age is carefully’ distinguished
from the oolitic of Europe, which is a well-marked group in the Mesozoic.

The name *“ Bedford rock ” first occurs in Richard Owen’s report. By
other writers it has been variously called Bedford stone, Bedford oslitic
stone, Indiana oélitic stone, Spergen Hill limestone, 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, it seems better to include the word oélitic to specify
more particularly the bed of quarry limestone. Bedford oélitic limestone
is thus a definite geological term and a well-known commercial one,

The economic character of the present report has precluded anything
of a paleontologic nature, but the fauna of the Bedford oélitic limestone
will be found fully treated by James Hall* and R. P. Whitfield|| in their
various papers on the famous Spergen Hill fossils. In favorable locali-
ties the oélitic limestone is found crowded with miniature Brachiopoda,
Gasteropoda, Lamellibranchiata and pentremites, all in a splendid state of
preservation. A

The Mitchell Limestone.—Overlying the oolitic limestone is a series of
impure limestones, calcareous shales and fossiliferous limestones aggre-
gating from 150 to 250 feet in thickness. We have called this formation

“Dn.D.Owen, Geological Reconnoissance of Indiana, 1839, pp. 12, 13.

1+ D. D. Owen, Geological Reconnoissance of Indiana, 1837; reprinted 1859, p. 21.

t R.Owen, Report of Feological Reconnoissance of Indiana made in 1859 and 1860; pub-
lished 1862, p. 1237.

| James Hall, Transactions Albany Institute, Vol. IV,1856, pp.4-34. James Hall, Geology
and Natural History of Indiana, Twelfth Report, 1882, pp. 319-375. R.P.Whitfield, Ameri-
can Museum of Natural History, Bulletin 3, 1882, pp. 42-94.
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the Mitchell limestone, taking the name from the town of that name in
Lawrence County at the crossing ot the L., N. A. & C. and B. & O. 8.

.W. railways. This limestone is well developed about Mitchell, which is
situated upon it, bui 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 constitute the so called
““bastard limestone” stripping of the quarrymen. They are unfossilif-
erous and of a dirty yellow or gray color. Above these come shales with
interbedded, dark blue, heavy flaggy limestone and gray lithographic
beds. Specimens of the lithographic stone have been found which worked
almost, if 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 fossiliferous.
In some places it is as traly o6litic as the Bedford stome. Such oélitic
limestone may be distinguished from the Bedford odlitic 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 off or
exfoliates with a peeling effect. The following section in Section 13, 7
north, 2 west, is typical of the Mitchell limestone :

Detarlod Section of the Mitchell Limestone, R. 7 N., T. 2 W., Sec. 13.

Drab lithographic limestone, L. proliferum, in top layer ........ 20 feet.
"Chert breccia, rotten lithographic groundmass. ................ 8 feet.
Bluish-drab, fine-grained, fetid limestone...................... 10 feet.
Lithographic limestone ......... ... ... . .. iiiiiiiiinann. 4 feet.
Drab calcareous elay shale ............... ... ...... ....... 9 feet.
Drab, rotten, magnesian limestone with chert inclusions. ... .... 29 feet.
Bluish, vermicular, shaly limestone .......................... 2 feet.
Drab calcareonsshale ......... ... ... ... .. il 4 feet.
Rotten and shaly lithographic limestone...... ................ 5 feet.
Lithographie limestone. ... ... ... .. ... o i 2 feet.
Rotten lithographic limestone............... .. ... ... .. ..., 5 feet.
Drab calcareousshale . ........... ... ... .. ... .l 7 feet.
Fine-grained, bluish-gray limestone with conchoidal fracture... 5 feet.
Caleareous clay shale . ........ ... ... ... . iiiii 2 feet.
Gray limestone in 8-inch beds. ...........ooo i, 5 feet.
Fossiliferous shaly limestone. ................. ..o, 14 feet.
Concealed ...... ... i 6 feet.
Fossiliferous coarse-grained limestone ........................ 2 feet.

O06litic 1imestone, , .ovv e v ver et iieine e e rennnneneeeneenanan,s
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The Chester or Kaskaskia Group, as recognized by Mr. E. M. Kindle,
in Orange and Martin Counties consists of the Upper, Middle and Lower
Kaskaskia limestones, separated from each other by the Upper and
Lower Kaskaskia sandstones.* Overlying the Kaskaskia is the Mans-
field sandstone, the basal member of the Coal Measures.

QUATERNARY. The-Quaternary deposits of the region under cons1der
ation are of three classes: Glacial till and drift, pleistocene lacustral
and terrace deposits, and alluvial floodplains.

Drift Limit. The line of the southernmost limit of glacial drift enters
Monroe County from the southwest near where the Ellettsville and
Spencer road crosses the Monroe-Owen county line. It bends south
around the limits of the Flatwood, then angles northeast, crossing Jack’s
Defeat Creek in the neighborhood of the old Dutch church. Continuing -
in the same direction it crosses Bean Blossom Creek near the mouth of
Cowden Branch. Bending south of the Lost Ridge near the mouth of
Indian Creek, it follows the course of that creek to Canada Gap, and on
it in the same direction passing one half mile south of Godsey P. O., and
crossing into Morgan County three-quarters of a mile east of Godsey.
It swings southeastward and reénters Monroe County where Hacker’s
Creek leaves it, following up that creek to the neighborhood of Hacker
school houge. From here eastward the drift limit becomes harder to trace.
The ice sheet must have been very thin, since the topography shows little,
if any, modification. Scattered erratics are found all over the ridge
dividing the headwaters of Robert’s Creek from the headwaters of Honey
and Hacker’s Creeks. It seems probable that the foot of the ice rested
on this hill, and that the drift found in the headwaters of Honey Creek
was carried there by the waters resulting from the melting of the glacier.
Many large granitic bowlders from one to three feet in diameter are
found along the small stream leading north from Hubbard Gap in section
11 (10 N. 1 E.), and along the other tributaries of Robert’s Creek. In
section 2, same township, heavy deposits of sand, gravel and till Iie
against the hillsides. In the neighborhood of Hacker school house in
section 6 of the same township the smoothing and leveling action of the
glacier is plainly seen in the gravel covered plain which rises gently to
the north. In the neighborhood of Godsey P. O., section 3 (10 N. 1 W.)
the same may be seen. Heavy beds of till and gravel lie against the
hills which border their slopes on its south. In Canada Gap, northeast
corner section 9 (10 N. 1 W.), the evidences of ice occupation are plain
though the quantity of drift material is very limited. The territory
between Indian Creek, Bean Blossom Creek and White River displays
evidences of ice occupation in many places in modified topography and
deposits of till, and sand, and gravel, though on the whole the drift is
very light, showing a thin ice sheet.

*Department of Geology and Natural Resources of Indiana, Twentieth Annual
Report, 1893, p. 331.
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The glacial topography is well illustrated in Section 5 (10 north, 1
west) and in the southeast quarter of Section 21 (10 north, 2 west).
The hills north of Mt. Tabor and between there and Gosport are covered
with a heavy deposit of sand which seems to have been deposited from
high water resulting from a melting ice sheet. The lower hills about
Gosport have a similar deposit. North and west of Gosport the drift
sheet becomes heavier, ranging from 5 to 20 feet in thickness.

Glacial strice were observed in but one locality, and that was where the
limestone had been uncovered by stripping on the west side of Kessler’s
quarry at Romona. The direction was 8. 18° E. A vertical seam or
fissure in the rock at this point, 8 or 10 inches in width, was filled with
tightly packed red clay up the level of the glaciated rock where it was
cut off sharply by the buff sandy till which covered the rockson either side.
The red clay of the seam gave evidence of the great pressure to which it
was subjected by shearing cracks and by being slickensided along the
sides of the seam., This seam is perhaps a fair average in thickness of
the clay seams commonly found in the odlitic. It thus serves to give us
an idea through what stretches of time the solvent and erosive agencies
have been at work in producing the bothersome seams of the quarries.

Glacial Lake Flatwood.-——Occupying the highest land between Ellette-
ville and Spencer is a level tract two and one-half miles in width
by six miles in length, locally known as the Flatwoods. It is drained by
McCormack’s Creek, to which it gently slopes from all points of the mar-
gin except at the extreme west end, a small portion of which drains into
Ellison Branch. The Flatwoods is surrounded by a rim of higher land
with gaps at Ellison Branch and McCormack’s Creek, and at three other
points on the north, east and south, where streams head up against the
Flatwoods and at the same level with them. This higher border shows
evidences of glaciation, especially so on the southern side, where many
erratic bowlders ranging from six to eight inches in diameter have
lodged against the slope. The soil of the Flatwoods is an alternation of
black mucks and white clays. A section of a well in the N. W. N. W.
Section 31 (10 north, 2 west), which is typical of the district, is here
given:

Soiland elay . ..oooviiiiin it 17 to 18 feet.
Imbedded logs.................... e 1 foot.
Clay. oo e 8 feet.
Waterworn gravel ....... ... ... il 1 foot.
Blue, sticky clay .....coooiviii i e 8 feet.
Limestone..........coviii it

Prof. Collett* gives the following section of a well in the southeast
quarter of section 26, 10 north, 3 west:

*@eological Survey of Indiana, Seventh Annual Report, 1875, pp. 333-334.
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Black mucky soil .......ocoi i 8 feet.
Sand and fine gravel ............ .. .. ..l e 6 feet.
Blue sticky quicksand with logs, sticks and leaves ...... +....8 feet.

Over the area of the Flatwoods several ‘‘islands” of the Subcarbonif-
erous raise themselves above the later deposits, demonstrating the undu-
lating character of the preglacial topography.

Prof. Collett suggests that the Flatwoods formed a portion of the pre-
glacial channel of White River, the valleys of McCormack and Raccoon
Creeks furnishing the portions connecting with the present valley of that
river. A close examination of the region in question, however, shows
this to be impossible.

The Pleistocene terraces of Bean Blossom Creek clearly prove the pre-
glacial valley of that creek to have been practically as it is at present.
It is impossible to imagine how it could be cut down to its present depth,
while White River, into which it emptied, was running at a level ap-
proximately 150 feet higher than now, as it is alleged to have done.
Moreover, the gorge of McCormack’s Creek is clearly postglacial. And
further, it empties into White River at least a mile below the upper end
of the ‘“narrows,” whose existence 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
sink holes west of Bloomington—in short, a region characteristic of the
Mitchell limestone. When the glacier pushed down across these sinks,
the excess of salt and sand choked up the underground outlets, and on
the retreat of the ice sheet, the area was left covered by a thin sheet of
water, probably from 20 to 30 feet in depth near the middle. Subse-
quently the drainage by way of MecCormack’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 distrib-
uted over about two miles explain the steepness and narrowness of the
gorge.

Pleistocene terraces occur in the valley of Bean Blossom Creek above
the crossing of the drift limit. Drift deposits occur below that, but are
irregular in height, and have not the level top of the terraces. The ter-
races range from 40 to 60 feet in height, those further up the creek being
the higher. In size the terraces range from mere knolls to benches a mile
wide and three or four miles long. The lower portion of these beds con-
sists of sand and erratic gravel with sand and smaller gravel above, and
over all sandy clay and loam. These terraces seem to have been de-
posited by the high waters which must have resulted from the melting of
the glacier which covered the headwaters of the creek in Brown County,
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and the draining of the glacier which crossed its lower course. The vari-
ous tributaries of Bean Blossom Creek have similar deposits in a small
way, the materials of which are, however, of local origin. The fact that
the drift material of foreign origin is confined to the valley of the creek
itself, argued that it was derived from the glacier occupying the upper
course of the creek.

At favorable points are found stratified deposits of banded sandy clays
of variable colors with disseminated spindles and scales of ferruginous
claystone and irregular concretions of calcareous claystone. These beds
correspond stratigraphically to the terraces and are of the same height.
They have been deposited from sluggish water out of the lime of the
direct current which bore the erratic materials, and as a result they are
free from gravel except some of local origin in their basal portions.

The upper portion of the drainage basin of Salt Creek was also occu-
pied by the glacier, and as a consequence we find well marked terraces
along the valley of Salt Creek, though not so extensive or so high as
those along Bean Blossom. The further down the creek the lower the
terraces become until the last one is reached, which is in the neighbor-
hood of Fairfax P. O., Monroe County.

Like the hills about Gosport, those along the East Fork of White
River have deposits of sand, such deposits occurring up to a height of
80 or 100 feet, and always on the side away from the current of the
stream; in other words, the deposits were always made in the still water
of an eddy. Secondary bottoms also occur which are possibly and prob-
ably of Quaternary age, though not of the regularity as regards height
and level top of the Quaternary terraces of Bean Blossom Creek.

Alluvial floodplains.—The alluvial bottoms of the West Fork of White
River above Gosport range from one to three miles in width. Below
Gosport they narrow down to about a mile on the average, and two miles
below Romona the foothills on either side approach within less than a
quarter of a mile of each other. It was to explain these ‘ narrows’’
that Prof. Collett projected the hypothetical glacial river up McCor-
mack’s Creek through the Flatwoods and down Raccoon Creek, to which
reference has been made on a preceding page.

The alluvial plain of Bean Blossom Creek will average a mile in width
through Monroe County. Along Salt Creek through Monroe County
the alluvial plain will average about a half mile; through Lawrence
County it is from three-fourths of a mile to a mile in width.

Leatherwood and Guthrie creeks have bottoms which in their lower
courges are about a half mile wide.

The valley of the East Fork of White River through Lawrence
County is quite narrow as compared to the West Fork, not exceeding a
half mile on the average, perhaps less.
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CHAPTER II.

GENERAL STRUCTURAL AND ECONOMIC FEATURES OF THE BEDFORD
OOLITIC LIMESTONE.

T. C. H.

/Structuml Sfeatures of the Bedford Odlitic limestone.—The Bedford Jime-
stone occurs in a massive bed varying in thickness in different locali-
ties from 25 to nearly 100 feet. The bulk of the stone is free from
lamination and shows very few bedding planes. On weathered surfaces
on the natural outcrops the lines of sedimentation 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 sur-
face, noticeably so 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. (See plate XX.) The same thing is shown less conspicuously
in places in a great many quarry openings throughout the region, and
known among the quarrymen as cross-grain. There is abundant evi-
dence of this nature both of the false hedding 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 class of stone
shows little or no evidence of lamination or bedding except at the out-
erop.| '

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 south. The joint seams are rarely abundant, generally 20 to 40 feet
apart. Where there is a solid rock covering over the odlitic stone the
seams are generally inconspicuous features, seldom more than regular
cracks in the rock mass. In a number of places, in fact in nearly all
places where the oélitic stone has no solid rock covering, the weathering
agencies have penetrated along the joint planes, forming irregular, cave-
like openings sometimes two or three feet across. These cavities are
mostly filled with clay and debris from the top (see plates XX1I, XXVII),
causing a great deal of waste and annoyance in quarrying, as the waste
is not limited simply to the cavity, but the irregular walls cause much
waste in squaring the blocks, and where the cavities are close together
the irregular blocks between them can not always be divided to ad-
vantage. There is a further waste where the stone happens to be blue
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stone, from the fact that along the joint planes the stone is oxidized ir-
regularly, forming a band of buff of varying width on each side of the
cavity. It is hard on the channeling machine to cut across one of these
cavities. ~

Stylolites (“‘crow-feet,”’ “‘toe-nails”).—While ordinary bedding or lam-
ination planes are exceedingly rare in the interior of the oélitic limestone
bed at any considerable distance from the outcrop, there are what might
be called extraordinary bedding planes, resembling suture joints, which,
unfortunately, occur in many places, appearing on the face of the quarry
as jagged dark to black lines. On each side of this line, generally more
pronounced on the lower side, are jagged points extending sometimes a
fraction of an inch, sometimes several inches into the limestone. The
longer points, and sometimes the smaller ones, have an apparent columnar
structure, with the sides nearly parallel, and frequently striated. Fre-
quently the shorter points have a more serrated or tooth-like projection.
In all cases observed, with one exception, the planes have a nearly hor-
izontal 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 oélitic limestone quarries, it is not true in all
localities, as 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. Because of their
economic importance they deserve more than a passing notice.

The stylolites have been variously designated. Among the names
which have been proposed are, suture joints, crystallites, lignillites and
epsomites. The quarrymen designate them as erow-feet or toe-nails quite
frequently with a harsh adjective prefixed. The most commonly accepted
term among scientists is stylolite, from the Greek stylus for pen, referring
to the fancied resemblance to a pen. The term crystallite, lignillites and
epsomites are objectionable, as they imply an origin which is not proven.
Suture joint is a very good term. Crow-feet and toe-nails will continue
to be used among the quarrymen, and ave very expressive and not wholly
inappropriate terms. '

There is a difference of opinion as to the origin or cause of the stylo-
lites. Both Dana* and Geikie} accept Marsh’s explanation that they
are caused by ¢ the slipping, through vertical pressure, of a part capped
by a fossil shell against an adjoining part not so capped.”’

Prof. Swallow says] that the term lignillites was much used at one
time because of its resemblance to wood, and the term crystallites and

*Manual of Geology, 4th Ed., by J. D. Dana, p. 543.
t Text-Book of Geology, 2d Ed., by A. Geikie, p. 290.
I Rep. Geol. Surv. of Missouri, 1872, pt. 2, p. 252.

20—GEOL.
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- epsomites have been used by those thinking that the markings are due to

.. the crystallization of epsom salts or some other material in this form.

The German writers offer different and (in the opinion of the writer)
some more probable explanations. Quenstedt™ states that they are due
to the filling in of hollow spaces made in the rock while yet soft by the
movements of mussel shells.

His later view was that two beds overlying one another, separated by
shells and a layer of clay or marl, the two beds having a different hard-
ness, by the pressure of the overlying mass the clay bed would be torn
and the underlying and overlying beds pressed into one another, thus
causing the stylolites.

Plieningert thought that the cracks or crevices originating at the sur-
face by the drying mud were the cause, and that the pillar-like or col-
umnar forms could be produced by rain.

Von Cotta and Rossmassler] put them in the same class with the ‘“ice
needles’” produced on the surface of the soil in winter.

Fallati and Quenstedt bave likened the stylolites to glacial pyramids,
pyramids of ice left on the surface of the glacier, or little pyramids of
earth which owe their columnar structure to a small stone or shell pro-
tecting the material underneath while that surrounding is washed away
by the rain in the case of the earth and by the sun on the ice.

Weiss,|| corroborating the above, states that in his observations in a
Bundsandstein formation that a foreign body like a mussel-shell or a
piece of clay forms a protective covering to the drying lime particles,
whereby the drizzling water has modeled out the stylolite by carrying
away the material between the protected parts.

Zelger,§ after detailed work on the stylolites, announces that they are
formed by the escape of compressed gases through the soft plastic mass
and the later filling in of the passageways.

Giimbel states that the stylolites, particularly those from Riidersdorf,
carry on top a clay cap which without doubt has come from a clay or
marl layer which marks the lower limits of the bed of stone bearing the
stylolites and which is a part of the under clay layer ascending with the
stylolite mass.

Zirkel** says that the stylolites remind one of the phenomenon called
creeps by the English miners, in the swelling up and pressing in of the
underclay of the coal into the galleries or openings made in the working
until the gallery is filled by the underlying clay.

*N. Jahrb. f. Min., 1837, p. 496, and Wiirttemberg, Naturwiss. Jahreshefte, 1853, Vol. IX
p. 71, and Epochen der Natur, 1860, p. 200. ’

T Wiirttemberg, Naturwiss. Jabresheft, 1858, Vol. XIV, p. 292,

1 Zirkel, Lehrbuch der Petrographie, 2d Ed., Vol. I, p. 535.

| N, Jabrb. f. Min., 1868, p. 729.

¢ N. Jahrb, f, Min., 1870, p. 833,

“* Lehrbuch der Petrog., Vol. I, p. 536.
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It is quite probable that as the stylolites differ in appearance in differ-
ent 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 oélitic 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 running 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 instance a layer of carbonaceous material,
sometimes a 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 Har-
rodsburg, is one of the best illustrations) quarry floors shows water action
not unlike the common bedding plane ; (6) they frequently occur between
the oélitic stone and the underlying and overlying beds which are not at
all odlitic; (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 bedding seam. It is
quite probable that all are not due to the same cause. Some look as
though 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 a surface ot indurated calcareous mud, some of which dried in the sun,
some of which was rain washed or spray washed in the drying; and pos-
sibly the escape of gases, as advocated by Zelger, may have acted in some
places. The layer of carbonaceous material is probably due to the organ-
isms left to die on the beach, either alge or animal forms, or both.* Itis
in some instances associated with considerable iron pyrites. A microscopic
examination of this material from two localities shows black bituminous
matter, with no organic structure or markings perceptible.

There appears to be little or no evidence in this locality in support of
Marsh’s theory, as in only one locality was any noticeable proportion of
the stylolites capped with fossils, and where such was the case 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 bottom, while there are shells in abundance
both above and below the stylolite seam, with no stylolites near them.

*The explanation given above was worked out by the writer in the field independent of
the work of the Geerman writers, with which he was not then familiar, going into the field
with no theory but the one given by Marsh, as taught by Dana and Geikie, which was soon
found to be unsatisfactory, and the one above given is purely inductive incident to the ex-
tended observations in the field.
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Furthermore, sometimes the stylolites show just the opposite of compres-
‘sion by forming or occurring in an open seam.

The amount of waste caused by the stylolite or crow-foot seam is fre-
quently more than the width of the seam plus the length of the stylolite
points, especially so where they occur in the buft stone, as the carbon-

“aceous 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 with-
out considerable waste.

Textural features.—The Bedford limestone is a granular limestone, a

" calcareous sandrock, in which both the grains and the cement are car-
bonate of lime. The greater part of it is properly freestone in char-
acter, although thet 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 varie-
ties 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 oélitic 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 foraminifera are mostly intact, showing little or no
evidence of wear. The other forms appear more or less imperfect in

places, but apparently more from aleaching 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 localities
the larger forms predominate, in others the smaller forms prevail, hence
coarser and finer-grained stones oceur./ In some places, as at Romona
and Heltonville, bryozoa are very abundant. In other places gasteropods
and brachiopods abound, often of considerable size—half an inch to an
inch in diameter, in a few instances two or three inches. The large
forms are commonly clustered, forming a large part of the rock where
they oecur, and not scattered indiscriminately throughout the rock, and
ag all of the coarsely fossiliferous stone goes into the waste or into a low
grade stone, none of it being sold for first-class dimension stone, the sepa-
ration 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 commercial stand-
point, the absence of large fossils is desirable.

The fossils, which are composed of finely crystallized calcite, are im-
bedded 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 odlitic stone for building
purposes. With any considerable decrease in the amount of the cement
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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 free-
stone character and becoming plucky. There are slight variations in the
relative hardness of the stone in diflerent localities, 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.

i Colors of the Bedford Oclitic limestone.—All the stone of the region is
classed as ““ blue,” ** buff” or “mixed.” The blue is evidently the origi-
nal color of at least the greater part of the stone, and is thought to be
caused by iron in the protoxide form and organic 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 continuons process, not yet complete, carried
on mainly by the oxygen infsolution in the meteoric water, the circula-
tion of which is accelerated or vetarded by a variety of causes, and hence
does not take place along parallel or regular lines, so that there is always
considerable stone along the contact of the two colors that can no! be ob-
tained in suitable dimensions of either color alone, but contains a combi-
nation of the two colors, and is classed as mixed stoneJ In most of the
quarries it goes into the dump pile as waste. Occasionally some of it is
sold for bridges or foundations at a greatly reduced price, often less than
the cost of quarrying 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 con-
siderable distance.

Some analyses, made with a view of determining the cause ol this
coloration, gave the following result:

Partial Analyses of Blue and Buff Oblitie Limestone.*

o a Irioi;elvaniet%n- Orgonic ‘Ferrom oxide.\J Ferrie %xide,
OLOR. UARRY. solublematter. o > 0. - fe,04.
Per éI(lmt.e Per Cent. PereCenL ‘ Pkfceut.
Blue ....| Thornton’s..... 2.16 0.24 0.067 0.196
Buff..... Thornton’s .. .. .86 12 .050 126
Blue..... Hunter’s ...... 1.25 .22 .063 044
Buff. .... Hunter’s ...... 1.10 11 .055 \ 150
Blue. ...| Perry’s........ 1.14 .21 055 ) .089
Buff. .... Perry’s........ | 1.24 13 050 i 119
I

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

“*Made for the Survey by W. A, Noyes, Rose Polytechnic, Terre Haute, Ind.
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specimens as nearly identical as possible 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 residae insoluble in
boiling dilute hydrochloric acid at 135° to 140° C. and 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 organic material, as might be ex-
- pected. It is more marked than the difference in the iron which is indi-
cated only in the second or third decimal place. There is in each instance
a slight decrease 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
proportion of the peroxide, which is what was expected. Yet the differ-
ences are so slight that, considering the possible errors in manipulation,
we do not feel like emphasizing the import of them without further evi-
dence. .

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 ex-
posure 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 sur-
face. .

The percentage of bituminous matter is sufficient, in some instances, 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 dis-
figures the stone for a time. Objection 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 with 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 on 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 prices are about the same for
each.
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1. Showing depth of oxidation and line of parting (A) between the buff and the blue stone in old .quarry
looking north of east.

2. In new quarry, looking south of east, showing method of quarrying, thickness of covering and regularity
of the upper surface.

VIEWS IN THE QUARRIES OF THE OOLITIC STONE CO. Of INDIANA, SANDERS, IND.




THE BEDFORD OOLITIC LIMESTONE.

PHYBICAL TESTS.

Physical tests of various kinds have been tried on the odlitic 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 accompanying tables
were made for the present survey at Rose Polytechnic Institute, except
those marked (1), which were made in duplicate at State College, Penn-
sylvania, to show the different results by differept methods. At Rose
Polytechnic Institute the stone was weighed in air, and as quickly as
possible in water, the specific gravity being the weight in air divided by
the difference in weight of the two. At State College it was determined
by a speciflc gravity 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
subtracted from 4, and that result from 2, gives the weight of the water
displaced by the stone, and that divided into the weight of the stone,
obtained by subtracting 1 from 3, equals the specific gravity. The latter
method attempts to give the specific gravity of the particles of the stone in-
dependent of the interstitial air, and the former process to give the rela-
tive weight of the stone as it is, including the air. As it is impossible to
weigh so quickly that some of the water is not absorbed, the actual weight
of the stone is less than that shown by the first process. As it is impossi-
ble 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 obtained by multi-
plying the specific gravity by 624, the weight ia pounds of a cubic foot 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.
C. 8. Norton counts his blue stone at 185 pounds. A large block of
stone quarried by the Bedford, Ind., Stone Company, said to be the
largest block of Indiana limestone ever quarried,* gives the dimensions
11 feet nine inches by 10 feet four inches by eight feet eight inches, and
is marked 190,000 pounds (see plate XXXIV), which is equivalent to
180 pounds per foot.

Ratio of absorption.—In the absorption tests made at the Rose Poly-
technic 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 absoption is the weight wet minus the weight dry divided

“There are s great many larger blocks than this quarried now, but possibly no larger
ones shipped.
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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 absorption is the most porous, the
lightest the softest, and generally, other things being equal, the least
able to withstand the weather.

Compression tests.—The compression tests made for the survey at Rose
Polytechnic Institute were upon specimens of about two-inch cubes.
Each specimen was measured to the nearest 1-100 of a square inch and
tested upon a Riehlé testing machine having a capacity of 100,000
pounds.

The specimens were tested between two pieces of tarboard 2} x 2}
inches. The rate of application of the load was slow and the same for
all.

It will be noticed that most all of the specimens range between 4,000
and 10,000. :

The first two tables show the details of the tests made by Profess r
Howe at Rose Polytechnic Institute.

Table III gives a summary of these, along with tests made by General
Gilmore for comparison. It is worthy of note that in four sets of sam-
ples 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. Oue
might think that it was due to an imperfect specimen, but the tests on
the bed were made on three specimens which averaged nearly the same,
and two of them broke with two perfect pyramids. A possible explana-
tion is that the stonecutter marked them wrong.

The samples from Ellettsville are from G. K. Perry’s quarry, a half
mile north of the Ellettsville Station.

The Twin Creek specimens from a newly opened quarry on the bluff
of Twin Creek, about six miles north of west from Salem in Washington
County, Nos. 7 to 9, were specimens quarried in November, 1895, about
six feet below the surface, in township 8 north, range 1 west, section 20,
on land of John B. Crafton.

Nos. 10 to 12, 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, town-
ship 7 north, range 2 west, section 24, lot 8. No quarry opened.

Nos. 31 to 33, from quarries on Big Creek, North Bedford station, on
Gosport branch of I. & V. R. R., part 20 feet and part 30 feet below
the surface ; quarried Nov. 26, 1896, hence not properly 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
O¢litic Stone Co. Quarries not developed.




L. Compression tests on Bedford Oilitic limestone. Specimens on natural bed.
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1 G.K.Perry.. . . « v v o v Ellettsville.. . . . . . . 4.35 | 6,700 | Faces crowned; top pyramid long.
2| G.K.Perry. . o v o v oo - 4. . .| Ellettsville.. . . . . .. 4.92 | 5,900 | Failed on two sides; signs of pyramids,
3| G.K.Perry.. . .. .. ... .| BEllettsville.. ... ... 4.33 | 6,900 | Two perfect pyramids. =
4| Twin Creek Oclitic Stone & Land Co | Salem . . . . . . .. .. 408 | 11,700 | Two perfect pyramids. o
5| Twin Creek Oolitic Stone & Land Co | Salem . . . . .. . . .. 3.92 | 6,900 | One side split off. =
6| Twin Creek Oolitic Stone & Land Co | Salem . . . . . .. ... 4.24 | 11,100 | Two pyramids. -
*7| John B,Crafton. . . . . . ... .. Bioomington . . . ... 3.82 | 11,400 | Two good pyramids. . =
*8| John B, Crafton. . . . .. .. ... Bloomington . . . . .. 372 | 9,100 | Two poor pyramids. =]
*3| John B.Crafton. . . .. .. ... Bloomington . . .. .. 4.03 | 8,400 | Split off on side; probably tested on edge. ]
10| Hunter Valley Stone Co. . . . . . .| Bloomington . . . ... 4.00 | 3,400 | Two fairly good pyramids. =]
11| Hanter Valley Stone Co. . . . . .. Bloomington . . .. .. 420 | 4,200 | Split off on omne side. %
12| Hunter Valley Stone Co. . . . Bloomington . . .. .. 408 | 4,600 | Failed on three sides. o
13| Romona Odilitic StoneCo . . . . . . Romona. . . ... ... 4.20 | 6,800 | Two good pyramids. o
14| Romona O¢litic StoneCo . . . . . . Romona. . .. .. ... 424 6,400 | Two good pyramids. . S
15| Romon1 Qdlitic StoneCo . . . . . Romona., . . ... ... 4.20 | 7.800 | Top pyramid good; bottom one-sided. =
16| Bedford, Indiana, Stone Co. . . Bedford . . ...... 428 | 6,800 | Two fair pyramids. ) =
17| Bedford, Indiana, Stone Co. . . . . Bedford . . . . ... .. 4.00 3,400 | Fuces not parallel; failed on one side only. =
18| Bedford, Indiana, 8toneCo. . . . .| Bedford . .. ... .. 4,04 6,700 | Two fair pyramids. o]
19| Hunter Bros.” StoneCo . . . . . . . Bloomington . . . . .. 414 | 5,900 | Two good pyramids. =
20| Hunter Bros.’ StoneCo . . . . . . . Bloomington . . . ... 4.00 | 6,900 | Two good pyramids. =
21| Hunter Bros.’ StoneCo . . . . . .. Bloomington . . . . . . 4 08 4,400 | Une side split off. =2
22| Chieago Bedford Stone Co.. . . . . Bedford . . . . . L. 4.04 9,600 | Two fine pyramids. A =
23| Chicago Bedford Stone Co.. . . . . Bedford . . . . .. L. 412 | 6,400 | Failed on one side; indications that specimen was tested on edge. S
24| Chicago Bedford Stone Co. . . . . . Bedford . . . . ... .. 4.12 | 9,700 | Two fair pyramids. =)
25| John B. Crafton. . . . . ., .. .. Bloomington . . .. .. 449 | 6.400 | Two poor pyramids. A A X 2
26| John B.Crafton. . . . . .. .. .. Bloomington . . . ... 441 4,700 | Split top to bottom around vertical axis of specimen. =
27| John B.Crafton. . . . . ... ... Bloomington . . . . .. 454 | 8.200 | Two good pyranyids. :
28| Crescent StoneCo. . . . . . . . .. Bloomington . . . .. . 4.10 | 4,500 | One poor pyramid and wedges.
29| Crescent8toneCo. . . . . .. ., . Bloomington . . . . .. 4.16 7,500 | Two fine pyramids.
30| Crescent StoneCo. . . . . .. ... Bloomington . . . . .. 420 | 5,000 | Two fair pyramids.
®31| Indiana Steam Stone Works . . . .| Stinesville. . . . . . .. 4.08 | 6,600 | Two fair pyramids. A .
*32| Indiana Steam Stone Works . . . .| Stinesville. .. .. .. 4.16 4,100 | Faces not parallel; failed verticallyaround axis of specimen.
*33| Indiana Steam Stone Works . . . .| Stinesville. . . . . . .. 408 | 6,200 | Faces not parallel; failed vertically around axis of specimen.
34| Bluff and Blue Stone Co.. . . . . . Bloomington . . . . . . 3.79 6,100 | Two very poor pyramids; faces not parallel.
35| Bluff and Blue StoneCo.. . . . . . Bloomington . . . . .. 433 | 5,800 | Top pyramid good; faces net parallel; bottom pyramid wedge-shaped.
36| Bluff and Blue Stone Co. .| Bloomington . . .. .. 4.28 | 6,200 | Two good pyramids.
37| Bedford Quarries Co. . . | Bedford L. 4.00 3,300 | Top pyramid fair; bottom one very poor.
38| Bedford Quarries Co. . . . . .| Bedford . . . . .. ... 4.00 | 4,300 | Two fair pyramids. N w
39 Bedford QuarriesCo. . . . . . . .. Bedford . . . . .. .. 412 | 4,800 | Failed on two sides; signs of pyramids. a

*The natural “bed’’ of these specimens was not marked.



II.  Compression tests on Bedford Odlitic limestone specimens on edge.
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1@ K. Perry .. . . . - | Ellettsville . . . . . . 4.08 | 13,500 | Failed in two pyramids.
2 | Twin Creek Oélitic Stone & Land Co| Salem . . .. .. . 402 8900 | Failed in two pyramids. g
3| Jno.B.Crafton . . . ... . .. Bloomington . . .. .. 391 | 8,000 | Faces crowning badly cut; failed like specimen tested on natural bed. 5
4 | Hunter Valiey StoneCo . . . . . Bloomington . . . 3.98 | 4,200 | Split off on sides; for most part parallel to the natural bed. I3
5 | Romona O¢!iticStoneCo. . . . . .| Romona ... ..... 4.20 | 11,200 | Failed in two pyramids; fine specimen. =]
6 | Bedford Ind.StoneCo . .. ... .| Bedford. . .. .. .. 4.18 | 4,800 | Faces not parallel; one side split off. Signs of pyramids. [X]
7 | Hunter Bros. Stone Co . . .. .. Bloomington ., . . . . 412 | 4,200 | Failed in two pyramids like specimens tested on natural bed.
8 | Chicago Bedford StoneCo . . . . . Bedtord . . .. . R 4.02 | 6,600 | Faces badly out of parallel; split off on high sides. g
9| Jno.B.Crafton . ......... Bloomington . . . . . . 445 | 3900 | Faces not parallel; split off on one side and corner.
10 | Crescent Stone Co . -« . .| Bloomington . . . 4.0t | 5700 | Faces not quite parallel; split off on one side. . i ]
11 | Indiana Steam Stone Works . . . .| Stinesville . . .. .. 4.12 | 2,800 | Faces not paralle]; one face showed tool marks; split off on one side. H
12 | Buff and Blue Stone Co . . . . . Bloomington . . . . . 410 | 4,100 | Split off on one side. B
13 | Bedford QuarriesCo . . . . . . .. Bedford . . .. .. . . 412 4,800 | Two fair pyramids. g
[o]
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III.  Table showing erushing strength, specific gravity and ratio of absorption of Indiana Oolitic limestone.

Number.
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G.K.Perry . o o o oo o .. Ellettsville, Ind. . . . . . 1?,;83
G.EK.Perry . . . - v v oo ... Eilettsville, Ind. . . . . . 12,625
Matthews Bros . . . .. .. .. Ellettsville, Ind. . . . . . 13,500
Indiana Steam Stone Works Stinesville, Ind . . . . . . { 2'2‘33
k)
Simpson & Archer. . . . . . . . 4 miles east of Spencer, Ind 7,500
Simpson & Archer. . . . .. .. 4 miles east of Spencer, Ind 8,750
Hunter Valley Stone Co. . . . .| Bloomington, Ind. . . . . { i'égg
*y

Hunter Bros. StoneCo . . . . . Bioomington, Ind. . . . . { 2’%88
CrescentStoneCo . . . .. . ., . Bloomington, Ind. . . . . { g';gg
Buff and Blue Stone Co. . . . . Bloomington, Ind. . . . . { 46"1)88
Crafton . . . ... ...... Bloomington,Ind. . . . . { g’é?g
Crafton . . .. ........|Bloomington,Ind. .. .. { g’ggg
Donn &Co . . ... ... ... Bloomington, Ind. . . . . 13.750
Romona O6litic Stone Co . . . . | Romona,Ind . . ... .. 1'17"2)88
Bedford, Indiana, Stone Co. . .| Bedford,Ind. . .. . . . . 4'288
The Chicago & Bedford Stone Co| Bedford, Ind . . . . . . . S.6n0
Bedford QuarriesCo . . . . . . Bedford, Ind . . . .. .. { 3'1888
Bedford Quarries Co . . . . . . Bedford, Ind . . . . ... 14,000
Chicago and Bedford Co . . . .| Bedford,Ind ... .. .. 11,750
Dark Hollow StoneCo . . . . . Bedford, Ind 6,525
Dunn&Co ... ... Bedford, Ind . . ... .. 6,500
Twin Creek Stone Co Salem, Ind . .. ... .. 3’3008
E.Zink&Son. . . .. ... .. Salem,Tad . ....... 8,623
8. M, Stockslager . . . . . ... Corydon, Ind P 10,250
................. Bowling Green, Ky . 3,000

No. of speci-
mens tested.

)
———t

)
——
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gravity.

Specific

248
2.47

2.51

Weight per
eubic foot.

152.4

142.2

1122

156.9

1537

146.6
155 0
154.4

Ratio of ab-
sorption

WHRERE TESTED OR AUTHORITY.

1-31
1-41
1-28
1-17
1-30
1-95

1-14
1-19
1-15
1-22
1-16
1-3300
1-43
1-39
1-23
1-31
1-15

1-28
19
1-24
1-31
1-22
1-27

Rose Polytechnic 1nstitute, Terre Haute, 1896,
Gen. Gilmore, Rep. No. 6, Board State House

Commissioners, 1879.
Gen Gilmore, Rep. No. 6, Board State House

Commissioners, 1879,
Rose Polytechnic Institute.

Gen. Gilmore, Rep. No. 6,
Commizsioners.

Gen. Gilmore, Rep. No. 6,
Commissioners.

Rose Poly.echnic Institute, 1896,
Rose Polyt2chnic Institute, 1896.
Rose Polytechnic Institute, 1896,
Rose Polytechnic Institute, 1896.
Rose Polytechnic Institute, 1896.

Rose Polytechnic Institute, 1886.
Gen. Gillmore.
Rose Polytechnic Inetitute.

Board State House
Board State House

Rose Polytechnic Institute.
Rose Polytechnic Institute.

Rose Polytechnic Institute,

Bedford Quarries Co. Circular.

Gen. Gilmore, Indiana Geological Report, 1878,
Gen. Gilmore, Rep. No 6, State House Com.
Gen. Giimore, Rep. No. 6, State House Com.

Rose Polytechnic Institute.

Gen. Qilmore, Rep. No.6, State House Com.
Gen, Gilmore, Rep. No. 6, State House Com.
Min. Res. U, S. 1889-90, p. 396.
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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 per-
son, 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. The 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 specimen. The 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
care of the operator in watching all the details of the test; and 9. The
accuracy of the machinery. The machines are not all calibrated 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.

The following results by Mr. Hatt will illustrate several of the above
points :

The relative crushing strength of Bedford limestone in prisms and cubes.*—
From an examination of the results of J. Bauschinger’s investiga-
tion of the effect which the shape of a specimen of stone has on its
crushing strength, a writer in the ‘ Digest of Physical Tests’’ for July,
1896, has stated that the strength of a stone prism, whose height is one
and one-half times its least lateral dimension, is only 929 that of a cube
of the same material. If the normal shearing angle for stone is 60°,
this conclusion seems reasonable.

There are here communicated tests on a number of specimens of Bed-
ford oélitic limestone, sawn to cubes (4" x 4" x 4”) and the prisms (4" x
4"x6"). 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 for one
month. Part of the series was tested when bedded in a thin layer of
plaster of Paris, and part tested directly in contact with the beds of the
machine, which was a Riehlé 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
evidencing the full strength of the stone.

* Presented to the Indiana Academy of Science, December, 1896, by W, K. Hatt.
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The average crushing strength of the 17 cubic specimens was............. 4326.7
The average crushing strength of the 14%prisms was.................. L...4436.4
Omitting 3 cubical specimens, the strength of the remaining 14is..... .... 4191
Omitting 3 of the prisms, the strength of the remaining 11is.............. 4305
For those tested with plaster bed the averageis.......................... 4239
For those tested without plaster bed the averageis.......................4359
For those tested December 17th the average is........................... 4385
For those tested before November 18th the averageis .................... 4274
The average of all specimensis ............ ... ... ... i 4381.5
The average with six omissionsis......... ...t 4248

In these tests of 31 specimens the six-inch prisms had, under all con-
ditions, a greater strength than the cubes of the same sectional area, and
the difference does not amount to three per cent.

The average angle of pyramid of fracture is 64.5 degrees. The re-
sults do not sustain the conclusion mentioned above as having been
stated in ‘“ Digest of Physical Tests.”’

Fire tests.—There seemed to be some doubt in regard to the heat-en-
during properties of the oélitic 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 different 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 uninjured up to and be-
yond 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 Odlitic Stone Co.’s Quarry, Romona; The Chi-
cago and Bedford Stone Co., Reed’s Station; The Bedford Indiana Stone
Co., Peerless; The Bedford Quarries Co., in the vicinity of Bedford ;
The Twin Creek Co., Twin Creek, northwest of Salem; The Buff and
Blue Odlitic Stone Co , and two localities on the property of the Crafton
Stone Co., south of Bloomington, and the quarry of the Indiana Steam
Stone Works, on Big Creek, West of Stinesville.

The specimens were first heated until lead melted on their top surface,
about 619° F., and cooled slowly in air—all specimens uninjured. Other
specimens heated to the same temperature were sprinkled with water and
then quenched in cold water—all uninjured.

The same experiment was tried with melting zinc, temperature about
777° F., with the same result—specimens all uninjured.
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The specimens were heated until cupric chloride (CuCL. ,) melted, tem-
perature about 928° F., and some were cooled in air and some sprinkled
and quenched in water. The specimens retained their form and were
uninjured except a discoloration very slight in some and pronounced in
others, due to the oxidation of the iron. Three specimens showed indi-
cations of lamination.

They were then heated until aluminum melted on the upper surface,
temperature about 1157° 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° 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 Cl, 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 oélitic 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 pub-
lished tests. While a few building stones will withstand a temperature
above the calcination point of lime uninjured, the greater number will be
destroyed at a temperature below that point.

Transverse strength and elasticity.—Mr. Johnson made a series of tests
on the transverse strength and elasticity of the oélitic limestone, a few of
the results of which are given helow * as the original source is not acces-
sible to all.

He tested specimens having approximately one inch cross-section 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 small fraction. '

AVERAGE RESULTS FROM EXPERIMENTS ON SAWED AND TOOL-
DRESSED SAMPLES OF OOLITIC LIMESTONE.

Load causing MopuLys oF
. rupture, 1 . .
in pounds. | Rupture. i Compression. } Elastieity.
Sawed .................. 130 2,338 12,675 ’ 4,889,480
Tool-dressed ............ 81 1,477 7,857 2,679,475
Ratio of tool-dressed to
sawed........... . ... 62 per cent. || 63 per cent. | 62 per cent. | 55 per cent.

“ Experiments upon the Strength and Elasticity of Building Stones, by Thos. H. John-
son, in the 11th Ann. Rep. Dept. Geol. and Nat. Hist. of Ind., 1881, pp. 34~42.
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For the tool dressed specimens the breaking loads varied between 40
and 110 pounds; for the sawed specimens, from 120 to 150. The modu-
lus of rupture for the tool-dressed specimens varied 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 hammering it in tool-dressing. Mr. Johnson also
noted that the strongest 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
difference in the results may be due to inherent qualities in the stone.

/ Chemical composition.—The accompanying table gives a recerd of all
the ‘analyses obtainable of the oélitic limestone from different localities.

/ The similarity is 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.

fThe 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 silicates, and
organic matter, averages less than one per cent., never as high as two
per cent., and only four running over one per cent.

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 unavoidable 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 country 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 de-
gired, only the purest marbles giving a higher percentage of lime car-
bonate. :

i
i




Chemical Analyses of Bedford

Odlitic Laimestone.
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1 | Bedford N Bedford, Indiana Stone Co .| 1896 | 98.27 | 84 | .64 A5 W. A. Noyes, Rose Polytechnic Inst.
2 | Bunter Valley. Hunter Bro.’s quarry. 1896 | 98.11( .92 .86 16 W. A.Noyes, Rose Polytechnic Inst.
3 | Romona . Romona Odlitic Stone Co 1896 | 97.90 | .65 | 1.26 18 W. A.Noyes, Rose Polytechnic Inst.
4 | Twin Creek Twin Creek Stone & Land Co | 1896 | 98.16 | .97 76| .15 W. A. Noyes, Rose Polytechnie Inst.
5 | Big Creek Indiana Steam Stone Works | . . . |93.80 | 401 | .15 | .64 109 L. H. Streaker, State University.
6 | Big Creek . Indiana Steam Stone Works ! . . 9307 | 4.22 50 71 1.19 L. H. Streaker, State Univerzity.
7 | Bedford Chicago and Bed. Stone Co . | 1878 | 96.60 | .27 50 98 40 61 Indiana Geological Rep., 1878, p. 95.
8 | Bedford . . ier Quarry, buff. . . . . . 9820 | .39 63 .39 PR R Bedford Quarries’ Co. Circular.
9 | Bedf. rd . .| Hoosier Quarry, blue . . . . 97.26 .37 | 1.69 49 Bedford Quarries’ Co. Circular.
10 | Four miles E.of Spencer | Simpson & Archer. . | 1878|9679 | 23| 70| 91 |.. 32| 4l Indiana Geological Rep., 1878, p. 94.
11 | Bloomingten . . . .. Dunn Qua’y, white | 1881 | 9562 | .89 | 1.74 | .23 | .(6 R 11 Indiana Geological Rep., 1881, p. 32,
12 | Bleomington . . . . .. Dunn & Dunn Quarry, blue | 1881 (9555 .93 | 1.60 .09 .09 42
13 | Bloomington . . . . .. Dunn & Co. . . . L 1878 54| 40 65 | 1.00 | . . 58 .25 Indiana Geological Rep., 1878, p. 95.
14 | Stinesville, . ... .. Monroe Marble Co, . . . . . 1862 | 95.00 | .22 90 | 3.0 83 .05 Ind. Geol. Rep., 1862, Owens, p 137.
15 [Salem .. ... .. Lo L 1886 [ 96.04( .72 1.13 | 1.06 B .10 Indiana Geological Rep., 1886, p. 144.
16 | Harrison Co. . . . Stockslager’s quarry . 1878 | 98.09 . - .| .31 8| .14 40 12 Indiana Geological Rep., 1878, p. 96.
Average . . . .. .l Lo oo 96.50 | 1.00 88 | .15 a7 29
17 | Hardin County, I11. Rosielare Oslitic limestone | 1882 [90.16| 318 | 2.72 | 1.06 15| . . .| Econ. Geol. of Ill., Vol. I, p. 318,
18 | Bowling Green, Ky L. 1889 | 95.31 | 112 | 1.42 | .39 1.76 | 100.00 | Min. Resources U. S., 1889-90, p. 395.
19 | Portland, Eng. . 9.16| 1.20 | 1.20 | 50 1.94 | 100.00 | Min. Resources U. 8., 1889-90, p. 395.
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Report of State Geologist, 1896, ' Prate XX,

SHOWING STRUCTURAL FEATURES OF THE OOLITIC LIMESTONE.

1. Bluff on Big Creek showing lamination and cross bedding brought out by weath-
ering.

2 Buff and Blue Oolitic Stone Co., Lot No.20, N. W. N, W.3 Sec.13, T.7N.,,R.2W,,
showing manner of weathering in oolitic stone along stream courses.

3 Terre Haute quarry. Part of joint face surface, showing gross regularity and minute
irregularity and cross bedding brought out by weathering.
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Durability of the oslitic limestone.—The Bedford oélitic limestone
ranks among the most durable building stones in the market, the proof of
its durability being found in (1) the appearance of the stone in the out-
crops; (2) in old buildings and monuments; and (3) the chemical and
physical tests.

The outerops of the oélitic limestone are in some places rounded prom-
inences projecting through the soil, in other places bold cliffs along the
watercourses. These cliffs sometimes show a large face of stone, remark-
ably regular and even, denoting a stone of great uniformity, Plates XXX
and XXXVIshow two of the largest and finest exposures to be found in
the entire area. As the 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 weakness. See
the upper weathered surface of the stone in Nos. 1 and 2 on plate XX,
and the views in plate XXI. Where the watercourse has its channel in
the oélitic 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. (See plate XX.) The number and the prominence
of the bluffs, the most conspicuous topographic features of the region,
indicate its greater durability in comparison with the overlying and under-
lying rocks.

As the odlitic stone field is a comparatively new one in its larger de-
velopment, 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 ex-
ception, so far as known, 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 Bedford 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, caused, presumably, by the
freezing of the wet stone, but in nearly every instance of this kind it is a
band of very coarse texture, of coarsely fossiliferous stone, that is shelly,
while the fine-grained stone, both above and below it, remains firm, It

21—GEOL.
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is said that some of the ground courses in bridge abutments have heen
known to scale and exfoliate. None such have been seen by the writer,
but his opportunity for observation in this line has not been extensive.

The 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 sub-
stances under ordinary conditions. In contact with acids, however, it is
one of the least atable, 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, unless it is in the immediate vicinity
of a large furnace or factory the injury from this cause is little to be
dreaded beyond the roughening and sometimes discoloration of the sur-
face. '

The numerous fissures, caves, open seams and corrugated surfaces 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 circulation of the sap or interstitial water ceases, its load
is deposited and many of the pores are closed.” The little water that falls
on the surface 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 dis-
solved by carbonic and sulphuric acids part is redeposited in the pores,
tending to make the surface more impervious. It might readily be in-
ferred, then, that it should not be used where it will be exposed t) the
action of acids. 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 croshing 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
stone remains intact, uninjured, 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 odlitic
stone, while 8o soft as to be so easily cut and carved into desired shape, is
at the same time so firm and elastic as to withstand the strains put upon
it either by its position in the structure or the strain of rapid changes in
temperature, makes the stone so valuable for building purposes. This is
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STRUCTURAL FEATURES OFiTHE OOLITIC LIMESTONE.

Hunter Valley quarry, showing corrugations and érregularity of the weathered
upper surface after removal of the soil.

A Big Creek quarry, showing excessive weathering along the joints,

Johnson quarry, showing regularity of the upper surface after the removal of the
soil.

A peculiar porous form of weathering.
In Perry’s quarry, showing cross bedding.

In Perry’s quarry, showing line of contact of the oolitic limestone with the over-
lying Mitchell limestone.
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due probably to its unique texture as already stated, in)which it differs
from other sandstones in having the grains cellular and porous in a fine
cement. It differs from other limestones in its granular character, con-
sisting of the yielding grains in the finer cement. And furthermore,
calcite itself is highly elastic, as shown in the action of many of our
marbles.

The Bedford oélitic limestone can unhesitatingly be recommended 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 caleination, in
which property it can be 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 the extrava-
gant, boastful and misleading statements made by some previous writers
on this subject, statements that are injurious because false. Such state-
ments as the following, by their very extravagance, defeat their object:
““Thig purity insures absolute integrity on exposure to the fumes of coal,
while the perfect elasticity and flexibility of the mass render it invulner-
able to the forces of cold and heat, air and moisture. Cliffs of this lime-
stone, 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 of years, it does
not display in a single instance a tendency to disintegrate or break down under
prolonged exposure.’”’

To say nothing about the above statements, one only need to look
at the accompanying photegraphs, or visit any of the outcrops, to
see the absurdity of such statements. Again the following awe-inspir-
ing statement has been quoted and requoted with an apparent confidence
that seemed to settle all doubts: ** When we consider to what awful and
prolonged frigidity of temperature this rock was exposed during the
Glacial age, without in the least affecting its integrity, we may safely
trust it in our buildings. Other limestones were cracked, shivered,
crushed under the compressions and expansions of the arctic period,
while this massive deposit was scarcely changed in any part of its great
body.” The ‘“awful and prolonged frigidity” of the Glacial age pre-
sumably never reached the main body of the odlitic limestone, at least
the glacier itself did not. It stopped near the north end of the oglitic re-
gion, probably because of the very opposite condition to frigidity, as the
best barrier against ice is heat, and likely the warm climate of this part
of Indiana stopped the glacier in the extreme northern part of Monroe
County or beyond by melting its southern end. Furthermore, the part
of the oolitic belt that the glacier passed over is not the part that contains
the best stone, and again the *‘ other limestones” in the glacial areas are
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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 truth in regard to the durability of the oélitic
stone is sufficient, and needs no embellishing.

Workability.—The Bedford oélitic limestone probably works as easily
and freely as any other building stone in the market, almost rivaling the
French Cen limestone in this respect. While the French stone is a little
gofter and more easily cut, it is said to be much less durable in a north-
ern climate. Like all freestones, the Bedford stone is much softer when
first quarried, hardening on exposure; 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 diffi-
cult to cut as siliceous rocks of equal strength; nor does it become as
hard as marble. The lack of grit or siliceous material thus renders the
channeling of the stone from the quarry, the sawing of the stone and the
cutting and carving of it not only possible, but enables it to be so
worked much more economically than almost any other building stone, a
gaving of both time and wear on the tools when compared with sand-
stones of equal strength, or granite, or even marble or more compact
limestone. Beides being easy to channel, cut or saw, it also splits as
readily as almost any other rock, where not locally cross-grained, split-
ting or breaking readily in any direction, excelling the average building
stone in this respect, thus adding to its value for ornamental work.
These properties enable it to be removed profitably from a massive bed
containing few seams, where a harder stone or one more difficult to work
could not be quarried with any profit.

Accessibility.—The Bedford oélitic 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 three running east and west, besides several branch
roads. The topographic features are such that almost every point of the
area can be reached by railways 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 larger
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 markets,
such as large cities or populous districts, or its distance from railroads or
otuer means of tramsportation, or because of its structural and strati-
graphical position. Thus an intrinsically good building stone in many
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of the Western States would not be accessible to Eastern markets, even
though it were on a railway, because of the excessive freight rates.
Throughout North Arkansas are valuable 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 Bedford otlitic limestone as noted, is not subject to any of these dif-
ficulties.
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CHAPTER III.

COMMERCIAL FEATURES OF THE BEDFORD OOLITIC LIMESTONE. METHODS
OF QUARRYING AND HANDLING THE OOLITIC LIMESTONE,

The earliest settlers did not use much of the odlitic limestone, because
of the difficulty in quarrying it. After its valuable properties were dis-
covered, it had some local usage, in which the stone was obtained by the
liberal uge of powder from the loose bowlders and outcropping ledges. It
is the almost universal practice among country masons, where the stone is to
be quarried by hand, to blast it from the ledges, and if the blocks or
bowlders are too large to handle, to break them with another charge of
powder. With the invention of the channeling machine and the open-
ing of the large quarries, the use of powder was discontinued, and at the
present no powder is used except for removing stripping. The noise of
the blast has given way to the clatter of the channeler.

Selecting a site for a quarry.—The primary object desired in all cases is
the greatest possible thickness of good stone with the least possible strip-
ping and the least possible amount of waste in the stone quarried. It gen-
erally costs as much per yard, sometimes more, to remove the waste stone
and stripping as it does the good stone. Hence the less there is of it the
less the expense proportionally. The ideal condition where there is no
stripping and no waste does not exist in the Indiana limestone belt, nor,
in fact, in any other region. The proportion of waste may be less in
places, but never wholly absent. Within certain limitations the amount
of stripping and the amount of waste in the bed are in inverse propor-
tion to each other. That is, where the stripping is very light, the
weathering agencies penetrate deeply along the joint planes, wasting much
of the rock, while a thick covering will protect the stone underneath.
This relation applies only to the waste due to weathering, and not that
due to the stylolite seams or the large fossils, both of which are inde-
pendent of the weathering or the amount of covering. It applies also to
stripping of the same kind of material, as a heavy thickness of soil is"
not so good a protection from the leaching agents as a much thinner
covering of less porous rock that would retard the access of acid-bearing
waters. The weathering agencies find ready access through the soil,
and the upper surface of the rock is then not only deeply weathered and
much corrugated, but the inequalities are all packed full of soil. Asa
rule, soil covering is more expensive to remove than rock covering.
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A’ledge in or near the bottom of a valley is more likely to have blue
stone than one near the top of the hill. Stone below or close to the
drainage level will in most cases be blue, and that above the drainage
level will, if not all buff, always have some buff stone, the quantity de-
pending upon the height above the drainage level and the thickness and
character of the covering and the texture of the rock itself. The quar-
ries on high ground will then, &s a rule, have more buff stone than those
on the hillsides or in the bottom of the valley.

The upper surface of the stone is liable to be more corrugated and
deeply weathered on a narrow ridge or pointed hill than on a broad flat
hill or gentle slope.

Then in selecting an opening, if one desires buff stone in the most
favorable locality, let him seek a place where it lies at or near the top of
the hill, where at least the greater part of it has a thin rock covering,
simply enough to prevent deep corrugation; a heavy rock covering
would not only be expensive to remove, but will prevent oxidation and
hence have some blue or mixed stone. If the hill is a low one, that is
if the valleys are shallow and the slopes gentle, the position is all the
more favorable. Many persons seem to think that the desirable condi-
tion is to have the stone outcrop at the surface wholly or nearly free
from covering, a mistake which many persons have discovered at great
loss, after opening a quarry at such a point to find the stone much disin-
tegrated and filled with large, irregular fissures.

A study of all the outerops in the vicinity and an examination of the
nearest quarry openings will often aid greatly in inferring the probable
conditions at any locality.

Testing the quarry.—Having made a careful study of the area and
selected what appears to be the most desirable location, it is advisable to
test the wisdom of the selection in the cheapest manver possible. The
points that one wants to know are:

1. The thickness of the bed.

2. How many stylolite (crowfeet) seams.

3. How much blue and how much buff.

-4. The texture of the stone, its homeogeneity and coarseness of fos-
gils.

5. How many joint seams and how much the rock has weathered
along them.

6. The thickness and character of the overlying material.

Some of these queries can be answered in part by a careful surface ex-
amination by one skilled in geology, but a complete answer requires
further investigation which may be done by core drilling, or by channel-
ing. It is not wise to go to a great expense such as stripping or chan-
neling over a large area and putting in expensive machinery until an
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opening has first been made through the bed, to prove the quality of it,
no difference how favorable the surface indications may be.

If the property is in a new locality, the most judicious method would
be first to make one or more openings with a core-drill, which may prove
the stone worthless from the number of stylolitic (crow-feet) seams, the
coarseness of texture or abundance of large fossils, abundance of pyrites
or other impurity. If the core shows good stone, the next step would
be to channel an opening through the bed. If this shows a sufficient
thickness of stone of good quality, with a not too large percentage of
waste, a branch railroad may be constructed to the quarry and sufficient
machinery put in to run it on the scale desired.

In some instances this procedure has been reversed at a loss to the
operators of many thousands of dollars for useless improvements. The
preliminary work is of course unnecessary if the quarry is a good one,
but experience has demonstrated that a quarry can not be worked profit-
ably at every point-in the oélitic limestone, and it is much cheaper to
prove the value of a Jocation on a small scale than on a large one.

Method of working the quarry.—Having found an extensive body of
good stone and made an opening, it then remains to remove the stone in
the most economical manner possible. Practically the same method is
employed throughout the district and one description applies to all the
quarries with but slight variation of detail. First, channels are cut
across the quarry with the channeling machine to a depth varying from
six to ten feet, standard sizes being six feet six inches, and ten feet, but
the depth may be governed by the size of the blocks desired and some-
times by a seam or change in color. The channels are sometimes cut
both ways, that is, two sets at right angles to each other, but frequently
if the face is not more than 30 or 40 feet long, the channels are only run
in one direction, and a single cut channeled across each end, so that the

"stone is free on all sides but the bottom. The channels are usually run

parallel or at right angles to the open clay seams. The cuts may be at -
varying distances apart, but are frequently the width of the channeling
machine so that two channels may be cut at once. Sometimes the track
is moved half its width and another channel cut between, the width
depending generally on the sized block wanted to fill the orders. The
first block is wedged or broken loose in the best way - possible, frequently
broken in the process, after the first block is removed the process is simple
and rarely any loss. Unless the quarry has one side open, as on the face
of a bluff, it is advisable to keep a central opening lower than the main
floor so that the dust from the chisels may be washed from channel cuts
during the process of channeling by running water.

After the stone is channeled free on all sides, a series of holes a few
inches in depth is drilled along the bottom and plugs and feathers or

simple wedges are inserted and driven in by the workmen striking them
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1. Hoosier quarry. Upper surface of the limestone after removal of the goil, showing
also method of channeling on the side hill to get a level floor.

onsolidated Stone Co., Quarry No. 1. abbling the stone on the car.

CHANNELING AND SCABBLING.
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successively until the strain becomes sufficient to crack or split the stone
free from the bed. A grappling hook is then attached to the derrick

" rope and hooked to the top of the loosened block by means of which it

is thrown over on its side. If it is a long block, too large to handle, it is
then marked off in the size of blocks desired, and along these lines a row
of shallow holes is put in with a steam drill, and by driving in wedges
the stone is readily split along the desired line. This is a quicker and
cheaper process than the cross-channeling. The block is then lifted by
the steam-power derrick and placed on the railway car where, if the
stone is to be shipped to distant points before working, it is scabbled
(that is, has all the bumps and projections trimmed off with the scabbling
tool, & heavy sharp-pointed pick) into regular rectangular blocks, mill
blocks (see plate XXII), or else the car is run to the mill and the rough
blocks sawed to the desired dimensions.

There is practically very little work done by hand in the quarries that can
be done by machinery. The loading of the spalls and waste into the dirt
boxes and the scabbling is about all that is done by hand in the quarry.
The stripping is sometimes done by hand. If the covering consists of
soil or dirt, it is removed as far as possible by dirt or road scrapers, but
where the upper surface of the stone is much corrugated or weathered
unevenly it can only be removed by hand. The most burdensome work
that is done by hand is the scabbling or squaring the blocks. It seems
strange that pneumatic power should not be used for this. Pneumatic
tools for scabbling and carving are used to considerable extent in some
localities, and one would think that they could be used to advantage here
where there is so much of the work to be done.

The only place that blasting is used is in removing rock stripping,
which is generally done in the winter season. It seems a little strange
that the Knox blasting has not been used, as the stone could be removed
in that way often with less expense. It is fortunate for the credit of the
stone that it has not been used, and it is to be hoped that it will not be.

Machinery used.—The machinery in a fully equipped quarry and mill
consists of steam channelers, steam drills, derricks, hoists, steam or electric
travelers, saw gangs and appliances, planers, jointers or headers, lathes and,
perhaps, a rock crusher, with a cost of many thousand dollars. The chan-
nelers or channeling machines are small locomotives that carry a gang of
steel chisels on one side of the engine—single channeler—or a gang of
chisels on each side—double channeler—and move back and forth on a
movable track of their own, striking with these chisels as they go, thus deep-
ening the channel at each trip. There are two types of channelers, one
in which the chisels are attached to the end of the piston and the force of
the steam is transmitted directly to the rock. In the other type, which
might be called the gravity machine, the drills are attached to a lever
which 1is raised by an eccentric attachment and the blow is given by the
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weight of the chisels as they drop on the stone, to be again lifted for
another blow. The Ingersoll and Sullivan channelers belong to the first
or direct-acting class, the Wardwell
and the Bryant to the second class.
The Wardwell is the oldest ma-
chine, the first one having been con-
structed by George J. Wardwell in
1863. It is simpler, cheaper and
more easily managed than the
direct-acting machines, which, com-
bined with the fact that it is older
and better known, is probably the
reason why more of them are used
in this locality than of the direct-
acting machine, which cuts faster
and closer to the wall than the other,
but costs more and is not so simple
in operation. The Bryan channeler

Fig. 5. The direct-acting steam channeler

in operation. belongs to the Wardwell type of

machines, one of the distinctions being that the chisels are at the rear end
in the Bryan and the forward end in the Wardwell.

The accompanying figure shows the Ingersoll channeler. The Ward-

well and others are shown in several of the illustrations. (See plates
XXII, XXXII and XXXIIL)

The steam drill most commonly used throughout the area is the Inger-
soll ““Baby Drill,”” see Fig. 6. Although electric and compressed air
drills are used in considerable numbers elsewhere, so far as known to the
writer none are used in the oélitic region. Compressed air is said to be
used for driving the drills and for other purposes at the large limestone
quarries of the Casparis Stone Company at Kenneth, in the north part
of the State; by A. B. Keeport & Co., Logansport, and in some of the
cement quarries in the southern part of the State. Itisa power that
seems to be growing in favor, and we expect to see it soon introduced
into the oolitic stone quarries. Hand drilling is rarely resorted to,
except in small local quarries.
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Fig. 6. Steam drill in operation.

Derricks and hoists.—Nearly all the stone is handled by large, heavy
capacity, steam-power derricks. The boom-lifting derricks are used
almost universally. They are built large and strong, with rarely less
than nine guy ropes of galvanized iron cable and 20 to 30 tons capacity.
Where properly located they have a reach over a circle 200 feet or more
in diameter. Frequently two or three or more derricks are operated by
one duplex steam hoist centrally located and operated by one man,
which appears to be a saving of both men and power over the plan of
having a separate hoist for each derrick. The working parts of a
complete derrick are all illustrated in the accompanying figures.
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Fig. 7. Sectional view of a boom-lifting derrick, showing the working parts.

Fig. 8. Top of derrick ready for the guy ropes.

Fig. 7 shows the derrick com-
plete, the rope at the top being
the boom rope, or the rope for
lifting the boom, that at the bot-
tom the hoisting rope, which lifts
the load, independent of the
boom. Fig. 8 shows the top of
the derrick in detail, ready for
the guy ropes. Fig. 9 shows a
power -hoist of 256 to 30 tons
capacity, with all the parts in
view. It is arranged with two
speeds, both fast and slow.
Many of the derricks, especially
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in the larger quarries, are fitted with a patent derrick turmer, the
details of which are shown in Fig. 10. Usually it requires a force of
several men to turn the derrick, and where the lift is from a deep hole
it necessitates a double crew or a waiting for the men to clamber from

The New Albany power Hoist, with fast and slow speeds.

il

J

'\U
I.W»

Fig. 10. The New Alba.ny (Lermond) déirick turner, showing method of operation.

the quarry ansi return. With the patent turner one man shifts the
boom to any desired point while the load is being lifted, necessitating
no loss of time or extra labor. After seeing one of these turners in
operation, one wonders why they are not used on all the derricks.
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Overhead travelers.—At all the large mills there are overhead travelers
running on a high trestlework in front of the mill, having a motion in
two directions, parallel to the face of the mill and at right angles to it.
These travelers, generally two at each large mill, lift the stone from the
railway car and transfer it to the planer or to the saw, and when finished
lift it again from the saw to the car or stack it up in the yard. These
travelers may be operated by electricity or steam power. The power
may be transmitted from the engine in the mill or it may come from a
small engine in the car of the traveler.

The overhead wire cableway that is used in the brownstone quarries at
Hummelstown, Pa.; at Belleville, N. J., and many other places, and
very common in the slate quarries of the east, is not used anywhere in
the odlitic region. It is not adapted to use in rectangular or irregular
quarries, but might be used with economy in those quarries that have a
considerable length of straight face, either along a bluff’ face or in long,
narrow, vertical openings. Their chief advantage over the derrick is
.where a long, narrow reach, rather than a circular one, is wanted, as in
long, deep quarries where the strata dip at high angles and the walls are
necessarily sloping, so that a vertical lift is not possible from all parts of
the quarry, conditions which do not exist in the odlitic area.

The stone mills are supplied with stone-planers, jointers or headers,
turning-lathes and gang-saws, the first two for smoothing the faces by
planing off the rough surface and making straightline moldings; the
jointers used for smoothing the surface of the joints in heavy ashlar
work ; the lathe is the same in principle as the wood or iron lathe used
for turning columns. The gang-saw consists of a number of iron blades
set in a large frame, generally a tubular iron framework, but sometimes
wood, which is given a to-and-fro motion by an eccentric connection with
the engines, one power sufficing for 8 or 12 gangs, the framework feed-
ing down automatically. The block of stone to be sawed is placed under
the gang of saws, sand and water are supplied on the top of the block,
the gang set in motion, and it cuts its way down through the block with-
_out any further attention than to keep it supplied with sand and water.
This may be done automatically by the sand pump, or the water alone
may be allowed to trickle from pipes supplied from a higher reservoir,
while the sand is supplied by a workman with a shovel. One man can
attend to a number of gangs. So far as observed throughout the region
sand is the only abrasive used. Chilled shot, crushed steel and other
abrasives frequently used elsewhere are not used here. Chilled shot hag
been tried several times by different parties, but they claim that even if
the stone is well washed with hose, still small particles of the steel will,
become imbedded in the stone, which, when stacked in the yard, rust,

and discolor large patches.
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DIAMOND SAW IN THE MILL OF THE ROMONA OOLITIC STONE COMPANY.
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The diamond saw.—The Romona Oglitic Stone Company, in their
mill at Romona, Ind., have a large diamond saw, consisting of a heavy
steel blade about 12 feet long and 12 inches deep, perforated with a num-
ber of holes. The lower edge is set with steel blocks about an inch
square and a little thicker than the blade. In the lower edge
of the steel blocks are a number of black diamonds that do the cutting.
No sand or other abrasive is used with this saw, the cutting being done
by the teeth. Water is used as with the gang saw. Plate XXIV givesa
view of the diamond saw with the mechanism as far as can be shown on
a photograph. ’

It is a very costly piece of machinery and expensive to keep in oper-
ation, owing to wear and loss of the diamonds. It cuts at the rate of
about 30 inches per hour, while the ordinary gang saw cuts from three to
four inches per hour. It makes a smoother surface than the gang saw,
but it is liable to bow and make a curved surface, owing to the diamonds
wearing more on one side than on the other. The chief value of the saw
is for trimming or squaring large blocks a foot or more in thickness. For
slabs ten inches or less the band saw is thought to be as cheap, and for
slabs three or four inches thick the band saw is probably cheaper, on ac-
count of the greater number of cuts made at one time.

The wire saw or cable channeler.—In the quarry of the Hallowell
Stone Co. in Dark Hollow, near Bedford, the wire saw is used for cutting
stone from the quarry, This system has been used extensively in
Europe, especially in Belgium, it is said, with success, but so far as known
to the writer, it has not been used in this country, except in the Vermont
marble quarries, where it is said to have been tried and abandoned, and
this one in the Dark Hollow quarries. The company refuses to say any-
thing about it, and it is not known whether or not there is any saving
over the channeling process. From what coeuld be learned in a visit to
the quarry, it did not appear to be a decided improvement, although with
a few changes that could easily be made, it might be used economically
in the large quarries, along with the channelers, using each in that part
of the quarry where it is best adapted.

It consists of an endless three-strand wire about one-quarter inch in di-
ameter, kept in motion by a steam engine and directed by pulleys across
the rock where it is desired to make the cut. The cutting is done with
sand, as with the band saws, the sand and water being fed on the wire
from sand boxes. At either end of the cut the wire rope passes over
movable pulleys that feed downward as the wire cuts its way into the
rock. The surface cut in this way is generally smoother than the chan-
nel face, but it is not always regular, as the cut tends to bow or curve in-
places where there is any inequality in the stone. The wire runs at a
speed of about 1,600 feet per minute, making one revolution in a minute.
The wire costs § cents per foot, and one wire, 1,600 feet in length, it is
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said, will make two cuts 30 feet long and 10 feet deep, before it is worn
out. The chief defect appears to be the loss of time from the unex-
pected breaking of the wires.

The core drill.—A. very important piece of machinery in exploring a
new area 18 the core drill, or diamond drill, but the two terms will
probably soon cease to be synonymeus. The diamond core drill, as
commonly used, consists of a heavy steel ring, the lower edge of which
is set with black diamonds. This is screwed on the end of a piece of iron
pipe and revolved rapidly by the drill power, which may be hand, horse,
steam, electricity or compressed air. As used in the odlitic stone district,
steam power is the most common. ‘

Mr. Harbaugh, of Bloomington, states that he dispenses with the dia-
mond drill bit and simply uses gas pipe alone by putting in some chilled
ghot at the bottom, which does the cutting. He says it drills as rapidly as
the diamond drill and is much less expensive, as in case of accident there
is no loss but the gas pipe. A core four inches in diameter is the one
commonly made, sometimes a smaller one where it is desired to ship by
express. A four-inch core not only shows more of the stone, but gives
sufficient material for tests of any kind. The cost is the same for a four-
inch core as for a smaller one, the common rate in 1896 being 81 to
$2.35 per foot, depending upon the amount to be done. The maximum
rate of cutting is ten inches per minute or 65 feet per day. The average
is about 15 feet per day. :

Uses and adaptability of the odlitic limestone.—The bulk of the entire
output of all the quarries is used for building stone, for facings, trim-
mings, ornamentations or foundations. There is a considerable quan-
tity used for monuments, headstones and bases for headstones. One
company ships the waste to Chicago for use as flux in the iron furnaces.
Another has crushed large quantities of the stone and used it for bal-
lasting the Belt Railroad, now one of the best ballasted roads in the
State. The ballast has been carried out a foot or so beyond the end of
the ties, and the top layer is of finely ground stone, which has hardened,
giving a clean, dustless, solid roadbed. Small quantities of the quarry
waste have been used at different places within the last year or two for
broken stone for the wagon roads. At several places kilns have been
erected for burning lime, but all appear to have fallen into disuse except
those at Salem and one-at Romona. There is an old abandoned kiln in
Bloomington near the old University building, one at Ellettsville, two
southwest of Bedford and three south of Bedford along the Monon Rail-
way. The kiln at Romona is said to have burned considerable lime, but
was not in operation in July, 1896; later in the fall it was again in op-
eration. The kilns at Salem are the most extensive in the oblitic dis-
triet, there being five kilns which are said to have been in operation for




THE BEDFORD OOLITIC LIMESTONE. 337

many years. Three of the kilns were idle in July, 1896, whether tem-
porarily or not is not known.” The company refused to give any informa-
tion regarding the lime product. Hence no figures are available in re-
gard to the quantity of lime burnt, the prices or the uses. Wood, coal
and oil have all been tried for fuel. In the summer of 1896 they were
using wood.

To see the great quantity of waste rock on the dump piles about the
quarries one wonders why more of it is not burnt into lime, and no
satisfaction could be obtained to that query when put to the quarrymen.
One said it did not make good lime. Another that the lime was too hot,
and some had not thought of it, did not know it bad ever been tried, or
would make lime at all. One only needs to look at the table of analyses
on page 320 to see that it would make a fat or rich lime, but that should
not be a serious objection, as for many purposes a rich lime is preferred
to any other. The reason that more of it has not been burnt may be
due to & number of causes: 1. Freight rates, the cost of bringing in
the coal and shipping the lime. 2. A prejudice in the local markets
against rich lime. 3. Want of a large market, as they are situated in
the midst of the Mississippi Valley, with large deposits of limestone on
all sides. 4. The lack of some enterprising person to push the business
into prominence, as all the stone dealers are interested in the sale of
building stone and not lime. The last is probably the most important
reason.

The oélitic limestone is best adapted to building purposes, and the

bulk of it will always be used for such. It ranks among the best build-

ing stones because of the extensive deposit, the ease with which it can be
quarried and worked into shape, combined with its great durability and
light colo». These combine to adapt it to all classes of building,
whether rock face, sawed, or tool-dressed face work, plain trimmings,
highly carved work, foundations, bridge piers, the heaviest or the most
delicate masonry. There is probably not another stone in the markets so
well adapted to carved work and so suitable for ornamental cut stone,
where richness of color is not essential. It can never rank with the finer
marbles, serpentines, etc., where rich coloring is desirable or for purely
ornamental purposes, but for decorative carving on the fronts or exterior
of buildings, or in larger monumental work it is peculiarly fitted. Prob-
ably the stone which most nearly approaches it in this property is the
Caen stone from France, which is a softer stone and can be cut or carved
more easily, but it is much lighter, more porous and will not stand the
rigors of a cold climate like the Bedford stone.

Some of the accompanying illustrations (Plate XXV, and Figs. 11 and
12°*) show its adaptability to carving for monumental purposes. Large

*The cuts for Figs. 11 and 12 were kindly furnished by Mr. John Naugle, Salem, Ind.

22—GEOL.
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quantities have been used

in this way, both locally

and throughoutthe United

States, It may beseen in-
nearly all the stone and

marble yards in Pennsyl:
vania, New Yerk and New

Jersey, as well as those-
throughout the Mississippi’
Valley States. In the

cemeteries at Bedford, Sa-

Jem and Bloomington, In-

diana, there are a great

many monuments of hand-

somely carved work, one

of the largest and hand-

somest being the stonecut-

ters’ monument in the new

cemetery at Bedford. .

The stone has also been
used for rustic gateways,"
hitching posts, rustic
chairs, lawn settees qn_(i'
stone animals, and for dec-
orative fireplaces.

It is to be hoped that it
will have a more extended
use on the wagon roads’of
the region in which it oc-
curs. While it is not an
ideal stone for macadam,
it is the best in the region-
where it occurs, because
it is most abundant and
most accessible. The waste

" of thequarries is admirably
suited to this purpose, and
could easily be -di

ily accessible ‘to most of
the wiagonroads. “It'could"
be crushed in a large
crusher at the quarry and
work. ) distributed as crushed

' .1 Carved from & small single piece of Bedford
odlitio limestone, showing its adaptability to carved
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stone, or shipped out in the rough blocks as it comes from the quarry,
and crushed by a portable crusher moved from place to place.

Fig.12.—Carved from Bedford o¢litic limestone, showing its adaptability to fine carving.

The stone makes an excellent bottom for roads, but not the best top
dressing, as it grinds to powder under the wheels too readily, makes a
light dust and a blinding glare on a bright, sunny day. One is strongly
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impressed with this blinding strain on the eyes in traveling through Mon-
roe or Lawrence Counties by the great feeling of relief experienced by
the eyes when he turns from the white stone road to the yellow-brown
dirt roads, especially on a hot summer day. There is a partial com-
pensation for this white glare by the greater ease with which the road
can be followed at night.

It can be improved by a thin top dressing of gravel where it can be
obtained, or of the geodic quartz so abundant through the region, crushed
fine. The top dressing should be thin enough to permit some of the
underlying limestone material to work up through it where it will act as
a cement and will in the course of time form a hard, smooth surface. A
thin coating of siliceous gravel will be found to be profitable, even
though it should be necessary to ship it from another part of the State.

The oélitic stone in sawed slabs makes good curbing and flagging. It
is sufficiently hard to stand the wear of foot traffic and its granular
texture prevents its wearing smooth and becoming slippery in wet
weather as marble or compact limestone will do. As the stone is easily
sawn into regular slabs, it makes a more even, regular pavement than
the natural flagstone, and a more comforable one to walk over.

See Appendix B, at the end of this paper, for list of buildings con-
structed of Bedford oélitic limestone.

Transportation facilities.*—Closely identified with, and a potent factor
in, the development of the oélitic stone industry are the railways. The
New Albany & Salem Railroad (now L., N. A. & C. Ry.), was extended
to Bedford in 1852, and through Monroe County in 1854. This road, of
course, has been the great means of introducing the Bedford oélitic lime-
stone to the trade. Through Washington, Lawrence and Monroe coun-
ties, during the construction of the road, many quarries were opened ad-
jacent to the point where the stone was needed. But when the road was
extended still farther toward Chicago, the superficial covering of glacial
drift was so deep that exposures of stone were few and far between. The
company’s quarry, located near the water tank, two miles south of Stines-
ville, furnished stone for the heavy masonry for the northern division of
the line. This road, through its branches, reaches all but ten of the
active quarries in the belt.

In 1870 the Indianapolis & Vincennes Railway was built through Owen
County, opening up several quarries in the Romona district.

In 1876 the Bedford & Bloomfield (narrow gauge) Railroad (now
Bloomfield Branch, 1., N. A. & C. Ry.), was built. This road opened
the productive Dark Hollow, Reed Station and Buff Ridge distriets. In
1895 the road was changed to standard gauge, which has still further in-
creased its usefulness.

*The data for the greater part of the remainder of this chapter was furnished by Mr.
Siebenthal.




Report of State Geologist, 1896. Prate XXVI.

STONE TRAIN ON THE BELT RAILWAY LADEN WITH SCABBLED BLOCKS OF OOLITIC LIMESTONE.
) Railway track ballasted with oolitic limestone waste from the quarries.
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The Ohio & Mississippi (now B. & O. 8. W.) Railway, built & branch
from Riverdale on White River to the Tanyard Creek quarries in 1890,
which was soon afterward extended to Bedford.

The Bedford Belt Railway was built in 1892-3 by the Bedford Quarry
Company. When that company was succeeded by the Bedford Quarries
Company, the Belt was organized as a separate property under the title
Bedford Belt Railway Company. It has connection with many of the
larger quarries and with all the railways entering Bedford, and has con-
tributed in no little degree to the development of the stone interests of
Lawrence County. '

COST OF TRANSPORTATION.

Freight rates- per 100 pounds of Oélitic Limestone from Bedford, Ind., to

Chicago ............. 11 cents. Detroit......... ....12 cents.
St. Louis ............ 10 cents. Milwaukee ......... 124 cents.
Kansas City ......... 21 ceuts. Pittsburgh.......... 18 cents.
Louisville ........... 5 cents. Philadelphia ....... 26 cents.
Cincinnati........... 6 cents. New York.......... .28 cents.
Cleveland ........... 15 cents. Boston ............. 30 cents.
New Orleans......... 21 cents. Buffalo............. 18 cents.
Atlanta ............. 21 cents. Chattanooga ........ 19 cents.

Prices of odlitic limestone.*—Before 1877 no channelers were in use
in the o¢litic belt, and as a consequence the stone coming from the quar-
ries just as it was blasted out was marketed in very rough blocks, unless
scabbled to special dimensions. About 1866, James Needham, operating
the Salem quarries, sold rough quarry or mill blocks at 25 cents per
cubic foot, f. 0. b. at quarry. At the same time the Ellettsville quarries
were gelling at 35 cents per cubic foot for similar blocks and 45 cents per
cubic foot for scabbled blocks in small dimensions. Scabbled blocks of
large or unusual dimensions ranged up to $1 per cubic foot. The stone
which went into the Illinois State House was billed at $1.

For sawed ashlar (sawed on two sides) the price was from 60 cents to
80 cents, and for stone sawed on four sides, 90 cents to $1.10. These
prices prevailed up to 1872-3.

In 1873 the Marion County court-house was constructed at 30 cents
per cubic foot for mill blocks f. 0. b. at quarry, and this price prevailed
without much variation up to 1877.

In 1878 the Indiana State Capitol was contracted at 25 cents per
cubic foot.

In 1881 the prices were: Mill blocks, 25 cents per cubic foot; scab-
bled dimension stone, 30 to 35 cents; sawed, two sides, 55 cents; four
sides, 75 cents.

*The data concerning prices was furnished by Mr. Siebenthal through the kindness of
Maj. Perry, of Bloomington.




342 REPORT OF STATE GEOLOGIST.

By 1891 prices had gradually declined pari passw with improved
quarry methods and machinery until mill blocks were worth 20 cents,
dimension blocks 25 to 30 cents; sawed, two sides, 35 cents; four sides,
50 cents.

These prices by general agreement were maintained until October,
1895, since which time each quarry has fixed its own prices.

Prices to-day are: Mill blocks, 11 te 20 cents; dimension blocks,
20 to 25 cents; sawed, two sides, 28 to 35 cents; four sides, 43 to 50
cents.

The [ndiana O¢litic Stone Association was organized March 5, 1895,
for the advancement of the mutual interests of the odlitic limestone
quarrymen, and, among other things, to establish a uniform scale of
prices. The association continued in existence about a year, but in Oc-
tober, 1895, by the withdrawalof several of the larger firms, the estab-
lished scale of prices was demolished, as noted above.

The Indiana odlitic quarrymen generally have been members of the
Ohio Valley Quarrymen’s Association, The Chicago Quarryman’s and
Cut Stone Contractors’ Association. The latter association has held
prices up in Chicago, and a similar organization in New York city has
held prices up there also.




STATISTICS OF THE BEDFORD OULITIC LIMESTONE PRODUCTION IN INDIANA FOR THE YEARS 1835 AND 18%.
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1 | Cubic feet of stone producedin 1895 . . . . . . . . ... .. ... ..., 1,295,000 1,812,716 3,020,591 [. . .. ... 6,138,307
2 | Cubic feet of stone produced in 1896 . . . . . . . . .. . . . . oL, 67 ,000 1,343,926 3,438,656 | . . . . . .. 5, 455,082
3 | Value of stone produced in 1895 . . . . . . .« . . .o et it Lot e . $311,875 $120,487 1,4 $19,430* $1,5:
4 | Value of stone producedin189%6 . . . ... .. ... .... ... ...... ... $165,6! 294, $725,883 $23,417* 31,209 632
5 | Capital invested in 1896 . . . . . . . . . . L. o0 oo e e e e $197,700 $458,400 $1,337,000 826,500 82,319,600
6 | Number of men employedinl8% . . . . . . .. . .. .o o L 473 424 825 62 84
7 | Number of men employedin1896. . . . . . .. ... ... . L0 0L 315 374 787 60 1,536
8 | Number of quarrieg in cperationrecently . . . . . . .. . ... ... ... ... 12 15 21 .o 48
9 | Number of channeling machines in operation. . . . . . . . ... ... .. ... 19 39 8L 136
10 | Number of channeling machinesidle . . . .. ... ... ... ... ..., 11 7 mj....... 29
11 | Number of steam drills in operation . . . .. . . .. .. .o oL .. 15 15 4 ... .. 74
12 | Number of steam drillsidle . . .. ... ... . 0 ... oo 4 3 51. .00 12
13 | Number of derricks in operation . . 24 29 49 1 103
14 | Number of derricksidle . ... .. 6 3 8 ... .. .. 17
15 | Number of derrick turners in use 3 10 24|, ... .. 37
18 | Number of planers and jointers 6 3 16 4 29
17 | Number of saw gangs in operatio 322 32 68 11 143
18 | Number of saw gangs idle .. | 91, ... ... 18
19 | Number of steam and eleotric travelers .................... 4 3 12 1 20
20 | Number of latbes in operation - . . ... ... .o oL oo oa 40....... 6. ...... 10
21 | Number of limekilns in recent operation . . . . . . 1(...... 5 ...« .. 6
22 | Number of abandoned limekilns . . .. .. ... .. 2 2 5 ....... 9

And one wire saw or cable. *And one diamond saw.
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STATISTICS OF OOLITIC LIMESTONE QUARRIES.¥

|
i
i

= = = = = ™ o ™
P
] as |z ﬂ; 8= &% | 3= = ;E
wm o =
5 |BE(55| 8% |83 83|23 2% |s%
= Y= e | B | B8 |G
LOGATION. 8 |B|BYIEE | gE|BE | £E O3
EOLEOJE |8 |y | 5| a5 2E| 2
3 g |8 |§ = |® |8 |8 |Es3
° =] = - o Py o > L4
13 = = = = = =2 - Z
Bedford . ..... e $267,159 | 846 | 41 ’sz 79 81 90 81 58 |§1 22 [0 91 | 10
Bloomington .. ... ... .. 41,451 | 116 4240|168 3 10 | 100 10
Sanders . ... ... ...... 19,371 | 103 2395016215 12| 75| 10
Ellettsville .. . .. ... .. 2,164 | 75 275135 [132[100]. 10
Stinesville . « + + v v .\ .. .. 53425 | 132 | 5|293|200 150 |112| 75| 10
Romona « . . .. ...u.uu. 35,750 | 159 | 3/333 /200 15313 ] 75| 10
Total . . . . ......-.. $443,320 (1,431 55 | .. g

*From Indiana Bureau of Statistics, Bulletin No.7.

Statements showing location of stone quarries, capital invested, value
of stone quarried, men employed :*
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Location. 5| s=| Z2& Kind of stone. stone. 5 g |gE
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Bedford . . . .| 11 | 1,710 |$1,370,800 | Buff, blue, brown '
N odlitic limestone! Buildings . . .|10,513 | $694,012 | 9.4
Bloomington. .| 5| 223| 111,000 o " Building, monu-
ments,etec . . .| 2,185 68,700 | 8.6
Sanders . .. .| 3 185 220,000 i “ “ “ 740 37,200 | 8.3
Ellettsville , .| 2 80 75,000 u“ “ ¢ ¢ 736 81,568 |10
Stinesville . . .| 4 357 208,000 “ e “ “ - 1,712 140,410 [10.5
Romona .. ..| 3 122 158,000 “ “ “ “ 1,127 89,060 | 8.6
Total. . . .| 28 |2,677 [$2,142,800 | . . . . . . . . . ..« o 17,013 |$1,110,950
*The Indiana Bureau of Statistics, 1896, Bulletin No. 7,
Machinery in use in the odlitic limestone guarries in 1891 :*
Steam channelers.... ... ... .. ittt e e 78
Steam drills. ......... ...... e e e e e et 54
BaW GaNgS .ot e e e 57
Derricks ....coov i e e .. 74
Overhead travelers ............ e e 12

®*Compiled from 17th Annual Report State Geologist of Indiana,



List of the Bedford Qdlitic Limestone Quarries, giving the name of the quarry, the location, the date opened, the years operated
and the companies operating the same.

ROMONA DISTRICT.

Eagle Quarry. . . . . . o v v e s v v e I0N,3W,sec.3,NE, .., ....... 1855 .. ... “Eagle Stone Werks,”” Rockwell & Co., Romona, Ind.
Lilly Quarry . . . . . . . . .o oo 10N,3W,sec.3,8SE. .. ....... 1890-1897 . . . Olite Quarry Co., Indianapolis, Ind.
KerslerQuarry. . . . . o+ v v v v v v s o o n . 0N,3W,sec.3,SE. ......... 1874-1885 . . . Gosport Stone and Lime Co., Romona, Ind.
. 1885-1897 . . . Romona Oglitic Stone Co., Indianapolis, Ind.
Bienert Quarry. . ... .... ... ..... 1I0N,3W,sec. 100NW., . . . .. . 1870-1896 . . White River Stone and Lime Co., Simpson & Archer,
Spencer.
1896-1897 . . . Keever Stone Co., Columbus, O.
Bladen Quarry. . . . . . . . .. ... ... 10N,3W,sec.10,SW ., .. ... .. 1876(?). . . . B, R.Bladen, Romona, Ind.
Railroad Quarry . . . . .« v o v v v v v 0. 10N,3 W, sec.10,S W [ £ (| R I. & V.Ry. Co., .
State House Quarry . . . . ... .. ...... 10N,3W,sec.22, NENW ..., .. 1878-1879 . . . Kannamaker & Denig, Indianapolis, Ind..

STINESVILLE DISTRICT.

North Bedord Quarry . . . . . ... ... ... W0N,2W,se¢c I,SENW ... . .. 1889-1897 . . . North Bedford Stone Co. (In receiver’s hands.)
BigCreek Quarry . . . . .o oo v vt v ... 10N,2W,sec. 17, NWSW . ... .. 1854-1868 . . . Biddle, Watts & Co., Pittsburgh, Pa.
1889-1895 . . Big Creek Stone Co., Stinesville.
1895-1897 . . Indiana Steam Stone Works, Bloomington.
01d Terre Haute Quarry. . . . . . . .. .. .. I0N,2W,sec. 17, SWSE. .. .... 1880-188(?) . . Corner & Davis, Stinesville, Ind.
188(2)-1892 . . Terre Haute Stone Works, Terre Haute, Ind (Lyne &
Chadwick).
1892-1897 . . . OGlite Quarry Co., Indianapolis, Ind.
Walden Quarry . ... ............. I0N,2W,cec. 17, NWSE. .. .... 18%0 . . ... Wicklif Walden, Stinesville, Ind.
John McHenry Quarry. . . . .. ... ... .. I0N,2W,sec. 17, SESW., ... ... 1880 . . . . . John MeHenry, Stinesville, Ind.
GriswoldQuaarry. .. . . . ... . ... ... 10N,2W,sec.20, NWNE ...... 1880-1890 . . . Chas. Eppinghausen, Stinesville, Ind.
1890-1897 . . . Indiana Oglitic Limestone Co., Chicago, Ill.
Malone & Pickel Quarry. . . .. ... .. ... I0N,2W,sec.20,SWNE....... 1889-1895 . . . Stinesville and Bloomington Stone Co., Stinesville.
1895-1897 . . . Stinesville Stone Co., Chicago.
Ellettsville Quarry. . . . . . . ... ... .. 10N,2W,sec. 20,SWNE. . .. ... 1891-1897 . . Ellettsville Stone Co., Ellettsville, Ind.
Terre Haute Quarry . . . . . . . . ... .. .. I0N,2W,sec.2, NENW . ... .. 188(?,-1892 . . Terre Haute Stone Works, Terre Hau'e, Ind.
1892-1897 . . . Odlite Quarry Ce., Indianapolis, Ind.

Railroad Quarry . . . ... ... .. .. ... I0N,2W,sec.20,SESE .. ..... 1853-1856 . . . New Albany & Sa'em Railroad.
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List of the Bedford Odlitic Limestone Quarries—Continued.

ELLETTSVILLE DISTRICT.

Preacher’s Quarry . . . . . . . .. v« 0 0o .. 1I0N,2W,sec. 28, NWSW ., ,.... 1872-1875 . .
- Matthews’ Lower Quarry . . . . . ... .. .. I0N,2W,ec. 26, NWSE ...... 18721875 . .
Kelley’s Quarry . . . v v v v v v v v v o o 0 o & 10N,2W,sec.28, SWSE., ...... 1872-1875 . .
Kostenbader’sQuarry . . . . .« . . -« .. .. IN,2W,sec.3, NENW. ... ... 1864-1875 . .
Perry’s Old Quarry . . . . . . . .. . ... IN,2W,sec.3, SENW....... 1866-187(?) .
Matthews’ Upper Quarry . . . . . . .. .. «. IN,2W,sec.3, NESW....... 1862~1897 . .
HightQuarry . . . .« « ..o v v v v v v v v 9N,2W,sec.3,SESW .. ..... 1869-137(2) .
187(7)-1897 .

Perry’s New Quarry « « « « « v v o v v v v v 0w 9N,2W,sec.3,SWSE ....... 187(?)-1895 .

Perry’e No.3Quarry .. . . .« . v v o v v v v 9N,2W,sec.3, SESE. . ... ... 18961897 .

HUNTER VALLEY DISTRICT.

’

Hunter Quarry (Consolidated No.2) . ... .. 9N,1W,sec.30, SWNE &N WS E 1890-189 . .

1896-1897 . .
Johnson Quarry . . . .« - . . .00 o e e IN,1W,sec.20,NE. .. ...... 1892-1897 . .
Norton Quarry (Consolidated No,1) . . ... 9N,1W,gec. 30, NESE. . . .., .. 1892-1895 . .

1835-1897 . .
Crescent Quarry . . . . « . « v v v v v v v v v s IN,1W,50¢c.29, NWSW ., ., ..., 1893-1897 . .
BtarQuarry . . . - . ¢ 0 e v e e e e . IN,1W,sec.29 NWNW...... 1895-1897 . .
Huanter Bros.,” Quarry . . . . . . . .+« .. .. 9N,1W,sec. 30, NENE. . .. ... 1895-1897 . .
Hunter Valley Quarry.. - - . . .. .« v . .. IN,1W,s8ec.29, SWNW . ... .. 1835-1897 . .

BLOOMINGTON DISTRICT.

Bloomington Oglitic Stone Co., Quarry. . . . . City of Bloomington . . . . .. .. .. 1889-1895 . .
1895-1897 . .
........ City of Bloomington . . . . . ... ., 1891-1897. .

Central Quarry. . . . ... ..

. Cornelius, Ellettsville, Ind.

. John Matthews & Sons, Ellettsville, Ind.

. C. F. Kelly & Perry Bros., Ellettsville, Ind.
. John Kostenbader & Co., Ellettsville, Ind,
. Perry Bros., Bloomington, Ind.

. Matthews Bros., Ellettsville, Ind.

. Sharp & Hight, Ellettsville, Ind.

. Matthews Bros., Ellettsville, Ind.

. G. K. Perry, Bloomington, Ind.

. . G.K.,Perry, Bloomington, Ind.

. Morton C. Hunter Stone Co., Bloomington, Ind.
Consolidated Stone Co., Chicago.

. Chicago & Bloomington Stone Co., Bloomington, Ind,

. Norton Stone Co., Bloomington, Ind.

. Consolidated Stone Co., Chicago.

. Perry, Matthews & Perry, Bloomington, Ind.
. Star Stone Co., Bloomington, Ind.

. Hunter Bros.’ Stone Co., Bloomington, Ind.
. Hunter Valley Stone Co., Bloomington, Ind.

. Bloomington O¢litic Stone Co., Bloomington, Ind.
. Henley Stone Co., Bloomington, Ind.
. Central O¢litic Stone Co , Bloomington, Ind.

978
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SANDERS DISTRICT.

Reed’s Oclitic Quarry . . . . o . o« v v v ... 8N,1W,sec.33, N WSE ... .  1888-1897. .
Adams’ Quarry . . . . v ¢« v e vt e .o 8N,1W,zec.33, NESW ., . .. 1889-1897 . .
Reed’s Bedford Quarry . . « ¢ v v oo v v .- . 8N,1W,sec.33,NESE. .., ... 1891-1897 .
Empire Quarry. . . . . .. o oo e e e 8N,1W,sec.33, SENW ... .. 1892-1897 . .
Tomlinson QUATTY . « « o « v o o v o o o o o v s 8N,1W, sec.33, SESE. ... ... 1892-1897 . .
B.&B.QUAITY . v v v v e v v e v v e e e e 8N,1W,zec. 28, SES W, .., . .. 1893-1896 . .
i 1896-1897 . .
Mathers’ Quarry . . . . .« v v v v e v b0 o u 8N,1W,sec.33, NENE. .. .... 1895-1896 . .
1896-1897 . .

CLEAR CREEK DISTRICT.

Cleveland Quarry . . . ... .. e e e TN,1W,se0.20,SENW ... . . 1886-1886. .
1886-1897 . .

Buff and Blue Oglitic StoneCo. . . . . . ... Bleomington . . . . . . .. ... .. ..

Crafton Stone Co. . . . . . .. . ... ..... Bloomington . . . . ... ... ... ...

PEERLESS DISTRICT.

PeerlessQuarry . . . . ... . ... ... ... 6N,1W,sec.26,SENW ., ...... 1890-1897 . .
....... 1895-1897 . .

Thornton QuUarry. - « « « « v v v v v v v s e o 6N,1W,sec.38, NENE

BUFF RIDGE DISTRICT.
P.M.&BQuarry .. ........

..... 6N,1W,sec.33, SWNE.......1809-1897. .
Hoosier No.2Quarry. . . . . .. ... .. ... 6N,1W,sec.33, SENE ... .. .. 1885-1892 . .
1892-1894 . .
1894-1897 . .
Buff RidgeQuarry. . . . . .. .. .. ..... 6N,1W,sec.33, NWSE. ...... 1891-1892 . .
1892-1894 . .
1894-1897 . .
O6litieQuarry . . . . . . . .. . o 6N,1W,zgec.32, SESE........ 1885-1892 . .
1892-7894 . .
1894-1897 . .

. Oblitic Stone Co., of Indiana, Bedford, Ind.

. Monroe County Odlitic Stone Co., Bloomington, Ind.
. Bedford Quarry Co., Bedford, Ind.

. Empire Stone Co., Bloomington, Ind.

. John Tomlinson & Son, Chicago.

. Bloomington-Bedford Stone Co., Chicago.

. Acme-Bedford Stone Co., Chicago.

. Mathers Stone Co., Bloomington, Ind.

. Henry Woollery, Bloomington, Ind.

. R. F. McKinley, et al., Bedford, Ind.
. Cleveland Stone Co., Cleveland, Ohio.

Have no quarries in operation, but own much land
along Clear Creek valley.

. Peerless Stone Co., Bedford, Ind.

Bedford Steam Stone Works, Bedford, Ind.

. Perry, Matthews & Buskirk, Bedford, Ind.
. Hoosier Stone Co., Bedford, Ind.

. Bedford Stone Quarries Co., Bedford, Ind.
. Bedford Quarries Co., Chicago, I11.

. Hoosier Stone Co., Bedford, Ind.

. Bedford Stone Quarries Co., Bedford, Ind.
. Bedford Quarries Co., Chicago, Tll.

. Bedford Oolitic Stone Co., Bedford, Ind.

. Bedford Stone Quarries Co., Bedfcrd, Ind.
. Bedford Quarries Co., Chicago, IlI.
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List of the Bedford Odlitic Limestone Quarries—Continued.

BUFF RIDGE DISTRICT—Continued.

Brickyard Quarry . . .. . . o o000, 6N,1W,sec.33, SW SW.......1884("-1887
1887-1892 .
1892-1894 ., .
1894-1897 . .

™

Hoosier QUarry. . « « v « v v o v v v v v s 4o 6N,1W,8ec.33,8W . ........ 1883-1892 . .

1892-1894 . .

1894-1897 . .
Reed’sQuarry . . . . v v v v v v o v v o o a0 s 5N,1W,sec.5 NE. .. ....... 1882-1897 . .
Bedford, Indiana, Quarry . . . . . . . . .« .. 5N, 1W,sec.5,SENE. . ... ... 1885-1891 . .
1891-1892 . .
1892-1894 . .
1894-1897 . .

DARK HOLLOW DISTRICT.

Dark Hollow Quarry. . . « v v v v v v v v 0w 5N,1W,sec.8, NWNE....... 1872-1890 . .

1890-1894 . .
1894-1897 . .
Consolidated Quarry No.4. . . . .. ... ... 5N, 1W,sec.5,SWSE........ 1895-1897 . .

Congolidated Quarry No.5. . . . . . ... ... 5N,1W,sec.5, NWSW ....... 1896-1897 . .
Hallowell Quarry . . « ¢ ¢ vt o v ¢ e v v v v 5N,1W,cec.5,SESW. ....... 1878-1882. .
1882-1897 . .
Thornton Quarry, . . . . .. C e e e e e 5N.1W,sec.5, NESW .......1886-1893, .
Baalbec Quarry . ... . ... e e e e e e 5N,1W,gec.9,SE. ......... 879 . . .
1890-1894 . .

SPIDER CREEK DISTRICT.

Gowan or Limekiln Quarry . . . . .. ... .. 5N,1W,sec. 28, NENE ...... 1891-1897 . .
C.8.Norton Quarry . . . . . .. v v v v v v v 5N,1W,sec.22, NWNE .,.....1888-18%.
1895-1897 . .

West Bedford Quarry . .« . .. 0o i v .o u 5N,1W,sec. 2, NENE , ., ... .1892-1897

. Bedford Odlitic Stone Co., Bedford, Ind.

. Bedfor 1 Stone Quarries Co., Bed ord, Ind.
. Bedford Qurries Co., Chicago, Ill.

. Hoosier Stone Co., Bedford, Ind.

. Bedford Stone Quarries Co., Badford, Ind.
. Bedford Quarries Co., Chicago, T11.

. Bedford Quarry Co., Bedford, Ind.

. Crim, Duncan & Co., Bedford, Ind.

. Indiana Stone Co., Bedford, Ind.

. Bedford Stone Co., Bedford, Ind.

. Bedford Indiana Stone Co , Indianap>lis, Ind.

. Dark Hollow Stone Co., Bedford, Ind.

. Dark Hollow Quarry Co.. Bedford, Ind.

. Consolidated Stone Co., Chicago, Iil.

. Consolidated Stone Co., Chicago, 111,

. Consolidated Stone Co., Chicago, I11,

. Hinsdale-Doyle Granite Co., Chicago, Ill.
. Hallowell Stone Co., New York.

. Bedford Steam Stone Works, Bedferd, Ind.
. Wilson, Dunn & Co., Bedford. Ind.

. Operated by Acme-Bedford Stone Co., Chicago, Ill.

. Bedford Building Stone Co., Bedford, Ind.
. Cosner & Norton, Bedford, Ind.

. C. 8. Norton Blue Stone Co., Bedford, Ind.
. « . West Bedford Stone Co., Bedford, Ind.

»
>
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BEDFORD AND VICINITY.

Standard QUarry . . . ¢t . v e e e e e o 5N,1W,8ec.1,SWNW ., ..., 1893-1897 . . . Standard Stone Co., Bedford, Ind,
Salem-Bedford Quarry .« » « « « + « « o s 2. . BN, 1W,5ec. 12, SWNW ., .., .1892-1897. . . Salem-Bedford Stone Co., Louisviile, Ky.
Brown QUarry . . . . v o e a v e s e e e a0 5N,1W,sec.12, NESW , .. ... 1890-1897 . . . Podenschatz-Bedford Stone Co., Chicago.
Blue Hole QUarry . « « v v o o v s s v v 0 o o s 5N,1W,s5ec.13,SESW ..., ..1852)-1878. . Nathan Hall & Davis Harrison, Bcdford, Ind,
1878-186(7) . . Hinsdale Doyle Granite Co.
188(2)-1897 . . Chicago & Bedford Stone Co., Bedford, Ind.
BenzelsQuarry .. .. .. 0.0 0o oL 5N, 1 W see. 2, NENW ., ..., 1890-1897 . . . Bedford Blue Stone Co.,, Chicago.
Glover’s QUAITY . « . v « v o v o v v o v s ... 5N, 1W,8ec.23, SESW. . ,.... 185(?)-. . . . John Glover, Bedford, Ind.
Johnscn Quarry . . . . . . i e e ... 5N,1W,sec.23, NESW ., ....... -187(?) . . D. Johnson, Bedford, Ind.
ComtBQUATTY .+ v v v v v v e e e v e e e 5N,1W,sec.25,SWSW ., . ..... -187(9)
Heltonville QUarry . « « . .« v v v o e v o v o 6N,1E,sec.25,SEof NW .., .. 1890-1897 . . . Heltonville Oolitic Stone Co., Evznsville, Ind.
Mitchell Hollow Quarry. . « « v o « + v v o o s 5N,1E,s6c.30, SWSW _..... 1890-1892 . . . Tanyard Stone Co., Bedford, Ird.
’ 1892-1893 . . , Bedford Stone Co., Bedford, Ind.
Tanyard QUArTY . « o v v v o v v v v o o .o« 5N, 1E,8ec.3,8SW ... ..., .. 1890-1892 . . . Tanyard Creek Stone Co., Ckicrgo.

1892-1895 . . . White River Stone Co., Chicago.
1895-1897 . . . Bedford Sterling Stone Co., Chicago.

ROCK LICK DISTRICT.

"INOLSAWIT OLLITQO d¥odddd HHIL

Big Four Quarry . . .. ... v v i v v v 4N,1E,sec.30, SENW ...... 1889-1889 . . . Big Four Stone Co., Mitchell, Ind.
Leeds, Chanler & Storrs Quarry . . .. .. .. 4N,1E,sec. 30, SWNE .......1890-18% . . . Leeds, Chanler & S!orrs, Chicago.
SALEM. )
Salem QUETTY . ¢ . o & v i i ottt e e e e e e e s e e e e e e e e e e e e e .+ . Salem-Bedford Stcne Co., Louisville, Ky.
Twin Creek QUATTY . - ¢ v v v v v i o i et e b e et et s e e et e e e e e e e e e e Twin Creek Stone and Land Co.
INDIANAPOLIS.

The following have mills cnly:
J. C.Schmid & Sons, 329 Bates Street, Uses stone from the Peerless, the P., M, & B. and G. K. Perry’s quarries.
G.Illenbach & Co., 150 Harrison Street.

Kiink & Matthews, Kentucky Avenue and White River. Stone frcm the P., M. & B. quarry.
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The records show that many ether companies were incorporated in the
years 1890 and 1891, which exist only in name, which have no holdings of
real estate, yet which have kept up theirorganization. Some of these were
bona fide companies intending to do a quarry business, but headed off by
the business depression ; others were for speculative purposes pure and
simple; still others were organized to take advantage of a lax law gov-
erning the incorporation of companies, and to preémpt, or copyright, as
it were, certain felicitous combinations of the words ‘‘ Bedford” and
<QOélitic” limestone. :

Among these were the Bedford Limestone Co., Auditorium Bedford
Stone Co , United States Stone Co., Bedford Stone Co., Central Bedford
Stone Co., Indiana Iamestone Co., Bedford Stone Mill Co., and Union
Stone Co. Of these the United States Stone Co. owns lands lying three-
quarters of a mile northeast of the Bodenschatz and Salem-Bedford quar-
ries, and expects to open a quarry next season. The Bedford Stone Mill
Co. above must not be confounded with the Bedford Stone Mill Co. which
was organized in 1895, and which operates the fine new mill near the
crossing of the L., N. A. & C. Ry. and E. & R. Ry.

CHAPTER I1I.

LOCAL FEATPRES OF THE BEDFORD OOLITIC LIMESTONE AND DESCRIP-
TION OF THE QUARRIES.*

T. C. H. AND C. E. 8.

ROMONA AND VICINITY.

The quarries at Romona are the most northern ones in the oélitic stone
belt, occurring near the northern limit of the odlite, as shown on the ac-
companying map. Romona is on the north branch of the White River,
on the Indianapolis & Vincennes division of the Pennsylvania Railroad.
There is one quarry operating extensively, another on a smaller scale,
and several abandoned ones.

*Mr, Siebenthal is responsible for the historical part of this chapter, Mr, Hopkins for the
descriptive part. .
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The Romona Qolitic Stone Co.’s quarry.—The quarry belonging to the
~] Romona  Odlitic
= Stone  Company
was opened by
the Gosport Stone
and Lime Compa-
ny about 1868,

thie |
Odlive Qizarry Co.

NG and has been oper-
N et oam x ated by the pres-
T Romona Oslitic (4 . .

(O Stone Co. i 3 ent company since

1885. It worksa
. greater thickness

MaAP of stone than any

of the other quarry in
the odlitic region,
having nine chan-
nel cuts, not less

Vincenngs

Keever
Stone Co,

Sec 4

| Romona District I

&

ScA
-e than 60 feet of
5 5 Lo wse  |gound stone ex-
Yards

clnsive of the

Fig.13.—Showing location of the Romona quarries. StriPPing-

The stripping varies from zero at one end to 30 or 40 feet at the other,
and consists of soil six to eight feet, a hard, semi-o¢litic, stylolitic lime-
stone 20 to 25 feet and a compact argillaceous limestone three to five feet.
The upper 40 feet of the quarry are buff and the bottom 20 feet blue;
but, as in other quarries, the line between the blue and buff is not regu-
lar, the blue increasing in thickness toward the west where the covering
is thicker. The blue stone is said to be underlain by a few feet of hard,
gray, siliceous limestone, underlain in turn by a light cream colored fos-
giliferous limestone, as shown in a drilling in the bottom of the quarry.

The stone is coarser grained than most of the stone in the Blooming-
ton-Bedford region, also more crystalline and less odlitic. It is about
the same in hardness and ease of working as the finer grained, but from
the fact of its coarse grain it is not so much sought after for building
stone, and a larger proportion of it is used for bridge work and heavy
magonry. :

There are a few east-west joint seams but no cross (north-south) seams
were observed. In some places, as may be seen on the accompanying
illustration, the rock has weathered along these seams, forming consider-
able openings. Fortnnately there are not many such, so that the waste
from this cause is not great. There are numerous bedding seams in the
hard rock overlying the odlitic, but in the quarry rock only two stylolite
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(crowfeet) seams were observed, and these were near the bottom. The
stone is cross-grained in a few places, the cross-grain dipping north in
nearly all cases.

CHEMICAL ANALYSIS OF THE ROMONA OOLITIC LIMESTONE.*

. Per Cent.
Lime (CaO) ..o e 54.82

Lime carbonate (CaCO,) ......cocoivvi i oin ... 97.90
Magnesia (MgO).......ooviiii i 31

Magnesia carbonate (MgCO,;).......cocovvviiniiinn, .65
Ferric oxide and alumina .................. ... .. ... .18
Carbon dioxide (CO,) . ..ot 43.49
Insoluble residue (SiQ,, ete.) .......ooiiin ool 1.26
Total ... 100.06
Specific gravity. ........... i 2.48

Sample for analysis dried at 135 C.

CRUSHING TESTS OF ROMONA OOLITIC LIMESTONE.T

No. 1. 6,800 pounds per square inch broke with 2 good pyramids.
No. 2. 6,400 pounds per square inch broke with 2 good pyramids.
No. 3. 7,800 pounds per square inch broke with 2 good pyramids.
No. 4. 11,200 pounds per square inch broke with 2 good pyramids.
Absorption 1-39 or 2.59 per cent.

No. 4 was said to be on edge, which is commonly supposed to be a much
weaker position for the stone. The probable reason for its greater strength is that
it was quarried in 1895 and hence much better seasoned than the other specimens,
which were quarried in 1896, but a few months or weeks before they were tested.

The quarry is close to the Indianapolis & Vincennes Railroad and has
a branch from the quarry and the mill to that road. The quarry is well
equipped with channelers, steam drills, derricks, steam hoists and a well-
furnished mill. The mill contains saw-gangs, planers, jointers and dia-
mond saw for cutting and working the stone, and two overhead travelers
for handling it. There are also a large number of stonecutters at work
finishing the stone by hand.

The accompanying illustrations, Plate XXVII and Fig. 14, represent

_different parts of the Romona quarry, showing the thickness of the stone,
the amount of stripping and the vertical weather seams. ,

The diamond saw used here is the only one in the oélitic region. It
is said to cut at the rate of about 33 inches per hour, sometimes as high
as 40 and sometimes as low as 20 incbes, while the ordinary band-saw
cuts at the rate of three or four inches per hour. It leaves a smooth and
more regular surface, but the saw is liable to bow and make a curved

* Made by Prof. W. A. Noyes, Rose Polytechnic Institute, Terre Haute.
1 Made by Prof. M. A. Howe, Terre Haute.
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surface. Its chief advantage over the common band-saw is in trimming
or dressing blocks; where the stone is to be sawed in slabs, ten inches or
less in thickness, the band-saw is used.

Fig.14.—Center view looking west in the quarry of the Romona Oélitic Stone Company
Romona, Ind.

The company states that for cutting into slabs less than 10 inches thick
the band-saw is possibly a little cheaper, but where the stone is cut a
foot or more in thickness the diamond saw is cheaper, hence the advan-
tage of having one in a large mill along with the gangsaws. The ma-
chine is very expensive, and the expense in keeping it running is in
replacing the teeth that wear out and drop out. By close watch and
occasional turning, the teeth may be made to do good work longer than
they otherwise would. It would seem that the chief advantage of a saw
of this kind is in cutting or trimming large slabs or blocks, and that the
work could be more economically done in a large mill by having one for
this use, while the slabbing is done by band-saws.

In a Connecticut mill, where a similar saw is used, it is called a stone-
cutter, in distinction from the band-saw or slabber. It leaves a surface
nearly as smooth as a sand-rubbed face.

The stone from this quarry is nearly all used for bridges and heavy
masonry, a comparatively small percentage of it being used in buildings.

23—GEoL.
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As it does not have quite so fine a texture, it will not take such fine
carving nor give as smooth a surface as the finer grained stome. It
makes as strong and durable a stone as the other, and when the fashion
changes will look as well in rock face or tooled surface for building pur-
poses. It would look well in combination with the finer grained stone,
by using the coarser grained for facing and the finer for trimming.

The Lilly quarry.—The Lilly quarry, which lies just across the narrow
valley about 250 yards northeast of the Romona quarry, was opened by
the O¢litic Quarry Company in 1830 and the mill was added in 1892.
It has not been in operation during the past year, but the mill and most
of the machinery remain, and it may be again operated on the revival
of business.

It has switch connection with the Indianapolis & Vincennes Railroad,
over which the stone has been shipped. The quarry is less favorably
located than the Romona quarry, across the hollow. It is much lower
than the railroad, which crosses the valley on a high trestle, and the
company has been at the expense of constructing a long branch running
through under the railroad and making switch connection with the road
about a quarter of a mile further east on the south side.

The thickness of workable stone is less and the stripping greater than
in the other quarry. The present quarry face shows (1) a thickness of
nearly 10 feet of sand and soil, partly glacial deposit; (2) eight to ten
feet of hard, compact, thinly stratified, shelly limestone; (3) 15 to 18
feet of light colored hard odlitic limestone, with numerous toe-nail seams,
gome on each channel cut; evidently the greater part if not all of this
part of the bed has been waste material ; (4) five or six feet of compact
argillaceous limestone ; (5) 20 to 30 feet of oblitic stone, the commercial
part of the bed. There is a conspicuous stylolitic seam at the top of the
odblitic stone, separating it from the overlying argillaceous limestone.
There was only one horizontal seam observed in the face of the quarry
stone, and that is an open seam near the middle of the face. There are
very few vertical seams, and these not running to any great depth, so
that there is very little waste in the quarry bed itself, the expense being
in the heavy stripping.

The stone does not differ greatly in texture from that in the Romona
quarry, being comparatively uniform, coarse grained, crystalline and
fossiliferous. Both bufl and blue stone occur, there being apparently a
greater proportion of the blue to the buff than in the Romona quarry.
The cross grain nearly all dips to the north. The product for 1894 is
said to have been used for curbing and bridge piers, and bridge work
altogether in 1895.

The Bienert quarry.—The Bienert quarry, which is a half mile or more
southwest of the Romona station and a hundred yards west of the rail-
way (the Indianapolis & Vincennes Railroad), with which it has switch
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connection, was opened by the White River Stone and Lime Company
(Simpson & Archer) in 1870. A limekiln was erected and both lime
and dimension stone were furnished for a number of years; a rock
crusher was added later, but the business has not flourished for several
years, and was sold last year (1896) at Sheriff’s sale to the Keever Stone
Company, of Columbus, O., who have begun active operations.

The limekiln was not in operation in the early part of the year, but
was later in the summer.

With a good quality of dimension stone, and the limekiln and rock
‘crusher to use all the waste stone and stripping, the business ought to be
profitable.

The crushed stone has been used partly for railway ballast and partly
for pikes and is said to have been shipped in considerable quantities. If
this crushed stone and lime have paid for their removal it has been a profi-
table undertaking, as the top stone has by this means been removed over
an area of an acre er more, leaving the odlitic stone bare for channeling.
Dimension stone has been removed from part of the area, having been
channeled three cuts deep about 21 feet. There is a stylolitic (toe-nail )
seam through the upper cut, the other two being free from such seams.
There are a very few vertical seams.

This part of the stone that has been quarried appears to correspond to
the overlying stone in the upper Romona quarries that has been thrown
in the waste almost entirely there. If this is the case the bed corre-
sponding to the quarry bed at the upper quarry has not been touched yet
at the Bienert quarry. A workman at the quarry stated that a core-drill
had been put down, showing three feet of ‘‘soapstone,” the argillaceous
limestone and 25 or 30 feet of good oélitic stone below the bottom of the
present quarry floor. If this be the case, there is certainly a large
quantity of stone here that can be removed very cheaply.

The Keystone quarry.—Along the I. & V. R. R., about midway be-
tween Gosport and Romona, is an old quarry that is said to have been
abandoned about six years ago, and is known as the Keystone Quarry.
The stone is not o6litic and appears to underlie the oolitic stone, ag farther
down the railway the oélitic stone is observed with a southwest dip whieh,
if continuous, would bring it some distance above the horizon of the
stone in the Keystone Quarry. It is not known to the writer for what
the stone was used or how many years the quarry was operated.

The Old State House quarry.— About two and a half miles east of
Spencer, on the Denkewalter place, is an old quarry known as the State
House Quarry, as it furnished a considerable part of the stone for the
State House in Indianapolis; most of the basement story of the State
House is said to have come from this quarry. When the quarry was in
operation there was a branch railway to the I. & V. R. R. on the north
side of White River. An ice jam one spring, about 12 years ago, tore
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away the bridge crossing White River and it was not rebuilt (it is said to
have been built temporarily to remove the machinery), and the quarry
was abandoned.

The quarry is on the south side of a small creek from the southeast.
The opening covers an area of about 256x50 yards, 35 to 40 feet deep,
having in some places six channel cuts, in some places only two. The
bottom of the quarry is covered with water so that the character of the
stone is not discernible. Above the water there are four stylolite (toe-
nail) seams. There are several joint seams running east and west, but
no north-south ones were observed.

The stone in many respects resembles that in the Romona quarries,
but is more cross-grained and quite hard on the exposed surface. Much
of the stone is comspicuously cross-grained, the false bedding dipping
west 25° at the bottom of the quarry and east at the top of the quarry.
All the exposed faces are much darker than the fresh stone, but none of
the quarry faces are disintegrating.

There is a layer of compact, smooth-grained limestone overlying the
odlitic limestone having a maximum thickness of about 10 feet, overlain
in turn by one to two feet of soil.

There are some bold outcrops of the oélitic stone along the creek at
and near the quarry, some perpendicular and overhanging bluffs 30 to
40 feet high; the stone in some places massive, in some places stratified,
frequently shelly and exfoliating for a few feet above the water.

While there is much good stone at this locality, there would necessarily
be much waste in quarrying it, and the present prices of stone and the
active competition there is in the trade would not justify the expenditure
necessary to rebuild the bridge across the White River.

STINESVILLE—BIG CREEK DISTRICT.

O¢litic limestone has been quarried in varying quantities at Stinesville
and vicinity for many years. There are different quarries in the vicinity,
but only two were in active operation during the year 1896, and one of
them closed late in the summer.

The stone in nearly all the quarries is of good quality, and large quan-
tities of first-class building stone have been shipped from this vicinity ;
but in nearly all the openings the stone has weathered deeply, causing
much waste in the quarries. The exceedingly low price of stone and
the active competition in the trade have placed these quarries at a disad-
vantage with others having less waste and a greater thickness of stone.
Many of the quarries that are now idle will, no doubt, reopen when the
stone trade revives, as the stone is of good quality when selected with
care.
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Probablv the ﬁrst to open a quarry in the neighborhood of Stines-
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Fig.15.—Showing the location of the quarrles in the vicinity of
Stinesville.

lower bridge over Bean Blossom Creek.

Though enjoying an excellent reputation at home, for many years
after the opening of the first quarries the odlitic limestone was compar-
atively unknown outside the counties in which it occurs.

But with the completion of the New Albany & Balem Railroad (now
L., N. A. & C. R. R.), in 18b4, the stone assumed commercial import-
ance. On the 31st of December, 1853, Edward M. Watts and William
M. Biddle, of Pennsylvania, purchased twenty acres of land on Big
Creek about three-quarters of a mile west of Stinesville. On the 26th
of June, 1854, they purchased an additional twenty acres adjoining the
first purchase. Here, as soon as tools and machinery could be shipped
from Pittsburgh, they opened a quarry and prepared to do business on
what was then considered a large scale. A substantial steam stone mill
of six gangs, rocker-shaft pattern, was erected, and in 1855 they were
prepared to furnish both rough and sawed stone to the trade.

The stone was blasted from the ledge in large blocks; these blocks
were loaded on heavy wagons, or swung under others which had rear
wheels of twelve feet diameter, and hauled by three ox teams to the
mill. When cut into the desired dimensions they were loaded on the
wagons again and hauled a mile over a rough road to Stinesville to the
New Albany & Salem Railroad. The stone was marketed under the
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name of White River Stone and enjoyed a good sale, principally in Lou-
isville, New Albany and Jeffersonville. But their methods were crude
and the work slow. It is said that a single shot broke off from an over-
hanging ledge enough rough stone to supply the mill two years. The heavy
expense attendant on shipping the stone ate up the profits, so work lan-
guished and the quarry was finally abandoned in 1868. Biddle and
Watts did not give the business their personal attention, but operations
were in charge of John Matthews, an English quarryman, who had
lately come from the Dean Marble Quarry, near Madison, Ind., then
the most noted quarry in the State. During its later years the Biddle &
Watts quarry was in charge of Captain John Love, one of the firm.

The Chicago and Stinesville Stone Company was organized in 1889,
but the name was later changed to the Big Creek Stone Company by
order of the Court. This company purchased the Captain Love quarry
and land, the machinery having been previously sold, and constructed a
switch five miles long to the I. & V. R. R., joining it two miles west of
Gosport. A steam mill with two saw gangs was erected about 75 yards
down the creek from the site of the old Biddle & Watts mill. A good
business was done by the new company until August, 1893, when the
cancellation of orders, which succeeded the financial panic, forced the
company to close down and go inte the hands of a receiver. The com-
pany was reorganized in February, 1895, under the title, ¢ Indiana Steam
Stone Works.”” The new company made a new opening opposite the site
of the old Biddle & Watts quarry. The work of exploitation was car-
ried forward rapidly and quite a large amount of stone was gotten ont
that year. Very little has been done the current year, but next year
the company expect to remodel the mill, put in four new saw-gangs and
operate the quarry to its fullest capacity.

The Big Creek quarry is the one farthest south. It contains the lightest
colored stone of any observed in the oélitic region. While the fresh stone
is light colored, it becomes even lighter on exposure, as there is a marked
percentage of organic matter that evaporates on exposure. The stone
has a close, uniform texture, except in a few places where the fossils
make it irregular. The greatest defect is the stylolite (crowfeet) seams,
which are sufficiently abundant to cause a great deal of waste, some of
the black points running to a depth of six inches or more. Not only do
the points from the seam extend deep, but the seams are not always
parallel, sometimes running up or down a foot or more from the general
level. The weathered stone at the top is very fossiliferous, and some
layers through the body of the rock contain a great many fossils.

The northernmost opening of the Big Creek quarry, the one near the
Big Creek mill, shows a heavy bed of stone of good quality but much
weathered. Irregular weathered fissures, a foot to three feet wide, have
formed along the,vertical seams and a few horizontal seams appear near
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the base. See figure 2, Plate XX for view of the face of this quarry. The
water in the opening conceals the bottom of the stone, so that the thick-
ness of the bed is not shown. There are six channel cuts extending
about 40 feet above the water, which is said to be 16 feet deep, thus giv-
ing a total thickness of between 50 and 60 feet. In the bottom layer
exposed, the sixth from the top, is a layer of laminated clayey limestone,
five or six feet thick. The stone immediately overlying this compact
stone is very fossiliferous, containing large brachiopods and cephalopods.
The part immediately underlying the clayey layer appears more compact
and composed largely of bryozoa.

There are no stylolitic (crowfeet) seams except near the top, where
there are two about a foot apart, the greatest waste being along the ver-
tical seams.

Below is given the results of chemical and physical tests made of sam-
ples of the stone from Big Creek quarries, furnished by the Indiana Steam
Stone Works.

ANALYSIS OF OOLITIC LIMESTONE FROM BIG CREEK QUARRIES.

Analysis based upon material dried at 100° Centigrade.

No. 1. No. 2.
Per Cent. Per Cent.
Calcium oxide, CaQ ............. .. ..ol 52.53 1 52.12
Magnesium oxide, MgO............................ 2.10 2.21
Ferric oxide, Fe,O5 ...t 0.64 0.71
Silica, SiO . ..ovou it 0.15 0.50
Carbon dioxide, CO, ..vvn it 43.49 43.27
Water, alkalies, etc., traces, not determined......... 1.09 1.19
100.00 100.00

L. A. STREAKER, Analyst.
Rort. E. Lyons.

No. 1 is from the interior of the bed, No. 2 from the upper harder
layers. The lime in No. 1 is equivalent to 93.80 per cent., lime car-
bonate in No. 2 to 93.07 per cent.

CRUSHING TESTS OF OOLITIC LIMESTONE FROM THE BIG CREEK QUARRIES.

No. 1. 6,600 Ibs. per square inch, broke with two fair pyramids.

No. 2. 4,100 Ibs. per square inch, specimen imperfect, faces not par-
allel. .

No. 3. 6,200 Ibs. per square inch, specimen imperfect, faces not par-
allel.

No. 4. 2,800 lbs. per square inch, specimen imperfect, faces not par-

’ allel, split off on one side, crushed on edge.

Absorption 1-17 or 5.75 per cent, (For fire tests see page 317,)
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The North Bedford Stone Company was organized in 1889 and opened a
quarry on Big Creek, about a quarter of a mile north of the Indiona
Steam Stone Works, on the Big Creek branch of the . & V. R. R. A
substantial mill was erected, with five gangs of saws, and a good business
was done until the panic of 1893, when the Company went into the hands
of a receiver, Hon. Smiley Chambers, of Indianapolis, acting in that
capacity. .

At the mill of the North Bedford Company is an opening where a
small quantity of stone has been removed. The character of the stone
is similar to that in the next larger opening north of the mill, except
that it has weathered much deeper.

In the opening north of the mill, the most eastern or northern one on
Big Creek, the stone is overlain by a heavy bed of glacial material, 21
to 25 feet, the bottom of which consists of a dove-colored clay, contain-
ing many pipes of iron ore, the upper part composed of sand and peb-
bles. The odlitic stone is dark gray and buff to yellow in color, with
some cross-bedding. Some layers are fossiliferous, eontaining large fos-
sils, which, in places, have leached out, giving the stone a cavernous or
pitted appearance. The bottom of the opening is concealed by water,
and the total thickness of the bed cannot be seen from the opening.

All of the quarries on Big Creek are on a branch from the Indianapolis
& Vincennes R. R., which crosses White River and connects with the
main line a short distance below Gosport. While much good stone has
been removed from the quarries and much remains, there is much
more waste stone to be handled than in other more favored localities.

The Terre Huaute quarry.—Cosner & Davis, about 1880, opened a
quarry north of the forks of the county road, a half a mile west of
Stinesville, and later sold it to Lyne, Chadwick and others comprising
the Terre Haute Stone Works Co., who operated it in connection with a
mill in Terre Haute. A large amount of stone was taken out here, all of
which had to be hauled to the railway. An attempt to put in a switch
connection with the L., N. A, & C. R. R. resulted in litigation, and be-
fore it was decided in their favor the company concluded to open up at
the present site of the Terre Haute Quarry, one-half mile southeast of
Stinesville. Switch connection was made with the L., N. A. & C., and
a mill built at Stinesville. Both quarries and mill were purchased in
1892 by William Lilly & Co., operating under the title of Odlitic Quarry
Co., the same company owning one of the quarries at Romona. In the
quarry southeast of Stinesville the stone varies in different parts of the
opening from two to four channel cuts deep (13 to 25 feet). It is over-
lain on the east side by from two to three feet of compact limestone, but
elsewhere is overlain by soil only, and the upper surface is weathered
very unevenly. There are a few crowfeet seams and a number of verti-
cal ones, the east-west ones being most numerous. There is considerable
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cross-bedding in places on the quarry face, and while there is consider-
able waste in working this quarry, there has been a great deal of good
stone quarried.

The opening in the old Terre Haute quarry, about half a mile west of
town, is about 120 x 250 feet and 25 to 30 feet deep. There is no
switch to the quarry, and the stone was hauled by oxen to Stinesville and
loaded for shipment. There are numerous east-west seams, but no north-
south ones were observed. The north face of the quarry is a joint seam,
which, while regular in its general direction, has a much roughened sur-
face, much ridged and marked, showing considerable cross-grain and lack
of uniformity (see No. 3, in plate XX). The texture for the most part is
coarse and fossiliferous. The bryozoa predominate among the fossils, but
there are many gastropods, brachiopods and a few trilobites. The fossils
are abundant throughout all the rock examined, but in a few places the
larger forms are segregated more than elsewhere. While this stone
would make a fairly good and durable building stone, it is not adapted to
carved work or smooth dressing, and is not the kind most in demand at
present. ]

Other quarries were opened up about the Old Terre Haute quarry,
though none of them had railway connection and consequently did little
quarrying. Limekilns were operated in connection with some of these,
but lime made from the oélitic limestone, while white and pure, did not,
apparently, find a ready market.

The Griswold quarry.—One of the largest and best equipped quarries
in the district is that known as the Griswold quarry, located about a
quarter of a mile southwest of the Stinesville station on the Monon railway.
There is a switch connection from the quarry to the railway. There are
two mills at the quarry, equipped with saws, planes, steam travelers and
a good supply of quarry machinery. The quarry was opened in 1880 by
Charles Eppinghausen, and purchased in 1890 by the Indiana Oédlitie
Limestone Company, who put in a new mill and new machinery. The
quarry was idle the latter part of the summer of 1896, the first time, it
is said, since it opened in 188().

The thickness of the stone quarried is about 35 to 40 feet, and it is
overlain by four to six feet of compact limestone, which had weathered
away over part of the area quarried, and which does not appear in the
quarries a quarter of a mile farther south. There is a thickness of two
to three feet of overlying soil. The stone has been removed six channel
cuts deep, but the odlitic stone extends still deeper. There are several
open weathered joint seams filled with residual material. These are all
on the east-west system of joints, none of the north-south ones showing
on the quarry walls. There are a few stylolitic (toe-nail) seams, but they
are not numerous or large.
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The stone has a medium fine grain and buff color, and shows consider-
able cross-grain in places, which does not appear to be greatly pronounced,
nowhere showing a cleavage or ready parting on the cross-bedding.

The supply of good stone here is almost unlimited, and under any
ordinary conditions of trade it ought to be quarried with profit.

Stinesville Stone Company quarry.—The quarry of the Stinesville Stone
Company (Malone & Pickel ) is about & quarter of a mile west of south
of the Griswold quarry. The quarry was opened in 1889 by the Stines-
ville and Bloomington Stone Company, composed of James Williams and
others, and sold to the Stinesville Stone Company in 1895. They are

- working six —and in some places seven —channel cuts of stone. The
upper part of the bed is much weathered and the upper cut—in some
places the two upper cuts —largely waste. The total thickness of the
bed is about 40 feet, including 30 feet of good stone.

There are a number of vertical seams, both east-west and north-south
ones. There are very few crow-feet or horizontal seams. One layer
three feet from the top is called the ‘‘gloss’ layer, said to have a gloss
like silk. Much of the stone is cross-grained, particularly in the upper
part of the bed. There is no blue stone. While it is all buff it is a
little darker in the botton of the quarry than in the top.

The company has ne mill at the quarry, but saws its stone at the mill
of the Stinesville & Bloomington Co., or at their own mill at St. Louis.
They utilize nearly all the waste from the quarry by shipping it to the
Illinois Steel Co., Chicago, for use as furnace flux. It is the only quarry
that was in operation at Stinesville in August, 1896.

The Elletisville quarry, which adjoins the one above on the south, is a
smaller opening, first operated in 1891, but not in operation in the summer
of 1896. The stone is similar in character to that in the other quarry. At
the east end of the epening it is weathered deeply, much of the upper
cuts being waste. At the northwest .end there are fewer seams and a
greater percentage of clean solid stone. The stone iz nearly all buff
bat there is a faint bluish tint at the base.

The Dunn Stone and Marble Co., the Monon Limestone Co., and the
Stinesville Odlitic Stone Co., have holdings of stone land in this vicinity,
but as yet no quarries have been opened by them.

ELLETTSVILLE DISTRICT.

In 1862, John Matthews opened a quarry one mile north of Elletts-
ville. Two years thereafter he began the erection of a mill and pushed
the business with great energy. From the first the firm of John Matthews
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& Sons realized a good profit from their business. The introduction of
steam channel-
ing machines
and steam
hoists gave a
new impetus
to the stone in-
dustry. The
first channel-
ing machine

Pernys 014\
8y

operated in the

odlitic stone

MAP belt was a

°fv the Wardwell,pur-

chased by John

Eccerrsvicee Disvricr | Matthews &

Sons about

scAaLE 1877, at a cost

: o e - of $6,000, four
Yards

times the man-
ufacturer’s
price to-day.
This machine is still in use at this quarry. After the death of John
Matthews the firm name was changed to Matthews Bros., and under
the direction of Mr. Fred Matthews the works are still in active opera-
1190,

John Kostenbader & Co., in 1864, opened a quarry about half a mile
north of the Matthews quarry. This quarry was worked out and aban-
doned sometime in the seventies.

In the spring of 1866, Maj. H. F. Perry opened a quarry between the
Matthews and Kostenbader quarries. The machinery of the Biddle &
‘Watts mill was transported here and set up. The old engine, which be-
fore its service with Biddle & Watts had done duty on an Ohio River
steamboat, might have been seen in operation as late as 1895, A few
years after the opening of the quarry Captain G. K. Perry became a
member of the firm of Perry Bros. Later the quarry was worked out
and abandoned and a new one opened east of the railway and but half a
mile north of town. A bew mill was erected here, though the old one is
still in operation. In 1895 H. F. Perry retired from the business, leav-
ing G. K. Perry sole proprietor.

In 1869 Sharp & Hight opened a quarry a little south of the Matthews
quarry, but at the death of the owners, which occurred a few years after-
ward, the plant was sold to the Matthews, In 1896 Captain Perry

Fig.16.——Showing the location of the quarries near Ellettsville.
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opened another quarry in the field about a quarter of a mile northeast of
his Jower milt.

In 1872 John Matthews & Sons and C. F. Kelly & Perry Bros. opened
quarries on the west side of the L., N. A. & C. Railroad, about midway
between Ellettsville and Stinesville, but after three years’ operation it
was -found that they could not be- profitably worked on account of the
number of dry seams and joint cracks, so they were abandoned. The
Cornelius quarry, on an adjoining tract, operated during the same time,
suffered a like fate for similar reasons.

There are two companies operating quarries at Ellettsville, one since
1862 and one since 1866. These quarries, which have been in continuous
operation for thirty years or more, have furnished a great deal of excel-
lent oélitic limestone to many widely separated points. The quality of
the stone in these quarriesis fully up to the average for the whole dis-
trict, yet, as at other points, the stone is not all first-class by any means.
The stripping is not excessive, yet in some places heavy enough to be
burdensome ; there are a number of crowfoot seams and in several places
coarsely fossiliferous areas and some cross bedding, all combined with the
fact that the bed is not heavy, are sufficient to show that careful business
methods are necessary to successfully compete with other points. Each
company has well-equipped mills and is supplied with good quarry
machinery.

The quarry opening at Perry’s upper mill, operated for many years, ap-
pears to be at least temporarily abandoned by Mr. Perry, who has started
a new opening in the field about a quarter of a mile north of east of the
upper mill. At the new opening the core drill is said to have shown
thirty-two feet of uniform buff odlitic stone. The stone that has been
removed, but one channel cut (six feet) deep, July 2, 1896, is a fossilif-
erous buff stone, fairly uniform in texture, being a little coarse in places.
There is one stylolite (crowfoot) seam and several vertical ones, and the
stone is considerably weathered along the vertical seams, which are quite
open in places.

The opening at the mill has several interesting scientific features. It
shows considerable cross-bedding, which runs in different directions, and
shows the contact between the vblitic stone and the overlying compact
(Mitchell) limestone, which in most placesis quite regular but here follows
a quiteirregular jagged line (see Plate XXI, No. 6). The south end of the
quarry shows a rather curious intermingling of the huff and blue stone. The
quarry is about 100 yards long and 40 to 50 yards wide. It is four chan-
nel cuts (about 25 feet) deep at the middle and north end and three cuts
at the south end. Part of the stone has a remarkably fine grain, possibly
not surpassed anywhere in the belt, but it is not uniform throughout the
quarry, as in some places it is coarsely fossiliferous.
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The opening at Perry’s lower mill, a mile and a quarter north of Elletts-
ville, on the west side of the railroad, has not been worked for a number
of years. It covers an area about 50x125 yards, four to five cuts (25 to
30 feet) deep. It is overlain by 10 to 12 feet of laminated compact lime-
stone, which lies on the 06'itic quite conformably in contrast with that at
the upper mill. There are numerous vertical east-west joint seams and
one or two crowfoot seams.

In an old abandoned opening, about 200 yards north of the quarry at
the mill there is a local change in the face of the quarry. Apparently
the compact limestone that overlies the oolitic stone elsewhere, here
appears in the face of the quarry with good oolitic stone overlying it. A
section of the quarry face shows eight feet of semi-odlitic stone, two to six
inches of hard compact limestone, four to six feet of good oélitic stone,
two to four feet of compact earthy limestone, and ten or more feet of good
odlitic stone. '

Matthews Bros. quarry.—-The Matthews Bros. quarry is on the west side
of the railroad and the valley, and between G. K. Perry’s upper and
lower mills. The quarry extends along the creek bluff for more than a
quarter of a mile, and is worked back into the bluff until the thickness of
the stripping prevents further work with profit. As might be expected,
along a face of this length there would be some variety in the stone. At
the north end in places the rock is coarsely fossiliferous, containing many
well preserved specimens of cephalopods and gastropods. At the extreme
south end the rock exfoliates along the exposed channel face to some
extent, that is—it flakes or peels off parallel with the surface, due to the
fréezing of the moist stone. In places near the middle of the quarry the
stone is almost entirely made up of the oélitic or rounded particles.

The east west vertical seams occur at intervals of 20 to 40 feet along
the face. There are very few cross-seams. Several stylolitic (crowfeet)
seams occur, but they are not numerous. In some places there are segre-
gations of iron oxide and organic matter along these seams.

Most of the stone is buff in color, yet both buff and blue are obtained,
in some places intricately intermixed.

The company has a large mill, and has furnished a great deal of good
building stone to the market during the many years they have been in
business here.

Matthews Bros. have made a small quarry opening on the hill east of
the railroad, about a quarter of a mile east of Perry’s upper mill. No
railway connection has been made to the opening, and it is not now in
operation. The rock is coarsely fossiliferous in places, and contains
numerous seams, both vertical ones and stylolite (crowfoot) seams.
Many of the stylolitic points along the seam are capped with fossils, most
commonly cup-coral (Zaphrentis).
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Near the middle of section 7, two miles east of Matthews Bros.’ mill,
is one of the thickest beds of oolitic stone anywhere observed in the
odlitic region, so far as can be judged by the outcrop and depending on
the accuracy of the aneroid barometer, which makes the thickness of the
odlitic stone at this point 100 feet. It is not uniform from top to bot-
tom, and part of the bed is concealed by soil, but most of that exposed is
of a quite fine grain and all buff on the outcrop.

BLOOMINGTON—HUNTER VALLEY DISTRICT.

Possibly the first use of odlitic stone in Monroe County was in the
county court-house, which was begun in 1819. The body of the build-
ing is of brick, but the foundation, window sills and lintels are of oélitic
stone. John Ketchum, the contractor, quarried the stone on the Ketchum
farm, hauled it eight miles over oolitic stone and erected it upon odlitic
stone of as good quality as the kind chosen. The quality of the stone
gelected speaks for itself, as it stands in the court-house after an exposure
of nearly eighty years.

As early as 1856 stone was sawed by hand, in Bloomington, by one
Jesse Carson (or DeCourey), and some of his work ean still be seen in old
buildings and in monuments in the cemetery west of the city. But the
stone business in this locality did not assume any commercial importance
until the development in 1891 of the quarries in what is known as the
Hunter District, one and a half miles northwest of the city.

The Morton C. Hunter Stone Company, organized in Bloomington, made
a careful examination of the stone in Hunter Valley by core drilling,
and, having satisfied themselves that it existed in vast quantities, and
that its quality would meet all the requirements of builders, proceeded
at once to put in a branch, more than a mile in length, from the L., N.
A. & C. Railway to this tract, and to put machinery to work quarrying
the outcrop. A substdntial mill was erected. The stone found a ready
market, and the success of the Hunter Company led others to venture
into the same field.

The Chicago and Bloomington Stone Company was the first to follow the
Hunter Company, opening in 1892 what is known as the Johnson
Quarry, a short distance northeast of the Hunter quarry. The quarry
is operated in connection with mills in Chicago by its owners, who are
cut-stone contractors,

The Norton Stone Company was the next in the Hunter district. In
1892 a quarry was opened and a mill built southeast of and just across
the valley from the Hunter quarry. In March, 1895, the Norton
quarry was purchased by the Consolidated Stone Company, becoming
¢ Consolidated No. 1” of their series of quarries.
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In December, 1896, the Consolidated acquired the Hunter quarry
which they had been operating for some time under lease. It is known
as * Consolidated No. 2.” A

Perry, Motthews & Perring followed in 1893 by opening the Crescent
quarry, a half mile east of the Hunter. The Star Stone Company in
1895 opened the Star quarry, a half mile north of the Crescent quarry.
Hunter Bros.’ quarry, just west of the Star, followed in 1895, and in the
same year the Hunter Valley Stone Company opened a quarry alongeide of
the Crescent. In 1889 the Bloomington Odlitic Stone Company opened
a quarry in the southwest part of the city of Bloomington. After a few
years’ operation it was found unprofitable, partly because of the hard
ness of the stone and partly because of the expense of getting rid of
the spalls and other waste. The quarry was abandoned in 1893. In
1895 the property was purchased by the Henley Stone Company as a site
for a stone sawmill, which they proceeded to erect, and which has been
running steadily ever since.

The Central Oilitic Stone Company was organized in 1890, The next
year a quarry was opened and a mill erected on their property in the
northern part of Bloomington. The quarry was abandoned after a year
or two, but the mill is still in operation.

Thus, including the two mills in Bloomington, there are seven active
quarries and four mills in the district, besides several small abandoned
quarries.

The good stone through Hunter Valley is 25 to 40 feet in thickness,
from three to five channel cuts in the different quarries. It varies in
character, both in grain and color. Both fine-grained and coarse-grained
stone occurs, and both blue and buff colors. The stripping is light at all
the quarries, very light compared with that in many other lecalities.
Although one of the newest, it is, at the same time, one of the most
productive districts in the State. During the summer of 1896, when so
many quarries were closed, all the quarries in the valley were in opera-
tion except one.

A branch railway, known as the Hunter Switch, conneets all these
quarries with the Monon Railway, a little more than a mile distant.

The Consolidated Quarry No. 1 (Norton) is the one furthest south in
the valley, and on the east side. It is about 150 yards long and 30 feet
deep. The stone is covered with a loose, brown, sandy clay two to four
feet thick, and in most places there is a thickness of one to six feet of the
upper part of the bed much weathered, often into leose fragments in the
residual soil. There are a few vertical seams, but only one bedding seam
was observed. The grain is tolerably fine and uniform, with few large
fossils. The slope above the quarry is very gentle, so that twenty acres
or more of stone are available here with but little more stripping than
that on the present face.
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The Hunter Quarry (Consolidated No. 2) is on the west side of the val-
ley about 200 yards northwest of No. 1. The stone is very similar to
that in No. 1, and the quarry is about the same size There is consid-
erable mixed buff and blue stone, as the line of parting between the two
colors is very irregular. The bottom of the bed is blue, and the buff
averages from ten to fifteen feet of the top of the bed, but in some
places the line of parting may be twenty feet from the top, and in one
place the buff extends to the bottom of the quarry. At the south end
of the quarry the upper part of the bed contains many small calcite
veins—¢* glass seams” —which interfere somewhat with the working of
the stone where they occur. In a few places the stone is decidedly
odlitic, made up almost wholly of rounded particles, Much good stone
has been shipped from these two quarries in the past few years.

The Johnson Quarry, operated by the Chicago and Bloomington Stone
Company is the next one north of the Hunter quarry and on the oppo-.
site or east side of the valley. The stone is similar in character to that
above, but has not been quarried so deep—three and four channel cuts.
The opening is not quite so large as the ones above, but a large addi-
tional area has been stripped ready for quarrying, showing a compara-
tively even surface beneath the soil covering on which the channeler can
begin with little expense. (See Plate XXI, No. 3.)

The Hunter Valley Quarry is in a tributary ravine a quarter of a mile
east of Consolidated No. 2 (Hunter) quarry. It is one of the newer
quarries of the district, having been in operation only a year or two.
The entire thickness is not shown in the opening, which at present is
about 20 feet deep in the buff stone. The upper part of the bed is much
corrugated and weathered very irregularly, in marked contrast with the
Johnson quarry, less than a quarter of a mile to the northwest, where
the surface beneath the soil is comparatively level. Compare Figs. 1 and
2 on Plate XXI.

The Crescent Quarry, which lies just south of the Hunter Valley quarry,
is an older, larger quarry, having two openings, one of “which is about
100 yards long, 30 yards wide and six channel cuts 35 to 40 feet deep.
The stone is buff’ near the top, with a blue-gray tint at the bottom of the
‘opening. It has a medium coarse fossiliferous texture, which in a few
places is quite porous from the easts of fossils which have leached out.
There are a few vertical seams, and the upper two to three feet of the
rock is weathered, loose and shelly, but the line of parting between the
shelly stone and the sound stone appears to be quite regular. There is
a thickness of two to four feet of sandy clay overlying the oélitic stone.

The Hunter Bros. Quarry is in a small tributary ravine less than a
quarter of a mile northeast of the Johnson quarry. The quarry was not
in operation in 1896, the hole being partly filled with water. Four
channel cuts (about 25 feet) are exposed and there is not less than one,
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2. CONSOLIDATED STONE CO., QUARRY No. 4, DARK HOLLOW
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probably two, covered with water. The upper part of the bed is buff,
which extends down into the third channel cut from the top. The lower
part of the bed is blue. There are a very few vertical seams, but no
stylolitic (crowfeet) seams were observed. The stone is medium coarse-
grained and comparatively uniform in texture.

The chemical analysis of the stone from this quarry shows a remark-
»bly pure carbonate of lime.

. CHEMICAL ANALYSIS OF OOLITIC LIMESTONT FROM HUNTER BROS.’ QUARRY.

PER CENT.
Lime carbonate (CaCO,). . ..o e e 98.11
Magnesia carbonate (MgCO,) .o . oo i, 92
Iron and alumina (Fe,O,+Al,0,) . ..........o oo, .16
Insoluble residue. .. .. it e 86

Total ........ e e e T 100.05
Specitic gravity .......... e e i 2.46
Absorption of water in 24 hours........... R TP 5.18

The erushing tests show a freestone of great uniformity.

- LBS PERSQ.IX,
No. 1. Onopatural hed-.............. eov. 5,900-—2 fair pyramids.
No. 2. Onnataralbed ........... SR -6,900—2 good pyramids.
No. 3. Onmnatnralbed .................. 4,400—one side split off.
No.4. Onedge......... oo iiio.. 4,200— oue side split off.
Average of the four............ .. ... 5,350
Average of the first two .............. 6,400

As specimens three and four did not have parallel sides, the last figure,
6,400, is the fairer average of the stremgth of the stone. It stood the
fire tests as well as any of the specimens tested. (See page 317.)

The Star Quorry is almost 100 yards southeast of the Hunter Bros.
quarry. It shows a fine body of stone similar to that in the adjoining
quarry. The opening is about 100 yards long by 25 or 30 yards wide
aud 40 feet deep at the deepest point, having six channel cuts of stone.
The stone is nearly all blue, but there is a little buff on the top at the
east end, which contains some ‘‘bastard limestone,”” an impure very hard
form. See Plate XXIX, which shows a picture of this quarry.

If one might judge from the character of the stone in the quarries
open, and the appearance of the outerops of oblitic limestone in the
Hunter Valley, the prediction might well be made that the stone industry
will greatly increase and the production here be much more than in the
past. There are several features in regard toits occurrence that favor its
removal with profit. The stripping is comparatively light, the stone is
not eo deeply or badly weathered as in many other localities. There-is a
fair thickness of stone. There are not many seams, either vertical or
horizontal, and not many large fossils. A considerable portion of the .
stone is blue, and as the market demand at present is for the buff, that
24~—GEOL.
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may be against its more rapid development, but it is only a question of
time, possibly a short time, until the demand for the blue will again in-
crease.

There are several quarry openings in and near the city of Blooming-
ton, but all have been abandoned. There is an old quarry one or two
blocks east of the Indiana University Campus, apparently in strata under-
lying the oblitic. The stone outcrops also on the University Campus.
There is a small quarry about half a mile southeast of the University,
another in the town on Second street, about a quarter of a mile north of east
of the old University building, another at the Henley mill, a quarter of
a mile west of the depot, one at the Central mill along the Monon Rail-
way in the north part of town, and two or three small quarries west of
the Monon and south of the town, between the Bliomington and McDoel
stations, but they have apparently all been abandoned permanently, and
a description is not necessary. Considerable stone in the aggregate hag
been taken from all of them combined, hut no large quantity from any
one of them. Good stone could yet be obtained at many of them, but
the quantity, quality and cost of quarrying militate against its further
development in competition with more favored localities.

THE BANDERS DISTRICT.

The pioneer company in the Sanders district was the Odlitic Stone Com-
pany of Indiena,
which, in 1888,
opened a quarry
and constructed a
branch connect-
'iANDERS DISTRIQTJ ing with the L.,
N.A &C.R R,
and costing $10,-

M A P
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Fig.17.—Showing location of the quairics in the vicinity of Sanders. quarry north of
the switch and in 1895 erected a mill. ’
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The® Monroe County Oolitic Stone Co. organized in 1889, opened the
Adams quarry, and erected a mill just west of the Reed odlitic quarry.

In 1891 the Bedford Quarry Co. opened a quarry east of Reed’s
Oélitic, which is known as Reed’s Bedford. It is now in active operation.

The Empire Stone Co., in 1892, opened a quarry north of the Adams
quarry and on an extension of the same switch. The Empire quarry
has not been in operation for a year.

In 1892 John Tomlinson & Son, of Chicago, opened quarries south of
Reed’s Bedford quarry. They ran for two years, since which they have
been idle.

In 1893 the Bloomington-Bedford Stone Co. opened a quarry known as
the B. & B. quarry, something over half a mile north of the Empire
quarry and near the main line of the L., N. A. & C. R. R. A great
amount of money was spent in developing the property, but it proved to
be unprofitable and was abandoned. It was leased in 1895 by the Aeme-
Bedford Stone Co. and purchased by them in 1896. They developed the
quarry in another direction with most promising results. The quarry is
operated in connection with extensive mills in Chicago belonging to the
same parties.

The Matthews Stone Company was organized in 1892, but no opening
was made until 1895. Their quarry lies about half a mile southeast of the
B. & B. quarry. As yet it has no railway connection and has been idle
the present year, In fact nothing has been done beyond a little prelim:
inary work.

There are now, as stated, nine quarry openings on the branch railroad
at Sanders and two others along the Monon between Sanders and Clear
Creek Station, within two miles of Sanders. Six of these were in opera-
tion in July, 1896. Oue, from which apparently no good stone was ob-
tained, is permanently abandoned and four are temporarily idle.

The quarries in operation are Reed’s Bedford quarry, in the northeast
quarter of the southeast quarter, section 33 (8 north, 1 west); Reed’s
Oélitic quarry, two openings, northwest quarter of southeast quarter,
same section; Adams’ quarry, two openings, northeast quarter of south-
west quarter, same section, and the Bedford and Bloomington quarry,

in the southwest quarter, section 28 (8 north, 1 west). The Tomlinson
quarries, two openings, the Empire and Matthews quarry, each one
opening, are temporarily idle.

The average thickness of the odlitic alone in the district is about 35 to
40 feet, with a maximum of possibly 50 feet. The workable portion of the
stone varies from 12 to 40 feet, depending on the depth to which the
weathering influences have extended and the local variations in the
texture.

In several of the quarries, noticeably the most southerly ones, there are
numerous large, vertical fissures, extending through the limestone, most
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of them having a general east-west (a little north of east and south of
west) course, only a very few north-south ones occurring, and those quite
small. These fissures are due to weathering along the joint planes, and
vary from a few inches to eight feet or more in width. They are now
filled with the residual red clay. Asa rule they are widest at the top,
but their walls are often quite irregular, as in all cave-like openings.
Hence there is a great quantity of waste rock to handle. Some of these
open seams extend but two or three feet below the surface, while others
run as deep as the stone is quarried—20 feet or more. These figsures are
less pronounced, and almost disappear where there is any considerable
thickness of overlying rock to protect them from the weathering influ-
_ ences.

Except in the much weathered portion at the top there are few hori-
zontal or bedding seams. There are several stylolite or ¢* toe-nail” bands
in three of the quarries, but none were observed in the other quarries.
Cross-bedding is shown in several of the quarries, but is not so promi-
nently marked as in some other localities. It is shown in the Adams
quarry, the Matthews quarry and the Empire quarry, the latter in some
places having a marked cleavage along the false bedding.

The texture varies slightly in the different quarries, and, to some ex-
tent, in different parts of the same quarry. However, excepting the few
more coarsely fossiliferous layers, the texture is medium coarse and semi-
crystalline, with numerous oélitic or rounded grains. It is fully up to
the average in resonance, compactness and low porosity. While soft in
the green state, it seems even harder than the average, when seasoned.
The coarsely fossiliferous bands, as in other localities, frequently are por-
ous from the leaching out of the shells.

The proportions of the buff and blue stone vary greatly in the different
quarries, and as the parting between the two colors is very irregular,
there is much variegated stone that is remarkably uniform in everything
bat color. The contrast between the two colors is not striking, yet, un-
fortunately, it is more pronounced on the exposed channel face than on a
fresh fracture. In some of the openings only buff stone is quarried. The
distribution of the blue and the buff in the B. & B. quarry is different
from that in other places, and apparently contradictory to the commonly
accepted theory. It may be one of the exceptions we hear of that it
takes to prove the rule. In the first opening on the edge of the outcrop
near the surface there was much blue and variegated stone, while in the
present deeper opening, higher on the hill, the rock is all buff. In Reed’s
Bedford quarry, in the Tomlinson quarries and in the Empire quarry
both blue and buff occur with very irregular parting, the buff running
deepest along the vertical joints, and the blue forming an irregular band
along the stylolite seam. (See plate XIX.)
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In the larger openings of Reed’s odlitic quarry they have channeled to
the bottom of the odlitic stone, six channel cuts deep in one place, show-
ing the bottom layers to be very fossiliferous. In the smaller opening
the quarry stone is overlain by a dull brown, fine-grained, impure, soft,
earthy rock, four to six feet exposed, overlain by three to four feet of
sandy clay. The part of the odlite immediately underlying the impure
rock covering is in places very coarse-grained, coarsely crystalline, and
contains many fossils. (See Plate XIX.)

The blue stone in the Empire quarry in places contains numerous
small, rounded, black specks which do not appear in the buff.

The stone in the B. & B. quarry is quite fossiliferous, and in places
contains more odlitic or rounded particles than that in the surrounding
quarries. The foreman reported that a core drill had been sunk 70 feet
without reaching the bottom of the odlitic stone, but that at that depth
the rock, while still oélitic, was too hard to be worked with profit, and
the drill was stopped.

There is the following machinery in this region, July 3, 1896 : 21 chan-

_nelers, 11 of which are in operation, and one is under water; 11 derricks;
five steam drills; eight saw gangs, and elght steam pamps.

The conditions for the economic production of good store in this (San-
ders) district are probably above the average, as the workable stone has
a fair thickness and the stripping is not heavy. The greatest waste is
that caused by the irregular vertical seams and the intermingling of the
buff and blue colors. Large quantities of quarried stone are seasoning
at each of the quarries, except the Matthews quarry, which is quite new,
and has produced but very little stone so far.

CLEAR CREEK VALLEY BETWEEN CLEAR CREEK STATION AND
HARRODSBURG.

Time did not permit a detailed examination of the Clear Creek Valley
outside of the quarries in operation, but some of the most promising out
crops were hastily examined and the results here noted.

There are probably as many large and promising outcrops of oslitic lime-
stone along this part of Clear Creek Valley as in any other area of equal
size in the whole oblitic area. But the only quarry opening that hasbeen
made was a failure. There is no doubt that there is a vast quantity of
good stone in this region, but it yet remains to be seen how successfully
it can be produced in commercial quantities in competition with the other
districts. As may be seen on the map, the deposits are removed some
distance from the railroad, which is the principal reason why they have
remained undeveloped. A new line of road is contemplated down the
valley, which, if built, will, no doubt, open up a number of new quarries
at once.
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It must not be understood that the following are all the good exposures
of odlitic stone that there are in the area, or that they are necessarily the
best. They are the ones observed by the writer, who was directed to
what were said to be the most promising outerops.

"~ About a mile southwest of Sanders, along a small tributary of Clear
Creek from the east, in the northwest quarter of section 4 and the north-
east quarter of section 5 (7 north, 1 west), the limestone is exposed along
the watercourse and on the slope south of the stream. In section 4
there is a massive ledge of the stone exposed along the stream 8 to 10
feet thick free from seams, of fine grain, slightly crystalline, and slightly
cross-grained in a few places. The record of the core-drill* put down at
this locality gives:

“Fairly good buffstone. ... 12 feet.
Very fine quality blue stone ............................. 30 feet.
One crow-foot 124 feet from the top. Did not drill through the ledge
because of accident to the drill.”
A Dboring in the west half of the northeast quarter of section 5 (7 north,
1 west), a little more than a quarter of a mile west of the above, shows:

“‘Splendid buffstone ...t 51 feet.
Fairly good bluestone ...........coooviiiiiiiiiiie, 12 feet.

No crow-feet, flint or dries, or anything detrimental whatever. The
stripping will probably be from two to eight feet thick, and mostly soil.”’

The surface of the stone on the outcrop at this point is nearly all
smooth, firm and compact, with rounded cornmers. It shows rather pro-
nounced cross-grain in two places, and a hundred yards or more further
west, at the point of the hill, there is a ledge three to four feet thick of
coarsely fossiliferous stone rapidly disintegrating into loose sand, yet the
greater part of the stone exposed here is comparatively solid.

On the west side of Clear Creek, in the east half of section 12 (7 north,
2 west), south of Victor Postoffice, there is one of the largest outcrops of
the oolitic stone observed anywhere in the State. The massive oolitic
stone, 40 to 50 feet thick, forms a bold perpendicular bluff overlooking
Clear Creek. From this bluff in places huge bowlders, 20 to 100 feet in
diameter, have broken away from the face of the ledge and lie scattered
along the base of the bluff. The accompanying illustration (Plate XXX)
gshows a view of this bluff, the upper part showing a view of the bluff
from a little distance, the lower part a nearer view of a portion of the
face. Weathering brings out a few vertical seams, but very few, and
these, as will be noticed, are remarkably regular, so that even near
the bluff where the weathering agencies have penetrated there will be

*All of the drill records given in this chapter are copied from the statements made and
gworn to by the drillers before a notary public, and by drillers who have worked in different
parts of the oGlitic region for a number of years.




Pratr XXX

1. OUTCROP OF OOLITIC LIMESTONE.

On Lot 18 of the Buff and Blue Oolitic Stone Co., on west bluff of Clear Creek,
Sec.12, T.TN.R.2 W,

2. NEARER VIEW OF PORTION OF THE ABOVE BLUFF.
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little waste from the seams. The stone is remarkably uniform in grain,
color and durability.

The sound stone extends to the top of the bluff, there being no soil at
the edge of the bluff, and the slope back of the bluff being a gentle one.
An outerop in the field between this bluff and Victor Postoffice shows a
coarsely fossiliferous stone.

In a small ravine, 100 to 200 yards southwest of Victor Postoffice, near
the middle of the north half of section 12 (7 north, 2 west), is a large
outcrop of odlitic stone, which is very much cross-grained and weathered
very unevenly. Most of it is fine grained and light colored.

Along the south side of the branch west from Victor Postoffice, through
the northwest quarter of section 12, massive odlitic stone of good quality
outerops in a number of places.

In the southwest quarter of section 2 (7 north, 2 west), on the south
side of the branch, is a low bluff of remarkably sound, compact, flawless
stone, extending along the watercourse for 200 or 300 yards without a
seam. The total thickness of the stone is not shown at this point, and
while the stone in the part of the bed concealed may be uncertain in
quality until further tested, that part of it exposed is as uniform in color
and texture as any observed in the odlitic area.

In the southwest quarter of section 36 (8 north, 2 west), on the south
side of Happy Creek, is a massive ledge of buff oélitic limestone, free
from seams and flaws, the surface being so smooth and even that it is
difficult to chip off a fragment with the hammer. There are a few streaks
of coarsely fossiliferous stone, and in one place a compact, semi crystalline
area, but all parts weather evenly. The stream has cut a channel into
the rock, but in only one or two places has it undermined the bluff. (See
Plate XX, No. 2.)

In the northwest quarter of section 36, on the north side of the small
branch, is a promising outcrop of 25 to 30 feet of oélitic limestone, and
more, how much is not known, concealed below the bottom of the valley.
The stone is fine grained, uniform and durable, weathering evenly and in
good position for quarrying.

On the southwest side of the same branch, about a quarter of a mile
west of the above, is a massive ledge of the most solid, compact limestone

" observed in this region.

A mile south of Victor Postoffice, on the west side of Clear Creek and
a few yards south of the wagon road, in the northeast quarter of section
13 (7 north, 2 west), a small watercourse has cut a deep narrow gorge
into the odlitic stone, exposing a thickness of 25 to 30 feet of nice-looking
stone, the bottom being concealed so that the total thickness is not shown.
It varies somewhat in texture, part of it having a fine grain, other parts
rather coarsely fossiliferous. The greater part weathers rather evenly on
the face of the gorge, but in a few places is much corrugated and pitted,
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showing uneven weathering. The stripping here would be very light, as
the slope back from the bluff is very gentle.

In the northwest quarter of section 13 (7 north, 2 west), is a large out-
crop of stone similar to that mentioned above in the northeast quarter. It
is exposed in several small tributary ravines, and shows a bed of stone not
less than 40 or 50 feet thick, varying somewhat in texture at different
points. In most places the upper surface is weathered to considerable
depth, and will be found to be ridged and uneven, but much nice stone
occurs in different parts of the bed.

The following drill records show stone of good quality in the localities
mentioned. The appearance of the outcrop adds but little to the record
of the drill. The quotations are from the certified records of the driller.

1. ““In the northwest quarter section 19 (7 north, 1 west), 35 feet
first-class buff stone. This is the first stone that I have drilled and found
no flint, no crowfeet, no dries, or anything detrimental.”

2. “N. W.S. W. section 19 (17 north, 1 west).

Dirt stripping . ...ooo i 3 feet.
Fivst-class buff ... . oo 38 feet.

Two crowfeet near the bottom eight inches apart, and one six feet from
the top.”’

3. ‘““Southeast quarter section 24 (17 north, 2 west), 26 feet in buff
stone of a very fine quality. This makes four (6% feet) cuts without a
thing to injure the stone except two small crowfeet close together about
six feet from the top, and I can safely say there will be at least one more
cut in the rise of the hill.”

4. ‘“Southwest quarter section 24.
First-class buffstone . ........ ..o, 32 feet.
Blue stone ...t e b s 12 feet.

Clear of any defect except two small crowfeet.”

The Cleveland Stone Co.’s quarry.—A quarry of odlitic stone was opened
and operated for a time, some years ago, by the Cleveland Stone Co., on
the bluff east of Clear Creek, in the northwest quarter of section 20 (7.
north, 1 west), a little more than a mile north of Harrodsburg. There
was a branch run out from the Monon railway a distance of a mile and a
half. The quarry was well equipped with machinery, and a great deal of ‘
work was done, but the venture was not a profitable one. The machinery
was removed, the track has been partly torn up and the quarry abandoned.

The oélitic stone lies near the top of the hill overlain by eight to ten .
feet of soil, but no other rock covering, and has weathered deeply. Irreg-
ular openings, one to three feet wide, occur along nearly all the joint
seams, extending in most instances to the bottom of the quarry. This
causes a great quantity of waste. Added to this are a great many erow-
feet seams, one or two in nearly every channel cut. The upper surface
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is much ridged and corrugated. The upper part of the bed at the north
end is quite hard, containing some chert, which is said to have interfered
with channeling. A layer three to five feet thick a few feet from the top
is very fossiliferous, containing a great many well preserved fossils. This
layer rapidly disintegrates into a calcareous sand, with the fossils in the
debris. The stone is all buff in color, no blue stone appearing in the
opening.

The occurrence of the hard layer on the top, the fossiliferous disinte-
grating layer, the numerous crowfeet layers, and open vertical seams, all
combined, produce too much waste to lift the little good stone with profit.

LAWRENCE COUNTY.

(Bedford and Vicinity.)

The oolitic limestore quarries of Lawrence County cluster around
Bedford, in the north central part of the county. Thereare several stone
mills but no quarries in the town of Bedford, the nearest quarries to
the town being the Blue Hole quarries on the east side of town. There
are no active quarries immediately south of the town, but there are east,
northeast, southwest, northwest and north, the largest and most product-
ive quarries being northwest of town on Buff Ridge and in Dark Hollow.
Some of the largest quarries in the State, and among the largest in the
United States, occur in this locality.

The quarries are located either on the main lines of or on switches con-
necting them with the L., N A. & C. R. R. main line and Bedford,
Switz City branch, the Belt R. R., the E. & R. R. R., and the B. & O.
S W.R.R.

The stone varies in the different quarries, often in the different parts
of the same quarry in thickness, color, hardness, and coarseness of text-
ure.

Poerless Station. —The Peerless quarry, which was opened in 1890, is
situated about four miles north of Bedford, in section 26 (6 north, 1 west),
along the main line of the Monon Railway, with which it is connected
by switeh. It lies near the top of the hill, east of Peerless Station, on
the east (south) side of Salt Creek. '

There is no rock overlying the oélite, and as a result the upper part of
the odlitic bed is very much weathered. The weathering agencies have
penetrated along the joints and lines of weakness, making numerous
irregular vertical fissures of varying width and depth, some extending
but a few feet below the surface and some to the bottom of the bed.
The rock is overlain by two or three feet of residual clayey soil, which
also fills the fissures or open seams. Thus while there is but little rock
stripping, there is a great deal of waste along the fissures, which likewise
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interfere with the channeling, and cause an additional expense outside
of the mere waste rock.

The stone in the Peerless quarry shows considerable cross-grain, yet
not sufficiently pronounced to produce a ready parting or cleavage on the
false bedding, as in some other places. Except the cross-bedding, the
stone is comparatively uniform in structure, grain and color, being fine-
grained, equal to or below the average in fineness, and having a light
buff color. The stone obtained is of good quality; it is merely a ques-
tion of whether it can be worked profitably in competition with other
quarries where there is less waste. It is well equipped with quarry ma-
chinery, but is not in operation at present (July, 1896).

The adlitic limestone, very similar in quality to that at the Peerless
quarry, outcrops along the slope of the ridge east from the quarry and
is exposed in considerable quantities along the wagon road a half mile
east of the quarry.

There is a similar exposure on the hill a mile north of the quarry, in
the northwest quarter of section 25 (6 north, 1 west), which has been
core-drilled preparatory to further exploitation. The stone, as it appears
in the outcrops, is of good quality, but, like that at the Peerless quarry,
it is liable to have many weather seams, as it lies at the top of the hill
with no other rock and little soil covering. The outcrop shews some
magssive ledges of fine stone.

Thornton’s Quarry is in the northwest corner of section 34 (6 north, 1
west), a half mile southeast of Peerless Station and three miles in a
straight line north of the northwest corner of the city of Bedford. It
is connected by a switch with the Monon Railway and is not very distant
from the Peerless quarry, which it resembles in some respects, being sit-
uated near the top of the hill, but it differs from the Peerless in having
a heavier covering and hence fewer open seams and less waste rock. In
the southeast corner of the opening is a bed of six or eight feet of over-
lying impure compact limestone, which bids fair to increase in thickness
as the stone is quarried further back into the hill.

The contact of the oélitic stone and the overlying rock in Thornton’s
quarry departs from its customary regularity, as observed in most other
places, and dips toward the southeast along both the east and south
faces of the quarry. The false bedding likewise dips in the same direc-
tion but at a steeper angle than the line of contact. The bottom of the
ovlitic, which is not now exposed, is said by the quarrymen to dip in the
same direction, as at the north end of the quarry the bottom of the
lower channel is within 18 inches of the bottom of the bed, and 80 feet
further south the bottom is four feet below the quarry floor.

The oblitic stone is about 25 feet thick, varying from two to four chan-
nel cuts in depth. The depth of overlying soil is two to four feet.
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The stone has a light buff color and medium fine grain, comparatively
uniform both in grain and color, resembling the stone in the Peerless
quarry. The quarry was opened in June, 1895, by the Bedford Steam
Stone Works.

Buff Ridge quarries.—The Buff Ridge quarries rank among the oldest,
the largest and the best along the entire oolitic limestone belt. There
are at present four active quarries and three abandoned ones. Two of
these, the Hoosier and the P., M. & B. quarries, are two of the largest
quarries in the State.

Hallowell Stone Company’s Quarry is a new one just opening on the south-
west quarter of gection 28, nearly half a mile northwest of the P., M. & B.
quarry. There is no switch to the quarry and no stone has been shipped
(July, 1896). The stone lies near the base of the hill on the north slope.
The total thickness of the stone is not yet exposed, as they are only start-
ing the second channel cut.

In the opening already made the stone is variegated buff and blue, the
parting between the two colors being along a very irregular line. There
is considerable cross-grain in some places, the stone having a perceptible
cleavage along the false bedding. There are numerous small scattered
crystals of calcite in the stone, in some places fine veins of calcite and in
a few places iron pyrites along a cleavage plane.

As the slope is steep, there will be a heavy covering over the stone
when it is quarried any considerable distance back in the hill and will
probably be largely bluestone.*

The P., M. & B. (Perry, Matthews & Buskirk) Quarry, which was opened
in 1889, is situated in the northwest quarter of section 33 (6 north, 1 west),
nearly a mile north of the village of Oglitic and about three miles nortk-
west of the city of Bedford. It is connected by a short branch with the
Monon Railway at Horseshoe. The present quarry opening covers an
area of between 25 and 30 acres and the company is stripping an area
of several acres more on both the north and south sides of the quarry.
It at one time consisted of several openings, which have run together
until it is now all in one big quarry, with switches running to various
parts of it and work going on at five different places, some of them twn
or three hundred yards apart. :

The stone has been quarried in many places six or seven channel cuts
deep—40 to 45 feet—the thickness of stone quarried depending gener-
ally on how much has been removed from the top by weathering agencies.
There are a few, but not a great many, seams, the ones running east and
west being nearly all vertical, while the north and south ones incline
sometimes 10 or 20 degrees to the east. With the exception of one
stylolite (crowfoot) seam near the top there are no horizontal seams or
bedding planes of any extent.

*Since the above went to press, I have learned that the quarry has been abandoned.




380 REPORT OF STATE GEOLOGIST.

Practically all the stone quarried now is a light buff color. Some
bluestone occurs near the middle of the quarry, but is not worked at
present. Throughout the greater part of the quarry the stone has a uni-
form fine grain, but there are a few irregular patches where it is much
coarser and more crystalline.

There is no overlying rock on the north side of the quarry, and the
much weathered upper surfrce is covered with several feet of residual
soil, through which points and spurs of the irregular upper surface of the
rock project in places. On the south side of the quarry the odlitic stone
is overlain by one to four feet of the close-grained, impure, rough, weath-
ering Mitchell limestone, which in some places contains a fissile, shaly
layer six inches to eight inches thick. The parting between the oélitic
and the overlying stone is comparatively regular, so that on the south
side the entire thickness of the oélitic stone is available.

Hoosier Quarry No. 2 (now abandoned) is situated east of the P., M.
& B. quarry, separated at the one corner by only a few yards of rock.
The quarry opening is about 50 by 75 yards in extent and four, in some
places five, cuts deep. It was opened by the Hoosier Stone Company
in 1885-6, and among other contracts furnished stone for the Memphis
bridge.

The character of the stone is very similar to that in the adjoining
quarry, but there are more seams and heavier stripping. Besides the
six feet of compact impure limestone similar to that in the adjoining
quarry there is overlying that five or six feet of hard, much weathered
odlitic limestone and two or three feet of soil, making 12 or 15 feet of
stripping in all. The heavy stripping, along with the greater waste on
account of geams, is probably the reason for abandoning the quarry.

In a few places the stone approaches a true oclite in texture, being
made up almost entirely of small, rounded particles.

The Buff Ridge Quarry.—The Buff Ridge quarry lies about 150 yards
southwest of the P., M. & B. quarry, on one terminus of the Belt Rail-
way. It was opéned by the Hoosier Stone Company in 1891, The
stone is much like that in the adjoining quarries, a uniform, fine-grained,
light bufl-colored, semi-crystalline limestone. On the northwest side it
is overlain by five or six feet of the compact rough weathering limestone,
overlain in turn by several feet of compact odlitic stone and two or three
feet of soil. At the south end there is no overlying rock, and the rough,
deeply corroded upper surface of the odlitic stone is covered with the
residual sandy clay. The stone has been quarried six cuts deep, the
upper one being mostly waste rock.

In one place between the compact stone and the underlying oélitic is a
layer of blue-brown shale six or eight inches thick. The quarry is a
most promising one and is now (July, 1896) in active operation.




PORTION OF THE H(')OSIER QUARRY.
In the foreground a long block has been turned over, which is being drilled preparatory to breaking into smaller blocks.
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Hooster (“‘Old Hoosier’) Quarry is one of the oldest and largest
quarries in the district. It was opened in 1879 and has been in active
operation ever since, having in that time produced immense quantities
of stone, which has been shipped to all parts of the United States:
From 1883 to 1892 it was operated by the Hoosier Stone Company ;
1892 to 1894, by Bedford Stone Quarries Company; 1894 to 1897, by
Bedford Quarries Company.

Like the large P. M. & B. quarry it consisted originally of several
openings, which have since run together into one large opening covering
about 25 acres, and five to seven cuts, 35 to 50 feet deep, in different
parts of the quarry.

The stone along the south and east side contains at or near the top a
layer five or six feet thick of the earthy, shaggy-weathering, impure
Mitchell limestone, which apparently almost disappears on the north side.
It is separated into two layers in places by the harder oélitic stone, and
is quite hard and compact in some places, while in others it is friable,
cavernous and contains considerable travertine. A thickness of several
feet, including this so-called ‘‘bastard limestone,”” is waste material.
Farther to the porth this nearly, if not quite, disappears. The company
has recently stripped over an area of several acres, and is now (July,
1896) beginning to chanpel at a level of 15 to 20 feet above the present
quarry opening. So far as exposed, this stone appears to be coarser
grained and lighter colored than the underlying quarry rock. It hasa
very irregular upper surface with numerous deep, weathered fissures.
It is quite probable that much of this overlying rock will be waste
material, but it is sufficiently thick to protect the underlying stone, thus
affording a greater thickness of the handsome, fine grained oolitic stone.
Plate XX1II shows the channeler at work starting an opening in this part
of the quarry.

On the south side of the quarry the top of the fine oélitic stone is
much weathered, there being no overlying rock, the roughly corrugated
surface being covered with residual clay and soil.

The stone throughout a large part of the quarry has a remarkably
uniform fine grain and light buff color. Near the middle of the north
side the bottom of the quarry is blue stone, of which considerable quan-
tities have been removed. The blue stone quarried, however, is but a
small part of the total product.

The quarry has been very successfully operated. The company, by
quarrying at several places in the quarry and at several different levels
at the same time, is prepared to take advantage of the slight difference
in texture that may occur and at the same time prepared to rush an
urgent job very rapidly.

The company disposes of vast quantities of its waste rock by having a
large rock crusher to make it into railway and road ballast. The Belt
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railway is already ballasted Ywith this stone and isprobably one of the
best ballasted pieces of road in the country. The spaces between the ties
nre filled up and the stone extends out about a foot beyond the ties. A
top dressing of finer crushed material which has been put on this hus
hardened. -

The Oblitic quarry, about 100 yards southwest of the ‘“Old Hoosier,”’
and the Brickyard quarry, south of the ‘¢Old Hoosier,”” have both becn
abandoned.

Reed’s Station quarries.—David Reed was the first to open a quarry in
this district, which he did in 1882, operating as the Bedford Quarry
Company. Several openings were made and a well-equipped mill
erected. A good business was done, and the little village, Reed’s Sta-
tion, grew up around the quarries. But when Mr. Reed secured the con-
tract of stone for the Chicago Auditorium building he found that he
could not getstone fast enough from this quarry, and the quarry at San-
ders was purchased, as has been noted on page 370, since which time the
property at Reed’s Station has not been in such active operation.

The quality and character of the rock at Reed’s Station is very much
like that in the Buff Ridge quarries just described. There is, however,
more waste rock and more stripping, the latter caused by the different
topographic position of the stone. The Buff Ridge quarries are opened
on the top of the hill where the stripping is not heavy. The Reed’s Sta-
tion quarries are on the north face of a higher hill on the opposite side of
Goose Creek, and are quarried on the outerop back in the hill until the
expense of stripping becomes too great.

As is generally the case on bluff exposures, there are more weather
seams than in openings made on the hilltops.

The quarries are all idle now except that belonging to the Bedford
Indiana Stone Company (‘‘ The Robin Roost quarry”), which was opened
in 1885 by Crim, Duncan & Co. 1In 1891 the property was disposed of to
the fadiana Stone Company, which in time leased and later, March 15,
1893, sold the quarry to the Bedford Stone Company, which had pre-
viously purchased the Mitchell Hollow quarry. November 14, 1894,
the Robin Roost quarry and associated properties came into possession
of the Bedford Indiana Stone Company, which company is to-day one of
the large producers of oolitic limestone.

The stripping along the abandoned face varies from 6 to 20 feet, con-
sisting largely of the compact, clayey, rough weathering, impure (‘‘bas-
tard ”) limestone with, in places, streaks of hard oélitic limestone, but the
latter in no place occurs in such quantity and quality as to have any
commercial value, so that it all goes in with the waste. In one placethe
granular, compact rock overlying the oolitic is 6 to 10 feet thick, blue
weathering to buff along the seams, and overlain by six to eight feet of
light buff, compact, semi-crystalline limestone.




Report of State Geologist, 1896. Prare XXXII.

- NORTHERN PORTION OF HOOSIER QUARRY, LOOKING WEST
Showing method of quarrying, handling and stacking stone.




Report of State Geologist, 1896. XXXIII.

HOOSIER QUARRY, NORTHEAST CORNER.
Showing thickness of stripping, method of quarrying, and Wardwell channeler in operation.
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The overlying rock is in places very fossiliferous, the fossils being re-
markably well preserved, and the inclosing rock at the surface having
disintegrated the fossils occur intact in the surface soil.

The rock is very much cross grained in places, conspicuously so at the
north end of the Robin Roost quarry and in the abandoned quarry open-
ing immediately north of the Robin Roost quarry. The cross-grain is so
pronounced in places as to cause a cleavage along the planes. This is of
local occurrence, as large quantities of good stone uniform in texture
have been renioved from the different quarries.

The greater part of the stone is buff, but the bottom of the deeper
openings is blue. Where the opening is eight cuts deep the blue stone
extends into the third cut from the bottom.

Large stylolites (crowfeet) occur in several places, which cause almost
as much waste rock as the vertical seams,

On the outerop, where not covered by the overlying impure limestone,
the stone has weathered with a rough corrugated surface causing several
feet of waste rock exclusive of the residual clay soil. At the abandoned
quarries northwest of the station, numerous open weather seams pene-
trate the mass of the rock.

The thickness of the rock quarried varies in different places from two
or three channel cuts to six or eight cuts (15 to 60 feet).

There are two mills here, Reed’s at the station, and Bedford Indiana
Stone Co., a quarter of a mile south of the station, having in all eleven
saw gangs, three planers, one header and three steam travelers. There
are six derricks, nine channelers (five idle July, 1896) and two drills.

DARK HOLLOW DISTRICT.

On November 24, 1877, shortly after the completion of the Bedford
& Bloomfield Railroad (now a division of the L., N. A. & C. R. R.), the
Dark Hollow Stone Company was organized and in May, 1878, opened
the first quarry in the Dark Hollow district. This quarry was very suc-
cessful from the start, and in three years’ time had paid back in dividends
an amount equal to its original cost. Their first large contract, and in-
deed the first large contract calling for Bedford stone, was for the Indiana
State House. In 1890, this company was succeeded by the Dark Hollow
Quarry Co. The latter company was forced by the recent business de-
pression into a receivership. It was reorganized November 30, 1894,
under the title Consolidated Stone Co., the quarry becoming No. 3 of that
company’s quarries.

In the autumn of 1895, the Consolidated Stone Co. opened a new
quarry, No. 4, just across the hollow from the older quarry, which prom-
ises to become a valuable property. See Plate XX1X.
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The Hallowell Quarry lies immediately north of the original Dark Hol-
low quarry, the quarries each working up to the dividing line. It was first
opened in 1878, by Hinsdale-Doyle Granite Co, to furnish buff stone
for the City Hall of Chicago. In 1882 it came into the possession of its
present owners, The Hallowell Stone Co

The Bedford Steam Stone Works opened a quarry in 1886, just north-
west of the Hallowell quarry, but on the north side of Dark Hollow.
It was abandoned at the end of 1893, and a new opening secured about
three miles due north of Bedford.

Both the Monon and the Belt Railroads have branches to these quar-
ries. The Consolidated Stone Co. has a mill at one of their quarries, but
the Hallowell Co. has its mill in Bedford, where the stone to be sawed,
planed, or dressed, is sent.

The Hallowell Stone Co. uses the wire saw for cutting stone from the
quarry, the only one used in the State. It was first tried a number of -
years ago and soon abandoned ; later they used it in the yard for sawing
blocks, and recently they have put it into use in the quarry again, where
it is now (July, 1896,) in operation.

The oblitic stone is quarried on both sides of Dark Hollow, most of the
quarries being on the south side. Thornton’s quarry, the first one opened
on the north side, is now abandoned. The Consolidated No. 4 has been
recently opened on the north side, and is one of the most promising quar-
ries in the State. It misses the mixed stone that stopped the other quarry
on the north side of the hollow. The stone, as far as channeled, five cuts
deep, is all buff of uniform grain and texture, very few seams and com-
paratively light stripping, three feet to five feet of soil and overlying
compact rock. The slope back from the quarry is very gentle, so that a
large area can be worked before the stripping becomes too heavy for re-
moval. The célitic limestone forms a bold outcropping ledge on either
side of the quarry, which, while somewhat seamed and fissured, shows a
comparatively bold outerop with a face more even, smooth and regular
than the average exposure. There are no horizontal seams, except a
stylolite or crowfoot layer near the top, close to the contact with the over-
lying rock.

On the south side of Dark Hollow the quarries are along the face of
the bluff and up a small ravine, and worked back into the hill until the
thickness of the overlying material becomes too great for removal.

As is the case on the north side, the stone is remarkably uniform in
texture and color. The stone is nearly all buff, a lttle blue occurring
near the bottom in some of the openings. The vertical seams are re-
markably even and regular, in many places almost as smooth as channel
cuts, hence waste is very small compared with that where the seams are
irregular and open. ‘
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The overlying compact limestone rests upon the odlitic with remarkable
uniformity, in many places the parting between the two being marked by
a stylolite (crowfoot) layer.

The Hallowell Company is now working on the remnant of rock left
between their main quarry opening and the valley, practically on the
outcrop of the rock. The comparative scarcity of seams here where or-
dinarily they would be more abundant speaks well for the homogeneity
of the stone. There is considerable travertine in the abandoned open-
ing west of the present working, which fills the seams and cavities in the
rock.

In the Thornton quarry, the farthest one north, there is more blue
stone than in any of the other openings. The greater part of the two
upper cuts is buff and the large part of the remainder blue, but the buff
follows the vertical seams through the blue, varying from a few inches to
several feet. Likewise the blue frequently follows a stylolite (crowfoot)
layer horizontally through the buff, thus causing great quantities of
mixed stone.

The Baalbee quarry, though not exactly within the Dark Hollow Dis-
trict, lies near that district. It was first opened, shortly after the com-
pletion of the B. & B. R. R., by Hon. M. F. Dunn and Judge Francis
Wilson, This was before the introduction of channeling machines, and
when the firm worked back into the hill and struck a solid ledge which
they were unable to work with the facilities at hand, they became dis-
couraged and abandoned the quarry. The Baalbec quarry was leased
in 1890 by the Acme-Bedford Stone Company and operated by them
until 1894. In 1895 the Acme-Bedford Stone Company abandoned the
Baalbec quarry and leased the B. & B. quarry in the Sanders District
of Monroe County.

SPIDER CREEK QUARRIES.

Southwest of Bedford along the E. & R. Railroad there are several
oolitic quarries, but only one, the Norton quarry, in operation at present.

The ooélitic stone outcrops in the northeast quarter of section 22,
township 5 north, range 1 west, close to the city limits, and from thence
down Spider Creek Valley, both along the main ereek and in the small
tributary ravines to White River and along the White River bluffs.

In general the stone along Spider Creek is coarser grained and harder
than that a little further north. It varies, however, in different parts of
the valley and at different depths in the bed.

The West Bedford Stone Company opened a quarry and built a mill in
1892 about one-half mile northeast of the Norton quarry. The com-
pany ceased operations in 1893, and in 1895 the mill was purchased by

25—GxoL.
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the Climax Stone Compony and moved to the northwestern part of Bed-
ford between the E, & R. R. R, and the Bloomfield branch of the L.,
N. A &C. R. R. The quarry machinery proper is yet in position.

The exposed rock is badly disintegrated in places to a depth of two or
three feet. In the interior on the fresh surface it is quite firm and
coarsely erystalline, in places having small patches of semi-compaet stone.
The top of the bed contains a great many well preserved fossils, which
remain in the residual material as the rock decays.

Both buff and blue stone oecur. The oélitic stone is overlain by a
compact sandy limestene, which is 10 feet thick on the quarry face at
the base of the hill, and contains numerous fossils and cavities varying
from a half inch to two or three inches in diameter, some of them Iined
with crystals, others not.

Norton’s Bluestone quarry in section 22, northwest quarter of south-
east quarter (5 north, 1 west), was opened by Cosner & Norton in 1888,
and has been in continuous operation since that time, but since 1895
operated by the C. S. Norton Blue Stone Company.

The rock is more uniform in character than that at the West Bedford
quarry. The quarry is on the bluff on the east side of a small ravine
from the southeast, and on the present face has a covering of from 10 to
15 feet of compact limestone, the bottom being more or less sandy.

The stone has been quarried to a depth of six channel cuts, about 40
feet, the upper part of the bed containing many small cavities, and hence
much waste. Below the second cut the stone is an almost uniform blue
color, with but very little waste, as there are but very few seams, and
those that do occur are close joints. The stone contains some cross-bed-
ding and does not cut quite so easily nor to such a smooth finish as the
finer-grained stone, but it presents a handsome appearance with either
rock or tool-dressed surface. Most of the product is shipped to New
York City and used for building purposes.

The railway cut on each side of Nerton’s quarry shows a somewhat
similar stone, but more of the buff stone than in the quarry.

In the abandoned quarry opening across the creek from Norton’s
quarry, and about 100 yards below it, the stone is much more cross-
grained and quite porous in places. It contains numerous stylolite (toe-
nails) and seams, both horizontal and vertical, thus causing a great
quantity of waste rock, probably the reason the quarry was so quickly
abandoned. It was opened first by the Bedford Blue Stone Company in
1889, who made a second unsuccessful opening in 1893,

The stratified compact stone overlying the oélitic has numerous geodic
cavities containing quartz crystals. There are also many small stylolites
in this compact limestone, five or six layers in the space of a foot.

In the numercus railway cuts between Norton’s quarry and the river
the odlitic stone is almost universally coarse-grained.
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There is an old quarry opening on the south side of the railway in the
southeast quarter of section 21 (5 north, 1 west) where some stone was
quarried years ago by hand. It is finer-grained than much of the stone
along this valley, and much more uniform. The stone, both on the
quarried and on the natural rock face, is smooth, regular, sharp-angled,
and has the appearance of great durability.

There is an old limekiln on the north side of the railway in the south-
west quarter of section 22 (5 north, 1 west).

The Bedford Building Stone Quarry (sometimes known as the Gowen
or Limekiln quarry) is in a small ravine on the east side of the creek in
the northeast quarter of section 28 (5 north, 1 west). The quarry was
opened in 1891, but ceased operations in 1893.

"'The stone has been taken from two openings at the head of the ravine,
and while large quantities of stone have been removed, judging from the
outerop, the quarry face and the dump piles, much of it has been waste.

The stone has been quarried to a depth of 25 or 30 feet. There are
numerous seams, both vertical and horizontal, along which the disintegrat-
ing forces have been at work. Some of the vertieal seams extend to the
bottom of the bed, but the horizontal ones are confined to the upper part
of the bed. The three bottom cuts (18 or 20 feet) contain sound, com-
pact stone of rather uniform, coarse texture, but much variegated in
color. While the blue stone prevails at the bottom and the buff at the
top, there is much intermingling of the colors between the top and the
bottom. Bome patches are coarsely fossiliferous, containing large
brachiopods and gastropods.

The oélitic stone is overlain by 12 te 15 feet of laminated, argillaceous
blue and buff’ limestone containing numerous geodic cavities, which is
overlain by 20 feet or more of compact ¢‘lithographic” limestone which
has been quarried and burnt into lime at the north quarry opening. No
particulars could be obtained as to the amount burnt or use made of it.

Goeod bluffs of oblitie limestone occur along the north side of White
River west from the Limekiln quarry.

80UTH OF BEDFORD.

Along the Monon Railway, south of Bedford, a quarter to a half mile
or more south of the city limits, there are several abandoned quarry
openings, which were operated many years ago, and from which consid-
erable oolitic limestone has been removed, but all are now idle. Part
of it has evidently been burnt to lime, as there are three abandoned
kilns near the quarries. They are said to be among the oldest quarries
in the region.

At the first quarry south of the town, on the west side of the railway,
there is an exposure of 12 to 15 feet of solid oolitic limestone, overlain
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by 10 to 50 feet of compact (Mitchell) limestone. The oélitic stone is
harder, more crystalline, less fossiliferous and freer from seams than the
average, but there is too much material on top of it for it to have any
economic value. The total thickness of the bed is not shown.

On the opposite side of the railway east of the limekiln, there has
been a thickness of 10 to 12 feet of the odlitic stone quarried, along with
12 to 15 feet of the underlying (Harrodsburg) limestone, upon which
the odlitic lies quite comformably separated by a stylolite (crowfoot) seam.

Along the railway, further south, half a mile south of the city limits,
there are several rock cuts in which the oglitic stone is exposed in the
bottom of the cut, overlain by 25 to 30 feet of compact limestone, which
contains layers of partly oélitic.

About a quarter of a mile south of the limekiln above mentioned,
are two other limekilng on the east side of the railroad, and on the east
side of the ravine opposite these kilns is the best exposure of the oélitic
stone in this vicinity. Considerable stone has been quarried by hand.
There is no sign of any channeling. It is probably as handsome a stone
as any in the odlitic region, and one wonders on looking at the quarry
why it was abandoned. It is true, the bed is thin, much below the aver-
age for the region—ahout 20 feet. But on the other hand there is little
waste- and little stripping. It is both overlain and underlain by a com-
pact, dull-looking limestone. The thickness overlying varies from 0 to
3 or 4 feet along the bluff, and the slope back from the edge of the bluff
is very gentle. Despite the fact that the bed is thin, it is a more
promising locality than many that are worked elsewhere.

EAST AND NORTHEAST OF BEDFORD.

All the quarries east and northeast of Bedford, with one exception,
were in operation the past summer (1896), but operated on a very small
scale compared with what they had evidently done in previous years.
There are two large quarries on the east side of Bedford bordering on the
city limits, one of which, the Blue Hole quarry, ranks among the largest,
the oldest and best known in the area.

The Blue Hole quarry was first opened by Nathan Hall, as has been
previously noted. In 1878 the property was purchased by the Hinsdale
Doyle Granite Company, who put in a complete equipment for quarrying,
and built a switch nearly a mile long to the L., N. A. & C. railroad.
Later the company was reorganized as the Chicago and Bedford Stone
Company, in whose possession it now is.

The general features of the stone are similar to those south of Bedford.
The bed is comparatively thin (from 20 to 30 feet), overlain by a
compact, impure limestone, and underlain by the hard, semi-crystalline
Harrodsburg limestone. The watercourses have cut deep ravines into
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the limestone, exposing the oglitic stone near the heads of the ravines in
and near the bottom, but the rapid descent of the streams leaves the
odlitic bed on the slope of the hills, generally as a rather prominent
ledge, down the ravine.

The most serious drawback to more extended operations is the heavy
stripping. In both of the quarries east of town the oélitic stone has
been quarried back into the bluff until the overlying material is 25 to 40
feet thick.

In the Blue Hole quarry work has been abandoned on the south side
of the valley, and is being extended east along the north side of the
valley.

The greater part of the stone has a fine, homogeneous grain, but there
are a few streaks coarsely fossiliferous, a conspicious one along the south
side of the valley which shows plainly on the old channeled quarry face
where it is scaling off or exfoliating. The scaling over the south wall
extends to a height of 10 to 12 feet from the bottom, but is the worst
in the coarsely fossiliferous layer. It is evidently due to freezing on the
wet, fresh surface, as the waste stone in the dump shows no crumbling.
There are several stylolite seams and a number of joint seams. Both the
blue and the buff colors occur.

All the work in late years has been on the north side, where the stone
appears to be uniform in texture and does not have so many stylolite
seams. The few joint seams that occur are small, and there is compara-
tively little waste in the oglitic bed, but the stripping is very heavy.
They are starting the fifth channel cut near the north end of the opening.

Immediately north of the opening of the Blue Hole quarry is an old
quarry, the Nathan Hall quarry, said to be one of the oldest quarries in
the region, worked many years ago, before the use of the channeler,
when the work was done by hand. On the old quarry face and on the
loose boulders the only effect of exposure observable is in the darkening
of the surface. A

The Benzel Quarry, opened by the Bedford Blue Stone Company in
1890, shows on the present quarry face six to ten feet of shelly, weath-
ered semi-oflitic limestone underlain by 25 to 30 feet of compact im-
pure limestone and 23 feet of clean oélitic stone, three or four feet of
‘““soapstone’’ and 18 feet of bard blue semi-crystalline limestone which
contains considerable carbonaceous matter and is now being quarried.
They went down into this second channel cut this summer, but have quar-
ried none of it for the market so far.

In the middle of the quarry the blue stone extends to the top of the
colitic bed, but at either end the buflf stone occurs in the upper part of
the bed. As the parting between the blue and the buff is quite irregular
there is considerable mixed stone. The buff runs deeper at and near the
joints.
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The Brown Quarry. The Brown quarry, opened by the Bodenschatz-
Bedford Stone Company in 1890, is about half a mile northeast of the
city limits and more than a mile north of the E. & R. railway, with
which it is eonnected by a branch joining the main line at the mill
of the Bedford Stone Mill Company. The oélitic stone is thicker
than at the Blue Hole quarries, but there is much more waste rock.
There are more stylolitic seams and the joints are more deeply
weathered than further south. There are two openings, one on each
side of the railway track. The upper (eastern) one has been channeled
five channel cuts deep. The one on the lower (west) side shows five cuts,
and the bottom covered with water may conceal one or two more. There
appears to have been very little stone quarried here this year (1896).
The large amount of waste stone probably makes it unprofitable at the
present price of stone. This stone is used for monumental purposes al-
most altogether, very little building stone being quarried.

The Salem-Bedford Quarry is about a quarter of a mile northwest of the
Brown quarry and about half a mile northeast of the Salem-Bedford
mill. The quarry was opened and the mill built in 1892. There are
three separate openings, all of which are idle (July, 1896), whether per-
manently or temporarily abandoned is not known. The numerous stylo-
litic (crowfoot) seams and the irregularity of the parting between the
buff and the blue are the objectionable features. Most of the stone that
can be obtained free from these defects is good stone; only in one place
was it found to be coarsely fossiliferous. The most promising opening of
the three is the last one made, the one furthest west. Only two channel
cuts have been made in it, the upper showing the weathering influences,
but the second showing a fair quality of blue stone.

The Stondard Quarry was opened in 1893 by the Standard Stone Com-
pany about one mile northwest of Bedford on a branch of the Bedford
Belt Railway.

Both buff and blue stone are obtained of a medium fine uniform
grain. The east-west joint seams are numerous, but are not much weath-
ered, mostly close joints. The quarry stone is overlain by 12 feet to 15
feet of compact sandy and a coarsely crystalline limestone. The thick-
ness of the oélitic stone is about 25 feet.

THE HELTONVILLE LIMESTONE STRIP.*

Commencing at Limestone Hill, eight miles southeast of Bloomington,
and extending east of south through Heltonville to, and probably be-
yond, Fort Ritner, Lawrence County, is a band of limestone from one-
half to one and a half miles in width, bordered sharply, both east and

*All the matter under this head and the Mitchell Hollow, Fort Ritner and Fishing Creek
distriets was written by Mr. Siebenthal.
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west, by Knobstone, and known in that neighborhood as the ‘‘Limestone
Btrip.” Isolated patches of similar limestone occur north of this strip
and in line with it, The strip is well developed in the vicinity of Hel-
tonville, Lawrence County, where it gives exposures of the Harrodsburg,
Bedford Oglitic and Mitchell limestones.

At many points the Knobstone contains intercalated lenticular beds of
limestone, and it is possibly conceivable that the conditions which pre-
vailed while these beds were being deposited might have been extended
over a narrow territory like the Heltonville strip. However the fact,
first, that Knobstone has not been feund overlying this limestone, and
second, that it shows the lithological facies of the Harrodsburg, the Bed-
ford Odlitic and the Mitchell limestones, and the faunas of these forma-
tions, identifies it with them and shows conclusively that it is a narrow
band of those formations, occupying a depression in the Knobstone, and
not an included member of the Knobstone.

This depression may have resulted from a double fault or may be an
old erosion channel. Some things seem to point to one ag the origin and
some te the other. The facts at hand incline us to the latter view. The
most palpable objection to this view is the fact that no non-conformity
exists between the Knobstone and the Harrodsburg limestone at their
contact a few miles west of the strip. Another objection is that the bot-
tom of the channel, at present at least, is not at all of uniform elevation
throughout its length. The principal objections to the view of a double
fault are two—at no point was a direct vertical contact of limestone and
Knobstone visible, nor was there to be seen any of the tilting, erushing

and shattering which usually accompanies faulting. On the other hand,
~ as the vicinity of the contact line is approached the shaly members of
the limestone become more and more argillaceous and apparently pass
over into the Knobstone. To determine the exact conditions under
which the limestone strip was laid down would require more extended
study than was consistent with the scope of this report. What has been
done was to trace upon the accompanying maps the outcrop of the Bed-
ford odlitic and to examine the bed more carefully at the places where
it is now being quarried, namely at Heltonville and Fort Ritner.

The Heltonville Odlitic Limestone Company opened a quarry in 1890
in the vicinity of Heltonville, T. 6 N., R. 1 E., sec. 25, S. W. N. W,
qr., which is equipped with two Wardwell channelers, steam drill, der-
rick, power, etc., and employs from 10 to 25 men. Three channel cuts
six feet six inches each are made in fine-grained buff”oolitic, and below
that is channeled 10 feet of so-called Troy marble. The latter is a
magsive bryozoic development of the upper member of the Harrodsburg
limestone. It does not take a very good polish owing to the openness of
the bryozoa, but on a bedway face the lacework effect of the delicate
bryozoa is very beautiful. Along the south bluff of Leatherwood Creek
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just north and east of the Heltonville quarry the oélitic is very fine
grained and white. About a half mile up the creek from the quarry
the limestone is shut off sharply by the Knobstone. The oélitic caps
the ridge across the creek north of the quarry, as indicated on the map
(Bedford sheet), and shows in two small patches in section 31 of town-
ship 6 north, range 2 east. South of these occurrences no colitic is met
with until in the vicinity of Fort Ritner.

SOUTHEAST OF BEDFORD.
Mitchell Hollow, Pulestine, Fort Ritner, Rock Lick, Fishing Creek.

The Tanyard Stone Company, organized in 1890, opened the Miichell
Hollow quarry on the Bedford branch of the B. & O. 8.-W. Railway,
about three miles southeast of Bedford (T. 5 N., R. 1 E., sec. 30, sw. 1).
The quarry in 1892 passed into the hands of the Bedford Stone Company,
by whom it was abandoned in 1893.

The oélitic limestone here is about 33 feet in thickness, overlain by a
gix-inch stratum of dark blue shaley limestone containing many small
cup corals, which is in turn overlain by eight feet of massive, fine-grained
buff and blue Mitchell limestone with a spongy weathering. The oélitic
is divided by three bad toenail seams into four beds which, beginning at
the top are respectively three feet, 16 feet, five feet, and nine feet in
thickness. The upper bed is medium fine grained, mixed buff and blue,
badly cross-bedded and fractures along the cross-bedding. The second
bed is the principal quarry bed. It is of medium fine grain, but con-
tains patches of much coarser stone, is badly cut up by vertical seams,
and badly mixed buff and blue. These latter features caused the quarry
to be abandoned. The third bed is rather coarse grained dark blue lime-
stone. The fourth bed was concealed by water at the time of my visit,
but is probably similar to the third bed.

The Tanyard Creel: Stone Company, incorporated at Chicago in 1890,
opened a quarry and built a mill on Tanyard Creek just north of Pales-
tine Station on the B. & O. S.-W. Railroad. The property was sold in
1892 to the White River Stone Company, who made a new opening about
a quarter of a mile southeast. This was sold under foreclosure in 1895
to the Bedford Sterling Stone Company, who are at present operating the
quarry, known as the Tanyard or White River quarry. The stone has a
rather coarse grain, and is both buff and blue in color, with considerable
mixed stone, due to the intermingling of the two colors. Some of the
blue stone is exceptionally dark in color, caused by an excess of carbon-
aceous matter. It acquires a deeper, darker color on exposure, possibly
due to the heat of the sun drawing the carbonaceous matter to the surface.
The stone has been quarried four channel cuts, about 25 or 26 feet deep.
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There are no bedding seams except a stylolitic layer near the top of the
quarry, and the joint or wall seams are not numerous. There is but
little waste in the quarry, except from the mixed colors, which is waste
only in first-class dimension stone, and may be used for bridge or founda-
tion stone. The odlitic stone is overlain by four to 15 feet of sandy clay,
which contains remnants of compact stratified limestone. There is a mill
with two gangs of saws at the quarry. There is another smaller opening
about 100 yards west of the one above described from which bridge stone
has been quarried.

Fort Ritner District.—A. Luedtke’s quarry is in the southwest quarter
of section 11, 4 north, 2 east, about a mile and a half east of north of
Fort Ritner. It works an isolated patch of odlitic similar to the occur-
rence at Heltonville and lying in the same limestone belt. The site was
first prospected in 1858 by one Needham, who afterward located the
Salem quarries. It was first opened in 1860 by George A. Smith, who
shipped stone that year to Cincinnati for Lincoln Park. He was suc-
ceeded by Enoch Dixon, who operated the quarries many years, employ-
ing 10 to 15 men. Dixon was later succeeded by the present owner, A.
Luedtke. The quarry has no switch connection, but the stone is hauled
on wagons to the B. & O. 8. R’y at Fort Ritner. The market has been
mainly local, the stone being used for bridge piers, etc., and buildings in
Seymour, Brownstown, etc. The ledge shows eight feet of good quality
very light buff stone underlain by four to six feet of good blue stone,
which takes a nice polish. The o6litic stone ig overlain by a flaggy, blue
stone which has been quarried extensively for flagging and curbing. A
" hand-power derrick is the only piece of machinery at the quarry.

C. Dizon’s quarry, which lies just over the hill east of the Luedtke
quarry near the center of section 11, 4 north, 2 east, has been but re-
cently opened, and has about the same thickness of odlitic. The upper
part is a very good quality, but the lower portion is coarser-grained and
quite fossiliferous. Very little stone has been taken out except for a few
monument bases, and there is not even a derrick at this quarry.

Rock Lick District.—Two quarries have been opened in this district,
both abandoned several years since. The quarries are reached by a
branch from the B. & O. 8.-W. R'y, leaving the main line just east of
Mitchell.

The first quarry opened was the Big Four quarry. The quarry which
is near the center of section 31, 4 north, 1 east, was opened in 1889 by
parties from Mitchell, and abandoned after three or four months. The
odlitic limestone, which shows to a depth of 14 feet, is coarse-grained
and has a very fetid odor on fresh fracture. Two cuts were channeled,
which disclose many bad seams. The hill rises steeply from the quarry
opening, and the stripping soon becomes very heavy. These causes led
to the early abandonment of the quarry.
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Leeds, Chanler & Starr, of Chicago, in February, 1890, opened a
quarry 400 yards north of the preceding. Two five-foot buff cuts were
made and taken out, and a third, a blue one, channeled but never taken
out. The two buff cuts are traversed by three horizontal ‘‘toenails,”
which have thickening and thinning shaly places. Three large vertical
seams run back into the bluff. The rock is very hard and injured by
mixing of colors. It is not very fossiliferous. The total thickness is
not less than 18 to 20 feet, which is above the average in this neighbor-
hood.

Fishing Oreek District.—The productive area of Fishing Creek includes
the outcrop on both sides of the creek south from Lawrenceport for a dis-
tance of two miles. A good quality of fine-grained buff odlitic stone out-
crops in the street in the south part of the village and shows at different
points along the roadside south for a mile and a half. Where the Mitchell
and Bono road crosses Fishing Creek at the south side of section 35, town-
ship 4 north, range 1 east, the odlitic shows to a depth of 30 feet on the
west side of the creek and to a depth of 40 feet on the east side. The sec-
tion exposed on the west side shows, eight feet from the bottom of the
oolitic, three feet of shaly limestone and two feet of shattery limestone,
which do not appear on the east side, where the grain also seems finer.
Bores in this neighborhood report from 24 to 43 feet of buff oélitic.
Along the drain which flows into the creek from the east, just south of
the road referred to, the oélitic shows to a depth of 40 feet, the upper 15
feet of which is a fine quality of fine-grained odlitic and the remainder fair
quality, all showing good weathering qualities. In the northeast, south-
west quarter, section 2, 3 north, 1 east, the west bluff of Fishing Creek
shows 36 feet of odlitic limestone, the upper 10 feet of which is fair
medium, fine-grained, underlain by six feet of splendid fine-grained, un-
derlain in turn by 20 feet of medium, coarse-grained, but fair quality of
oolitic stone. The weathering qualities of each member is of the best.
Taken all in all the Fishing Creek district is one of the most promising
in the odlitic belt, and fully deserves the development which awaits it
at no greatly distant date. :

Salem and vicinity.—Time did not permit a detailed study of the area
much south of Bedford or a detailed mapping of the area south of that
shown on the Bedford sheet. But a brief examination was made of the
Salem quarries and one or two others in the vicinity and the notes here
recorded in the absence of more detailed work.

The quarry of the Salem Stone and Lime Company, now the Salem.
Bedford Stone Company, is on the south side of the Monon Railway,
about half a mile west of the town of Salem. The quarry was for many
years worked quite extensively and produced some excellent building
stone which went into fine buildings. The Georgia State House is con-
structed of this stone, as is the Salem Court House, one of the neatest
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OUTCROP OF OOLITIC LIMESTONE ON BLUFF WEST OF TWIN CREEK, WASHIN COUNTY.
Harrodsburg limestone in the foreground. Bedford white limestone at the top.
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court houses in western Indiana (see plate XXXVIII). There are a half
dozen different but closely adjoining openings along the bluff running seuth
from the railway on the west side of the branch road made by the com-
pany. The bottom of the stone is concealed either by water or debris at
present, so that the total thickness of the stone is not shown. The walls
show from three to five channel cuts, or from 20 to 30 feet, with three to
20 feet of rock and soil stripping. No stylolitic (crowfoot) seams were
observed. There are a few incipient bedding seams and some cross-bed-
ding, rather pronounced in a few places. There are a few joint seams,
but they are neither large nor numerous,

The stone has a medium fine grain; no large fossils were observed.
The greater part of the stone is buff, yet in a few places a little blue
stone occurs. o

There is a large stone mill and a number of limekilns at the quarry,
but the mill is now idle. Most of the channelers have been removed
and there appears to be very little dimension stone being quarried
(1896).

A unique feature of this quarry is the absence of the large dump piles
of waste stone, the universal accompaniment of the quarries elsewhere.
The explanation of this is found in the limekilns at the quarry, where all
the waste stone is burnt to quicklime and marketed in that form. The
only stone that is being quarried at present (July, 1896) is the broken
stone for lime burning (see p. 336).

On the north side of the Monon Railway, on the west side of Salem,
there is a large quarry in the limestone underlying the oolitic (the Har-
rodsburg stone), where limestone is quarried and crushed in a steam
crusher for railway ballast. Stone is shipped from this crusher at the
rate of 80 to 100 cars per day (July, 1896). There are two varieties of
stone—a compact blue stone with conchoidal fracture and a gray crystal-
line stone. At Spergen Hill, four miles east of Salem, is an outcrop of
odlitic limestone famous for the great number of well-preserved fossils
which it contains. It is probably one of the most prolific fossil locali-
ties in the State. Many of these fossils are pictured and described in
the 12th Annual Report of the State Geologist of Indiana, 1882. The
stone has but little economic value in this locality.

Twin COreek.—On Twin Creek, about two miles north of Smedley Sta-
tion on the Monon Railway, and seven or eight miles north of west from
Salem is a promising outcrop of oélitic limestone. It is exposed on both
sides of the creek in bold cliffs at or near the top of the bluff, in some
plaeces forming perpendicular or overhanging ledgés. There are clean
exposures of not less than 25 to 30 feet* of oclitic stone and the total
thickness may be greater than that, as in no one place are both the top

*Having no barometer with me, all the dimensions of this locality are estimates made
by the eye.
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and bottom of the bed clearly exposed. A few small stylolitic seams
were observed, and there are a few joint seams, all of which appear to
be regular. The weathered surface is in most places comparatively even
and smooth.

The bluff at one place shows 25 to 30 feet of massive odlitic limestone
overlain by 10 to 20 feet of coarse, partly oélitic laminated stone, over-
lain by 8 to 10 feet of earthy, sandy limestone overlain by blue limestone.
The massive ledge has a fairly uniform texture of medium fineness and
buff color. It appears to be a little more crystalline and harder than
the stone further north.

The Twin Creek Stone Land Company of Salem, who own the greater
part of this bluff on the east side of the creek, sent in samples for test-
ing, the results on which show for the crushing strength :

Tested on natural bed, No. 1........... 11,700 pounds per square inch.
Tested on natural bed, No. 2........... 6,900 pounds per square inch.
Tested on natural bed, No. 3........... 11,100 pounds per square inch.
Tested on edge, No. 4 ................. 8,900 pounds per square inch.

The average of all being 9,400, the average on the natural bed, 9,900;
but as No. 2 was an imperfect sample, the side chipping off before break-
ing, the average for the good specimens on the natural bed would be
11,400, a result higher than that for any of the other specimens of odlitic
limestone tested in the same lot with one exception. The absorption
shows it about equal to the average o&litic limestone in this respect, 1 in
31. Its specific gravity is a little higher than any of the other lime-
stones tested. The chemical analysis shows it to be a very pure carbon-
ate of lime, closely resembling the odlitic stone from other localities in
this respect.

Chemical Analysis of Twin Creek Odlitic Limestone.*

Per cent. Per cent.

Residue insol. inacid . .............. ... .. .ol 0.76
Lime (CaO) ............ e e e 54.97

Or lime carbonate (CaCOj3) ........covviivn. 98.16
Magnesia (MgO)......coooviii i .46

Or magnesia carbonate (MgCO;g)..................... 97
Carbon dioxide (COy) . ..covvviiie i ... 43.68
Alumina and ferric oxide .......... ... .o il 15
Total. ... e e 100.02

There has not been sufficient work done in this locality to fully estab-
lish the quantity of goqd stone. However, the little work that has been
done (zee plate XX XVI) only strengthens the favorable impression that
one gains from observing the outcrop. Unless defects are brought to light
by further development, that do not now appear, we may expect to find

¢ Made by W. A. Noyes, Rose Polyteshnic]Institute, Terre Haute.
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this a productive locality in the future. See the accompanying illustra-
tions, plates XXX VI and XXXVII.

Stone for local use has been quarried on the blufls on each side of Twin
Creek for a number of years.

Obdlitic stone is reported south from Salem to the Ohio River, but no
opportunity was offered to examine it. So far as could be ascertained, it
has been quarried at only one locality, Stockslager’s quarry, near Mauck-
port, in Harrison County, on land now owned by David W. Jacobs.
The quarry has not been operated for a number of years. A chemical
analysis of the stone is given in the table on page 820. The stone is said
to be whiter and more odlitic than that near Bedford. Some of it has
been burned to lime and is said* to yield a pure white lime, which,
besides its local use, is said to have been shipped south on the rivers to
Mississippi and Louisiana for use in purifying sugar.

CHAPTER V.

OBLITES AND OOLITIC LIMESTONES IN GENERAL.T

Definition. The word oélite literally means egg-like, more specifically,
like fish-eggs, and is used to designate rocks made up wholly, largely or
partly of rounded particles, resembling fish-eggs in shape and often in
size. The term odlite is sometimes limited to rock composed entirely or
nearly so of the rounded particles, using the term oélitic limestone if
there is much other material with the rounded particles. Hence we have
the expression ‘‘more oélitic” or ¢‘less oélitic,”’ as the proportion of
rounded particles to the whole mass increases or decreases. The word is
used with different signification by different writers, as will appear in the
following pages.

The greater part of the literature on the subject is in German, par-
ticularly on the structural part. The French and English have written
a great deal on the stratigraphy and paleontology of the oélite of Cre-
taceous age, but very little on the petrographic character of the rocks.
The Americans have very little on the subject, as it is not a widespread
formation in this country, and regions where it does occur have not been
studied very thoroughly.

® John Collett, Report on Harrison County. Geol. Surv, of Ind., 1878, p. 412, where a short
description of the stone is given.

1 There is no genetic difference between pisolite and odlite, the only distinction being
that of the size of the constituents. As opinions differ as te where to draw the line, the pise-
lite will be considered in this paper simply as a variety of oblite.
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The most specific treatment of the subject is in Zirkel’s Lehrbuch der
Petrographie, to which we are indebted almost entirely for the following
classification.

Varieties of odlite.—On the basis of composition, oélites may be divided
into calcareous, siliceous, argillaceous and ferruginous. The first is the
largest and most important class, the others much more limited in their
occurrence, and the following remarks refer almost wholly to the cal-
careous or lime odlites.

The little spheroids are sometimes made up of concentric layers, some-
times radially fibrous, sometimes both, sometimes neither. This gives a
suggestion for a division of the subject into (1) oélites proper, (2) odlith-
oids, (3) pseudodlites.

1. Odlites proper, or oblites in the narrow sense, include those with a
distinet concentric or radiated structure, and may include three varieties :
(1) The first or Carlsbad type is made up of concentric shells of ara-
gonite with no radial fibres, the negative vertical axes of the aragonite
having a more nearly tangential direction, except in the outer periphery,
where they stand radial. (2) In the second variety the spheroids are
formed of more or less concentric layers, the individual layers consisting
of small radial calcite fibres, which have a negative principal axis nearly
radial, the usual structure of the odlite grains of the English Jura and
the larger grains of the rogenstein. In the rogenstein a fine layer of clay
often separates the individual layers of calcite. (3) A third variety has
radiated, but no concentric shelly structure—many of the smaller rogen-
stein grains.

In all three of the above varieties the grains have a kernel of foreign
material which may be quartz, feldspar, limestone, shell fragments, cri-
noid pieces, foraminifera, bryozoa, coral sand, or fragments of odlite
itself. In the so-called Riesenodlite (giant odlite) of Sasso Mattolino the
kernel of the large pisolitic grains consists of a coarse aggregate of either
calcite or dolomite grains with stratified iron oxide.

II. The second generical class, oslithoids, or oolite in the broad sense,
may be subdivided into four varieties:

1. Consisting of concentric layers of alternating zones of very fine
crystals and coarse crystals. The layers may be alike chemically, but
vary greatly in structure, color, shape and size.

2. A second variety in which the concentric structure is a marked
chain-like folding upon one another.

3. The concentric separation of the inner part of the spheroid by
foreign coloring matter.

There is no radial structure and no foreign kernel in any of these three
varieties. 1

4. A fourth variety consists of those made up of many systems of
tufted calcite rays thrust upon one another.
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ITI. Pseudoolites. A third class, still further removed from the true
odlites, is the pseudodlite which has only the outer rounded form in com-
mon with the other classes. Tour varieties are given:

1. In which the rounded bodies have only a slight local difference
from the matrix. An individual structure wholly wanting. The outer
limits not sharply defined. This may consist of (a) very fine crystalline
particles in a coarsely crystallized mass; (b) coarsely crystalline particles
forming a rounded granular heap in a finely crystalline mass, and (c) the
spheroidal parts formed by the concentration of the colored bitumen in
the interior.

2. Od¢litic grains consisting of rounded fossil fragments covered here
and there with a thin eoating of carbonate. The ootlitic limestone of
Indiana.

Steinman found these fragments covered with a thin coating having
the microscopic structure of a sponge. In some of the older Tertiary
the kernel of gasteropod shell is covered with a vegetable coating, Litho-
thamnium,

3. The apparently oélitic grains are only fragments of a crystallized
granular limestone, polished by friction and cemented by limestone.

4. In a fourth variety the concentric coatings form on little insect
eggs. Such were observed by Virlet d’ Aoust in the seas of Chaleo and
Tecoco in Mexico.

C. W. Gumbel* gives a three-fold division of the subject into 1, Eu-
todliths, those formed by outward growth from the interior; 2, Enfoiliths,
formed by inward growth or filling of a cavity, and 3, Dimorphoilite, a
combination of the two where the interior of the shell is filled with crys-
talline material, and the exterior coated with concentric layers. This
includes only the first division given by Zirkel, and does not recognize the
other two divisions. o ‘

Prof. Merrillt says that oclitic limestone is made up of carbonate of
lime in three forms: 1, minute subangular shell fragments ; 2, concentric
coatings; 3, colorless crystals filling interstices.

Geikie says (Text Book, p. 119), that cdlite is a limestone formed
wholly or in part of more or less perfectly spherical grains resembling
the roe of a fish, each grain consisting of concentric shells of carbonate of
lime, frequently with an internal radiating fibrous structure. He does
not recognize Zirkel’s o6lithoids and pseudoclites.

I’Apparent distinguishes two varieties: 1, Extoélithes, and 2, Entoo-
lites, as given by Gumbel.

Prof. Sorby, in his address before the British Association, described
three types of oolitic grains: (1) Concentric, as the Carlsbad Sprudel-
stein ; (2) radiate structure consisting of concentric layers of calcite with

# Neues Jahrbuch of Min., u. s. w., 1873, pp. 3034,
1Stone, Vol. 1, p. 295.
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their principal negative axes arranged radially; (3) recrystallized from
aragonite into calcite.

Barbour and Torrey, in the American Journal of Beience*, describe
two varieties of Jowa ooélite, one with concentric structure, another with
a sort of brecciated spherule composed of mosaic of exceedingly small
fragments cemented together about a center. They resemble each other
chemically and microscopically, the distinction being a microseopic one.

Dr. Rothpletz, in the American Geologist,{ describes a snow-white
oblite of vegetable origin on the shore of Great Salt Lake, where the
lime is inclosed in the form of rounded tubercles which often mass them-
selves into larger irregular tubercular bodies which always inclose numer-
ous dead algz cells.

He describes three varieties: (1) Irregular tubercular bodies; (2)
spherical or oval forms; (3) long, thin rods. The rounded or oval forms
are, both by their external form and by the microscopic structure, true
oolites. Around an immense nucleus are laid concentrie shells with
radial arrangement of the calcite crystals. But minute scattered gran-
ules occur in both the nucleus and the shell. By dissolving the lime
slowly in very dilute acid the granules remain behind in exactly their
original position and are seen to be dead and crumpled Gleo capsa cells,
thus showing the vegetable origin of the odlite.

Origin of calcareous oolites.—If we use the term oélite in its wide
sense, we would expect the different varieties to be formed in different
ways. Using the term in its restricted sense, however, we find different
opinions as to the origin.

Geikie says each grain consists of successive concentric shells of car-
bonate of lime, frequently with an internal radiating fibrous structure,
and was formed round some minute particle of sand, or other foreign
body, which was kept in motion so that all sides could in turn become
eancrusted. O6litic grains of this kind are now forming in the springs of
Carlsbad ; but they may, no doubt, also be produced where gentle cur-
rents in lakes, or in partially enclosed areas of the sea, keep grains of
sand or fragments of shells drifting along in water which is so charged
with lime as to be ready to deposit it upon any suitable surface.

Prof. Merrill expresses about the same views, stating that by the
evaporation of sea water the pellicles were deposited on the little grains
which were kept in gentle motion by the waves. After the elevation
above sea water the crystalline parts were deposited. (Stone, April,
1889.) A

Prof. Seeley, in Phillips' Manual of Paleontology, says there can be
no doubt that the formation is due to the evaporation of the surface of

“Third Series, Vel. 40, p. 246.
t Nov., 1892, p. 379.
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the sea, so that a film was formed around some shell fragment and con-
tinued to increase in size as it fell through the water, until it sank to the
bottom. This, he states, accounts for the uniform size of the grains in the
same stratum.

In a paper before the British Association (1888), the same writer states
that oolitic texture might originate in many ways. He thinks that many
odlitic grains are pseudomorphs. In the magnesian limestone grains of
dolomite present all the characters of oolite. It is so common for large
foraminifera to be the nuclei of oélitic grains in the Carboniferous lime-
stone of England as to almost justify Dr. Carpenter’s view that oélites
are foraminifera limestone where the foraminifera are coated with caleite.
The small size of some grains is due to the transforming power of the
current which is assumed to have formsd them by rolling. He remarks
on the close resemblance of the internodal grains of the nullipores to
oolitic grains. These grains show a concentric structure as well as a
radiated tubular structure which would favor recrystallization such as
commonly occurs.

In a private communication he states that his conclusion in regard to
nullipores was the result of his examioation of the weathered surface of
the Portland oélite in the University of Cambridge and subsequent ex-
amination of many oolites in Great Britain and other parts of Eurepe.
He believes there are several types of oolitic grains which can not be ex-
plained in this way. :

Prof. Sorby (An. Add. Br. Assoc., p 44), says that the concentric
sprudelstein of Carlsbad is not formed by the normal deposition of crys-
tals from solution, but by the more or less mechanical accumulation of
minute prismatic crystals, with their longer axes parallel to the surface
of growth. The minute crystalline nuclei were mechanically accumu-
lated round a center like the layers in a large rolled snowball, True
chemical deposition may have been going on at the same time.

In recent oglites of Bahama and Bermuda the spherules were formed
in water muddy from decayed shells and corals, and the purely chemical
deposit served simply to collect the fragments into spherules. The grains
show a granular and crystalline structure in varying proportion in dif-
ferent grains and different layers. Secondary crystallization has some-
times taken place since deposition.

The oblitic grains in the Jurassic rocks indicate the original deposition
of calcite round nuclei gently drifted along by currents of the ordinary
temperature which caught up more or less of the surrounding mechanical
impurities.

Prof. Dana (in Corals and Coral Islands, pp. 1563 and 156), describes two
different formations of coral odlite. (1) The coral fragments on the beach
are worn into sand grains and coated and cemented by alternate moisten-
ing and drying through the action of the tides. They form regular

26—GroL.
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layers from a few inches to a foot in thickness, and consolidated to a line
a little above high tide. (2) A second variety is formed on the islands
above the action of the tide on the sand banks of wind drift origin, and
consolidated by infiltrating waters.

The o6lites on the shore of Great Salt Lake, as described by Dr. Roth-
pletz, are evidently of vegetable origin.

W. H. Thompson (in 16th An. Rep. Geol. and Nat. Hist., Survey of
Indiana, 1888, p. 81), referring to the Indiana oélite, says that the more
it is studied, the more it appears to be the result of calcareous sediment
deposited at the bottom of a deep trough in an otherwise shallow sea.
The minute shells are cemented together with a cement composed of fine
fragment dust of other shells and an immediate setting of Ca CO,,
rendering the whole mass homogenous, elastic and resonant.

Maurice Thompson says (17th An. Rep.,’91), the special conditions
under which the Indiana oélitic limestone was deposited were a deep, still
sea teeming with minute shell-bearing animal forms—a sea whose shores
were lined with the deposits of still older seas from which the water took
up the lime in solution which precipitated along with the animal remains
a8 a cement.

A. Knop (Neues Jahrbuch, '74, pp. 281-288), laments the fact that
little has been done to explain the origin of odlites, and finds but little
literature on the subject. He says that odlites whose form and structure
are very similar, may have an entirely different origin. The Carlsbad
Sprudelstein is cited as an example of the inorganic origin. The infilling
of cavities in melaphyre, basalt, etc., is cited as proof that the spherules
may be formed from the periphery inward. He examined many oélites
and found none incrusting quartz sand grains, the centers being generally
filled with calcite.

Knop describes odlite grains formed by the deposition of lime on car-
bonic acid gas bubbles. He found considerable deposits of this kind in
the watercourses by Nauheim. By observing in his aquarium the great
army of young brood of a sort of Limnsus and the very few individuals
that came from it, he saw in the great mass of empty shells heaped up at
the bottom of the ditch, a source of oélite, which would be formed by
filling up the interier and coating over the outside. He thinks this ap-
plicable to the hornstone oolites of the anhydrite group of Pforzheim
and Durlack.

Virlet d’Oust is also of the opinion that oélites can originate through
the filling of existing cavitiss. He was led to this view by observing on
the shores of Mexican seas milliards of insects which laid their eggs, the
crusts of which would form foundation for the inner incrustation.

Leopold Von Buch, in his description of the Canary Islands, considers
the odlite to be formed of broken shell fragments rounded by the waves
and solidified by the deposition of lime out of warm aea water.
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Ehrenberg thinks that the olite grains of many limestones are derived
from foraminifera, whose shells are rarely well preserved.

An interesting and somewhat surprising explanation of oélitic structure
is offered by Mr. Wethered* of England, viz. : That it is organic, formed
by a concentric wormlike organism which he gives the generic name of
Glirvanella, and distinguishes two species in the carboniferous odlite and
two in the Jurassic odlite.

The best examples occur in the Corralline o6lite, where he distinguishes
the following types of oélitic spherules: 1. A spherule with a minute
loosely aggregated form of Girvanella tubules as a nucleus surrounded by
an irregular sort of concentric arrangement. 2. The same form of Gir-
vanelle in loose "aggregations or surrounding foreign objects. 3. A
spherule made up of loosely aggregated, very vermiform tubuli,
which are larger. 4. The nucleus consists generally of calcite, and the
concentric arrangement has a granular crystalline appearance, in which
occasional outlines of tubuli appear. 5. A spherule with well defined
concentric arrangement around a nucleus. He states that it has been the
object to produce evidence that odlitic structure is not always of concre-
tionary origin. He is not prepared to maintain that it is all organic, but
it may be.

As explained elsewhere in this paper, the Indiana oélitic limestone is a
mass of foesil foraminifera and allied shell forms.

Distribution of caleareous oslites, —The principal deposits of calcareous
oolites in the United States are in the Lower Carboniferous limestones in
the Mississippi Valley. So far as known to the writer, none of any note
occur in this country in any other formation. The oglitic limestone oc-
curs in irregular insular areas of varying extent in Indiana, Kentucky,
Tlinois, Iowa, Missouri and Arkansas. The details of its occurrence,
development and use are but little known. Despite its present and pro-
gpective value, comparatively little has been written on the subject.
There are a few brief papers of a very general character in the Indiana
Geological Survey reports; the name occurs in a few places in the Ken-
tucky reports, once in the Illinois reports, twice in the Iowa reports, and

“several times in the old Missouri reports of 1873-74. Short descriptive
articles of a more or less general nature on the oélitic limestone of Indiana
have appeared in Stone, Mineral Industry and Mineral Resources, the first
named containing a good illustrated article on the Bedford quarries.

Odlitic stene is said to occur in Kentucky in Christian, Caldwell,
Mead, Grayson and Tedd Counties. Se far as could be ascertained from
the literature and by correspondence, the only place that it is quarried to
any extent is in the vicinity of Bowling Green, where a quarry has been
in operation for a number of years. How extensively it is worked at

¥ Mr. E. Wethered on Oilitic Struoture, in Quar. Jour. of the Geol. Soc., Vol. XLVI, No,
182, p. 270, May 1, 189%.
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present is not known to the writer, as letters addressed to the company
elicited no reply. It may be like many other quarries in the country at
present, not in operation. The stone is spoken of favorably in the Phila-
delphia markets. A short description of it in the Mineral Resources of
the U. 8. for 1889-90, p. 395, states that it closely resembles the oolite
of Portland, England, both in appearance and composition. The Ken-
tucky stone has 95.31 per cent. of the carbonate of lime, and the Port-
land stone 95.16 per cent. In places it is compact and semi-crystalline,
and in some places composed almost entirely of oélitic particles.

Odlitic limestone is said to occur in Illinois at Jonesboro, Union County,
and to have been quarried to some extent at Rosiclare, Hardin County.
(See anal. on p. 320).

A. H. Worthen* says: ‘‘The odlite beds of this group (St. Louis) in
the vicinity of Rosiclare and elsewhere may be easily cut into any de-
sirable form, are susceptible of a high polish and make a very handsome
ornamental stone. At some localities this rock is beautifully veined with
white calcareous spar.”” With an analysis by Henry Pratten in Vol.
IIT, pp. 288, 289, Geol. of Monroe County, he mentions the occurrence
of 15 feet of light gray, nearly white o6litic limestone in massive beds.

Odlitic limestone occurs in Jowa in Marion, Grundy and Des Moines
Counties. It is not known to the writer whether it is now quarried to
any extent or not. It was quarried at Kilbourne and Pella some years
ago, and may be at present.

In Missouri odlitic limestone occurs in Andrew County.

In Arkansas it occurs in Independence County near Batesville, in
Carroll County near Eureka Springs, and at two points in Madison
County. At all these points it has been used for burning into lime. At
two points it has been quarried in small quantities for building stone and
that near Batesville has also been used for ornamental purposes. The
Batesville stone is harder and more crystalline than any other odlitic
limestone known to the writer. The Madison County stone is more
oclitic, that is, contains a greater portion of rounded particles than any
of the other varieties.

In Alabama o6litic limestone is quarried rather extensively at Rock-
wood, Franklin County, about two miles west of Darlington on the
Birmingham, Sheffield & Tennessee River Railroad. The quarries are
known as the Darlington quarries, and connected by branch railway to
the main line. They have been operated for a number of years by the
T. L. Fossick Company. The stone is said to occur in a massive bed
of great thickness and extent. It is quarried and sawed like the Indiana
stone. The company has two large mills of eight gangs each. The stone

* Geol. of Hardin Co. in Econ. Geol. of Illinois, Vol. 1, 1882, p. 318.
iFor particulars see Vol. IV of the Annual Report for 1890 of the Geol. Surv. of Ark., by
T. C. Hopkins.
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in the sample furnished by the company is a very light buff and excep-
tionally fine grained, the oélitic particles being very minute. It has been
used quite extensively for building in the South. '

" In England o6litic limestone occurs in great quantities in newer rocks
than the heavy beds in this country. They are of Jurassic age and
divided into (1) the upper or Portland oélite, (2) the middle or Oxford
oolite, and (3) the lower or Bath oélite. Building stone is ohtained in
large quantities from all three divisions, especially the first, which is one
of the best known building stones in England. So far as known to the
writer, it is not imported to this country in any appreciable quantity.

Similar stones of the same age as the English ones occur and are used
extensively on the continent. ‘

O¢litic limestone of Cretaceous age is reported from Brazil, South
A merica.

- Oélites of recent age occur on the Bahama and Bermuda Islands."

Siliceous Oolites—It may be interesting to note in this connection the
occurrence of certain deposits of oélite that texturally resemble the cal-
careous odlites, but differ from them in composition by having silica in
place of the lime. As these have been rather minutely described by
previous writers, we shall simply give a brief resume of the published
papers on the subject.

Probably one of the most widely known occurrences of siliceous o6lite
is that at State College, Centre County, Pennsylvania, where it occurs
in chert segregations in the Lower Silurian limestones of Nittany Valley.
Mr. George Wieland took such an active interest in the study of this
rock, and in sending samples of it to all parts of the world that it is
known locally as ¢‘Wielandite.”’

Four papers have been published on this colite. The first in order of
time was by Prof. Barbour and Mr. Torrey*, in which they give a brief
illustrated description of some of the forms and some analyses. They
give it as their opinion that it is derived from calcareous odlite by re-
placement, giving as proof two intermediate grades. One analysis shows
silica 3.7 per cent., and lime carbonate 88.71 per cent , the other form-
ing a sharp contact with. the first contains silica 56.5 per cent., and lime
carbonate 16.84 per cent., and the true siliceous odlite contains 95.83
per cent. silica and 1.9 lime, while a single granule from the siliceous
oolite shows 99.99 8i0,, the other .01 per cent. being iron. The spher-
ules of the siliceous oolite are darker than the body of the rock, while in
lime colites they are generally lighter. They have a concentric structure
of alternating light and dark bands around a real or imaginary centre.
In some spherules the nuclei consist of organic remains, in others crystals
or fragments of inorganic material.

“The American Journal of Science, September, 1890.
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The second paper on this Pennsylvania oélite is by Mr. George Wie-
land*, and contains a brief sketch of its geographical occurrence.

The third and most complete paper on the subject is by Dr. W. Bergt,t
who recognizes two distinct varieties of the o6lite ; one, much like rogen-
stein, consisting of tolerably thickly pressed spherules about 1.5 mm. in
diameter ; the other, a finer-grained, less regular variety. In the first
the spherules appear to the naked eye to have a dark kernel surrounded
by a white ring. Under the microscope it shows a transparent middle
surrounded by a white opaque border. It has generally a very regular
circular outline, but it is sometimes elliptical. The centre consists of a
rounded quartz grain which contains small dust-like fluid inclusions, air
bubbles, hair-like streaks (rutile needles) rarely small crystals of green
hornblende (?) and six-sided brown mica, which indicate an altered
eruptive rock as a source of the quartz. Sometimes the centre is made
up of a saecharoidal, colorless quartz aggregate, which bears no evidence
of destruction in itself, but has the appearance of grains which have
mutually hindered themselves in crystallization, similar in appearance to
quartz in fine fissures.

Sometimes the finest grained substance appears as the inner kernel or
immediately surrounding the quartz grain.

In some spherules elongated quartz individuals form a zone between
the coarse and the fine-grained aggregate. In some of the spherules
radiated fibrous chalcedony forms entire or partial zones.

The ground mass of the stone forming the cement binding the spher-
ules together consists of drusy quartz with one end pointing toward the
centre of the interspace. Occasionally in this ground mass appear in-
cipient beginnings of spherules.

Sometimes the spherules appear to have dropped out and the cavity
filled with drusy quartz or with a single quartz individual.

Another (second) form of siliceous oélite presents a different micro-
scopic appearance. It has the quartz grain at the centre, but the sur-
rounding aggregate of the first variety gives way to the peripheral pris-
matic quartz. A white or brown cloudy opaque amorphous silica occurs
sometimes as an exterior or interior zone. In one form the larger quartz
prisms set in like building stones in an arch.

Dr. Bergt says he finds no mention in literature of an oglite similar to
this Pennsylvania oglite. Spherulitic forms occur in oélitic opal and
chalcedony, but they can be in no way compared with the Pennsylvania
odlite.

He raises the question: “Is it primary or secondary?” He does not
agree with Barbour and Torrey that it is altered caleareous odlite, but

*In the Mineralogists’ Monthly for November, 1890.
1 Published in the Gesellschaft Isis in Dresden, 1892, Abhl. 15.
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thinks it is quarizified, spherulitic chalcedony. He did not see the ker-
nels of organic remains mentioned by Barbour and Torrey.

The fourth paper on the Pennsylvania odlites is by E. O. Hovey,* who
also faile to find any of the organic remains mentioned by Barbour and
Torrey, and says: ¢ The rock was evidently made from clear quartz sand
by the action of alkaline waters depositing silica in the form of chalcedony
around the fragments or aggregates of fragments of quartz and making
the cement between the spherules of the same substance, while some of
the quartz grains were caught in this chalcedony cement without being
made the nuclei of spherules.”

In volume I (p. 382), Survey of the Fortieth Parallel, an otlitie chal-
cedony is described. It occurs at Cathedral Bluffs, Utah, at the top of a
bed of impure limestone, 100 to 150 feet thick, the upper four or five
feet being metamorphosed into chalcedony. The round grains vary from
one-thirtieth to one-tenth of an inch in diameter, have a more or less con-
centric structure and a cryptocrystalline caleareous cement. They are
probably crystallitic, and not organic, and may be related to calcareous
sands, such ag now occur on the beach of Great Salt Lake. (It might be
noted that these Great Salt Lake oolites have recently been shown to be
organic.) An analysis shows this oflite to contain 74.81 per cent. of
silica and the remainder calcium carbonate.

Prof. Broadhead, in Report of Geological Survey of Missouri, 1873-'74,
mentions a siliceous chert occurring in Madison, Cole, Morgan, Moniteau
and Miller counties. Some of the white regularly rounded grains have a
small pit in the center, some are solid. In some of the coarser varieties
the grains stand in relief, in some of the finer ones the oélitic character
only appears where it is magnified. Sometimes the graing decay first,
leaving a spongy chert; sometimes the cement is first removed, leaving a
loose mass of grains.

Oclitic chert is described by Dr. Irving in the Wisconsin Geol. Surv.
Rep. as occurring in the Lower Magnesian limestone of Wisconsin. He
says that the older writers speak of oélitic limestone, but se far as his .
observation goes he finds the limestone not oglitic, but carrying dissemi-
nated odlitic chert. (Vol. II, Wis. Geol. Surv., p. 550.)

At Eureka Springs, Arkansas, the writer found a fine-grained siliceous
oflite in the magnesian limestone of Lower Silurian age, probably near
the same horizon as the State College odlite.

Mr. Wieland speaks of finding a siliceous oélite in stratified layers near
Rockwood, Roane County, Tennessee.

Siliceous o6lite is reported T in rocks of Tertiary age in northern New
Jersey.

@ Bull. Geol. Soc. Am., Vol. V, 1893, p. 627.
1 E. 0. Hovey, Bull. Geol. 8oc. Am., Vol. 5, 1893.
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In foreign countries, siliceous oélite occurs as odlitic hornstone in the
Trias of the upper Rhine country,* in Assynt limestone at Dunness,
England ; at Bedford, England; in Belgium; at Aracara, Villa Nova,
State of Sergipe, River Sao Francisco, Brazil; on the upper Paraguay;
in middle Sumatra; in Siberia, and in Egypt.

Ferruginous oolites,—Oolitic iron ore occurs in German Lorraine at the
base of the inferior oélite in a bed 10 to 80 feet thick, consisting of alter-
pations of limonite, limestone and marl. The ore, which is called mineite,
containg 30 to 40 per cent. of iron. O¢litic iron ore occurs elsewhere in
Europe and in many places in the United States in the Clinton formation.

Much of the beauxite in Arkansas and Georgia has an odlitic (pisolitic)
texture.

Oglitic ice.—The neve or snow at the head of the glaciers frequently
acquires an odlitic texture.

*Knop in Neues Jahrbuch, Heft 3, pp. 281-288,
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No stone of any con