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INTRODUCTORY.

f

The Department of Geology was primarily instituted to determine the
location and extent of those natural resources of the State which are of
-economic importance, and to make known to the world at large the lead-
ing facts concerning their accessibility and value for commercial, agri-
«cultural or manufacturing purposes. A secondary duty which falls to
the Department is the gathering and disseminating of accurate knowl-
-edge concerning the origin or formation of such resources, and. the
publishing of descriptions of such fossils and objects of natural history
-a8 are found to accompany them, or as are of general scientific interest.

Such information is presented to the public in annual reports issued
by the chief or director of the Department. Five thousand copies of
‘these reports are printed and distributed gratuitously to those persons
who are especially interested in promoting the material development of
‘the State, or who are seeking locations for the investment of capital.
The present volume is the twentieth in the series of reports so ssued,
and gives the general results of the work accomplished by the Depart-
ment during the calendar year, 1895.

The natural resources of the State of Indiana, as of any other
restricted area of the earth’s surface, may be classified into two great
-groups. The first of these consists of those forms of matter which have
stored within themselves potential energy in the form of heat, which
may be set free by combustion and then be controlled by some device
of man and used by him to perform work. Such natural resources
are called fuels, the most important of which,. as found in Indiana, are
Coar, NaTuraL Gas and PETROLEUM.

The second group of natural resources consists of those forms of mat-
‘ter which are devoid of any kind of stored energy which may be set
free by combustion, but which are themselves used by man for varied
and important purposes. The most valuable members of this group
found in the State are SorLs, BuiLping StoNes and Crays. Other
and less important members are sands, iron ores, marls, ete.

Taking up separately these different resources, let us briefly notice, in
this introductory part of the report, their general distribution, abundance

P .
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THE NATURAL FUELS OF THE SBTATE.

The fuels of the State, Coal, Natural Gas and Petroleum, are valuable
-only for the stored energy which they contain. Energy and matter are
the two things which comprise the Universe. Matter is anything which-
oceupies space, as stone, water, gas. Energy is that which produces,
changes or destroys motion in matter. In other words, it is the power
of doing work. Energy exists in a number of different forms, as heat,
light, electricily, gravitation, etc.

Bince the year 1800, man has studied more closely than ever before:
both matter and energy, and as a result has made many important dis-
coveries concerning them. The two greatest of these discoveries—which
more than anything else will make the nineteenth century famous:
throughout all time—are embraced in those grand natural laws known
as the ‘“Law of the Indestructibility of Matter,” and its correlative,
¢“The Law of the Conservation and Correlation of Energy.”

The first of these laws merely asserts that ‘‘Matter can not be created,
.can not be destroyed;’ that the same amount, the same number of tons, -
pounds, ounces, yea, even grains, exists in the universe to-day as existed
at the beginning of time. If the reader can bring himself to understand
this great law and all that it embodies; to feel and know that every par-
ticle of soil, clay, stone or coal on, or in the earth has been formed from
matter already in existence ; that every living plant or animal is made
up of matter which has existed for thousands, aye, millions of years, and
which has been used over and over again in the structure of previously
existing animals and plants, he will have gotten the main idea of this
law, and be better able to understand many of the statements in the
pages which are to follow.

The law of the conservation and correlation of energy asserts, ‘‘That
energy, like matter, can not be created, can not be destroyed, but that one form
can be changed into any other form.”” In speaking of the natural fuels of
the State, it is this law which we must ever bear in mind, as stored in
these fuels is found the heat or energy which will drive the engines and
turn the wheels for future generations. Man can invent no new forms
of energy, nor can he produce a single iota of energy. He can only de-
vise machines for transmuting or changing forms already existing into:
other and more available forms.

But the question naturally arises, how came this heat to be stored in
the coal and otker fuels? This question brings up another great truth
which has become fully understood only in recent years, namely, that
the sun is the source of all the energy used in performing the work of the world.
From the sun comes heat and light which fall upon the grass and grain

a .. .
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growth.” The plants use the heat and light to assimilate their food and
promote their powers of vegetation, and at the same time they store up
these forms of energy within their cells. Suppose, for example, that
1,000 calories (heat units) of heat are used in producing an ear of corn.
When the ear is mature, that amount of heat, no more, no less, is stored
_up within its cells. This heat can be made available to perform work
for man in two ways. First, by burning the corn in a furnace, when
the heat will be freed and ean be used to generate steam which in turn
will cause wheels to revolve. Second, by feeding the ear of corn to a
horse, in whose body the heat will be changed into muscular energy
‘which can be exerted in turning wheels or in pulling loads. Or man
himself can eat the corn, and the heat which is stored up in it will in his
body be changed into muscular and mental energy. Thus the muscular
force with which these words are written and the mental energy necessary
to evolve the thoughts which they comprise, can be traced directly back
to the sun’s heat, which somewhere, in days gone by, fell upon and was
stored up by plants, which directly or indirectly have formed the recent
food of the writer. In other words we move muscles and think thoughts
with the energy derived from sunlight.

The falling waters pulled by the force of gravitation down to the level
of the sea, and on their way doing work for man by turning the wheels
of many forms of machinery, were raised from the ocean by the heat of
the sun; while the winds which bore those waters to the higher levels of
the land also owe their power of movement to the unequal heating of the
atmosphere by the sun’s rays. Every ounce of steam and every current
of electricity utilized by man is derived from or| produced by the sun’s
heat stored in some kind of fuel.

Plants alone have the power of thus storing up the energy of the sun’s
light and heat. Animals are wholly lacking in this power, and can only
utilize the energy so stored by plants. This fact has been well portrayed
by Prof. Edward Orton, in the following words:

““The remarkab]e office of the vegetable cell ig thus brought to light.
It is a storer of power, a reservoir of force. It mediates between the
sun, the great fountain of energy, and the anjmal life of the world.
The animal can use no power that has not been directly or indirectly
stored in the vegetable cell. This storage is forever going on. Of the
vast floods of energy that stream forth from the great center of our sys-
tem, an insigniﬁcant fraction is caught by the earth as it revolvesin its
orbit. Of the little fraction that the earth arrests, an equally insignif-
dcant part is used directly in plant growth. But the entire productive
force of the living-world turns on this insignificant fraction of an insig-
nificant fraction.” ' '

Bearing in mind this great truth, we ean better understand how in
acog nast the aiin’s licht and heat ware locked 11 in thae calla of +thage
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plants which flourished in the swamps of the old carboniferous age. For
thousands of years it accumulated within their stems and leaves and
spores, and when, by the processes of nature, the plants were changed
into coal it still remained, a most valuable heritage for future man.

In the same way the heat stored up in the natural gas and petroleum
of the Trenton rocks came from the sun and was stored in the cells of
those countless smaller forms of plants which grew on the margins or in
‘the waters of the ancient Silurian seas. Animals used these plants for
food, and so received the heat, and when they died, by a process of de-~
structive distillation, the carbonaceous matter within their bodies was-
changed with its imprisoned heat into the gas and oil now so valuable
- a8 fuels.

The most important thing to remember in trea.ting of these natural
fuels is that they are not being formed in our State to-day. No coal, no
gas, no oil, is being made in Indiana by nature’s processes, either in the
bowels of the earth or above it. Our present supply of each will never
increase, but ever diminish. It is a great reservoir or deposit of reserve
foree 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 exhausted.

CoaL.—Seven thousand square miles, or one-fifth of the area of the
State of Indiana is underlaid with coal. This area is found in the west-
ern and south-western part of the State, and ranges from ten to sixty
miles in width. It extends from Warren County southward 150 miles
to the Ohio River, where it is widest in extent, stretching across the
counties of Vanderburgh, Warrick, Spencer, and part of Perry. Work-
able veins are found in nineteen counties in the area mentioned and thin
outerops oceur in three additional ones. At least seven distinet veins of
workable thickness occur in the State. These vary from three to eleven
feet in thickness, and aggregate in a few places from twenty-five to
twenty-eight feet. The area of greatest development of the seams is
embraced in the counties of Clay, Sullivan, Greene, Daviess and Pike;
though Parke, Vermillion, Vigo, Owen, Warnck and Spencer rank as
close seconds.

The coals of the State are of two varieties, which in places merge
into one another. These are the non-caking or block coal and the caking-
or bituminous coal. The former is one of the most valuable fuels found
in the United States. It has a laminated structure and in the direction
of the bedding lines it splits readily into thin sheets, but breaks with
difficulty in the oppesite direction. It can be mined in blocks as large
as it is convenient to handle, whence its common name of *‘block coal.””
It is remarkably free from sulphur or phosphorus, and when burning it
does not swell ou}t nor does it form a cake by running together. It
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leaves no clinkers, the only residue after combustion’ being a small quan-
tity of white ashes. Ordinary bituminous coals have to have their vola-
tile constituents driven off and be changed into coke before they can be
utilized in the making of iron products. The gulphur which they con-
tain, if allowed to remain, would destroy the tenacity and malleability
-of the iron. Their tendency to cake or become packed under the weight
of the overlying mass in the blast furnace prevents the free passage of
the heat through all portions of the molten iron. The block coal, on
-account of its freedom from sulphur and phosphorus and its non-caking
properties, can be used without coking and thus becomes 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 reputa-
tion. 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. Itslack of sulphur also causes it to have but little detri-
anenta] effect upon the boilers, grates or fire boxes. 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.

The block coal area lies mainly in Clay, western Owen and southeast-
-ern Parke counties, though small deposits are found in other sections. A
number of analyses of block coal from Clay County were made by Dr.
‘G. M. Levette for the reports of the Geological Survey published in 1869
.and 1870. The average of ten of these is given as follows:

“Fixed carbon ....ooonii i e 56.83

Ash. ool e e 1.66
Solid or coke producing matter .................. 58.49

L T 36.50

Water. ..o 5.00
Volatile «..oovoivnniii i 41.50

The following table shows also the average of the same ten in regard
to the points mentioned :

Specific gra.vit'y ...................................... : 1.234
Pounds, weight of one cubicfoot ........... ... ... ... 77.16
#Unitsof heat .......... ... i 7983.00

#¥Qteam value . .....oiir i it e e e 1481.00

The bituminous or non-caking coals found in Indiana vary much in
purity and character, but their average will compare favorably with that
-of those found in any other State. They are far more abundant than

“The “units of heat’’ show the number of pounds of water that one pouhd of coal will
Taise from 39° to 40° F. The *“steam value’’ shows the number of gallons of water that ona
ton of coal wﬂl rmsewfrom 100" F. to steam, at atmospheno Pressure. Th e computations

gy moae
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the block coals, occupying an area of almost 6,500 square miles. Four

workable seams are known, the maximum aggregate thickness of which

is 20 feet, and the average aggregate thickness, over the greater part of
the district, 11 feet. ,

" The average analysis of ten of these coals, from Vigo, Daviess, Knox,

Pike, Greene and Sullivan counties, is as follows :

Fixed carbon ..... O 53.89
Ash ..o © 3.00
Solid or coke-producing matter.................. 56.89
GB . oot e e e 38.67
Water. ..o e 4.4
Volatile. ..... ... ... . 43.07

The average of the other more important points is as follows:

Specificgravity.......... ... .. 1.265
Pounds, weight of one cubic foot................. .. .. 77.85
Unitsof heat ... . 8003.00
Steam vallle. ... .. 1471.00

Comparing with these ﬁgures the following averages of four samples
of Pittsburgh coal, as given in the Second Report of the Pennsylvania
Geol. Survey:

Fixedcarbon ...... ... ... . ... . 59.46
Ash .. e 5.45
Solid or coke-producing matter.................. 64.91
GOS8 .ot U 32.57
R =3 O 1.06
Volatile . ... ..o e 33.63
Units of heat. . ... ..oooeeiiiie e, P 7825.00
Steam value...... .. ..ot e 1451.00

it will be seen that the-average Indiana bituminous coal is slightly supe-
rior to the average Pittsburgh coal in heat and steam-producing power.

The Endiana coal fields are as yet in the infancy of their development,
yet last year, according to careful statistics gathered by the State Mine
Inspector, Mr. Robert Fisher, and published in another part of this
volume, 4,202,084 tons were mined from them. It has been computed
that a ton of good coal used in a good engine will perform the same
amount of work as 1,300 horses in a day of ten hours. The amount
mined in Indiana last year had, therefore, stored up within it and capa-
ble of utilization, power or energy equal to that exerted by 14, 966 325
horses working 10 hours a day for an entire year.

The human mind can not conceive the vast amount of energy at pres-
ant locked un in the coal fields of the State. nor place anvthine like an
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accurate value upon it. The richest men of the nation to-day are those
who have utilized the stored energy found in coal in years gone by,
who have bought this energy by the ton at low prices, and either sold it
in the form of manufactured articles at many fold its cost price, or used
it in transporting, for hire, man and his products to the four corners of
.the globe.

But little has been done by the Department of Geology since 1878,
towards the development of the coal fields of the State. Between 1869
and 1878, Prof. E. T. Cox, then State Geologist, issued seven reports
which dealt largely with the facts concerning them, and in which their
area was fairly circuwscribed, but no complete survey of the area as a
whole was ever attempted.

Since 1878 thousands of bores have been put down to prove the pres-
ence of coal in workable quantities, and hundreds-of shafts have been
sunk to the veins which were close to railways. Much information has
thus become available concerning the area covered by each seam, which,
if properly gathered, could be used in the proper correlation of the seams
in isolated areas.

-Letters are constantly being received at the office of the State Geolo-
gist, asking for information concerning portions of the coal fields in which
operations have been recently begun. To these no definite answers can
be given, because no accurate survey has been made of such areas. The
time has come when an accurate survey of the entire field is imperatively
demanded, for the coal area of the State is bound to become its greatest
manufacturing area. The cost of such survey, if conducted in a proper
and thorough manner, has been carefully computed and fouud to be not
less than $10,000 per year for two years. Other States with much smaller
coal areas -have given from $20,000 to $50,000 per year for four to six
years. The last Legislature was asked to appropriate $8,000 per year for
conducting a coal survey. It gave, instead, $3,800 for carrying on the
entire work of the Department and State Museum. This sum became
available in November, 1895, and in March, 1896, it is the intention of
the Chief of the Department to begin a survey of the coal area, and to
carry it on in such a manner and to such an extent as the small sum ap-
propriated will permit.

The report of the State' Mine Inspector, Mr. Robert Fisher, for the
year 1895, is unusually full and complete. It shows that 664,851 more
tons of coal were mined in 1895 than in 1894 Nearly 8,000 men are
employed in the mines operating more than ten men, and if to these the
number employed in the smaller mines be added, the total number will
reach nearly 10,000. ,

A number of statistical tables are given, which are different from any
that have appeared in previous reports. .
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Mr. Fisher has visited many of the mines twice, or even three times,
and has seen to it that all things needed to insure, in the fullest degree,
the safety and comfort of the men employed therein were provided by
the operators.

PerroLEUM.—Within the past two years the production of petro]eum
has attained enormous proportions in Indiana. The area in which the
oil is found has steadily increased, and to-day comprises parts of Adams,
Wells, Huntington, Grant, Blackford, Jay, Randolph and Delaware
counties. In addition, a few flowing wells are in operation in the city of
Terre Haute, but repeated drilling has failed to locate any extensive field
in Vigo County.

During the year 1895, 2,711 new oil wells were completed in the State.
Of these 764 were dry. The aggregate initial output of the productive
wells finished during the year was 46,342 barrels daily. If this initial
output had kept up for a year, it would have resulted in the enormous
total of 16,914,830 barrels. But, as noted below, the spouting of an oil
well soon ceases, and the average output is thereby rapidly diminished.

In the following table will be found a statement of the productlon of
petroleum in Indiana from 1889 to 1895, inclusive :

Production of Petroleum in Indiana, from 1889 to 1895.

1889, 1890, | 1891, | 1892, 1893. 1894, 1895.

Total production (barrels of '
42 gallons) . . . 33,375 | 63,496 | 136,634 | 698,068 | 2,335,293 | 3,688,666 | 4,380,000+
Total value at wells of all

oils produced, excluding
pipage . . . . . ... ... $10,881 | $32,462 | $54,787 | $260,620 |$1,050,882 |#1,774,260 | 43,109,800+

Value per barrel . . .. . . $0.32% [ $0.513 | $80.40 £0.37 8045 $0.48 $0.71%

The probabilities are that the area of territory productive of oil will
continue slowly to spread to the west and south until it finally embraces
the greater part of the area at present yielding natural gas. This has
been, in general, the history of other gas and oil fields, and there is no
known reason why the one of Indiana should prove an exception. The
oil, on account of its much greater specific gravity, underlies the gas in.
the area where the two are found together. As the pressure of the gas
gradually decreases on account of a diminution of the supply, the hydro-
static pressure of the oil in time overcomes that of the gas, and a spout-
ing or flowing well of oil results.

How much oil there is beneath the surface of Indlana isa questlon that
no man can answer. How long the supply will last depends wholly upon
its amount and the average daily or yearly drain therefrom. Suffice it
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to say that the supply is limited and will never be increased. The age of a
productive oil well in the United States does not generally exceed five
years and is very often much less. " A spouting oil well does not continue
to gush forth for many weeks if allowed to flow freely. It soon degen-
erates into a flowing well and then into a pumping well, whose produe-
tion dwindles away and finally ceases to be remunerative, so that unless
‘new wells are continually being developed the output must fall off and
finally cease entirely. However, there is no danger of the supply begin-
ning to fail in Indiana for some years to come, as it has as yet been
drawn upon for too short a time. True, some of the older wells have
ceased to yield, but for every one so abandoned a dozen productive ones
have been opened up ; and this will continue to be the case until the total
oil area, which can only be circumscribed by the future use of the drill,
is fully developed.

NATURAL Gas.—During the past nine years natural gas has done
more to advance the material interests of the State of Indiana than any
other two resources within her bounds. Millions of dollars of capital
have been invested within the gas field and thousands of people have
flocked thereto attracted by ready employment at good wages. As a
consequence both the wealth and population of the area in which gas has
been found have increased many fold.

Originally that area embraced part of or all of seventeen counties lying
northeast of the center of the State and comprised on the whole about
5,000 square miles. On account of the encroachment of salt water and
petroleum, this area has become gradually reduced until to-day the main
~ gas field contains an approximate area of 2,500 square miles. This, how-
ever, is larger than has ever been possessed by any other State in the
Union.

The average initial or rock pressure of the entire field in 1889 was 325
pounds to the square inch. To-day, according to careful measurements
made during the past season by Mr. J. C. Leach, the State Natural Gas
Supervisor, it is 230 pounds to the square inch over the main field.
There is no doubt but that one-half of the supply has been nearly or quite
exhausted, and as there can be no increase of it, the pressure will decrease
more rapidly in the future than in the past. How long the supply will
last no man can tell. Too many varying factors, as the daily amount
necessarily consumed for fuel and heat, the different pressures at which
salt water and petroleum overcome the gas pressure—and more than
aught else—the future percentage of waste, enter into the consideration
of such a question. If the waste could be entirely shut off, the supply
in the heart of the field, where much undeveloped territory has been
held in reserve, would probably last for & number of years. It is in
cities like Indianapelis and Richmond, which receive their supply through
pipe lines. that the diminution in pressure is most noticeable: and there
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is no doubt but that their supply will become completely exhausted some
time before that of the cities which lie wholly within the field. For the
main facts concérning the present condition of the field the reader is
referred to the report of Mr. Leach for the year 1895, which is found in
another part of the present volume. No report for 1894 was submitted
to me by the former inspector, Mr. E. T. J. Jordan.

RESOURCES OTHER THAN FUELS.

Sorws.—Indiana is preéminently an agricultural State. Her soils con-
stitute by far the most valuable of her natural resources. More people
are dependent upon them for a livelihood than upon all the rest of her
resources and manufagturing establishments combined. Ranking in
area of square miles but thirty-fourth among the forty-five States of the
Union, the census of 1890 shows that she stood second in the production
-of wheat,* seventh in the production of corn, and eighth in the value of
her live stock.

This magnificent showing is due to two things: first, the excellent,
average fertility of her soils; second, the high degree of intelligence
manifested by her farming population, in the cultivation of the soils.

In the production of any cereal nothing new is created, but forms of
matter already existing in the earth, air and water are utilized by the
growing plant. Taking wheat, for example, besides the carbon, hydro-
gen 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 50il may, in most cases, be made to produce a crop of grain by adding
to it the constituent which is lackihg, but if this can not be done except
at a prohibitory cost, or one at which more fertile ground can be pro-
cured, the soil may be regarded as ‘ worn out’’ or barren.

The drift soils, which cover the northern and central portions of In-
diana, 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 t)f plant food and do not require a
large annual outlay for artificial fertilizers as do the soils of southern In-
diana, over which the drift of the glacial period did not extend.

‘While the methods of soil cultivatijn in vogue in Indiana are, perhaps,
above the average, too many of theLfarmers of the State never stop to

*Illinois was first, with 37,389,000 hushels :| Indiana, a very close second, with 37,318,000
bushels. ‘
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consider that in the growth of a crop absolutely nothing is created. With
no knowledge of chemistry they do not understand that the tons of grain,
straw and stalks, which their fields produce, are only transformations of
materials which existed in other forms either in the earth or air.

Too many of them go on year after year, taking from their fields all
the products, grain, straw, and everything, and giving nothing back,
They do not realize that those vast freights of grain and meats which tax
our means of transportation to the utmost, are great streams of the
elements of fertility flowing from their fields to the towns and cities of
this continent, and to the marts of the Old World never to return. They
never think of that law of compensation which asserts that we can not
supply in one place without removing from another. As a consequence
their lands become, after a time, deficient in one or more of the necessary
grain constituents and therefore comparatively worthless. Then they
allow those lands to remain idle or else begin to buy fertilizers in a reck-
less manner, knowing nothing of the chemical composition of that which
they buy, or whether it contains the elements of plant food which are
lacking.

Thus hundreds of thousands of dollars are annually spent for fertilizers
which are worthless to the persons buying them, because they do not
contain the constituents needed; and thousands of acres of land are left
untilled, or are tilled at a loss, because of a lack of a certain element of
fertility which is unknown to the owner and therefore not supplied by
him,

Constituting as they do the most valuable of our natural resources it
can be readily seen that the study of the origin, distribution and constit-
uents of the soils of the State falls naturally to the Department of Geol-
ogy. Many facts concerning them which would be eminently useful to
the farmer are now entirely lacking, and can be gained only by a careful
and systematic study of the soils in the different localities of the State.
Complete analyses of soils from every county, showing the proportions
of phosphates, nitrates and other necessary elements of vegetation, should
be made. From them the farmer could determine what constituent of
his soil, if any, is deficient, and could supply the same in suitable quanti-
ties 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
peculiarities of their lands by experiments which necessarily consume
time and exhaust the soil. While such a study of the soils would un-
doubtedly result in a large annual increase of the agricultural products
of the State, it can not be undertaken until the Legislature becomes more
generous in the appropriation allotted to carry on the work of the Depart-
ment of Geology.
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BUILDING STONES,

LesToNes.—No State in the Union possesses better stone for build-
ing purposes than Indiana. The oélitic limestone from Lawrence, Mon-
roe and other counties has long been noted among architects for its
strength and durability. It is of a uniform rich gray color and close
texture, and on account of the eage with which it can be quarried, sawed
and dressed for builders’ use it can be sold with profit for a less sum per
cubic foot than any other stone in America.

The best grades of it contain 97 per cent. of carbonate of lime, which
is practically indestructible by ordinary atmospheric influences. It con-
tains of iron oxide and alumina, two of the most damaging constituents
of such stone, less than one per cent., thus showing a remarkable degree
of purity. »

The average crushing strength of twelve samples of tool dressed oélitic
stone, as determined by Maj.-Gen. Q. A. Gilmore for the Board of State
House Commissioners in 1878, was 7,857 pounds per square inch, while
that of four samples of sawed oélitic stone was 12,675 pounds per square
inch.

The best deposits of the odlitic stone are found in a narrow strip of
territory extending from Greencastle, Putnam County, to Salem, Wash-
ington County, a distance of 110 miles. The width of this strip varies
from three to ten miles, and the stone throughout its full length is found
very close to the surface.

Since the building of the Court House and the State House at Indian-
apolis from this stone its use for public and private buildings has steadily
increased, especially in the East and South. A number of the private
residences of the richer citizens of New York City have been recently
constructed from it, while its use in such important public buildings as
the Custom House at New Orleans, the Auditorium at Chicago, and
many court houses in the counties of adjoining States has served to bring
it more prominently before the attention of the public. During the year
1895 the quarries in operation in the oélitic district had an output of -
more than 15,000,000 cubic feet, the most of which was shipped to points
outside of Indiana. \ .

While much has been published in the previous reports of this De-
partment concerning the oélitic limestone, it has been of a general
nature, and no careful detailed survey of the limited grea in which it is
found has ever been made. It is my intention to begin such a survey as
soon as the season opens in 1896, and to have prepared an accurate map
showing the exact limits of the more valuable deposits found therein.

Besides the oblitic limestones a number of crystalline limestones or so-
called ¢‘Indiana marbles’’ are found in the State. These admit of a fine
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polish and make most handsome mantels and other interior decorations;
while some of them are close textured, strong and durable enough to be
well fitted for masonry. One of the ‘most valuable of these deposits is
found in the southern part of Fayette County, and belongs to Hon. J.
N. Huston of Connersville. Others occur on Pipe Creek in Miami
County, and at English, Crawford County.

Besides the above, which are limestones largely or almost wholly com-
posed of calcium carbonate, numerous quarries are worked in the State
in which magnesium carbonate is a leading constituent of the stone.
‘These are found, for the most part, in the eastern half of the State, and
belong to the Silurian formations. As a rule they are not building stones
«of a high grade. They are darker than the oélitic stone and more apt tc
crumble after years of exposure, as they contain a larger percentage of
iron oxide. The magnesia present also causes them to blacken and dis-
integrate more or less readily, especially in cities where the atmosphere
containg large amounts of sulphurous fumes derived from the burning
of soft bituminous eoals. However, much of the magnesium limestone
quarried in Indiana will compare favorably both in texture and durability
with many of the stones used for building purposes in other States.

SanpstoNnes.—‘‘The Carboniferous Sandstones of western Indiana,’’
is the title of an extensive paper which was.prepared for the present vol:
ume by Mr. T. C. Hopkins, the ¢hief assistant to the State Geologist.

Mr. Hopkins is a trained geologist, who for a number of years was
connected with the Geological Burvey of Arkansas, and prepared the

volume on the building stones of that State. He is a specialist in that
particular subject, and his report on the sandstones of western Indiana,
will be found thorough, accurate and valuable.

He spent the season of 1895 in the field, and made a personal investi-
gation of the leading outcrops and worked quarrles of sandstone in the
area shown on the two map shelets accompanying his report. The Con-
glomerate or Millstone Grit, in which these sandstones mostly occur, is a
great formation lying at the base of the Coal Measures of the State. It
is wholly useless to look for coal |east of the eastern horizon of this for-

mation ! _

Mr. Hopkins found that in a number of localities the sandstones com-
prising the so-called Conglomerate are valuable commereial stones, easily
worked and of great durability. In several places, notably at St. An-
thony, Dubois County; Bloomfield, Greene County, and Portland Mills,
Parke County, the stone is of a handsome brown color, and compares
fayorably in appearance with the brown sandstones of the Lake Superior
region which are so much used for the fronts of businees blocks in Chi-
cago, Milwaukee, and other cities of the Northwest.

One use to which this brown sandstone is peculiarly well fitted is for
+ha lintala and eornices above the windows and doors of those buildines
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whose fronts are composed of dry pressed brick. Where limestone is
uged for the lintels, the rain, dashing against it, is sure to dissolve out a
small portion of the stone which flows down over the brick and gives
them a mouldy, streaked appearance. Where the brown sandstone is
uged no such streaking is seen on the brick beneath the windows and
archways. The color of the sandstone also harmonizes better with that
of the brick than does that of the limestone.

Large quarries of buff and gray sandstone have been in successful
operation for a number of years at Attica, Williamsport and Riverside,
and at Cannelton, on.the Ohio River. Other localities where such stone
can be quarried to advantage are noted in the report of Mr. Hopkins,
and it is hoped that his report, being by far the most complete which has
- ever been issued on the sandstones of Indiana, will do much toward lead-
ing to the development of these sandstones, which form an important
but hitherto much neglected resource of the State.

WEETBTONE AND GRINDSTONE ROCKS.

It is perhaps not generally known that Indiana is the second State of
the Union in the production of whetstones and grindstones. The fine-
grained silicious rock found in Orange and Martin counties has long been
used for such purpose, but no detailed survey of the region in which it
is found, or report on the industry, has been heretofore made.

Mr. E. M. Kindle, formerly Assistant Professor of Geology in the
State University, was employed for the season of 1895 to make such a
survey, and his report of the work accomplished, together with an accu-
rate map of the region, is included in the present volume.

Full details concerning the various deposits of stone (found in the area
mapped) suitable for manufacturing into abrasive materials are given,
together with the methods of manufacture as carried on at the present
time. A lack of capital and railway facilities has hitherto undoubtedly
kept this industry from assiming those proportions which the abundance
and quality of the raw material would seem to merit.

CLAYS,

Among the most valuable of the undeveloped resources of the
State are her clay deposits. In one form or another they are found in
every county, but the largest and most valuable ones occur in the western
and southwestern parts of the State, where the coal measures exist, for
the coal measures of the State are preéminently its clay measures. Every
seam of coal is normally underlain with a bed of fire clay, and above the:
coal there are almost always beds of shale. These coal shales a few years
ago were thought to be worthless, but experiment has proven that they
are excellently adapted to the making of paving brick. roofing tile. sewer
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factories turned out 298,000,000 paving brick in 1894, 80 per cent. of the
best grades were made of the carboniferous shales which ten years ago
were wholly unused. '

So much of the field season of 1895 as could be spared from routine
-office work was devoted by the State Geologist in person to a detailed
study of the different clays of the coal bearing counties, and to an inves-
tigation of the methods used in the clay working factories found within
their bounds. ~ The results of such study and investigations are incorpo-
rated in the accompanying paper, entitled, ¢ The Clays and Clay-working
Industries of the Coal-bearing Counties of Indiana.”” Complete analyses
-of twenty-eight clays have been made especially for this paper by Profs.
W. A. Noyes and Robert Lyons, and will be found in a table at the end
of the second chapter. From them much can be learned concerning the
fitness of the clays for especial products.

The clay-working industries of the State have grown apace in the last
five years, and full statistical tables showing their present state of devel-
opment are given on later pages. No hesitation is felt in prophesying
that within the next ten years they will become the leading manufactur-
ing industries of western Indiana. Raw material and fuel, both of ex-
cellent quality, are found associated together in enormous quantities in
many places which are acvessible to transportation; and where the three
elements of fuel, raw material and railways are thus combined, capital
in time is sure to locate and utilize the natural resources. The larger
clay industries already in existence in the vicinity of Brazil, Terre Haute
and other places, are all of them flourishing; the demand for their prod-
ucts in many instances being greater than the possible supply. They
have proven by practical experience that the shales and underclays of the
coal measures are in every way fitted for manufacturing purposes. The
analyses given in this report but add additional testimony.

Most of these clay industries, as well as the larger coal, stone, natural
gas and oil interests, are owned by outside capital. The people of the
State, for some unknown reason, seem reluctant to invest money in the
resources found within her bounds. Outside capitalists have no-such re-
luctance, and their investments have almost universally proved to be
winning ones. While much capital is thus brought into the State,
thereby increasing its total wealth, the profits, which in time aggregate
far larger sums, are removed as fast as made. With local capital in-
vested the profit would remain and the wealth upon which the taxes are
based would increase much more rapidly.

One of the chief beneficial effects which the development of the clay-
working industries will bring about, will be the increasing of the available
amount of coal in the State.” Many seams now thought to be too thin to
work will be utilized in connection with the associated shales and fire
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clays. . The minimum thickness of a workable seam of coal will, there-
fore, be greatly reduced, and many veins which have long been allowed
to pass unnoticed will be mined with profit.

Iron Ores.—Limonite or bog iron ore (2 Fe,0,43H,0), and siderite
or kidney iron ore (FeCOy), are found abundantly in several eounties of”
Indiana. The former occurs notably in Greene, Martin and Perry coun-
ties, and in the swamps of the Kankakee region ; the siderite in all of the
coal bearing counties. Experience has proven, however, that these ores
are too silicious to compete with the rich beds of hematite of Missouri,
Tennessee and Georgia. As a proof of this it is only necessary to state
that of fourteen blast furnaces which have been erected in the State in
the past, not one is in operation at the present. Most of them have long
gince gone to ruin, and of those still standing the last one went out of
blast in 1893.

Sanps,—White sand, suitable for glass making, occurs in quantity in
the vicinity of Pendleton, Madison County; Montpelier, Blackford
County, and Lapel, Hamilton County. Near Salem, Washington
County, and Centerton, Morgan County, are found large deposits of a
fine grade of moulder’s sand, suitable for foundry use. Sand suitable for
building purposes occurs in all parts of the State.

MARL.—The use of marl for making hydraulic and Portland cement,
and as a disinfectant and deodorizer, is constantly on the increase. De-
posits of this resource which are close to railways will undoubtedly prove
of much value in the future. The largest at present known are found in
the vicinity of Silver Lake, Dekalb County ; Lime Lake, Steuben County,
and near South Bend and North Liberty, St. Joseph County.

OtHER MINERALS AND ORES.—With the exception of small quantities.
of drift gold, in the form of minute grains and scales, which are found in
the sands and gravel beds along the streams of Brown, Morgan and other
counties near the southern limit of the drift area, no gold, silver or other
precious metal occurs in the State. Much money has been foolishly spent
and time wasted by people who have thought otherwise; but they have
ever had their labor for their pains.

In many of the northern counties small pieces of ‘¢ black jack’ or zinc
blende, galena or lead sulphide, and native copper ore, are occasionally
found, and give rise to much local excitement and speculation. It is
needless to say that the specimens of copper and lead were also brought
in by the drift or by the Indians; and the blende, while possibly of na-
tive origin, is utterly valueless. In almost every county one also hears.
tales of reputed silver and lead mines, which in the days of long ago were
secretly worked by the Indians. Many well informed people yet believe
these tales, and have spent days in fruitlessly searching after imaginary-
mines, where/enough silver may be had to pave the streets of their native-
tawna nr where lead ore exists without limit.
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While Indiana is thus lacking in the precious and other useful metals,
her deposits of coal, clay, stone, natural gas and petroleum are far more
valuable, and will in time bring more wealth into the State than if, in-
stead of them, rich mines of gold and silver had been found within her
bounds. Higher grades of labor and more stable industries are based
upon such resources, for few, if any, large factories utilize gold and silver
in quantity as a manufactuning resource.

NATURAL HISTORY.

While this Department was primarily originated to gather and dissem-
inate information concerning the mineral resources of the State, the ex-
isting flora and fauna present interesting scientific problems which to the
earnest student of nature are ever worthy of careful study. Valuable
papers on the flora of different counties and on the reptiles and fishes of
the State, have appeared in some of the previous reports. In this one is
found a paper on ‘‘ The Crawfishes of Indiana,”’ by W. P. Hay, for-
merly a resident of Irvington, Ind., now Professor of Natural History in
the Central High School, Washington, D. C. Professor Hay has made
for a number of years a special study of the crustaceans of Indiana, and
the present paper embodies the results of a large amount of original
research. :

The crawfishes inhabit every running stream and lake in the State.
They form much of the food of the larger fishes, and are themselves
most valuable scavengers, so that the paper, dealing as it does in part
with questions of distribution and habit, has an economic as well as a
purely scientific side. The students of our colleges and high schools in-
terested in zodlogy will, I am sure, welcome the appearance of such a
paper. In it every species of crawfish inhabiting the State is carefully
described, and the descriptions are preceded by analytical keys and
accompanied by drawings of the more important specific characters, so -
that with a little careful attention the identity of any species at hand
can be readily determined.

THE S8TATE MUSEUM.

The museum connected with this Department has become a center of
attraction to many of the people of the State who come to Indianapolis.
An average of three hundred persons visit it each day, and its educating
effect can hardly be overestimated. The time of the State Geologist
during the winter season, when field work can not be done, is largely
taken up in connection with work pertaining to it. A thorough re-
arranmamant nf 1te contents an an aceenrate eclentific hasig 18 hainoe made
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and a catalogue prepared, so that future incumbents of the office may
know what ought to be therein. According to the 12th Annual Report
of the Department, issued in 1882 (p. 7), there were then 100,000 speci-
mens in the museum. If that statement be accurate many of them
have since disappeared, for no more than 60,000 are on band to-day.
No record of additions or catalogue of contents having been kept, it is
impossible to determine the locality or history of many of the specimens
which are unlabeled, and much of their value is therefore lost.

The museum should contain, in addition to specimens of archsology
aud paleontology, examples of the different objects of Natural History
found within the State. Mauny of our birds and mammals are rapidly
becoming extinct, and while to-day they can be procured at a nominal
sum, in ten years they can not be had at any price. A number of
mounted birds and a large collection of fishes and reptiles were secured
the past season, and it is the intention to add to the collection of such
objects as rapidly as the means available will permit.

The case-room for specimens is exhausted, and the new ones received
have to be stored in out-of the-way places until a sum-is appropriated for
additional cases. Those provided for the battle-flags are wholly inade-
quate for the proper display and preservation of the flags. The latter
are so crowded that the ones belonging to the different regiments can
scarcely be distinguished. )

OFFICE WORK.

One object of the founders of the Department of Geology was un-
doubtedly to establish a bureau where official information could be
secured at all times by the citizens of Indiana, or by the public at large,
eoncerning the resources of the State. During the year 1895 more than
1,900 letters of inquiry concerning such resources have been answered
by the Geologist. In addition to this, information was given concerning
the character and value of 840 specimens of minerals and.objects of
Natural History which were sent to him for examination. Persons who
seek advice from the Department are often restrained from sinking
thousands of dollars in useless search for minerals, gas and oil in
localities where there is not one chance in a thousand of finding the
object sought. N



THE CARBONIFEROUS SANDSTONES OF WESTERN
INDIANA.

AN EcorNoMic REPORT ON THE SANDSTONES OF A PORTION OF WEST-
ERN INDIANA, AccoMPANIED BY Two ATrLAS SHEETS SHOWING
TRE OUTCROPS AND DISTRIBUTION OF THE SANDSTONE,

BY T C. HOPKINS.

LETTER OF TRANSMITTAL.

StatE CoLLEGE, PaA., January 10, 1896.

Dear Sir—Enclosed you will find my report on the Sandstones of
Western Indiana, prepared under your directions during the past year.

The map sheets aim at completeness only on the area of the Mansfield
sandstone, the outerops and boundaries of which have been located with
some care. Where no reliable township or county maps could be ob-
tained the roads and streams were meandered and checked on the section
lines and corners. The railroads are all located from the plats furnished
by the companies. The Midland Railway from Brazil to Sand Creek is
not given, as no plat of it could be obtained.

The work was conducted as far as possible in such a manner that at
<ny time in the future it could be taken up and carried to completion
vith & minimum amount of duplication of work. The report on the
Mansfield sandstone area embraced on the two accompanying map sheets
was made as detailed as practicable. Much of the matter given in Chap-
ter IV. will have only a local value, and to give it local value care was
taken to locate as carefully as possible all the sandstone of importance,
and to state also where the stone is inferior in quality. Frequently neg-
ative information is as valuable as positive on this line. In almost all
instances, outside of the few quarries specified, the decision in regard to
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the quality of the stone is based on field observation, the texture, struc-
ture, and the effect of the weathering influences. Descriptions of locali-
ties outside of the area mapped are more or less preliminary and can be
completed when the areas are surveyed in detail.

No one realizes more fully than the writer the incompleteness of this
report and the impossibility, with the limited resources available for that
work, to make more than a beginning at what should be done .in this
line. Any one at all familiar with the boundless wealth of Indiana in
its building materials must realize the importance and value of a thorough
investigation of them and their publication in an accessible form. The
economy of such work must impress itself on the minds of all business
men with the knowledge of the facts.

A thorough investigation of these resources could be made at a cost to
the State of less than 10 per cent. of the money it loses each year by (1)
the importation of stone from other States, stone often no better and
frequently not as good as that found in the State; (2) the loss of mar-
kets outside of the State due to lack of proper advertisement of the
stone. Building stone is shipped east and west, north and south across
our State, right by and over undeveloped beds of good stone; (3) the local
usage of inferior stone in the presence of good stone through ignorance
of its occurrence and properties. A little money judiciously spent in
this line would be returned a hundred fold in the money saved and
brought into the State.

Not only should the facts regarding the occurrence, distribution, and
the description of the stones be made known, but there should be such
physical and chemical tests as will convince the intelligent architect and
builder of their value, or what is often of as much importance, their
unfitness.

Notes were made on many other localities, particularly in Southern
Indiana, which do not appear in this report because sufficient time was
not available for putting them in proper shape.

I am indebted to the citizens throughout the area for their uniform
kindness and hospitality, and am under special obligations to Mr. Geo.
Galloway, of Fountain, and Mr. Jos. Shryer, of Bloomfield.

Whatever merit the report may possess is due in no small degree to
your hearty codperation. ‘

T. C. Hopkins.

To Prof. W. S. Blatchley, State Geologist.



THE CARBONIFEROUS SANDSTONES OF WESTERN
INDIANA.

CHAPTER I

THE GENERAL CHARACTER AND PROPZRTIES OF SANDSTONES.

Definition.—The term. sandstone includes the granular sedimentary
rocks. The grains commonly, but not essentially, are quartz and the
cementing substance, which varies widely in quantity, consists of iron
oxide, clay, carbonate of lime, or silica. The two essential characters of
a sandstone are (1) the grains, (2) the cement. As the grains increase
in size the stone grades into a conglomerate; as they diminish in size it
passes into shale or clay; as the grains lose their identity in the rock
mass it passes into quartzite. If the cementing substance is wholly lack-
ing there is simply a bed of sand, the condition in which probably all the
sandstones were at one stage. By the increase of lime cement the rock
passes into limestone; by the increase of the clay cement it grades into
shale or clay; by the increase of iron, into iron ore; by the increase of
quartz, into quartzite.

The composition and character of the grains.—In nearly all the common
sandstone the bulk of the grains and sometimes all of them are fragments
of quartz.* Other substances frequently occur in small but varying quan-
tities, the most common of which are amorphous silica, feldspar, mus-
covite, biotite, magnetite, limonite, hematite, pyrite, and glauconite, less
commonly apatite, calcite, augite, hornblende, tourmaline, staurolite, zir-
con, and rutile. Other rarer accessories are galena, cerussite, malachite,
barite, garnet, celestite.}

The grains generally represent the least soluble parts of rocks. The
soluble portions of the rocks are leached out by infiltrating waters during

*(Calcareous sandstones or sandrocks »re not uncommon on the seacoast where limestone
or many shells oceur, these being ground into fragments and cemented by the deposition of
lime.carbonate. These are rarely met with among the older sedimentary rocks, as they be-
come modified by percolating waters.

+T Roth. Allgemeine u. Chemische Gaologie. Rand TV. nn ANR 200
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‘the processes of weathering, while the less soluble portions are transferred
by the waves, streams, and currents and deposited as beds of sand and
gravel, which harden into sandstone and conglomerates. As quartz is the
least soluble of the common rock-making minerals and at the same time
one of the most abundant, it thus comes to make up the bulk of the sand-
atones. However, in the process of degradation not infrequently fragments
of fresh material are ground up and deposited in the beds of sand so that
sandstones are liable to contain fragments of any or all rock-making
minerals.
The grains are usually angular, less commonly rounded, the coarser
grained sandstone often consisting of a mixture of the two. Only where
the grains suffer friction by wind as in desert sand do they appear to be
completely rounded.* Band grains of very small dimensions, as small as
one-tenth of a millimeter, which are transported by flowing water, always
remain angular (Daubrée).
. Cement.—The common cements of sandstone are clay, iron oxides, cal-

cite, and silica. These may be carried in as sediment in the waters that
deposit the sand, or they may be deposited by infiltrating waters subse-
quently to the deposition of the sand. The material may be deposited
with the sand and subsequently changed by the action of infiltrating
waters or the materials may be carried in by the waters from some ex-
traneous source. On the character and quantity of the cementing ma-
terial depends the rigidity or strength, the durability, the workability,
and most frequently the color of the stone. Thus from an economic
standpoint the cement is by far the more important constituent of the
rock, although it frequently forms but a small per cent. of it.

The argillaceous or clayey cement may generally be detected if pres-
ent in considerable quantity, by giving an earthy odor when breathed
upon. It may or may not discolor the stone, the color depending on the
purity of the clay; it is more commonly a gray or yellow color, some-
times blue where not much weathered. From the standpoint of dura-
bility it is the least desirable of any of the cements, owing to the nature
of the clay to absorb water, and thus render the stone liable to injury
from frost. The presence of the clay in small quantities intimately dif-
fused through the rock is not necessarily a fatal injury to the stone, as
many well-known building stones have a clay cement. It is where the
clay is segregated in layers or patches that it is the most injurious.

The ferruginous, or iron oxide cement always colors the stone; the
hydrous oxide or limonite forms give various shades of buff, yellow, and
yellow-brown, the shade depending on the hydration of the iron and the
quantity of it present. The anhydrous or hematite form of the iron
gives various shades of red and red-brown depending on the quantity

“Zirkel, Lehrbuch der Petrographie, Vol. III, p. 715.
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and character.* Most commonly there is a mixture of shades or colors
in the form of spots, stripes, clouds, or veins. The most serious objec-
tion to the iron oxide cement is the lack of uniformity in color in the
stone. Where the color ig uniform, and at the same time pleasing, it
makes one of the most valuable building stones, such as the brownstones
of Connecticut, Pennsylvania, Lake Superior, and Indiana. Sometimes
the iron occurs as finely diffused iron sulphide or ferrous carbonate, and
more rarely as the silicate, when the stone has a faint bluish or greenish
tint.

‘The calcite, or lime carbonate cement rarely produces deep or bright
colors, and is generally yellow-gray or greenish-gray; it can generally
be detected by giving an effervescence with an acid, but it is commonlty
associated with the carbonates of magnesia and iron, and when the latter
carbonates form a considerable per cent. there may be no effervescence
with cold acid, but will be when the acid is heated. It makes a durable
and desirable stone, providing the texture and structure are all right, but
it quite frequently happens that the texture is so close and compact as to
make it, exceedingly difficult to work ; in some localities where it occurs
intercalaied with the ferruginous sandstone, it is termed ** fliut’’ by the
quarrymen, because of its extreme hardness as compared with the more
friable ferruginous stone. Very few of the widely known building
stones occur in this class.,

The siliceous cement is the most durable of any, but if present in
considerable quantities it often makes the stone too hard to work with
either ease or profit, and changes the sandstone to quartzite, one of the
hardest and most durable of rocks. The well-known Sioux Falls stone
belongs in this class.

There is commonly a mixture of two or more of these cements as the
silica and clay, silica and lime, clay and iron. Not infrequently the
Pyrite acts as a cement, though not a desirable one.

- Bedding surface.——The bedding surfaces are frequently covered with
mica scales, clay, marl, or red ironstone. These are desirable, if not
present in excess, as they cause an easy parting along the beddlng surface,
thus facilitating the work in quarrying, ‘

The bedding surfaces are frequently marked by sun cracks, raln drops,
ripple marks or wave marks, animal tracks, etc. All of theseexcept the
ripple marks denote an exposure of the soft material betore it was in-
durated ; probably the bottom of some lake, bay or lagoon has been ele-
vated above the high tide and in drying would form cracks to be filled by
later formations and would receive and retain the imprint of rain drops
or tracks of animals, etc.

“In t e Tertiary sandstones of the Fastern States, the iron cement is largely tur-
git-. In the Triassic and Carboniferous sandstones it is largely limonite. In the Pots-
Aam eandstone of Lake Superior it is mostly hematite.—~A. Julien. Proc. A. A. A.S., Vol_
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Varieties of sandstone depending on color.—Sandstones are white, gray,
drab, buff, yellow, brown, red, blue, green, and black, with many
intermediate and intermingled shades of these colors. The white sand-
stones are generally nearly pure silica and practically free from metallic
oxides. The gray contains a slight admixture of clay, iron or organic
material, The buff, yellow, and brown colors are due to the presence of
hydrous oxide of iron; the red to the presence of hematite; the blue
color may be due to finely diffused iron pyrites, or the presence of iron
carbonate, or a small quantity of bituminous or carbonaceous matter. The
faint pale green tint found in some sandstones is probably due to some
form of iron protoxide, possibly the silicate; the bright green is due to
malachite. The black color is due to bitumen or carbonaceous material
of some kind. The depth of color in a rock depends not so much on the
amount of coloring material as on the chemical and physical character
of it.

Varieties of sandstone based on texture and structure.-—Sandstones may
be finé-grained, medium fine, coarse, or very coarse, all of which terms
are relative and more or less arbitrary in their usage. Orth* has pro-
posed the following distinction to these general terms:

Millimeters.
Fine sand, dlameter of the grains.......... P, 0.05 to 0.25,
Medium fine, diameter of the grains........... W ....0.25 to 0.50.
Coarse sand, diameter of the grains ................ 0.50 to 1.10.
Very coarse, diameter of the grains ................ 1.00 to 3.00.
Gravel, diameter of the grains ..................... 3 mm. or more.

The texture may be open and porous, close and compact, friable or
earthy. The fine angular-grained highly siliceous varieties with little
cement furnish the whetstones. The coarse angular-grained, friable,
siliceous varieties form the grit and grindstones.

In structure the stone may be massive, heavy- bedded thin-bedded or
shaly, all relative and selfexplanatory terms.

Varieties of sandstones based on composition.—As nearly all sandstones
are quartzose in grain, the distinctions in varieties are based on differ-
ences in the cementing material as follows:

Siliceous or quartzose sandstone is one in which the quartz grains are
bound together by a siliceous cement. This may be quartz deposited on
the grains and oriented with them so as scarcely to be distinguishable
from the original grain, or it may bse in the form of an aggregate oriented
independently. In rare cases the silica may be deposited in_ the form of
opal. In most cases the cement is present in small quantities. With the
increase in quantity of the silicebus cement the stone becomes harder,
passing finally into quartzite, io which the separate grains can no longer

*Zirkel’s l.ehrbuch d. Petrographie, Band III, p. 736.
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be distinguished by the naked eye. The quartzose sandstones are the
most durable, but are also the most difficult to work.

Calcareous sandstone has the cement of lime carbonate which may be in
varying proportions, sometimes as high as 30 per cent. or more.* The
lime carbonate is commonly mixed with more or less iron and magnesia
carbonate. In some instances dolomite or the double carbonate of lime
and magnesia forms the cement. In rare cases gypsum (lime sulphate),
barite (barium sulphate), or celestite (strontium sulphate) forms the
cement. The calcareous sandstones are mostly a yellow-gray or greenish-
gray color, rarely white or yellow, and they are widely distributed, but
more common in the younger formations than in the older ones.

Argillaceous or clayey sandstone is one in which the sand grains are held
together by a clay cement. It is the most common of all sandstones,
and occurs in formations of all ages. They are usually fine-grained, as
a current strong enough to move coarse sand would carry all the clay
away, and in the gentle current or still water where the clay would settle
there would be deposited all the fine sand that remains in suspension.
In their deposition they form an intermediate stage betweeu the coarser
sandstones and the clays or shales, and naturally grade from the coarser
sandstones into the sandy clays and shales with no sharp line of distinc-
tion between them. Mica flakes and feldspar graius are common acees-
sories. The clayey sandstones are white, gray, yellow, green or pale red
in color. :

Kaolinitic sandstone is an argillaceous ove in which the cement consists
of kaolin, usually white or gray in color. It usually contains reddish-
white fragments of orthoclase in either a fresh or decayed condition.

The marly sandstone is intermediate between the calcareous and the
argillaceous varieties, and has a cement of clayey limestone or marl.
{t grades into sandy marl.

The ferruginous sandstone has a cement of iron oxide, either the hydrous
oxide (limonite, g6thite, turgite) or the anhydrous oxide (hematite), or
it may be in the form of ferrous carbonate. The iron oxide commonly
forms a coating around each of the quartz grains, thus binding them
together. In the cement between the larger quartz grains are frequently
fine particles of sand, mica flakes and grains of the iron oxide. The
ferruginous sandstones, as a rule, are very poor in organic remains. They
occur in rocks of all ages, especially abundant in the Devonian, Permian,
and the Triassic, such as tbe Old Red sandstone of England and the
famous brownstones of the eastern States.

Glauconitic sandstone is so called from the g]auconlte it contains. While
of some scientific interest it has little economic value.

Bituminous sandstones have a perceptible amount of carbonaceous ma-
terial diffused through the mass, giving them a dark gray or even black

*Zirkel, Lehrbuch der Petrographie, Band IIT, p. 724.
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color. They are not so common as some of the other varieties, and rarely
have any economic value. The bituminous material sometimes takes the
form of asphalt.

Varieties of sandstone based on locahty —These may have acquired a
geologic significance, and designate a definite horizon, such as the Pots-
dam sandstone, Calciferous sandstone, Medina, Clinton, Oriskany and
Catgkill sandstones, etc. Or they may be simply commercial terms
without reference to geologic position, and known in the market by the
name of the place at or near which they are quarried. The varieties on
this basis are almost ag numerous as the quarries. Among the best
known brownstones are the Portland (Conn.), Hummelstown, Lake
Superior and the Sioux Falls, the latter being a quartzite. The Berea
and the Cleveland stones of Ohio are widely known. Among the best
known sindstones in Indiana are the Cannelton, St. Anthony, Williams-
port, Riverside, and Mansfield sandstones. -

Uses of sandsione.— Sendstone is subject to all the uses of other build-
ing stones. It is probably better adapted to use in heavy masonry,
as bridge abutments, foundations, retaining walls, ete., than almost any
other class of stones, owing to the greater ease with which it can be
quarried. It compares favorably with other stones in superstructures,
the far-famed brownstones of the eastern States being one of the most
fashionable building stones in the country, while there are others less
widely known but equally as good, and often much better from a
standpoint of durability. Many sandstones which are good, durable,
and desirable “wall stones are not suited for trimmings, such as
lintels, sills, caps, etc., on account of weak transverse strength. Some
varieties, however, especially those with siliceous cement, are very strong
in this direction and well suited for such purposes. On account of the
varieties in color which can be obtained they are often desirable for archi-
tectural effect in trimming buildings of brick or other varieties of stone.

The proportion of the sandstone quarried that is used for building
purposes is greater than that of either limestone or granite. The cen-
sus report gives for 1889 the following percentages of all the stone quar-
ried that was used for building purposes: Sandstone 65 per cent.,
granite 43 per cent., and limestone 23 per cent.

The harder varieties of sandstone are desirable for steps and pave-
ments as they are not so slippery as limestones and granites. Some of
the softer sandstones that are otherwise very durable do not stand abra-
sion sufficiently well to be used for this purpose. Some of the largest.
flagstone quarries of the country are in sandstone. It is also used for-
curbing, sewer caps, etc., but care should be taken to select only the
harder forms for such uses.

Sandstone has been used for paving blocks, but only the harder or

vrmeawtrritan Lo ama ot tahl s P th i o 1 e Té 2 mecta L1 £ . *1
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ballast or for macadam for wagon roads. In.the latter case there should
be a top dressing of gravel or harder rock. Nearly all the grindstones,
whetstones and shoe rubbers are of sandstope, where the grains are
sharply angular and the cement in small quantities. Sandstone that is
light colored, highly siliceous and free from iron is used for glass making.
Sandstones that stand the fire well are sought for use in furnace hearths.

The following list, showing the various uses of sandstone is taken from
the Stone Industry in 1894, by W. C. Day: *

USES TO WHICH SANDSTONE I8 PUT.

FOUNDATIONS, SUPERSTRUCTURES, AND TRIMMINGS.

Solid fronts, Buttresses, Japping, Ashlar,
Foundations, Window sills, Belting or belt Forts,
Cellar walls, Lintels, ' courses, Dimensions,
Underpinning, Kiln stone, Rubble, Sills,
Steps. .

STREET WORK.
Paving blocks, Basin heads or Macadam, Sledged stone,
Curbing, catch-basin covers, Road-making :{ Telford, Crushed
Flagging, Stepping stones. Concrete, stone.

ABRASIVE PURPOSES.

Grindstones, Whetstones, Shoe rubbers, " Oilstones.

BRIDGE, DAM AND RAILROAD WORK.

Bridges. Breakwater. Rails. Bankstone.
Culverts. Jetties. Ballast. Parapets.
Aqueducts. Piers. Approaches. Docks.
Dams. ’ Buttresses. . Towers. Bridge covering.
Wharf stone. Capstone.
MISCELLANEOUS.

Grout. Lining for blast furnaces. Millstones.
Hitching posts. Rolling-mill furnaces. Fluxing.
Fence wall. Lining for steel converters. Ganister.,
Sand for glass. Fire brick, silica brick. Glass furnaces.
Sand for plaster and Core sand for foundries. Random stock.

cement. Adamantine plaster.
Furnace hearths. Cemetery work.

Production of sandstone in the United States.—The value of the sand-
stone production as compared with that of other stomes for the last two
years, and the value of the sandstone quarried in the different States for
the last four years as compiled by the U. 8. Geol. Survey, are shown in
the tables in the final chapter.

M TMhea QS4ana Tnduactre 1 1004 ]
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While there is a marked reduction in the production of sandstone from
1890 to 1894 it may be noticed that Indiana, which ranked 22d in the
value of its production in 1890, ranked 15th in 1894.

It might be further noticed that the report shows the production for
1891 in Indiana valued at $90;000, while the statistics collected by the
State Geologist of Indiana for the same year show a value of $169,411.
So the value for 1894 should be $77,800 instead of $22,120. Even these
values given by the State Survey are low, as it is impossible to get the
figures from the small quarries.

Distribution of sandstones. —Sandstones are distributed geologically
throughout the sedimentary series from the oldest to the youngest strata.
The Potsdam sandstone of early Paleozoic, the Old Red sandstone of De-
vonian and Permian times, the Millstone grit of Carboniferous and the
Portland and other brownstones of Triassic times are all heavy and wide-
spread formations.

Geographically they are almost as widespread as the sedimentary
rocks. Extensive beds of valuable sandstone occur along the Atlantic
seaboard States in the folded regions of the Appalachians, bordering the
coal areas of the Mississippi Valley, bordering the crystalline series in
the lake region, and in the Cordilleras of the west. As shown by the
statistical tables the States that lead in the production of sandstone are
Ohio, Pennsylvania, Connecticut, New York, New Jersey, Massachusetts,
and Missouri. In 1890 Colorado and Michigan were important pro-
ducers.

CHAPTER II

GEOLOGIC HISTORY OF THE SANDSTONES OF WESTERN INDIANA.

All the sandstones mentioned ‘in this report belong to the Carboniferous
age, some in the Lower Carboniferous, some in the Coal Measures.
Detailed work was done on only one bed, that at the base of the Coal
Measures and termed the Mansfield sandstone. Others are mentioned
and certain economic features described as they appear at certain local-
ities without attempt to accurately designate their stratigraphic position
or their areal extent, which would require more time than was available

in this work.®* The general relations of the different sandstone deposits.

are as follows:

* The reasons for the detailed work on the Mansfield stone rather than on the others
are (1) its greater economic importance, (2) the others are agsociated with other economic
products which will require investigation in the future, when the details of both can be
worked out together, :

-
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I. Coarn, MEASURES.

1. A series of coal beds separated by sandstones, shales, fire-clays, and, in
places, limestone; more or less loosely classified in certain areas, but no reliable
general correlations over the whole area; good sandstone in several localities.

2. The Mansfield sandstone and conglomerate, a bed of coarse-grained,
massive sandstone at the base of the Coal Measures, contains some conglomerate
and is accompanied by some coal, black shale, and fire-clay. It is referred to in
former State reports as the Conglomerate and as Millstone grit.*

II. Lower CARBONIFEROUS OR MISSISSIPPIAN.

1. The Riverside sandstone. Chester.

2. . Several beds of associated limestones, shales and | St. Louis.
some sandstone, probably corresponding to the | Keokuk.
following groups. Knobstone.

There are many local variations in the character of the strata, and it
will require more detailed paleontologic and stratigraphic work than has
yet been done to give any scientific value to a correlation of them with
strata at localities outside of the State.

There are heavy beds of sandstone in the Coal Measures at Cannelton,
at the Portland quarry in Vermillion county, on Big Vermillion river,
on Little Vermillion river, at Covington, at the Glen south of Coving-
ton, at Silverwood, on Sugar creek and elsewhere, but not enough is
known at present to say whether they all belong to the same or different
periods of deposition

In the north part of the area mapped the Coal Measures are underlain
by a fine-grained, impure sandstone (the Riverside sandstone of this re-
port), associated with thin layers of limestone in some places. In the
southern part of the area mapped (the Brazil sheet) they are underlain
by a compact blue limestone, in some places cherty, in some places not.
Still further south, about French Lick, they are underlain by alternating
layers of compact limestone and coarse, yellow sandstone. The valuable
bed or beds of oolitic limestone lie some distance east of the Coal Meas-
ures along a certain part of the area, but none of these formations have
been accurately delineated either areally or paleontologically.

Some of the local variations of the strata are shown on plate IX., which
consists of a series of sections from different parts of the area. These
sections are arranged in a general way from north to south, yet it fre-
quently happens that a section less than a mile away may show a greater
change than one ten or even fifty miles away.

Unconformity.—The line of parting between the Lower Carboniferous
strata and those of the Coal Measures is in a great many places marked
by an unconformity shown by the erosion interval and the occurrence
of the basal chert conglomerate. Plate X. illustrates some well-
marked examples of this unconformity. It would be ail the more
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marked in some places by a longer section. Thus a section across the
Wabash River valley above Attica would show in one place 90 feet or
more of Coal Measure sandstones in the bottom of the valley, and the
Lower ‘Carboniferous rocks on the hills on either side. Likewise on
Sugar creek, in one place the massive Mansfield sandstone outcrops 100
feet thick, extending below the level of the creek, while less than a mile
away the underlying Lower Carboniferous limestone is 80 or 90 feet
above the creek. This is not due to the dip of the strata, which in most
places are practically horizontal, but to erosion of the underlying rocks
before the deposition of the Coal Measures.

Jonditions of deposition.—During the deposition of the Lower Carbon-
iferous limestone there was a Yong period of quiet seas, and probably
little -elevation or depression of the earth’s crust. At the close of this
limestone-making period there was an elevation, probably very gradual,
and a long period of oxidation, with mere or less erosion, began. Before
this had quite reached base level, a higher and more rapid elevation
took place, when the streams were all quickened in their erosive power,
and the coarse oxidized residual deposits of the preceding period were
swept down by the strong currents to the sea shore, to the bays, estuaries
and river channels, where they were deposited to form or to assist in
forming, the massive, coarse-grained sandstone and conglomerate at the
base of the Coal Measures.

Source of material.—The source of all this coarse material is not
easy to explain. One naturally looks to what was then the land area
to the east, but there are no coarse sandstones and no granitic rocks in
that area to furnish the material. There are apparently two sources of
coarse, siliceous sediment from the older rocks to the east: (1) the
chert in the limestone, and (2) the geodes. That both these are a source
of supply is clearly shown in the rocks themselves, in many places the
chert pebbles and fragments being found in abundance, not only identi-
cal in color and general appearance, but carrying the same fossils as that
in the underlying limestone. While the identity of the chert is clear in
the coarse basal conglomerate, it is not so evident in the case of the
finer grained sandstones, where most of the grains are fragments of crys-
talline quartz, while the chert is cryptocrystalline, and it is highly im-
probable that the grains became crystalline after deposition. Further-
more, as mentioned elsewhere the numerous light-colored granular quartz
spots in the sandstone are supposed to be chert. Nor can the numerous
patches of hard quartz conglomerate have their origin in the chert.
Hence, while this is one source, it is not the sole source. The quartz in
the geodes is crystalline, and" that this is one source of supply for the
#and and pebbles can be clearly proven by the presence of geodes and
fragments of geodes in the conglomerates. A single hand specimen some-
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geodic origin. That this is not a sole source of supply is evident for two-
reasons: (1) some of the quartz in the sandstone eontains microlites of
apatite, rutile, zircon, and fluid inclusions that do not occur in geodic-
quartz; (2) the product is greater than the source. While it is true that
geodic quartz is abundant in some of the beds, and would furnish a vast
amount of sand when ground up by the waves and currents, it is not
sufficient to furnish all the material for the Mansfield sandstone.

Thus besides the two sources of the material given there must he at
least another and that must be from a region of igneous or metamorphic-
rocks, or from a rock derived from such a source. Such a source is not
to be found east of the sandstone area, but must be sought in the north,
northwest, or southwest, and in any case the material must be transported
a long distance. Three possible explanations that apparently accord with
these conditions might be offered to account for the source of such ma-
terial: (1) It may come from the crystalline areas of the north, trans--
ported by the currents of one or more Paleozoic rivers aided perhaps by
floating ice. -(2) [t might come from the older Paleozoic sandstones (the
Potsdam and St. Peter’s) of Northern Illinois and Southern Wisconsin
brought down by shore currents and floating ice. (3) It might have
been carried by floating ice across the shallow interior sea from the crys-
talline island in the Iron Mountain region in Missouri.*

The most serious objection to any of the explanations, but that of’
a glacial period, is the presence of so many quartz pebbles of large size
which would require currents of almost incredible velocity to transport
them in one geologic period from Wisconsin, Michigan, or Canada to
Southern Indiana and Kentucky. However, these large pebbles may all
or most of them come, as some of them evidently do, from the chert and
geodic quartz of the older limestones close at hand.

It may sound upreasonable to many geologists that any appreciable-
amount of sand or pebbles may come from the geodes,and some to whom
T have mentioned the subject think that the amount from such a source
would be too small to be worthy of consideration. But I am convinced
that a study of the field relations as they exist in Indiana would convince
any one of the importance of this source of supply. While sufficient
evidence is not at hand to prove that all or even the major portion of
the coarse materials did come from the geodes, there is conclusive evi-
dence that an appreciable quantity of the quartz pebbles did come from

* A fourth possible theory might be suggested, but in the light of present.knowl-
edge seems highly problematical, that is a transportation by land from the northern regions.
by glacial action similar to our recent glacial period. Eastern geologists have shown with
considerable clearness the presence of a Carboniferous glacial period in India and in South-
ern Africa, but there is ag yet no such direct or satisfactory evidence that there was such in
America, and considering the extent to which the Carboniferous system has been studied in
this country, it would seem highly probable that such evidence would have been discovered
if it existed.
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1. Black Rock. 2. Little Pine Creek.

3. Turkey Run. 4. Sugar Creek.

5. Ramp Creek. 6. Byrd:Dranch.

SECTIONS ILLUSTRATING THE UNCONFORMITY BY EROSIOV BETWEEN THE LOWER

CARBONIFEROUS AND THE COAL MEASURES IN WESTERN INDIANA®
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such a source, and it is not impossible or improbable that a considerable
portion was so derived.

The sandstones that occur in the productive Coal Measures are in gen-
eral finer grained than the Mansfield stone, and so far as observed con-
tain no coarse conglomerate. They are less purely siliceous than the
Mansfield stone, and possibly a higher per cent. of their materials has
been derived directly from the Lower Carboniferous rocks and older strata
to the east, which has been carried by the Carboniferous rivers and de-
posited in the lakes, bays, estuaries, and shallow Carboniferous seas. . As
there were many more or less shallow basins separated in part by land
areas we would naturally expect many local variations in the character
of the strata, or rather since we find these local variations along with
ripple marks, false bedding, carbonaceous material, etc., we naturally
conclude that such was the condition at that time,*

CHAPTER III.

THE MANSFIELD BANDBTONE.T

The Mansfield sandstone, a coarse-grained gray, yellow, red, brown, or
variegated massive sandstone is probably the most important sandstone
in the State of Indiana, from both an economic and scientific standpoint.
There is considerable good building sandstone in the overlying Coal
Measures, and to a less degree in the underlying Lower Carboniferous
series, but no single formation contains as great a variety or as large a
quantity of good sandstone as the one designated in this report, the
Mansfield sandstone.

- The name.—The formation is named from Mansfield, Parke county,
Indiana, a little village on the bank of Big Raccoon creek, twelve miles
north of Brazil, with which it is connected by railroad. The name is
probably not the most fortunate one from an economic standpoint, but is
chosen because: (1.) The stone was quarried at Mansfield for several
years and is known to some extent in the markets by that name. (2.)
There is a typical and rather extensive exposure of the stone there. (8.)
“There is no other sandstone at that place with which it need be confused.}

*The details of the stratigraphy of the Coal Measures will,no doubt,be worked out in
connection with the economic repvrt on coal, as the coal beds are the most valuable of the
‘natural products of this area.

10nly the general properties of the sandstone are given in this chapter. The specific
<characters relating to the stone at the different localities will be .found in the following
chapter. The description of other stones, as the Portland, Cannelton, etc., will be found in
the following chapters.
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The same bed of sandstone is referred to in the former state geological
reports as the CUonglomerate, or sometimes as the Millstone grit. The
objectien to using either of these terms is that a lithologic term in itself”
does not properly designate a geologic formation, and even if it did it
would not he appropriate in this case, as but a small per cent. of this
formation is conglomerate, and a much smaller per cent. is good mill-
stone grit. It might properly be termed the Mansfield sandstone and con-
glomerate, as the formation contains conglomerate in many places. But
if enly one term is used it is more properly designated a sandstone, as
there is probably more than ten times as much sandstone as conglomer-
ate, and the use of the geographic term definitely fixes the horizon.*

Gleologic position.—The Mansfield sandstone lies at the base of the Coal
Measures, unconformably upon the Lower Carboniferous limestone, or in
the absence of the limestone on Lower Carboniferous sandstone or shale.
There is thus a double delimitation below (1) the unconformity which is.
shown in many places by erosion channelsand basal conglomerate, or both ;
(2) the Lower Carboniferous series with which it can rarely be confused on
account of the sharp distinction in lithologic character. It is overlain. .
by a series of shales, sandstones, and coal beds, in some places conforma-
bly, in others unconformably, and in general there need be little doubt
about the vertical extent of the Mansfield sandstone, as where typically
developed it is distinguished *)y its coarse-grained texture, massive struct-
ure, patches of quartz conglomerate, false bedding, and iron secretions.
However, there are instances where the correlation is uncertain, as in
some localities there is no massive sandstone at this horizon, but shaly
sandstone and shales immediately overlie the Lower Carboniferous lime-
stone where, in the absence of fossils, or of a thorough study of the
overlying Coal Measures it is not possible to always determine whether
these thinly laminated strata \jare correlative of the Mansfield sandstone;
or whether that formation ig absent entirely. If the Mansfield stone
were always coarse-grained and massive the difficulty would be lessened,
but in some places the massive sandstone is accompanied by thinly lam-
inated sandstone and shale, which belong to the same period of deposition.

On the accompanying map sheets all the sandstone occurring at the
horizon of the Mansfield sanﬁstone is classed provisionally as Mansfield
if there is no stratigraphic evidence that it belongs to a higher horizon.{

Varicties of Mansfield sandstone.—There are a great many varieties of
the Mansfield sandstone in both color and texture. In color it ranges

#*Sandstone is the broader term of the two. While the distinction between the two is.
mainly on the gize of the particles, conglomerates are composed cssentially of water-worn:
or rounded materials, while the sand, grains may be either rounded or angular, and in the
finer grained stones are almost universally angular.

+ It is possible that some of the thinly laminated sandstone in the area south of Green-
castle, and in some other localities along the eastern border of the farmation. mav ha af mara.
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from nearly white through various shades of gray, yellow and red, to dark
“brown, yet they may all be divided into two general classes; (1) red or
brown stone; (2) yellow and gray, with more or less variegated stone in
both classes.

1. The red color in sandstone is caused either (1) by the grains them-
gelves being red or (2) by a red cement where the grains themselves may
be white or colorless, and coated with a more or less thin film of red col-
oring matter, which may be the cement wholly or in part. Stones of the
second class are the more common, and in this elass are the brownstones
of Indiana.

The coloring matter of the Indiana brownstone is composed of iron
oxides, which chemical analyses show to be present in quantities varying
from two or three per cent. to nearly 23 per cent. The microscope shows
the presence of the anhydrous red hematite accompanied by small quan-
tities of the hydrous yellow and brown oxide. It occurs sometimes in a
finely grapnular condition, sometimes as an impalpable powder in which
the separate grains are not distinguishable under the microscope; and in
places it is partly crystalline, showing crystal faces three one- hundredths
of a millimeter in length.

There are many shades of the red and brown colors, one of the most
common being a deep red-brown with a faint purple tinge suggestive of
manganese, and having a faint steel lustre in places. It is a handsome
and desirable building stone. Another common shade is a lighter red
than the preceding, the lighter color being due partly to the greater
abundance of the small white granular quartz particles and partly to a
thinner coating of the iron oxide on the quartz grains. It is a handsomer
stone than the first variety, but not so abundant. Another shade rather
abundant at the Mansfield and the St. Anthony quarries has a nearly
walnut brown body, with light particles. It is not so handsome as either
of the preceding. Another less common variety, which has been called
a ‘“flea-bitten fawn skin,” consists of a light brown body with light gray
gpots about the size of one’s finger tip. The stone near Green Hill is a
light red, a little paler than a cherry. It is the clearest red of any sand-
stone of the State that occurs in large quantities, and is in no sense a
brownstone. The color is uniform over a considerable area. The lighter
color is due to the iron oxide occurring in a less quantity, forming but a
slight film on the white quartz grains.

There are several other varieties, some lighter, some darker, that occur
for the most part in quantities too small to have any economic value.
There is a banded variety that occurs in considerable quantities at Mans-
field and elsewhere, which is made up of lighter and darker bands an
inch or more in width and running at an angle of about 30 degrees to the
horizontal, and following apparently the lines of false bedding of the
rock. While beautiful in hand specimens, it would be out of place in
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walls, nor does it occur in sufficient quantities to be used alone for
" building.

In all the numerous specimens examined, the color is due to the iron.
oxide in the cement and not in the grains themselves, which are white or
transparent when removed from the cement. There are two possible
sources for the iron oxide in the sandstone; (1) as sediment deposited at
the same time as the sand; (2) carried in by infiltrating waters subse-
quent to the deposition of the sand. The evidence in favor of the second
process is (1) in many places the color grades into gray along very irreg-
ular wavy lines which are far from horizontal; (2) the lines of banding
follow the lines of false bedding along which the infiltrating waters
naturally flow; (3) the iron blisters are evidently ferruginized pebbles
[see further under texture], and (4) the patchy occurrence of the sand-
stone. However, it must be admitted that all these conditions are ex-
plained by the first hypothesis if we admit a secondary alteration of the
iron by infiltrating waters.

It is possible that in either case the iron might first have been de- -
posited in some other form, sueh as the sulphide or carbonate and subse-
queéntly oxidized, but there appears to be no direct evidence in support
of this view.* Some of the phenomena can be accounted for only on the -
theory of infiltrating waters, and if some of -the iron oxide was de-
posited contemporaneous with the sand it has been modified to some ex-
tent by the penetrating waters. Nor is it a surface phenomenon, but the
interior of the beds is as deeply colored as the exterior.

From an economic standpoint the greatest objection to the red or
brown stone is that the color is nowhere uniform throughout the bed.
In some places the variegations are so abundant that stone of a uniform
color cannot be obtained in sizes suitable for bunilding. In other places:
one color or shade will prevail for six or eight feet where it will give way
to another shade through a-like thickness, and by careful selection stone
of different shades can be separated and abundance of any one color can
be obtained. This can be done more economically in the saw-mill than
elsewhere by setting the saws to run between the colors. It would
necessitate the quarrying of a great deal of stone to keep up the supply
of the color that happened to be the most popular.

2. The yellow, buff, and gray Mansfield sandstone is more abundant
than the brownstone. The coloring matter in these varieties is the hy-
drous iron oxide, and in nearly all cases there is a less per cent. of the
iron than in the red and brown stone. Some of the lighter colored,
nearly white sandstones are almost entirely free from iron. As a rule
these lighter colored rocks are softer and more friable than the darker
brown stones. Yet this is not always the case, as one of the hardest and

“Dr.J. W.Dawson argues that in the red beds of Nova Scotia the red oxide is derived.
from decomposed iron pyrites. Q.J.@G.S. Vol. V, p. 25,
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least triable sandstones in the whole area is nearly white in color. The
light gray colored stone is less common than the buff and yellow. The
-deeper colored ones in many places have iron secretions, either the iron
kidneys or segregated veins, the iron secretions frequently gathering
along?the lines of false bedding.

Structure.—The Mansfield sandstone in most places is a medium to
.coarse-grained sandstone occurring in a massive bed varying from a few
feet to more than 100 feet in thickness. In some places the massive '
geamless stone is accompanied by a few feet of thinly stratified sand-
stone, in others by a coarse conglomerate, and in many places by a black
shale, fire-clay, and coal. In many places it is characterized by false bed-
ding and iron secretions. Characteristic features of the bed are its mas-
siveness, the prevalence of false bedding, and the occurrence of coarse
conglomerate. While common these are not constant phenomena..

The conglomerate occurs in irregular patches varying from a few
inches to several feet in thickness, sometimes at the bottom of the sand-
stone, sometimes at varying levels through the bed. In rare instances
there are isolated quartz pebbles scattered through the sandstone, but
the more common occurrence is the accumulation of the pebbles in
magses with very little, sometimes no intermingled rand.

The false bedding planes in most instances dip 25 to 30 degrees from
the horizontal. In general at any one locality these lines of false bed-
ding all dip in the same direction, yet in some instances the false bed-
ding in one layer is dipping directly opposite to that in an adjoining
layer. The false bedding is caused by swiftly moviog water carrying a
heavy load of coarse material, meeting quieter and deeper water, where
the load is suddenly dropped. Such a condition is found at the place
where a river empties into the sea or lake, in the eddies and pools along
a river, and in ocean currents where they sweep over an uneven bottom.
Infiltrating waters frequently follow along these lines of false bedding,
carrying more or less iron and giving the stone a banded structure.

Texture.—The texture of the Mansfield sandstone through about nine-
tenths of the bed is comparatively uniform, but the other one-tenth is
quite variable. The mass of the stone consists of a rather coarse but
-evenly granular quartz sandstone, associated with patches of conglomerate,
varying from half an inch to eight or ten feet in thickmess, and the
pebbles varying from the size of a grain of wheat to those as large as
-one’s head. There is also intercalary shale, shaly stones, fire-clay,.coal,
and iron ore. The conglomerate pebbles are sometimes of chert from
the underlying cherty limestones; in such cases the pebbles are large and
sometimes subangular, generally occurring at the base of the sandstone,
but not always go. More commonly the pebbles consist of well water-
worn quartz and occur either in closely aggtegated masses or loosely and
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irregularly scattered through the body of the sandstone. The con-
glomerate is more or less local in its occurrence and while it rarely forms
a large part of the bed, over many extensive areas it does not occur at.
all. It apparently forms much less than 10 per cent., probably not more
than five per cent., of the whole formation.

Aside from the conglomerate and shaly patches the sandstone is com-
paratively uniform in grain and would ordinarily be termed a coarse:
grained sandstone, ‘yet, according to Orth’s classification (gee p. 191) it
would be termed medium fine-grained sandstone. The following meas-
urements were made in the microscope with a micrometer scale on an
average specimen of the stone at each locality by measuring 10 to 20-
contiguous grains and taking the average. The largest grain is the
largest in the thin section examined, not necessarily the largest in the
rock.- .
Size of grains in the Mansfield sandstone.

Millimeters. Inches.

Mansfield............... Average................ 0.29 0.0114
. Largest ................ 0.65 0.0256
Portland Mills........... Average................ 0.34 0.0134
Largest ................ 0.60 0.0218
Bloomfield* ............. Average................0.28 0.011
Largest ................ 0.45 0.017
St. Anthony*............ Average................ 0.32 0.0126
Largest. ................ 0.48 0.0189
Williamsport............ Average................ 0.19 0.0075
Largest ................ 0.32 0.0126
Cromwell, Conn. (2) ..... Average..... e 0.25 0.0098
Largest ................ 0.60 0.0218

All of the specimens are brownstone but the Williamsport one, which:
is buff colored.

In general the grains are angular, yet in some specimens the larger
grains are rounded or subangular. The angularity of the grains has.
much more to do with the strength of the stone than is commonly sup-
posed, as the angular grains fit more closely together and more closely
interlock, and with the same amount of cement will form a stronger
stone than a similar stone with round grains, just as a wall of uncoursed
rubble is stronger than one of cobble stones. It will be noticed on compar-
ing the different sections on the accompanying figures (plates 11, 12, and
14). that the grains are more rounded in the brownstones than in any of
the others, but it will be noticed as well that the brownstones have more
cement than the others, except the brown or red stone from near Green
Hill, which has less, and which is also one of the most friable stones of
the area. Of course much depends upon the character of the cement,

“The Bloomfield and St. Anthony stones are classed provisionally with the Mansfield,.
but have not yet been proven to be of the same age.
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but it can be -easily seen that a stone with closely interlocking angular
graing like no. 6 on plate 12 will require but little cement to make it
comparatively rigid, while abundance of good cement is necessary to give
strength to stone like no. 1 on the same plate. It should be noticed,
however, that the rounded grains are nearly all more or less etched or
notched, thus giving an anchorage to the cement, and where the cement
of good quality is present, as it is in the brownstones figured, the stone
is sufficiently rigid for most purposes. The reason for rounded grains in
some and none in others is due to (1) the greater size of the grains, as
grains below a certain size are never rounded, and (2) probably to trans-
portation over greater distance or longer or more violent beach action.

Some of the coarse-grained yellow and gray sandstones, where the ce-
menting material is much less than in the brownstones, are found to be much
more friable and porous than either the brownstones or the fine-grained
sandstones, which have no more cement but have more angular grains.

In most of the Mansfield stone, but most conspicuous in the darker
colored brownstones, are small yellow or light gray specks about the size
of the single quartz grains, and to the naked eye looking like a white
amorphous powder of some kind. Under the microscope they are found
to be composed of finely crystalline cryptocrystalline granular quartz,
and are thought to be grains of chert. The reasons for thinking so are
(1) the eolor and general appearance are the same; (2) they appear the
same under the microscope; (3) a partial gradation from the chert con-
glomerate, where the chert character of the pebbles is plainly shown to the
naked eye, to the sandstone, where the resemblance is microscopic ; (4) there
is apparently no other source for the material unless it be deposited by
giliceous waters, in which case the spots should not be almost universally
isolated, but would be for the most part connected by finer veins of simi-
lar material, and would form a cement instead of grains.

Chemical composition of Mansfield sandstone.—The accompanying table
shows partial chemical analyses of Mansfield stone from a number
of localities, all made by the hydrochloric acid process. No sodium
carbonate analysis was made, but in most instances it would show but
little difference from that given, as the insoluble part, as shown by
microscopic examination, is nearly all quartz. In a few places there are
sufficient mica and microlite inclusions in the quartz to reduce the actual
gilica percentage possibly two or three per cent. below that of the insoluble
residue. In some instances, as far as shown by the microscopic exami-
nation, the difference would be less than this, so that the insoluble residue
percentage is practically very near that of the silica. The water of crys-
tallization and organic matter were not determined ; they would in most
instances bring the percentage up to 100. There are traces of magnesia
and alkali, but in inappreciable quantities. The carbonic acid as given in
the table was found by computation, by considering all the lime as
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Chemical analyses of Mansfield sandstore.

Color of (110101i of In%til- §5 Tron Li
olor of | Insolu- | uble § ime
g LOCALITY. Stone. blo ' E__e; %:1%&3 Oa 0 | CO» | Torar.
b5 Residue.| H CI 2“ Feqls

1 | Mansfield ... Brown. | White. | 9216 [ .......| 629 006 | 0.04

2 | Portland “ 2) 2.58 | 19.39 [eeneereren 25 |

3 | Judson...... . “ o 93.21 51 491 12 0%

4 | Hillsboro £« o 91.65 56 6.60 12 095

5 | Fountain ... & “ 91 66 60 6.4 05 M

6 | Bloomfield.. « “ .29 J9 | 11.82 06 05

7| 8t. Anthony ... h ot 88.41 63 |, 840 NE] 10

8 | Green Hill . Red.- I 98.73 23 36 03 024

9 | Williamspor Buff. “ 98.57 05 65 .02 016

10 BTN «vreeenenne “ u“ (2) ! 103 lvverimmani ceers coie] seneearcnann .
11 | Cromwell,Conn.....| Brown “ 70.84 | 13.15 248 3.09 [9.73 Alk| 100.00 (4

(2) Made by Prof. P. 8. Baker, DePauw University.
(4) Furnjshed by the New England Brownstone Co. All the other analyses were made
for the survey by H. H. Ballard, at Rose Polytechnic Institute.

It will thus be seen that the stone consists essentially of insoluble ma-
terial, mostly quartz, and iron oxide, both very durable substances.

Mineralogical composition.—The brownstones consist almost entirely
of quartz grains, chert grains, and iron oxides. -

The quartz contains microlites of rutile, zircon, and apatite, none of
which are abundaot, the last one, apatite, being exceedingly rare. The
rutile occurs in exceedingly fine, slender needles, that are only visible
when highly magnified. Only a small per cent., probably less than 10,
of all the quartz grains contains rutile. The zircon occurs in very small
irregular, isolated, widely scattered crystals.

In many localities muscovite is present in scattered flakes, but in no
place abundant, as it is in some of the overlying Coal Measure sand-
stone. '

No feldspar was observed in any of the brownstone examined, but
some of the gray and buff stones, noticeably that at Williamsport, shows
the presence of both plagioclase and microcline, the latter in greater
quantity, yet neither one sufficiently abundant to have any appreciable
effect on the durability of the rock.

The iron oxides forming the cement consist of both the hydrous
(limonite) and the anhydrous (bematite) forms. The presence of both
oxides is shown by the colors, but the examination was not sufficiently
minute to show whether other hydrous oxides, ag goethite, turgite, ete.,
were present with the limonite or not.

Strength of the Mansfield sandstone.—Sandstones, with the exception of the
quartzitic ones, are, as a rule, much weaker than the other common build-
ing stones, such as granite, syenite, limestone, marble, ete., weaker both
in resisting crushing force and in transverse strength. The Mansfield
sandstone is probably no exception to the rule as indicated bv the resnlt
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of the test given below. However, since in our largest structures build-
ing stones are rarely if ever loaded to one-sixth or even one-tenth of
their ultimate strength, this in itself need not he and is not any drawback
to the use of sandstone for building purposes.

There was not a sufficient number of tests made on the strength of
this stone to give & fair or reliable average.* The sample from St. An-
thony quarry was tested for the survey at the Rose Polytechnic Institute,
and showed a strength of 12,000 pounds for a two-inch cube, equal to
3,000 pounds per square inch. Samples of the Berea, Ohio, sandstone,
furnished by the Cleveland Stone Company, tested at the same time,
under the same conditions showed a strength of 11,200 pounds and
12,767 pounds respectively. Samples of the Bedford oolitic limestone
tested at the same time gave 7,125 pounds per square inch,

The stone is in most places quite soft and friable when first removed
from the quarry, but hardens and becomes much stronger when seasoned.
No experiments were made to illustrate the difference in strength between
the green and the seasoned stone, but there would be quite a marked dif-
ference. So soft and friable does the stone appear that many of the citi-
zens refuse to use it in the foundations of their buildings for fear it is
not strong enough to support them. This is more commonly the case
along the eastern border of the sandstone area where it occurs in the
same locality as the compact blue Lower Carboniferous limestone, which
in contrast with the softer sandstone makes the latter appear really softer
than it is. No instance is recorded of any of it ever crushing under any
structure. If the stone is properly quarried and seasoned it will be found
on trial to be sufficiently strong to withstand any crushing force to which
it might be subjected in any structure;{ not only that, but it will prove
to be stronger after ten years’ exposure than at the time it was placed in
the wall.

Flire tests.—As with the others, the fire tests are too meager to have
any decisive value and are mentioned as only indicative of the possibili-
ties. Samples from the quarry at St. Anthony were tested in the labora-
tory at Terre Haute with the following results: (1) Cold stone placed
* in melted lead and allowed to remain until lead would melt on its surface,
then placed in the air to cool. Cracks appeared at corners as soon as '
cooling began. (2) The cold stone in a covered crucible placed in the

*The survey offered to have tests made and publish the results if the quarrymen would
furnish the samples and bear the slight expense connected therewith; while others promised
to do 50 only one furnished the samples in time %0 have the tests made for this report.

1 For comparison with other sandstones see tables in the last chapter.

1In a wall 300 feet high, higher than any that will probably ever be constructed in In-
diana, the crusbing force from the weight of the wall alone would not exceed 350 pounds
per square inch, and the added weight from roof, floors, and contents, would probably never
raise this beyond 450 pounds, so that at 3,000 pounds, which will prove to be below the aver-
age, the margin is nearly nine to one,and in ordinary uses it will not exceed fifteen or
twenty to one.
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fire cracked at corner before the lead would melt. (8) The stone heated
to temperature of melted lead tbrust into water eracked in several
places. Similar experiments at the same time on Riverside sandstone
and the Berea, Ohio, stone gave practically the same results.

The writer heated to redness a number of small samples from different
localities in the flame of a bunsen burner and permitted some to cool in
air .and some were thrown into cold water. None cracked on heating,
about 50 per cent. cracked on cooling and all were more friable and
much softer after cooling as though the cement had in a large meas-
ure been destroyed.

The tests would, therefore, indicate that the stone, from certain lo-
calities at least, would rank very low in its power to resist high tempera-
ture. In many places this stone has been used in chimneys and in sugar
furnaces by the citizens, and in most instances appears to stand the flames
without injury. Experiments elsewhere have shown that as a class
sandstones rank below other building stones in this respect.

Absorption tests on Mangfield sandstones.—Absorption tests were made
on only two samples, both from St. Anthony. The specimens were
weighed, put in water for 25 hours and reweighed ; the ratio of absorp-
tion was 8.6 and 7 per cent., which, as may be seen by referring to the
tables at the end, is above the average. Berea, Ohio, stone, tested at the
same time, gave 4.9 and 5 per cenl. While there can be little doubt
but that the ratio of absorption for the Mansfield stone is high, probably
above the average, it may not be so high as that indicated by the figures.

Durability of the Mansfield sandstone.—The Mansfield sandstone is one
of the most durable rocks in the State of Indiana, or for that matter
in the United States. This statement will be at once disputed by the
casual observer or by persons living in limestone regions, but not by a
geologist after field examination. The ordinary observer will not believe
that the soft crumbling sandstone is more durable than the hard, com-
pact limestone, which in comparison is so difficult to cut and break.

In so far as resistance to crushing is an evidence of durability, as
argued by some writers, the Mansfield stone is lacking and would rank
among the lowest. However, it is well known to even the most casual *
observer that this evidence in itself is valueless, as the clay ironstone and
the black limestone of this area would have a crushing strength many
times that of the Mansfield stone. Yet when exposed under the same
conditions, long before the sandstone would be in the least affected, ex-
cept to become harder, the black limestone would have crumbled to
fragments. )

Evidence of durability of Mansfield sandstone from composition.—The
evidence from the chemical and mineralogical composition of the sand-
stone is suggestive of a stone of great durability. The quartz grains are
practically indestructible, and the ferric oxide under the conditions to
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which it would be subjéct in ordinary structures is one of the most en-
during of minerals. In its composition the Mansfield brownstone is
superior to the Triassic brownstones, most of which have a high per
~cent. of alumina.

Dr. Hunt was one of the first to state that, other things being equal,
the closer the texture and finer the grain the more durable the rock, and
many succeeding writers have overlooked the clause other things being
equal. Other things are not equal in this case, and in many others, as
the Mansfield stone is probably coarser grained and probably as porous as
any other rock in the State, yet it is one of the most durable. This is
not because of its coarse open texture, but in spite of it.

_ Condition of the outerop as an evidence of durability. —To the experi-
. enced geologist there is no evidence so satisfactory or convincing in re-
gard to the durability of a rock as a study of its natural outerops. This,
however, like the other evidence, must be taken with intelligence, and is
not governed by any fixed rules. In the case of the Mansfield sandstone,
. the field observations all support the statement in regard to the great
durability of the rock, especially as compared with the associated rocks.
The characteristic occurrence of the stone is in bold or overhanging
-cliffs, with frequently many large angular boulders scattered along the
base. 'This is caused by the disintegration and erosion of the underly-
ing rock at a more rapid rate than the sandstone, and when the over-
hanging ‘cliff projects so far that the weight of the overhanging mass
exceeds the cohesive strength of the stone it breaks off and lies in
boulders along the base of the bluff then exposed to the weathering
agencies on all sides.  Yet after centuries of exposure these boulders oc-
cur with firm, even surfaces, and sharp angles with scarcely a trace of
disintegrated material surrounding them. Some of these dislocated
masses are such conspicuous features as to have acquired locally the name
-of ¢“fallen rock.”” Such a fall took place on Shawnee creek, near Rob
Roy, but two years ago, where several hundred tons of rock broke away
from the parent ledge producing a jar equal to a miniature earthquake.
Nearly all the exposures of this rock along the watercourses and else-
" where indicate a stone of remarkable durability.

Glacial strie an evidence of durability.—Another convincing evidence
‘of the durability of the Mansfield sandstone is the good state of preser-
vation of the glacial strizz on its surface in many places. The rock in
such instances has withstood the disintegrating forces perfectly since the
advance of the glacier many thousands of years ago. In several places
these strice were observed in the watercourses where they have not only
withstood the weathering agencies, but for some years at least have with-
stood the erosive action of the streams. A list of the localities where
these markings are well preserved, are given below.

14—GEoLOGY.
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List of localities showing glacial strie on the Mansfield sandstone, with
direction of same.—

19 N,, 6 W, sec. 8, S. 20° W,

17 N., 6 W., sec. 19, 8. 45° W,

17 N.,7 W., gec. 27, 8. E. }, 8. 37° E.

17 N., 7 W,, sec. 27, 8. W. 1, 8. 37°E

16 N., 6 W_, sec. 19, S. 25° W.

16 N., 5 W., sec. 32, 8. 45° W,

15 N.,5 W, sec. 30, N. W. J of S. W. }, S. 25° W.
15 N., 5 W., sec. 30, N. W. 1 of 8. E. }, 8. 25° W.
14 N, 5 W., sec. 8, S. 25° W.

10. 14 N., 6 W., sec. 5, S. 45° E.

Evidence of the durability of the Mansfield stone from old structures.—The-
commonwealth of Indiana is too young to have any very old buildings
from which to study the durability of its building stones, as can be done
so profitably with other stone in many continental countries. Yet there are
buildings of Mansfield sandstone in Indiana, now in a good state of preser-
vation, that were constructed many years before some of their neighbors
built of other stone that are now showing evidence of decay.

The Martindale house, a few miles southeast of Pine Village, Warren
county, was built 40 or more years ago.* It is constructed of red sand-
stone from the quarry south of Greenhill, and quarried by hand, with the
liberal use of gunpowder (enough to injure any good stone), yet it ap-
pears uninjured by its exposure, not even discolored. The stone at the
quarry from which this stone was obtained is more friable than that at
almost any other locality in the entire area.

The Barney Brown house, at Rob Roy, Fountain county, is said to-
have been built 50 or 60 years ago, and is yet uninjured, so far as the
stone is concerned, except a slight discoloration. A poor quality of mortar
was used, as it has been removed to such an extent as to appear at pres-
ent as though the stone was laid up without mortar. There was likewise
a poor selection of colors, which does not produce a happy effect, but is-
not wholly the fault of the stone. In both the above houses there is a.
sad lack of architectural skill, but both are evidence of the capability of -
the stone to withstand the disintegrating forces. The stone in both houses.
and in others in different localities, is now much harder than that in the
quarry from which it was obtained. l

Along the Wabash Railway, in Warren and Fountain counties, built
~ in 1856, Mansfield sandstone was used in some of the bridges and culverts.
and was found to stand so well that in most of the new culverts constructed
during the last few years the Mansfield stone has been used. The stone
has been used in many wagon bridges throughout the area and where any

I o O

" *The exact date could not be ascertained further than it was a number of years before-
the war. 4
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.care has been observed in the selection and the seasoning of the stone it
has been entirely satisfactory. It might have been used with equal sat-
isfaction at many other places where limestone has been used at greater
expense, because it was thought the sandstone was too soft to stand the
wedther.

 The writer has no hesitancy in recommending the Mansfield sandstone
from the standpoint of durability alone, despite its softness, provided (1)
that ordinary intelligence is used in its selection, as there is, of course,
much poor stone in any formation, and (2) that it is quarried in proper
season and without the use of powder or other explosives.

Adaptability of the Mansfield sandstone.—The Mansfield sandstone is
adapted to rock masonry of all kinds where it will not be subject to
great transverse strain, violent abrasion or require a smoothly finished or
delicately carved surface. It is well. adapted for use in stone buildings,
.either wholly or as stone fronts or for water tables, sills, cornices, pillars,
ete., but if used for lintels or other purposes where it will be subject
to transverse strain extra thickness should be used, or, it should
be protected from cross strain by overarching or other means. It will
furnish valuable bridge stone if proper precautions are taken in construc-
tion. The ground course, if exposed above low water mark, should be
protected by an external coating of cement, and where the piers or
abutments are exposed to an extra rapid current or one carrying much
suspended matter, it should be protected by riprap or broken stone, as in
fact should be done with any stone.

Distributioniqf the Mansfield sandstone.—As already stated the area over
which the stdne extends forms a belt of varying width, running in an
east-of-south @irection from Warren county on the north to the Ohio
river in Perry and Crawford counties in the south. The stone outcrops
in Warren, (Fountain, Montgomery, Parke, Putnam, Clay, Owen,
Greene, Mogroe (?), Martin, Orange, Crawford, Dubois, and Perry
counties. In the first five of these counties and parts of Clay and Owen
the outcrop has been mapped in detail and is shown on the accompany-
ing two map jsheets. The approximate location of the remainder of the
area may be peen on the sketch map at the beginning of this report. No
detailed work bas been done on any part of this approximate area so far °
as known, egcept in Orange and a part of Martin and Dubois counties
by E. M. Ki dle and shown on the map sheet accompanying. his report
on the whetstones in this volume, and in. Monroe county by Mr. C. E.
Siebenthal i a map as yet unpublished.

The browy stone and the buff are not distinguished on the map. The
brownstone gecurs in considerable thickness at the following localities :*

1. In seqtions 31 and 32 (23 N., 6 W.), two miles southwest of Green- -
-hill in Warten county, where it is more properly red than brown, and-
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has been quarried for building stone and for bridges; quai'ry not now i
operation.

2. At Fountain (Portland) in Fountain county, where it has been
quarried in small quantities along with the gray and buff.

3. At Hillsboro in Fountain county, where it has been quarried to
considerable extent and shipped to Chicago and elsewhere.

4. At the Narrows, on Sugar Mill creek a mile and a balf southwest.
of Wallace, Fountain county, where no use has been made of it.

5. On Mr. Milligan’s place, near Russell’s old mill, in section 15 (17
N., 7 W.), in Parke county, where it has been shghtly explolted but.
none shipped.

6. About a mile southeast of Guion, Parke county, where a limited
quantity was quarried several years ago.

7. About two miles south of Judson, where a quarry has been open
on a small scale for two years, but has accomplished very little.

8. At Portland Mills, Parke and Putnam counties, a quarry was
opened this year (1895) on a rather large scale and the company plans to
take out stone in large quantities.

9. At Mansfield, Parke county, a quarry was in operation for several
years and several hundred car loads of stone shipped away.

10. On Mr. Pruitt’s place, a mile and a half northeast of Mansfield,
the brownstone occurs in limited quantities and has been quarried for
local use.

11. On Little Rocky Fork near Fallen Rock, about three miles south-
east of Mansfield, brownstone of superior quality is exposed. It occurs
over a considerable area, but of commercial value in only a few places;
it has never been worked.

12. About two miles east of Bloomfield, Greene eounty, is a deposit
of brownstone of superior quality that has not been worked, but will be
important in future time.

13. Near St. Anthony, Dubois county, is a deposit of brownstone
not so thick as that farther north, but of good quality and extensively
worked.

14. Between Jasper and Knozville, in Dubois county, is a more or less.
extensive deposit of brownstone that has not been developed. Other
occurrences of similar stone are reported between this exposure and the
quarry at St. Anthony.

Brownstone of inferior quality occurs a few mlles southeast of French
Lick, in Orange county, and at a few other points in Orange and Martin
counties, and probably in other localities that were hot explored.

It will be observed that the brownstone does not form a continuous bed
" over the whole area, but occurs in isolated areas variable in size and ex-

tent, and surrounded by the gray and buff stone with which it is some--

times interstratified.
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The buff and gray sandstone occurs over the entire area designated on
the maps, concealed in many places by the glacial drift in the north part
of the area and by the accumulated soil in the south part of the area,
but outeropping in areas of greater or less extent along nearly all the
watercourses. ' '

While it has been quarried for local use in a great many places, it has
been worked in large quantities in only two localities—Williamsport and
Attica. At Williamsport the quarry was opened many years ago, but
the working of it on a large scale is of recent date.

In the vicinity of Attica there are several large quarry openings on
both sides of the Wabash river, only two of which are now in active
operation, both on the north side of the river in Warren county.

CHAPTER IV.

LOCAL DETAILS OF THE GEOLOGIC FEATURES AND THE DISTRIBUTION
OF THE SANDSTONE.

Err River Basin*

Eel river is a tributary of the north prong of White river and with
its tributaries drains nearly all of Putnam and Clay counties and parts
of Owen and Greene counties. While considerable sandstone occurs in
places along the lower course of the stream, only such portion of the
valley as lies north of town line 12 N. was examined and is described in
this report.

Jordan Creck.—Many terminal ravines of Jordan creek extend into
12 N., 4 W. and 5 W., but they are mostly in a drift-covered area, the
sandstone so far as ebserved outcropping only in the southwest quarter
of Sec. 33 (12 N., 4 W.), Owen county. Just south of the township
line in a ravine in the northeast quarter of Sec. 5 and the northwest
quarter of Sec. 4 (11 N., 4 W.), is an outcrop of massive sandstone, 30
to 35 feet exposed. Some of the stone is light gray, but most of it is
yellow, and some variegated yellow and gray. The stone is ferruginous
in places with some cross-bedding, but much of it is even-grained, com-
paratively free from iron and would furnish good building stone, espe-
cially bridge and foundation stone for local use. The most promising
outcrop for quarrying is in a small secondary r%vine from the south in
the northeast quarter of Sec. 5 (11 N., 4 W.), ‘where the water has cut

* The term Eel river is sometimes applied to what is lociﬂy known as Mill creek and
sometimes to Walnut creek. In this report we follow the most common local usage, apply-
ing the name to the stream formed by the confluence of Mill creek and Walnut creek,
ziving the local names to the tributaries above this point.
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a narrow gorge 10 to 12 feet wide through the rock in which the sand-
stone is exposed in a bold cliff 25 to 80 feet high on each side, with little
or no covering for several yards back from the face of the cliff, thus be-
‘ing in an admirable posmon for quarrying at comparatively no expense
for stripping.

The sandstone lies unconformably on a compact blue limestone, which
outerops 20 yards north of the sandstone gorge, and up the main branch
from the east into the N. W. quarter of Sec. 4 (11 N,, 4 W.), in
which quarter there is a bright red sandstone, which appears to occur in
patches of considerable extent in the yellow and gray sandstone, but not
in sufficient quantities to justify quarrying it alone.

Down Jordan creek to the south and west, bluffs of yellow and gray
sandstone of considerable extent are reported, but were not examined.

Eel River below Croy’s Creek.—While no valuable dimension stone
occurs in the Eel river basin between Croy’s creek and town line 12 N.,
sandstone suitable for bridges and foundations outerops in several places
and has been quarried to a small extent at three different points.

A small quantity of inferior sandstone has been quarried on Mr. Mec-
Intosh’s farm in 12 N., 5 W., Sec. 31, the S. E. quarter of the N. W.
quarter.

On Mrs. Nancy Byer’s place, in the N. W. quarter of the 8. E. quar-
ter of the same section, sandstone has been quarried for local use to a
depth of six to eight feet. It has an even cleavage parallel to the bed-
ding, and is comparatively uniform in grain and color, except where
small leaf-like patches of dull brown occur in the buff to yellow body.
The brown spots are spots of weakness. Stone from this place has been
used in the bridge across Eel river in the 8. W. quarter of Sec. 29
(12 N., 5 W.), and in smaller bridges and foundations in the neighbor-
hood.

A ledge four to six feet thick of a similar sandstone is exposed east of
the wagon road on the east side of the same 40 acres. A larger quarry
is reported about half a mile south of the limits of our map, near the
middle of Sec. 6 (11 N., 5 W.).

On the west side of Eel river below the Poland bridge, through the
N. W. quarter of Sec. 32 (12 N., 5 W.) and the N. E. quarter of Sec.
31 is a cliff of coarse-grained yellow sandstone, 10 to 12 feet thick, con-
taining conglomerate in places. While in some places it has a compar-
atively even grain and color in most places it is cross-grained and contains
many iron blisters. As there is but{ very little covering and the rock is

very durable it might be quarried to advantage for bridge stone at points
where the cross-bedding is not too strongly marked.

At the bridge in the N. W. quarter of Sec. 32 (12 N., 5 W.) the sand-
stone is thin-bedded and associated with black and drab colored shale.
Above (north of) the bridge the shale is replaced in part by sandstone.
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On W. B. Ringgo’s farm in Sec. 20 (12 N., 5 W), the south side of
the section, about midway between his house and the river, is a small
outcrop of sandstone which is superior in quality to any of the sandstone
described above but it is limited in quantity. The stone has a medium
fine grain and a light gray color dotted with small brown spots. It is
overlain by three to six feet of soil and drift, which thickens rapidly
back from the face of the quarry, so that only a limited supply of stone
could be obtained. Northeast of Mr. Ringgo’s house, near the middle of
Sec. 20, is an outcrop of massive yellow and gray sandstone that has
been quarried for rip-rap along the river bank. It contains too much
false bedding for dimension stone.

There is a small outcrop of very pyritiferous sandstone and black shale
at Carpenter's mill, in the N. E. quarter Sec. 20 (12 N., 5 W.), which
has no economic value but has been dug in several places in search of
gilver. Ppyrite is abundant in many places at this horizon (the base of
the Coal Measures), and especially so at this locality where it is associated
with shale, sandstone, and a complex conglomérate. The rather uncom-
mon appearance of the rocks, along with the metallic look of the pyrite,
has suggested to some the possible occurrence of gold and silver. As a
result considerable capital has been spent exploiting for precious metals
at this and neighboring localities.

That there is a considerable bed of sandstone in this locality is shown
by the well section at Mr. Ringgo’s house on the south side of Sec. 20
(12 N., 5 W.), in which, after passing through 11 feet of sand and soil,
the drill penetrated 51 feet into white sandstone without going through
it. Part of the stone, possibly a large part judging from the surround-
ing outcrops, is pyritiferous, and the water in the well is so strong with
the iron sulphate from the decomposed pyrite as to’ be unfit for house-
hold use.

On the east side of Eel river, between the mouth of Mill creek and
town line 12 N., there is very little sandstone exposed, a wide bottom
bordered by gentle drift slopes extending most of the way. There is a .
small outcrop of yellow sandstone and intercalary shale just north of the
township line in the 8. E. quarter of Sec. 33 (12 N., 5 W.), a little more
than half a mile west of the brick church, where the stone has been quar-
ried to some extent for use in foundations in Poland. Another small
quarry from which foundation stone has been obtained is on the north
side of the road a quarter of a roile west of Poland. In both places the
gtone is of inferior quality and in limited quantity.

Croy’s Creek.—The Mansfield sandstone outcrops in a number of places -
along Croy’s creek, but in no place does it have more than a local value,
and in many places is not even suitable for foundations, as it contains
much cross bedding, many iron secretions, and in placés is shaly and
crumbling. ‘
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There is an outcrop of thin-bedded white sandstone in the bed of the
creek at the bridge near the mouth of the creek in the 8. E. quarter of
Sec. 17 (12 N. 5 W., Putnam county). A shaft sunk less than a quar-
ter of a mile west of the bridge would indicate a considerable thickness
of this stone (25 feet or more).

In a small tributary ravine from the west, just above the bridge, sand-
stone outcrops in considerable quantities. Near the mouth of the branch,

—— ~— on the south side of the road, sandstone has been quarried for bridges
and foundations, and was used in the abutments of the bridge across
Croy’s creek, mentioned above. The exposure shows from four to six
feet of coarse-grained ferruginous sandstone overlain and underlain by
shale. The stone contains numerous iron secretions, and is not suitable
for superstructures.

About 100 yards west of the old quarry opening is an outcrop of sand-
stone, drab and black shale, and conglomerate, that has been worked for
several years in search of silver. Up the ravine, west of this opening,
considerable sandstone is ‘exposed, which is superior in quality to that
described above. In one place, about a quarter of a mile above the
““gilver mine,”” is an outcrop of four to six feet of sandstone of a light
yellowish red, of rather pleasing and durable color. It has a medium
fine, even grain and would work easily, but has numerous weather seams
on the exposure. The stone could not be obtained in commercial quan-
tities unless the overlying yellow stone could be worked with profit at the
same time, and even then the quarrying of it would be attended with
some rigk, as the color is subject to sudden changes.

Near this patch of red sandstone in the rock in the bottom of the
creek is a kettle hole, known locally as the ¢ crucible,”” 12 to 16 inches
in diameter and five or six feet deep, which is formed by the eddying cur-
rents. About 100 yards west of the red sandstone the ravine has cut a
narrow passage eight to ten feet deep through a bed of massive yellow to
buff colored, coarse-grained sandstone, which might be used for bridges
and foundations. .

Near the middle of See. 17 (12 N., 5 W.), on the south side of Croy’s
creek, on the north-south road, is an outcrop of brown stone similar in
color and texture to that at Mansfield, but of a loose, shelly structure,
It is doubtful if good stone in commerecial quantities could be obtained
here, as it would require too much stripping to reach the solid stone,
The brown stone is overlain by a pink-colored sandstone and underlain
by yellow sandstone and shale.

In the 8. W. quarter of Sec. 17 (12 N., 5 W.) on the road northwest
of Mrs. McCullough’s, is an outerop of soft, crumbling sandstone, under-
lain by black shale and coal.

In the S. W. quarter of Sec. 9 (12 N., 5 W.) is an outcrop of 10 to
15 feet of massive yellow, cross-bedded sandstone which is too much
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cross-grained to work easily. Small exposures of sandstone along with a
fissile black shale occur up this ravine farther north.

At the cross roads in the middle of the west side of Sec. 5 (12 N., 5
W.), and several places on the east side and 8. E. quarter of the same
section, soft, shelly sandstone is exposed, in some places yellow, in others
brown, but all too shelly to have any commercial value. This sandstone
belongs to a horizon above that of the Mansfield stone.

No outerop of sandstone of even local importance was observed on
Secs. 7Tand 18 (12 N., 5 W.). On Mrs. Farrow’s place, S. E. quarter
of Sec. 1 (12 N., 6 W.), an outcrop of yellow sandstone that was
quarried for local use twenty years or more ago. It is said to have been
worked to a depth of eight or ten feet, but only three or four feet are
exposed now. The deposit is too thin and the covering too heavy to per.
mit an extensive use of the stone.

A small quarry of nice building stone is located on Mr. Inglebart’s
place, about a mile southwest of the above, in the N. E. quarter of Sec.
11 (12 N., 6 W.). It is over a low divide from Croy’s creek in the
‘Birch Creek valley. The stone is fine-grained, homogeneous, and light
gray in color with faint shadowy yellow in places, and works easily to a
smooth surface. It occurs in regular layers, ranging from two inches to
24 inches thick. The whole thickness that has been quarried is about
four feet. It is overlain by three feet of soil and is said to be under-
lain by coal. This quarry has been in operation in a small way for
thirty years or more. In 1895, 300 perch of stone were removed and
sold at $1 per perch. It is said to withstand fire so well that stone was
hauled from here to Knightsville for use in the iron furnace in operation
there years ago.

On Mr. Hadden’s place in the N. W. quarter of Sec. 36 (13 N., 6
‘W.), on the north side of the small ravine southeast of the schoolhouse,
is an outerop of gray and yellow banded sandstone 12 to 15 feet thick,
It has been quarried to some extent for local use, but the numerous
irregular weather seams and the patches of iron oxide will prohibit its use
in fine structures.

At the schoolhouse in the northeast corner of Sec. 35 (13 N., 6 W.)
is an outerop of sandstone somewhat similar to that on Mr. Hadden’s
place, but is more cross-grained and contains more iron oxide.

On the bank of Croy’s creek at the section line on the north side of
See. 35 (13 N., 6 W.) is an outerop of argillaceous black shale contain-
ing clay ironstone concretions.

In the rock-cut on the Vandalia R. R., on the east side of Croy’s
creek in the N. W. quarter of Sec. 25 and the S. W. quarter of Sec. 24
(13 N., 6 W.), is an outcrop of Mansfield brownstone. The cut is eight
to 15 feet deep. the rock extending to near the surface at the middle of
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the cut and covered with glacial drift at either end of the cut, the exca-
vation in no place reaehing the hottom of the sandstone. The stone varies
in color from yellow-brown to red-brown and purplish-brown, much of it
being like the Mansfield stone in color and texture, but is of no value for
building purposes as it contains iron secretions, is very cross-bedded and
shelly. :

There is an exposure of the same bed, mostly yellow and yellow-brown
in color, thin-bedded to shaly in structure, on the National road on the
west side of Croy’s creek in the N. W. quarter of Sec. 26 (13 N.,6 W.).

The same bed of sandstone outerops in a more massive form north of
the National road in the N. W. quarter of Sec. 26, N. E. quarter of
Sec. 27 and 8. W. quarter of Sec. 23. In the S. W. quarter of Sec. 23
on the east side of the ravine east of the road is a small quarry, whose
face shows eight to twelve feet of light gray, yellow-stained, shelly sand-
stone, which contains numerous irregular seams and irregular layers vary-
ing from one inch to two feet in thickness. Down the ravine from the
quarry the stone becomes more massive and, while being more difficult to
-quarry, is a stronger and a more durable stone. Coal bas been mined in
the ravine about a quarter of a mile above (northwest of ) the quarry.

There is an outcrop of the Mansfield sandstone in the northwest quarter
-of Sec. 24 and the 8. W. quarter of Sec. 13 (13 N., 6 W.) on each side
of Croy’s creek and each side of the wagon road. The rock lies at the
base of the hill, six to eight feet being exposed. It bas been quarried a
little on the east side of the creek, but the heavy stripping permitted
only a small quantity of stone to be removed. On the west side of the
creek the slope is so gentle that there would be little stripping for twenty-
five or thirty yards back from the outcrop and some good bridge stone
could be obtained here.

Most of the exposures above this on Croy’s creek are shale and shaly
sandstone rocks of the Coal Measures. Toward the head of the creek in
about the N. E. quarter of Sec. 11 isan outcrop of beavy bedded sandstone.
In the N. E. quarter of Sec. 14 (13 N., 6 W.) is an outcrop of twelve to
fifteen feet of blue-black shale that may prove valuable in the future.

Mill Creek.*—Mill creek is the large tributary of Eel river from the
-east, in the south part of Putnam county and the north part of Owen
county. It heads in the older Paleozoic rocks east of the area mapped
and flows through the Lower Carboniferous sandstone and limestone, the
Mansfield sandstone capping the hills on its lower course. Between the
mouth of Croy’s creek and that of Mill creek the Lower Carboniferous
limestone outerops in several places. On Slate Run, in Sections 15 and
16 (12 N., 5 W.) there is an outcrop of fissile black shale which is ex-
posed in several places and contains some cannel coal. The only outerop
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of sandstone that might have even local value is on the east side of Sec.
16 on the south side of Slate Run, where there is a ledge fifteen to twenty
feet thick, the upper part of which contains stone suitable for bridges or
foundations. There is an outerop of shelly sandstone on the east side of
Bec. 10, but it is too shelly and crumbling for use.

On the lower course of Mill creek the hase of the hills next to the
creek is of compact blue Lower Carboniferous limestone (St. Louis)
which is overlain by a bed of massive, yellow, ferruginous sandstone -
(Mansfield), the tops of the hills being covered with glacial drift. The
gentle dip of the rocks to the west causes thé limestone to appear higher
on the bills in ascending the creek until the Mansfield sandstone finally
disappears and the glacial drift rests directly upon the limestone. Still
further east beyond the limits of the map the underlyihg Lower Car-
boniferous sandstone appears.

On each side of the creek in sections 11, 12,13, and 14 (12 N., 5 W.)
the Mansfield sandstone occurs in an exceptionally heavy, massive bed.
In the bluff on the east side of the creek, about 200 yards below
Crouse’s mill and 150 yards back from the creek, near the middle of
Bec. 11 (12 N., 5 W.), the sandstone forms a bold perpendicular bluff
40 to 50 feet high. It is yellow, coarse-grained and massive, with nu-
merous veins and patches of iron, and much of it is cross-grained. In
only a few places does it weather evenly, and in no place is the stone
sufficiently homogeneous in color and texture to furnish good building
stone. The limestone underlying the sandstone east of Crouse’s mill
contains much coarsely crystalline calcite in cavities or openings in the
limestone. This calcite or “ tiff’’ has been searched diligently for ¢‘ min-
eral.” It has no commercial value outside of the few nice cabinet speci-
mens of calcite that might be obtained.

The largest outerop of the Mansfield sandstone on the south side of the
creek is in the northwest quarter of Sec. 13 (12 N., 5 W.), at'what is
known as the ‘‘Buzzards’ Roost.”” The massive sandstone here forms a
gemi-circular blufl” 50 to 60 feet high on a small tributary of Mill creek
from the south. The stone is gray,. yellow and yellow-brown in color.
While much of it is cross-grained and full of iron secretions, there are
considerable areas where it is even-grained and comparatively free from
iron and would furnish a good building stone. The good stone lies in ir-
regular patches, and may be located on the face of the bluff by its reg-
ular, smooth surface, the cross-bedding and the iron secretions, when
present, being shown by a ridged and pitted surface. The sandstone lies
unconformably on a drab-colored, lumpy shale containing ironstone
nodules. In places between the drab shale and the sandstone is a layer
of black, very pyritiferous shale two to four inches thick. The drab
shale is underlain by a compact blue limestone, which forms a waterfall
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" in the ravine a few yards from Mill creek. The massive sandstone out--
crops on the south side of Mill creek above and below the Buzzards'
Roust, but none was observed that promised great eeonomic value,

On the north side of Mill creek, opposite the Buzzard Roost, in the S.
W. quarter of Sec. 12 (12 N., 5 W.), a section of the hill shows:

Section on Mill Creek, near Crouse’s Mill.

Feet.
Glactal drift.. ... ... .. 30 4
Massive yellow sandstone..............oovenuennn.ur.n. 40 to 50
Black shale, with coal ................. ... ........... 12
Gray and drabshale ........... ... ...l 10 +
Concealed ............oo i 20
Buff sandstone.. ......... ... .o i i 4
Limestone, compact blue .............................. 25

The sandstone contains too much iron and cross-bedding to make a
good building stone.

-In aravine from the north in the S. E. quarter of Sec. 12 (12 N., 5 W.),
the sandstone occurs in large quantities, in some places of a quality suitable
for building stone, one of the best exposures being in a secondary ravine
from the east, about one-quarter of a mile north of the creek, where it
occurs in a ledge 20 to 25 feet thick, of homogeneous, durable, coarse-
grained, buff’ sandstone, with but very little covering. The loose bowl-
ders of sandstone in this ravine, and there are a great many very large
ones, have a very hard surface. Excellent bridge and building stone
could be obtained in this ravine. In some places the sandstone is under-
lain by a coarse conglomerate, in other places by a light gray, soft sandy
shale; in still others, by a heavy bed of blue-black shale.

In section 7 (12 N., 4 W.), along the small branch known as Brush
creek, the massive sandstone outcrops in considerable quantity, and none
of it was observed on the north side of the creek east of this. A soft,
yellow sandstone is exposed in several places, but the exposures are small
and in no place has it any economic value.

At Croy’s Mill in section 28 (12 N., 4 W.), in the bottom of the creek,
a light gray, nearly white, sandstone occurs in the limestone. This is
probably a local deposit, as it was not observed elsewhere at the same
horizon, unless perbaps it might be correlated with that at Oakalla.

Along the south side of Mill creek, through 12 N., 4 W., a soft yellow
sandstone outcrops in a number of places near the top of the hill and a small
quantity of brownstone was observed at one place, the 8. W. quarter of
Sec. 28 (12 N., 4 W.). None of it observed was of any economic value,
except a prominent outcrop of the Mansfield buff sandstone in section 34
(12 N., 4 W.), the west side of the section, close to the section line, and
half a mile north of Mt. Pleasant church. A small watercourse has cut
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its way down 30 to 35 feet through a bed of massive yellow and buff sand-
stone, which is all or nearly all regularly bedded; mostly free from cross-
grain, varying from fine-grained to coarse-grained, and extensive areas
-could be quarried with very little stripping. It is a promising opening
for fine building stone and good bridge stone. This is the most eastern
outcrop of the massive sandstone observed on Mill creek, but the over-
lying soft yellow sandstone outcrops at intervals for several miles east of
Cataract, as far east as the middle of the south side of section 3 (11 N.,
3 W.). The falls on Mill creek, or as they are widely known, Eel River
Falls, one at the village of Cataract, in section 85 (12 N., 4 W.), and
the other down the creek a mile northwest of the town, are both in the
Lower Carboniferous (St. Louis) limestone, which forms heavy ledges of
compact blue limestone. The hills on either side have a heavy covering
of glacial drift, but no sandstone was observed.

Deer Creels.—The Deer Creek valley lies, almost wholly in the Lower
Carboniferous limestone, but on the high ground back from the creek,
goft yellow micaceous sandstone and shales of the Coal Medsures outcrop
in a number of places as far east as the Monon Railway, and in one place,
(14 N., 4 W., Secs. 28 and 33) east of the railway. This sandstone in
places contains thin layers of coal, but no workable beds, nor has the
gandstone any commercial value. It is thought to belong to a horizon
above that of the Mansfield sandstone. The only outcrop of the typical
Mansfield sandstone observed in this valley is in section 2 (12 N., 5 W.)
extending west into section 3 and north into section 35 (13 N., 5 W.).
In the southeast quarter of section 2, on the west side of the creek, the
-sandstone outcrops in a ledge 10 or 12 feet thick, massive, coarse-grained,
gray and yellow colored. It outcrops along the bluff west into the south-
east quarter of section 3, but in no place has any economic value. North
from the ford of the creek the sandstone outcrops along the west side of
the creek into section 35 (13 N., 5 W.), the best exposure being in the
northeast quarter of section 2 (12 N., 5 W.), where the stone has a light
gray, nearly white color. | The loose boulders, of which there are a great
many, have a very hard surface, but the stone appears to be no harder
than the average, an inch or more beneath the surface. Good stone for
local use in bridges, foundations, or even superstructures, could be ob-
tained at this place.

On the ridge between Deer creek and the Duweese branch, on each
side of the National road between Manhattan and Putnamville, sand-
‘stone, shale, and coal outcrop in several places. A sandstone quarry was
opened, but not worked to any extent, north of the National road about
a mile east of Manhattan in section 13 (13 N., 5 W.). The sandstone
is for the most part soft and shelly. Coal has been mined north of the
road in section 18 (13 N., 4 W.).
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On the hill south of Forest Hill Cemetery, at Greencastle, in sections
28 and 33 (14 N., 4 W.), shaly sandstone, shales, and fire-clay with
traces of coal are exposed, but have no economic value.

Soft yellow sandstone outcrops on the hills west of the Monon Railway
between Putnamville and Cloverdale, but there is none of value.

Limestone has been quarried in several places in the Deer Creek val-
ley. It has been quarried for local use from the bluff underlying the
sandstone bed just described above in section 2 (12 N., 5 W.). There
are much larger quarries in sections 8 and 17, on the north side of the
National road near Putnamville, where an excellent flagstone and good
building stone has been quarried for many years. There are other quar-
ries at Greencastle Junction, southwest of Greencastle, and at the town
of Greencastle.*

Big Walnut Creck.—There is comparatively little of the Mansfield
sandstone along the main Big Walnut creek, and what there is has but
little commercial value. Sandstone in large quantities occurs on Snake
creek and Little Walnut creek tributaries, and will be described under
these headings. : .

Soft, shaly sandstone and shales of the Coal Measures outcrop in vari-
ous places on the hills bordering Big Walnut creek between its conflu-
ence with Mill creek and its confluence with Little Walnut, in the west
part of 13 N., 5 W., and the north part of 12 N., 5 W., but none of
any economic value.

Mansfield sandstone of inferior quality outerops on the west bank
of Walnut creek on the- east side of section 4 (12 N ,5 W.,) west of
the wooden bridge. ~ About one mile above the bridge in the southeast
quarter of section 33 (13 N., 5 W.,) is a small outcrop of compact blue
limestone in the creek bed, overlain unconformably by a sandstone sbale
conglomerate and a very pyritiferous sandstone.

There is a heavier ledge of the sandstone (twelve to fifteen feet) in the
northeast quarter of section 32 (13 N., 5 W.,) west of the wagon road
and more than a quarter of a mile west of the creek.. It is underlain by
fire-clay and shale. The sandstone contains too much iron ore and false
bedding to have any economic value. In the north part of section 32
and the south part of section 29 sandstone outcrops in a number of
places, but contains much iron ore and is soft and shelly.

On Johnson’s branch in the south part of Sec. 7 (13 N., 5 W.), on
the small tributary from the east and above and below it is an outcrop of
yellow sandstone and black shale. Small quantities of sandstone suit-
able for foundations could be obtained here but there is too much over-
lying drift material to permit the quarrying of large quantities. In the

“The limestone quarries will probably be described in detail in future volumes of the
survey reports.
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northeast quarter of Sec. 7 (13 N., 5 W ), the false-bedded yellow sand--
stone in the bottom of the valley next to the watercourse is overlain by
4 heavy bed of shale 25 to 30 feet thick. Small quantities of thin-bedded
sandstone have been quarried for local use from a small outcrop near the
head of Johnson’s branch, west and southwest of the middle of See. 6
(13 N., 5 W.). '

A section of the bluff on the south side of Big Walnut creek at Reels-
ville shows: '

Section at Reelsville.

Feet
Glacial drift............. ... ..ol e e 8
Shelly, coarse:grained, yellow sandstone (Mansfield)............ 14
Drabsandy shale ............ocoi i R 8
Hard semi-crystalline, reddish, encrinital limestone............. 3
Drabsandyshale ...... ..o i 12
Shelly limestone and sandy shale....................c.cooiult. 2
Black and gray sandy shale.............. e 2
Compact, blue-gray, fossil limestone . ................ccoiivnn, 10
Black shale (slate) ...........civiiii i 10
Compact blue limestone .........ooiit it iiiiniiiiiieennenn. 20

The upper sandstone in this section belongs to the Carboniferous, while
all the underlying are Lower Carboniferous. The sandstone has no
value,

About three-fourths of a mile east of Pleasant Garden, on the south
side of the National road, is an outcrop of the Mansfield sandstone in
which a quarry was opened, but soon abandoned. The stone is exposed
in the bluff 10 or 12 feet thick with but little overlying material and un-
derlain by compact blue limestone. It is quite variegated in color, at the
east end of the bluff the gray body containing many yellow and yellow-
brown spots and stripes, while towards the west end of the bluff the spots
are red and red-brown. There are many irregular seams, some of which
may be due to the powder used in blasting it, but most of which are
probably due to the action of the weather. The stone might be used for
small bridges and foundations but is unfit for superstructures. A some-
what similar stone outcrops on the creek bluff south of the Vandalia
Railroad in the northeast quarter of Sec. 22 (13 N., 5 W.), where the
exposure is larger but with no improvement in the quality.

The town of Reelsville is located for the most part on the rocks of the
Coal Measures, The Lower Carboniferous limestone outcrops at the base
of the hill, 25 to 30 feet above the creek. The Vandalia Railroad west
of the depot has cut into this limestone several feet. Overlying the lime-
gtone is an outcrep of soft sandstone and shale, the shale predominating,
and in one place the shale is richly impregnated with iron ore. Itis pos-
gible that a shale suitable for making paving brick could be obtained
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A soft, yellow sandstone with intercalary shale outcrops in several
places along the branch from the northwest just above Reelsville in sec-
tions 16, 8, and 9 (13 N.,5 W.), but so far as observed it has no economic
value. The Lower Carboniferous limestone, overlain by a green shale,
outerops along the branch and base of the hill for more than a mile from
its mouth.

Between Reelsville and Snake creek, along the west side of Big Wal-
nut, the Mansfield sandstone outcrops in a number of places through sec-
tions 22, 15, 10, and 3 (13 N., 5 W.), but it contains iron secretions and
much false bedding, which renders it unsuitable for building purposes,
unless it be for foundations. It oceursin a massive bed ten to twenty
feet thick along the creek bluff, in some places underlain by black shale
containing thin layers of coal.

Along the east side of Big Walnut creek, oppomte the bluff' described:
above, is a wide bottom bordered by gentle slopes, on which are a few
exposures of Lower Carboniferous limestone. The only sandstone on the:
east side is a thin bed of ‘shaly sandstone and shale on the hill northeast
of Hamrick station, more than a mile east of the creek, but it is too
shelly to have any value. There are extensive limestone quarries at
Oakalla, in the south part of Sec. 26 (14 N,, 5 W,) and at Greencastle,
which have been in operation for many years. In one of the quarries at
Oakalla the compact blue limestone is overlain conformably by three to
four feet of thin bedded light gray, nearly white, calcareous sandstone,
which appears to be a local occurrence, as it was not found elsewhere in
the vicinity. It may correspond stratigraphically with that occurring
at Croy’s mill, meotioned elsewhere.

Snake Creek, tributary of Big Walnut Creek.—Snake creek, a small
tributary of Walnut creek from the west in the south part of 14 N.,
5 W., cuts through considerable sandstone, the Mansfield stone being
along the lower course and the overlying Coal Measures about the head
waters. The sandstone lies unconformably on the limestone, as shown by -
the large limestone outcrop at and north and east of Fern station, and
another outerop in the east side of Sec. 32 (14 N., 5 W.), while along the
south side of the creek the sandstone outerops in large quantities, in
some places down at least to the creek bed and below it.

The largest outcrop of sandstone on Snake creek is at the Fern picnic
grounds on the east side of section 33 (14 N., 5 W.), where the best stone
for building purposes is in the southeast quarter, section 33 (14 N.,5 W.),
in a ravine from the south, about a quarter of a mile below (southeast
of) the picnic ground. The sandstone outcrops in a bold bluff 60 feet.
high (Bar.). The color varies from light gray to yellow. It has a
coarse, even grain and weathers evenly, the surface being marred only
by a few weather seams. There is at this point a fine bed of building
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the stone is variegated in color, building stone could be profitably quar-
ried only by having a market for the variegated stone, which is suitable
for bridge work or foundations. The stone is quite soft and easily worked,
but hardens on exposure. It has not .been quarried, not even for local
use, as it is thought to be too soft. The occurrence of .these bold bluffs
is proof of its durability, and the examination of the exposed surface
shows that it hardens sufficiently for practical purposes. Where the
color of this stone is suitable for the work in hand it can be used with
perfect safety so far as strength and durability are concerned, providing
the stone is quarried without heavy blasting and not too late in the sea-
son, so that it can dry out before the freezing weather.

The bluffs at the picnic greund are higher than the one described above,
in one place measuring 85 feet, but the stone is more variegated in color,
contains some iron secretions, and is cross-grained in places. With care
‘in selecting, good bridge stone could be obtained from these bluffs, and a
closer examination might show some sufficiently uniform in color for gocd
dimension stone.

There is an extensive outcrop of yellow Mansfield sandstone on a small
tributary of Spake creek from the south; south of Fern Station, east
and southeast of the picnic grounds. A small branch of this tributary,
which heads at Mr. Roger’s house, in the northwest quarter of section 4
(13 N., 5 W.), and flows east through his farm, has an almost continuous
bluff of yellow sandstone 10 to 25 feet high along the south side. In
most places the sandstone extends to the bottom of the valley, butin a
few places there is an outcrop of blue-gray and black shale underneath
the sandstone. The stone resembles that described at Fern Cliffs in be-
ing yellow colored and quite soft when green, but hardening on exposure.
It lies in good position for quarrying, forming low bluffs along the water-
course, and having very little covering, in some places none. Near the
middle of the west half of section 4 (13 N., 5 W.) two wellsdug 50 to 75
yards back from the face of the bluff went through 8 feet of drift ma-
terial and penetrated 30 feet into the sandstone. In a few places the
rock shows cross bedding, but most of it is evenly bedded, fairly homo-
geneous in color and texture, and would furnish good building stone.
No stone outcrops on the north side of this branch, the slopes there being
covered with glacial drift.

Up Bnake creek, about two hundred yards west of the cliffs, is an
outcrop of three to four feet of black fissile shale or slate which is highly
carbonaceous and contains much pyrite. It splits easily into sheets two
or three feet across, but it is too pyritiferous to stand exposure to the
weather. It is underlain by a crumbling, lumpy shale and overlain by
shelly sandstone.

Sandstone is exposed at intervals to the head of Snake creek and on most
of the small tributaries from the north., It ontcrops in a massive ledge
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on Mr. John’s place on the south side of Sec. 21 (14 N., 5 W.), where
it is underlain by fire-clay and shale, and on Mr. Goodman’s place in the
8. E. quarter of Sec. 29 (14 N., 5 W.), and in several other places along
the ridge north of Snake creek. .The only stone of any economic value
west of the cliffs is that in a small ravine from the north, just north of
the I. & St. L. Railway, in the northeast quarter Sec. 31 (14 N., 5 W.),

~ where the stone 18 evenly bedded, light gray to buff in color, and is ex-
posed 12 to 15 feet, the bottom being concealed. Some stone has been
quarried here for use on the railroad and much more could be obtained.
The sandstone exposed along Snake creek through Sec. 32 (14 N., 5 W.)
contains much iron pyrites, false bedding and patches of shale, so that it
has no economic value. )

Little Walnut Creek.—Little Walnut creek has cut a channel in the
Lower Carboniferous limestone close to the eastern border of the sand-
stone of the Coal Measures. The Lower Carboniferous limestone is ex-
posed along the bottom of the valley and base of the bluffs; the sand-
stones and shales of the Coal Measures form the upper part of the hills,
occurring in large quantities on the west side of the basin and in small
quantities on the east side. '

The largest exposures of sandstone in the Little Walnut Creek basin are
those along Long Branch in the west and northwest part of 14 N., 5 W.
On the hill west of the mouth of Long Branch, in Sec. 27 (14 N.,5 W.),
the northeast quarter, and Sec. 22, the southeast quarter, on Mr. Stoner’s
place, the sandstone outcrops in a massive ledge 60 to 75 feet thick, 90
to 100 feet above the creek. The following is a section of the hill at Mr.
Stoner’s :

Section at Mr. Stoner’s, on Little Walnut Creek.

Feet.

Glacial drift .......... R TR 30+
Massive sandstone (Maﬁsﬁeld) ............................... 70
Black and blue shale......... ... ... .. ... .. i 15

Compact blue limestone (Lower Carboniferous) ............... 65-+
Total ....... ... i i e, 180

There are two abrupt overhanging cliffs of the sandstone 50 to 60 feet
high, one in Sec. 27 and one in Sec. 22,|each being horseshoe shaped
and in a small ravine., Between the cliffs| the stone outcrops in a few
places bug the slope is mostly covered with| gravel. In the bluff in Sec.
27, the more eoutherly one, there is more stone exposed, the bluff being
10 or 12 feet higher, but the quality of the stone is inferior to that in

 the other bluff, having numerous iron secretions and weathering unevenly.
In the more northerly cliff the stone is comparatively free from iron, ex-
cept about eight or ten feet at the base which is pyritiferous. It is fine-
cevainad hamaoenenns in textinre and presents a smooth. clean surface on
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the weathered exposure. The stone is buff to cream-colored in the up-
per part of the bluff, grading to a light gray near the base, the light
‘gray having faint patches of dull yellow, that would possibly become
more numerous on -exposure. It is difficult to estimate the proportion of
light gray, but at the face of the cliff it probably forms not less than one-
fourth of the whole. It is quite probable that back from the face of
the cliff in the interior of the bed the greater part of the stone is of a
light gray color, the buff color being due largely to greater oxidation of
the iron in the stone. It contains a considerable per cent. of the amor-
phous-looking chert grains.

As there is probably a thickness of 35 or 40 feet of excellent light gray
and buff sandstone at this point with very little loose material on top of it,
an almost inexhaustible amount of good building material could be quar-
ried at a moderate expense. The stone in the interior is soft, by many it
will be thought too soft for building stone, but it should be noticed that
the exposed portions of the upper part of the bluff and the loose bowl-
ders on the hillside south of the bluff are extremely hard. It is the
shaded portion under the overhanging bluff that is soft. The softness is
not due wholly to its being shaded but to the fact of its being saturated
with water.

Sandstone of inferior quality outcropy in a number of places west of
Mr. Stoner’s farm on the hill south of Long Branch. On the north side
of the branch the hills are mostly covered with drift, very little rock be-
ing exposed. North of Brunerstown in the northwest quarter of Sec. 17,
the southwest quarter of Sec. 8 and the east side of Sec. 7 (14 N, 5
W.), the sandstone outcrops on both sides of Long Braneh, forming bold
cliffs close to the creek, and extending beneath the bottom of the valley,
the Lower Carboniferous limestone being below the drainage level.
Much of the stone along this part of the branch contains too much
segregated iron for good building stone. Good bridge and foundation
stone could be obtained in & number of places by careful selection. The
best stone observed in this region is a little more than a quarter of a mile
southeast of Mr. Wiley’s house in the northeast quarter of Sec. 7 (14
'N., 5 W.), where the bluff is 30 to 40 feet high, composed of buff and
light gray sandstone containing a few small specks of iron pyrites, and
mica flakes and numerous chert grains. The sandstone is exposed in
several places north, northeast and northwest of ‘Brunerstown, but none
of any value was observed. Along the small tributary of Long Branch
from the west in the northeast quarter of Sec..18 (14 N., 5 W.) the
sandstone exposed is 20 to 25 feet thick and darker in color than at any-
other place along Long Branch.

On Leatherman branch in sections 4 and 5 (14 N., 5 W.) a heavy
sandstone ledge occurs somewhat similar to that descnbed on Long
Branch. In the northeast quarter of Sec. 5 it is exposed 15 to 35 feet,
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and is of a dark yellow to yellow-brown color. It is remarkably free
from iron or conglomerate, the weathered face showing lines of weakness
parallel with the bedding, due probably to shaly or argillaceous material.
For more than a half mile southeast from this point the branch cuts its
‘way through this bed of sandstone, which forms bold cliffs on either side.

On the other or north prong of Leatherman’s branch is an outcrop of
sandstone similar to that described above. In several places along this
prong the Lower Carboniferous limestone is exposed. The best sand-
stone observed is that near the upper limit of the outcrop in the north-
west quarter of Sec, 4 (14 N., 5 W.) near the township line. The bluff
is 40 to 50 feet high, 10 to 12 feet at the base being concealed. The
stone is mostly buff:colored, but variegated gray and brown at the base.
Small streaks of iron conglomerate occur in places. Good stone for local
use could be obtained here. _

In Sec. 10 (14 N., 5 W.), just west of the confluence of Leatherman
and Little Walnut creek, i3 a ledge of massive Maunsfield sandstone 10
to 15 feet thick, underlain by compact blue limestone exposed 15 to 20
feet above the creek. In the northwest quarter of Sec. 10 on a small
tributary of Leatherman’s branch from the west is an outcrop of fine-
grained gray-colored sandstone which has had considerable local use for
whetstones and grindstones.

On Mr. Wright's place on tbe east side of Little Walnut creek, in the
goutheast quarter of Sec. 11 (14 N., 5 W.) is an outcrop of bituminous coal
which varies from thirteen to twenty-six inches in thickness and which has
been mined for local use. The coal is underlain by fire-clay and in turn
by massive yellow sandstone which outcrops in massive ledges in the
ravine below the road and in other ravines east and west of the coal.
Le-s than a quarter of a mile south of the coal mine a small chalybeate
spring emerges from the base of the massive sandstone which here con-
taius thin patches of shale. In the valley south of the spring, in sec-
tions 13 and 14 (14 N., 5 W.) the Lower Carboniferous limestone which
outcrops in large quautities contains much nodular chert, and both the
chert and limestone contain fossils.

Bandstone outcrops further north in the Little Walnut Creek valley at
the following places: Sec. 2 (14 N., 5 W.) the 8. E. quarter; in Sec.
36 (15 N., 5 W.) the N. W. quarter; and Sec. 34 the N. E. quarter;
Sec. 27 the N. W. quarter; Sec 22 the 8. W. quarter; Sec. 28 the N. W.
quarter; and Sec. 20 the 8 I& quarter and N. E. quarter. The largest
outcrops are in the southeast qnarter of Sec. 20 and the northwest quar-
ter of Sec. 28, where the stone occurs in a massive bed twenty-five feet
thick, but as in the other exposures mentioned, it is too variegated in
color and contains too much iron pyrites for building stone.

The Lower Carboniferous limestone outcrops in many places in the
vierinitv of the ahove sandstone exposures. It has been quarried at Clin-
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in the south part of Sec. 22 (15 N., 5 W.) and in the southwest quarter
of Sec. 13 (15 N.,5 W.) Good building stone occurs at the last two
places, and stone good for burning into lime may be obtained at almost
any of the numerous exposures in this valley.

Big Walnut Oreek above its confluence with Little Walnut - Creek.—In
the northeast part of Putnam county, east of Bainbridge and Carpen-
tersville, sandstone similar to that at Riverside, Fountain county, has been
quarried in several places. It appears to correspond in position to the
formation called the Knobstone in the former State reports, but is referred
to elsewhere in this paper as the Riverside sandstone.

It is a fine-grained homogeneous sandstone, blue on the interior of the
bed, but drab to buff on weathered exposures. In places it contains con-
siderable pyrite which forms a white efflorescence on the weathered surface.
At a depth not affected by the weather, the stone is probably massive in
most places; that it is in some places is shown by its occurring so in the
abrupt cliffs along the creeks where it has not been so long exposed to
the elements. On the weathered exposures, incipient bedding planes
-develop at more or less frequent intervals, which are in general horizontal
and parallel with each other, thus greatly facilitating the quarrying of
the stone where they are not numerous enough to injureit. The contact
between the interior blue color and the exterior buff is shown in some
places by a sharp line.

It has been quarried to considerable extent in two places and in smaller
quantities at other points along Big Walnut creek in the northern part
of Putnam county (not shown on the accompanying map sheet). One
of the quarries, now owned by Mr. Miller, is in the south part of Sec. 29,
(16 N., 3 W.), on the east side of the creek, on the south side of the wagon
road from Carpentersville to New Maysville. The rock outcrops on a
bold cliff on the bank of the creek, a section showing:

Section on Big Walnut Creek east of Carpentersville.

Feet.
S0il. o 2
Sandy shale ....... .. 10
Sandstone, face of quarry ......... . ... oo 25
Sandstone to bottom of creek ..................... e 35
Total c.ovrvevrne e, P 72

The upper part of the gquarry face shows thin-bedded stone (2 to 6
inches) merging into the overlying shale. The lower part of the quarry
is in layers six inches to three feet thick. The bluff beneath the quarry
is heavy bedded, two to four feet, and contains scattered pyrite nodules.
The stone has had a local use for many years; possibly 5,000 cu. ft. in
all have been quarried. Its principal use has been for bridge abutments
and fanmdatinna the ahntments of the hridee acrose Walnit oreck at
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this point being built of this stone. The bridge is said to have been
constructed 15 years ago, and the stone shows no evidence of decay at
the present time.

The other quarry referred to is Mr. W. H. Riee’s on the west side of
Sec. 8 (15 N., 3 W.), on the east side of the creek, on the north side of
the Bainbridge-New Maysville wagon road. A detailed section of the
quarry face shows:

Section at Mr. Rice's Quarry.

Shaly sandstone and shale. .... .. e 8 feet.
One layer buff sandstone................oooininin. 1 foot.
One layer buff sandstone.. .......................... 10 in..
One layer buff sandstone............................ -9 in.
One layer buff sandstone.................coovviininn 8 in.
One layer blue sandstone . .......................... 2 feet.
One layer blue sandstone . ................. e 10 in.
One layer blue sandstone . ............... ...t 2 feet 6 in.
One layer blue sandstone . .................covun.... 3 feet.
One layer blue sandstone ........................... 3 feet.

Total ... ... 22 feet 7 in.

The stone resembles that at the Miller quarry described above. The
bedding planes will probably be less numerous in the interior, the beds -
becoming thicker but retaining an easy horizontal cleavage. None of
the pyrite nodules were observed here, but there is much finely diffused
pyrite, and in places small leaf-shaped soft patches which would injure
the stone for fine work where they occur. There is not as much stone
available at this point as at the Miller quarry, since the slope above the .
quarry is much steeper and the stripping would soon become too expen-
sive. However, the supply would probably never be exhausted by the
local demand. The quarry is said to have been opened two years ago
and the stone used mostly in bridge abutments.

There are doubtless many exposures of this stone along Walnut creek.
that might be quarried to advantage, but no others were examined.

Raccoon Creex Basiw.

The Raccoon Creek valley, which lies near the middle of the Brazil
Sheet, contains a great quantity and many varieties of sandstone. The
headwaters of both Big Raccoon and Little Raccoon creeks lie in the
Lower Carboniferous limestones and sandstones east of the limits of the
accompanying map, and both creeks cut a channel of considerable length
through the Mansfield sandstone and then into the overlying Coal Meas-
ures, through which both flow for seme miles above their confluence, as
well as the main stream from the confluence to the Wabash river. Both
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creeks have a general southwesterly course to mnear their confluence, -
where the main stream takes a sudden turn tb the northwest.*

" Sandstone in the greatest quantity and of the best quality occurs along
that part of its course where it cuts through the Mansfield sandstone at
the base of the Coal Measures. However, good building stone occurs in
the lower course, in the overlying sandstone of the Coal Measures, and
stone less valuable in the Lower Carboniferous rocks. Sandstone has
been quarried in each of these formations in the Coal Measures at Cox-
ville and on Stranger’s Branch (14 N., 7 W.), in the Mansfield stone at
Mansfield, Judson, Portland Mills and intervening points; in the Lower
Carboniferous (Riverside) at Raccoon station.

Both the brownstone and the gray-and buff varieties occur on both
Little Raccoon and Big Raccoon creeks and on Rocky Fork, southeast of
Mansfield. The most valuable stone occurs near Fallen Rock, on Little
Rocky Fork, near Mansfield and Portland Mills, on Big Raccoon creek,
and near Judson, on Little Raccoon creek.

The lowest exposure examined in the Raccoon Creek valley is that on
the east side of the creek at Coxville, on the C. & I. C. Ry., in section 15
(14 N., 8 W.). Stone is said to occur at Mecca and other points north
of Coxville, but was not examined. : ‘

The quarry at Coxville, known as the Evans quarry, has been oper-
ated more or less spasmodically for a number of years by William Evans,
No figures in regard to the production could be obtained.

The stone is a coarse-grained buff sandstone, slightly variegated in
places, occurring in a massive irregular deposit, having a maximum
thickness of outcrop of about fifty feet. However, at few points is there
a thickness of fifty feet of massive sandstone, in most places a considera-
ble thickness of shelly sandstone, black shale and coal occurring with the
sandstone. Coal has been mined near the base of the bluff at each side
of the quarry.

A fair quality of bridge and building stone could be obtained here in
large quantities. It would be necessary to handle considerable inferior
rock to get it, and it is doubtful if the quarry cou'd be operated profita-
bly on a large scale unless some use covld be madé of the rough stone.

In the former State reports this rock is classed as conglomerate (cor-
responding to the Mansfield stone), but no evidence is given in support
of the statement. The hasty field examination does not support such a
view, yet the evidence was not sufficient to state positively that such
might not be the case. It seems more probable that it is of more recent
age and belongs in the Productive Coal Measures. . If it were Mansfield
stone the Coal Measures should rest unconformably upon or against it,
which does not appear to be the case, as the sandstone spreads out over

* It is possible that at one time ﬁn its history this stream had a direct course southwest
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- the coal on either side. This coal might be the so-called sub-conglomer-
ate coal, but there is no positive evidence that such is the case.

There is a small outcrop of sandstone on the south side of the creek at.
and below the gristmill at Bridgeton, section 22 (14 N., 7 W.). It is
variegated yellow and yellow-brown in color, very shelly and accom-
panied by considerable shale. It has no economic value and is appar-
ently of the age of the Productive Coal Measures.

On Mr. Mitchell’s farm, on the north side of the creek, a quarter of a
mile north of the bridge at Bridgeton, is a sandstone quarry from which.
stone for local use has been obtained. It is a micaceous yellow and gray
variegated shaly sandstone, twelve to fifteen feet thick ; a few layers, two
feet or more in thickness, might furnish a fair quality of stone, but most
of it is too thin-bedded and shaly to have much value.

Sandstone is exposed in a number of places along Stranger’s Branch
northeast of Bridgeton in sections 1, 2, and 11 (14 N., 7 W.) and section
36 (156 N.,7 W.), but all of inferior quality for building stone ; much of
it is suitable for well curbing, foundations, or small bridges.

Mansfield.—Although not in operation at the present time, the quarry
at Mansfield, 14 N., 6 W., section 5, has produoed more brownstone:
than any other one quarry in the State. The quarry is situated on the north
side of Raccoon creek a quarter of a mile north of east from the village
of Mansfield on the south side of section 5 (14 N., 6 W.), on property
formerly belonging to Mr. Smith.*

Tbe quarry was first worked by M. W. Wolf, of Chicago, in 1887.
Mr. Wolf operated the quarry until 1891, four years, when he sold out to
the Parke County Brownstone Company, who continued the business
until 1894, when it passed into a receiver’s hands and work in the quarry
ceased.

The company employed about forty men, about twenty being in the
quarry, had two steam channeling machines, two steam-power and one:
horse-power derricks, and a steam saw gang. A branch railroad was built
to Brazil, and stone was shipped to Evansville, Terre Haute, Fort Wayne
and Indianapolis, Ind.; Owensburg, Ky.; Paynesville, O.; Chicago
and Roseville, Ill. ; Wymar, Neb., and for bridge stone on the C. & E.
L R. R ~

The dressed stone was sold at 66c. to $1.25 per cubic foot and the
rough stone at $2.50 to $4 per cubic yard. During the busy season the
company shipped at the rate ofone car-load per day.

Plate XIII shows the Mansfield brownstone quarry about the time it was.
first opened and plate XIV a view of it shortly before it closed. It may
be noticed that the numerous weather seams of the surface in the first
view have disappeared in the interior of the bed in the second view,

*The information in regard to the owner’s shipments, ete., of the stone was obtained
fram Mr Smith
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-where the stone is massive. The weather-seamed surface of the outcrop,
while denoting lack of perfect homogeneity in the rock, does not signify
Jack of durability as much as it might under other conditions. It is no-
ticeable -that in many places throughout the State, where the hillsides
facing north have a bold outerop of rock, the one facing south on the op-
posite side of the valley has either no rock exposed, being covered
-deeply with soil, or else a very much weathered, crumbling exposure.
This quarry is on the south slope.

The total thickness of the stone exposed at the quarry is thirty to
‘thirty-five feet. but the bottom is not exposed and the total thickness is
not shown. About 200 yards east of the quarry opening, an opening
‘made with a core drill showed thirty-three feet* of brownstone, under-
lain by fifty feet of lighter yellow colored sandstone. Not all of the
.stone exposed on the present quarry face is good building stone; in fact
there is more worthless stone exposed than there is good stone.

The most injurious constituent of the rock is the large number of iron
“‘kidneys”’ or ‘‘ blisters”’ scattered through it. These are hollow shells
and lumps of iron oxide, varying from a half inch to two or three inches
in diameter, which are quite abundant in certain parts of the bed. These
blisters are due in many cases to the pebbles originally in the rock,
which have been changed to iron oxide by replacement by the infiltrating
waters. They are not simply a surface phenomenon, but are just as lia-
ble to occur far in the interior of the bed. The patches of shale and
‘shaly sandstone injure much of the stone, necessitating the handling of
so much waste material. These are most abundant at the west end of
the quarry, disappearing entirely on the bluff east. The iron blisters
.continue along the face of the bluff for 150 to 200 feet east of the quarry
and less frequently further east. From the large amount of waste ma-
terial to be handled it is doubtful if any more stone could be raised with
profit from the present quarry opening. A more promising opening, so
far as can be determined from the surface, is on the bluff some 200 yards
north of east of the present opening, near where the core was taken out
by the diamond drill. The stone at this point is not wholly free from
the iron oxide, but more nearly so than at points further west. The top of
the bluff at this point has been planed off by the glacier (strise 8. 45° E.),
being ten to twelve feet lower than it is seventy-five yards further east.
Eastward the stone changes into a yellow and yellow-gray color, with
-segregated veins and patches of the iron oxide. At the middle and west
end of the quarry there is a layer of chert conglomerate (‘‘ peanut rock’’)
overlying the sandstone. It is made up of subangular pieces of chert
from the underlying limestone, imbedded in the sand and iron oxide, and
attaing a thickness of four or five feet in places.

* According to the statement made by Mr, Smith.
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Several different shades of brownstone occur at this quarry, but the
mags ‘of the stone is a rather dark purplish red-brown, which gives a
brighter red-brown powder when crushed. The color is due to the abund-
ance of hematite in the stone. It contains numerous small light gray
specks uniformly distributed, which can only be seen on close inspection
and have no other effect than to give the body of the stone a lighter shade
than it would otherwise have.

There are other shades due to the mixture of the more hydrous oxides
of iron; these occur in comparatively small quantities and it is only by
quarrying the stone in large quantities and selecting the colors that they
can be used to advantage for building stone.

In places the stone is strikingly banded gray and dark brown, the bands
about half an inch to an inch in width and inclined about 30° to the
horizontal. These bands mark the lines of cross-bedding along which
the iron-bearing waters have penetrated, depositing more iron in some
bands than in others.

For chemical analysis, microscopic character, etc., of the Mansfield
sandstone see Chapter 111 and plates XI and XTI.

In the narrow ridge above, (southeast of ) the quarry in the southeast
quarger of Sec. 5 (14 N., 6 W.) buff sandstone outcrops in a number of
Pplaces, but it contains too much iron and has toe heavy a covering of loose

_material to be of value; no brownstone was observed. On the north
side of this ridge on the north side of Sec. 5 (14 N., 6 W.) the buff and
gray sandstone forms a precipitous bluff in several places, but is highly
ferruginous in all the outerops.

In the bluff on the south side of Raccoon creek, east of Mansfield, in
the northwest quarter of Sec. 8 (14 N., 6 W.) massive sandstone is ex-
posed and has been quarried at mtervals for a distance of 200 yards
along the bluff. At the south end of the bluff the stone has a red-brown
color much like that in the quarry north of the creek, but there are
patches of a brighter red color than any of that on the north side of the
creek. At the north end of the bluff the stone is light gray to buff,
and is overlain by a thin layer of the chert conglomerate similar to that
across the creek, but there are very few pebbles or iron blisters in the
body of the rock. In fact the stone is more uniform and freer from im-
purities in this bluff than in the larger quarry north of the creek, but it
is unfortunately overlain by a heavy bed of drift material twenty-five to
thirty feet thick.

The stone quarried from this bluff has been for local use. The stone in -
the bridge across Raccoon creek, at Mansfield, is said to have been taken
from this place. This bridge was built in 1868-9, and the stone work is
yet sound, except the bottom course in the middle pier, which is much

decayed.
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W. H. Pruitt's Quarry.—On W. H. Pruitt’s farm on the east side of
Raccoon creek, in the N. E. quarter of Bec. 5 (14 N., 6 W.), and the
N. W. quarter of Sec. 4, is a rounded hill with buff, gray and brown
sandstone outcropping on the southwest and north sides. A small quan-
tity of the stone has been quarried on the northwest side of the hill.
‘The quarry has been opened in the brownstone, which, like that at
Mansfield, consists of different shades. The prevailing color is a pur-
pplish brown with a steel gray lustre, but the general color of the stone is
lighter than the Mansfield stone. There is a thickness of about ten feet
of the brownstone exposed at the quarry, underlain by buff sandstone and
overlain by drift material, which slopes up rapidly to a height of 25 feet
-or more above the sandstone exposure. How thick the brownstone may
be under this drift can not be determined from the surface. No iron secre-
tions, which proved such a serious drawback to the Mansfield stone, were
-observed at this place; there is a. little cross-bedding. The color and
texture of the stone are good, and some good stone has been taken out.
Whether it can be profitably obtained in quantity depends upon the
-character and thickness of the brownstone under the drift and the
amount of stripping that will be necessary, This could be determined
by drilling a few holes on the hill above the quarry opening. The brown-
:stone outcrops also on the south side of the hill, while on the immediate
-creek bluff on the west end only buff sandstone was observed.

Rocky Fork Branch of Raccoon Creek.—Rocky Fork, with its tributa-
ries, drains nearly all of Jackson township, Parke county (14 N_, 6 W.),
the head branches extending into the townships north and east. It hag
.cut a network of channels through the massive Mansfield sandstone, ex- .
posing that rock in many places. The most valuable stone in the valley
is that exposed on Little Rocky Fork in the vicinity of ‘‘Fallen Rock *’
.and on ““Straight Branch”’ of Big Rocky in the north part of Sec. 10.

Sandstone is exposed on each side of the creek between the confluence
-of Big and Little Rocky Forks and that of the main stream with Raccoon
«creek, the largest exposures being on the west side of the creek. On
the east side of the wagon road on the west side of the creek, in the
northeast quarter of Sec. 8 and the northwest quarter of Sec. 9 (14 N.,
6 W.), the thickness of the sandstone exposure is about 25 feet, of
which the upper 12 to 15 feet have a red-brown color like the Mansfield
stone. It contains much cross-bedding and many iron blisters, Tbe
bottom of the exposure is light colored and contams patches of shale.
There is none of it suitable for building stone.

Therte is an outcrop of similar stone in the southwest quarter of section
9 (14 N., 6 W.), and at intervals between it and the above, bui it has
no economic value. The same is true of all the stone observed in sections
16 and 15 (14 N., 6 W.)! The largest exposures are on a small tributary
from the southeast in the northeast quarter of section 15 (14 N., 6 W.),



236 REPORT OF STATE GEOLOGIST.

~ where the stone is 35 to 40 feet thick, forming perpendicular to overhang-
ing bluffs. Most of it contains iron secretions, but there are a few smalt
patches comparatively free from iron, from which good bridge stone might
be obtained in limited quantity.

On the lower part of Straight Brapch, in the south part of section 10
(14 N., 6 W.), the stone is ferruginous, cross-bedded, yellow and buff”
colored, but in the north part of section 10, above the chalybeate spring,
the character of the rock is much improved.

About 50 yards north of the spring, on the west side of the branch and
20 feet above it, a sandstone ledge- three to four feet thick is exposed.
It is free from iron secretions and eross-bedding, has a good texture but
lacks homogeneity of color, varies from gray and buff to light brown and
bright red. About 100 yards above the sprmg is a small outerop of lumpy
limestone in the bottom of the valley.

North of the limestone, beginning at about 200 yards north of the
spring and continuing almost all the way for a quarter of a mile or more
along both sides of the branch, are sandstone bluffs 30 to 40 feet high,
containing even-grained, evenly bedded sandstone, heavy bedded and
uniform in texture. It varies in color, but is uniform through consider- -
able thicknesses. Buff and yellow are the prevailing colors, but there are
patches of considerable size of bright brick-red color. It is doubtful if
the red could be obtained in large quantities, but excellent buff and yel-
low stone could be obtained in unlimited quantities.

The water from the chalybeate spring, near the middle of section 10
(14 N., 6 W.), is strongly charged with iron, and has formed a consider-
able deposit of bog iron ore around it. It is a strong flowing stream.

On the tributary of Rocky Fork, known as Ground Hog Branch, in:
sections 11 and 12 (14 N., 6 W.), the Mansfield sandstone outcrops in
several places, but contains too many iron segregations and too much
cross-grain to have any commercial value. On the west side of section
12 is a bed of black shale 25 feet thick overlying the massive sandstone.
It contains thin seams of coal and sandstone.

Along Big Rocky Fork, above its confluence with Ground Hog Branch,
in sections 2 and 11 (14 N., 6 W.), are many high rugged cliffs of sand-
stone, in some places 60 feet or more in height. In most places it is very
false-bedded and contains intercalary patches of black shale. In a few
places small areas of the sandstone occur, free from false-bedding and
comparatively uniform in texture and color. Such an area which prom-
ises considerable good stone is near the middle of the north half of section
11 (14 N., 6 W.), where the evenly bedded buff-colored sandstone at the
top of the cliff, varying from 30 to 50 feet in thickness, is underlain by
black shale and false-bedded sandstone. (Good stone for local use could
be obtained here and at several points along the creek through the south
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half of section 2 (14 N., 6 W.). Small outerops of soft, shelly, yellow-.
colored sandstone and black shale occur along the creek in sections 35
and 36 (15 N., 6 W.), but the greater part of this area is covered deeply
with glacial drift, and the rock in the few exposures has no commercial
value.

East of Beech Grove church, through the south balf of section 30
(15 N., 5 W.), in Putnam county, thin-bedded to shaly light-gray and
yellow sandstone outcrops in several places, the largest exposure being
one on the wagon road about 150 yards east of the church, and another
on the south bank of the branch just north of Mr. Shonkwiler’s barn,
about a half mile east of the church. In both places the surface of the
sandstone is marked with glacial striee running 8. 25° W. The stone at
the top of the exposures is in thin layers one to three inches, but mas-
give at the base and probably massive at the top a short distance back in
the bluff. Stone for local use in rough work might be obtained here at
little expense.

In the northeast quarter of the southeast quarter of Sec. 30, on the
south side of the branch, is an outcrop of six feet of thinly-bedded sand-
stone of a bright brick red color, variegated in places. While the color
is attractive the surface exposure would not indicate sufficient stone of a
uniform color to be worked with profit.

There is a fine little chalybeate spring in the south part of Sec. 19
(15 N., 5 W.) on one of the terminal tributaries of Rocky Fork from
the north. No rock exposures were observed in this tributary, the slopes
being covered with glacial drift. The record of a drilled well in the
southeast quarter of the northeast quarter of Sec. 19 (15 N., 5 W.) gives
30 feet of drift and more than 60 feet of sandstone, water having been
obtained in the sandstone 90 feet from the surface and 60 feet from the
top of the sandstone.

Litile Rocky Fork.—The Mansfield sandstone outcrops in large quantity
and fine quality on Little Rocky Fork through Sec. 22 (14 N., 6 W.)
from the northwest corner to the southeast corner. It outcrops further
southeast, in sections 23 and 26, but the best stone, and probably all
that has any economic value is in Sec. 22. The stone through the north-
west quarter of Sec. 22 is mostly concealed by overlying drift, only a few
gmall ledges of inferior gray ferruginous sandstone being exposed. In a
small ravine from the west, about a quarter of a mile south of the school-
house, is an outcrop of fissile black shale underlying the sandstone.

A little more than a half mile southeast of the school-house, on the
west bank of the creek, in the northwest quarter of the southwest quarter
of Sec. 22 (14 N., 6 W.), is an outcrop of handsome red sandstone, prob-
ably not surpassed in quality by any in the State. A section of the bluff
at this point shows:
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Section near Fallen Rock on Little Rocky Fork.

Feet.
Glacial drift.......cc..oo i Oto 15
Buff sandstone...... ... 6 to 10
Red sandstone ...... e 121015
Red and gray variegated sandstone. ...................... 8
Buff sandstone.. ..ot 8

The red sandstone has a lighter and brighter shade than the Mans-
field stone, is more uniform in color and texture and is free from flaws.
It is exposed for a distance of 50 or 60 yards along the bluff, terminating
rather abruptly to the northwest in buff and yellow sandstone containing
reticulated iron veins and lumps. Along the bluff to the southeast the
red stone disappears beneath loose soil and drift material. The next
rock bluff in that direction is more than 100 yards distant, and it is of .
red and yellow variegated stone with too much iron to be of any value.
On the opposite side of the creek, northeast from the red stone, the
nearest stone is yellow colored and contains much segregated iron oxide.
The short limits of the good stone in these three directions is more favor-
able than otherwise to the probability of finding a greater extent in the
remaining direction, namely to the southwest or back into the hill. If
the stone extends back into the hill any considerable distance without
change in its uniformity, which seems probable, this would prove a valu-
able deposit. The six to ten feet of buff stone overlying the red ought
to more than pay for its removal, and the only stripping that would be
expensive would be the drirt material. The surface indications are such
as to fully warrant investigation.

About the middle of the south half of See. 22 (14 N., 6 W.), 60 yards
north of the wagon road, a small quantity of red sandstone was quarried
from the bottom of the valley several years ago, but the opening is now
concealed by the wash from the stream.

In a ravine from the south on the south side of the wagon road in the
southwest quarter of Sec. 22, at the “‘caves,”’ a heavy bed of good sand-
stone is exposed. The small watercourse has cut a channel 60 to 75 feet
deep in the rock, which in two places has yielded .more readily to water
than elsewhere, and has been undermined, forming a water-fall in the
branch and an overhanging cliff (‘‘the cave’’) on either side. The stone
varies in color, buff, yellow, gray, red and variegated occurring. How-
ever, the variegated forms a small part of the whole; much gray, yellow
and buff stone occurs, uniform in color for a considerable extent. The
red was not observed in paying quantities. There is a little cross grain
in one place and a little iron in another, and in one place it is somewhat -
shelly. Nevertheless, there is much good building stone at this locality
that could be quarried to advantage if sufficient care was taken in selecting
the quarry opening and in classifying the stone after quarrying. While the
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bed is 70 or 75 feet thick, it is in most places not more than 30 or 40 feet
on the face of the bluff.

At ““Saltpeter Cave,” on the north side of the creek, 150 yards north
of east from the ravine above mentioned, is a Iarge exposure of excellent
sandstone. The massive bed 40 to 50 feet thick, the base of which con-
taing much pyrite, is underlain by a drab-colored shale 10 feet or more
in thickness. The shale and the pyritiferous layer decaying more rapidly
have left the more durable massive sandstones projecting in an overhang-
ing bluff which has been cut back by the small stream into a crescent
shape. The upper ten feet of this rock has weathered shelly and shows
a little cross grain, but the succeeding 30 feet appears uniform in grain
and texture but varies in color, gray, buff, red, and variegated occurring
with the buff predominating. It is rather coarse grained and contains
some mica. The homogeneous texture and the regular bedding of this
stone make it a very desirable building stone. :

The only exposure of good stone observed on Little Rocky Fork above
the ¢ Baltpeter Cave” is in the bluff at the spring across the creek from
Fallen Rock. The bluff here is 20 to 25 feet of homogeneous buff-colored
sandstone, with smooth, moss-covered face, entirely free from weather
seams. Firm rock extends to the top of the bluff, and the slope is very
gentle back from the face of the bluffs, so that little stripping would be
necessary in quarrying the stone.

The bluff at Fallen Rock and southeast from it on the east side of the
creek contains too much iron to be used for building purposes. In this
part of the valley there are numerous very large fragments that have
" broken off from the parent ledge and rolled into the valley. The
largest of these, termed Fallen Rock, is pro bly 15x 30 x20 feet. One’
called Elephant Rock, from its shape, contdins much iron oxide, and
weathers very irregularly.

There is a small outerop of black shale at the base of the massive
sandstone on the west side of a small ravine frpm the north at the section
line between sections 22 and 23 (14 N., 6 WJ), in the southeast quarter
of Sec. 22. There is another small exposure of black shale in the north-
west quarter of Sec. 26. Bandstone outcrops in the southwest quarter
of section 23 and the north part of section 26 (14 N., 6 W.), but the
exposures are small and have no economic value That in the firgt lo-
cality named resembles the Portland stone, but has too much overlying
glacial material to be worked with profit.

West side of Raccoon Oreek between MM und Portland Mills.—Be-
tween Mansfield and Pertland Mills sandstone adapted to local use out-
crops in several places. In the northwest quarter Sec. 33 (15 N., 6 W.),
west of the wagon road, is a low bluff of massive sandstone 15 to 20 feet
high, cross-grained and ferruginous. There is a natural bridge near the
southwest end of the bluff, where a small ravije has cut a channel about
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five feet high and. 25 to 30 feet across under the ledge of sandstone. The
stone is not suitable for building purposes.

On the west side of Sec 28 (15 N., 6 W.), in a small branching ravine
from the northwest, is an outerop of the basal chert conglomerate similar
to the “ peanut rock’” at the Mansfield quarry. The conglomerate rests
unconformably on the Lower Carboniferous limestone, and is overlain in
places by a dull-brown shale. There is very little massive sandstone
exposed at this locality. In the northeast quarter of Sec. 28 (15 N.,
6 W.) there is considerable limestone exposed, and at intervals for sev-
eral miles above this the limestone is exposed on both sides of the creek,
in some places 50 feet or more in thickness.

The limestone extends up Troutman’s Branch more than a mile from
the mouth. Good stone for lime-burning ceuld be obtained from the
bluffs along the south side of the branch in Secs. 21 and 28 (15 N.,6 W.).
Oa a small tributary of Troutman’s Branch from the west, in the S. E.
quarter of Sec. 20 .(15 N., 6 W.) is an outcrop of massive sandstone 30
to 40 feet thick, overlain by 10 to 20 feet of drift, and underlain by 8 to
10 feet of blue-gray shale. Several small springs, highly charged with
iron, emerge on the top of the shale at the base of the sandstone, and
have formed considerable deposits of iron oxide on the face of the bluff,
The lower part of the sandstone contains much iron pyrites, which is
probably the source of the iron in the spring water. The sandstone con-
tains too much iron to be valuable for building stone.

Along Troutman’s branch, above this, in sections 16, 9, 8, and 5 (15
N., 6 W.), there is very little sandstone exposed, but there is consider-
able black and drab-colored shale exposed, the largest outerop being near
the middle of the north half of Sec. 16 (15 N., 6 W.), just west of the

- wagon road and on the east bank of the branch. The shale is here ex-
posed 35 to 40 feet thick, containing a few inches of sandstone and over-
lain by two to three feet of soil and clay. The shale at the top of the
bluff has a dirty yellow color due to oxidation of the iron, while that
near the base has a blue-drab color, which is presumably the color of the
interior of the bed. In the northeast quarter of Sec. 8 (15 N., 6 W.)
the shale, blue-black in color, has a firmer texture and has had a local
use for hearths and back walls for fire-places, as it is said to withstand the
fire remarkably well.

Iu a small ravine on the west side of Raccoon creek, in Sec. 16 (15
N, 6 W.), is a horseshoe bluff of massive, coarse-grained, ferruginous
yellow and gray sandstone, underlain by 40 to 50 feet of limestone.
The stone is covered too deeply by glacial drift (25 to 30 feet) to be
quarried. . .

On a small tributary of Raccoon creek from the northeast, east of the
wagon road, in the southeast quarter of Sec. 9 and the northeast quarter
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of Sec. 16 (15 N., 6 W.), is a deposit of heavy-bedded gray, yellow-
gpotted sandstone that has been quarried for local use in bridge building.
The stone is suitable for small bridges and foundations but is not suffi-
-ciently uniform in color for superstructures. It occurs in large quanti-
ties and could be quarried cheaply. Near the mouth of this tributary,
in the northeast quarter of Sec. 16 (15 N., 6 W.), is a high shale bluff
‘which shows:

Vertical Sestion in 15 N., 6 W., Section 16.

Yellowish brown shale (weathered) ........... 10 to 12 feet.
Drab shale ...............o.o o il 12 to 15 feet.
Shaly sandstone............... .. ... 4 in.
Fissile blackshale........................... 4 feet.
Coml oot e 4 in.
Lumpy, drab-colored shale (ﬁre clay). . . 8 feet.
Limestone. .. ....ovvveeiit i 12 in.

In the southwest quarter of Sec. 10, on the north side of Raccoon
.creek, the Lower Carboniferous limestone outcrops in large gquantities
and in one place has been quarried for local use.

In the southeast quarter of Bec. 3 (15 N., 6 W.) on the north side of
the creek, below the mouth of Limestone branch, is a bold bluff of
gray and buff colored sandstone, from which stone for use as grindstones
has been obtained in years past. Bridge stone might be obtained here,
but as better stone occurs near Portland Mills it will probably never be
-quarried.

On Limestone branch, the small tributary from the north in Sec. 3
(15 N., 6 W.), sandstone of inferior quality outcrops in several places,
resting unconformably on a bed of compact, blue, cherty Lower Carbon-
iferous limestone, which outcrops along the bottom of the valley. The
limestone contains much chert and is highly fossiliferous.

Above the mouth of Limestone branch, on the north side of the creek,
in Sec. 2 (15 N., 6 W.), there are rugged cliffs, 30 to 40 feet high, of
«coarse-grained, variegated Mansfield sandstone, which occurs in heavy
layers, containing much false bedding and many iron segregations.

In the small branching ravine in the southwest quarter of Sec. 36 and
the southeast quarter of Sec. 35 (16 N., 6 W.), on the land of Mr. Har-
beson and Mr. Miller, there are large exposures of the Mansfield stone.
‘The numerous small ravines have all cut narrow channels into the sand-
stone, which forms steep to overhanging cliffs on each side, the gullies in
places being as narrow as they are deep. The stone contains much
false bedding and iron oxide, but there are small areas comparatively free
from either which might furnish stone for local use. Such a locality
occurs in the northwest quarter of the southwest quarter of Sec. 36 (16
N., 6 W), near the half section line on the north side of the forty acres,



242 REPORT OF STATE GEOLOGIST.

where twenty to twenty-five feet of fairly good stone are exposed. In the
northeast quarter of the southeast quarter of Sec. 35, in a ravine from
the north, is the thickest outcrop observed on the branch, but the stone
is too irregularly bedded to have any value. In the south part of the
southeast quarter of Sec. 35 (16 N., 6 W.), just north of the wagon
road, there is considerable blue-black shale and shale conglomerate
exposed, along with thin layers of sandstone.

There is considerable sandstone of inferior quality exposed in a small
ravine east of the one mentioned, and nearly parallel with it, in the
southwest quarter of Sec. 36 (16 N., 6 W.). A small outcrop of lime-
stone occurs in the southwest corner of this section (Sec. 36).

Ferndale.—On the east side of Raccoon creek no sandstone outcrops
of even local importance were observed between Mr. Pruitt’s quarry
previously described and in the vicinity of Ferndale postoffice in the
northwest guarter of Sec. 34 (15 N., 6 W.)  About fifty yards south of
the postoffice some sandstone has been quarried for local use from the
loose bowlders and exposed ledges. The stone has a comparatively uni-
form coarse grain, but is quite variegated in eolor, having patches of red-
brown, yellow and gray. It is a good, durable stone, suitable for under-
ground foundations.

Sandstone is exposed on each side of leestone braneh* for 100 yards
or more below (west of) Ferndale postoffice, with occasional exposures
toward the top of the hill. The Lower Carboniferous limestone is ex-
posed along the bottom of the valley from the postoffice to Raccoon creek,
and has been quarried at the east end of the bridge to build the
approaches to the bridge. It is very fossiliferous about midway between
the postoffice and the creek. The limestone is exposed above Ferndale
in the southeast quarter of Sec. 27 (15 N., 6 W.) and again in the north-
west corner of Sec. 26 and the northeast corner of Sec. 27.

On the hill on the north side of the branch, opposite Ferndale post-
office, the yellow-gray-brown variegated sandstone, ten to twelve feet,
lies unconformably on the Lower (arboniferous limestone (St. Louis) and
isoverlaid by thirty feet or more of bluish argillaceous shale, sandy at the
base.

Along Limestone branch above Ferndale, through Sec. 27 (15 N., 6
W.), are extensive outcrops of black shale and gray and va.rlegated
sandstone which seem to replace each other in part in different localities,
in places the shale predominating, in places the sandstone. In the north-
~ east corner of the section, just south of the east-west wagon road, a light
gray fossiliferous sandstone rests unconformably on the Lower Carbon-
iferous limestone and is overlain by a black shale containing coal. Some
coal has been mined. The sandstone contains many fossil coal plants,

*This should not be confused with the Limestone branch on the north side of the creek,.
just below Portland Mills,
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.in one place a trunk of a calamites stem eight or nine inches in diameter
being exposed for a length of sixteen feet, with both ends concealed in
the sandstone. ,

No valuable sandstone for building purposes was observed in this
locality, as in most places it is more or less variegated in color. In sev-
eral places within three-quarters of a mile southwest from the northeast
corner of Sec. 27 (16 N., 6 W.), along Limestone branch there are
exposures of good, durable stone, uniform in grain and structure, but
lacking uniformity of color. Good bridge and foundation stone could be
obtained here.

Between Limestone branch and Bain branch there are large exposures
of limestone, especially prominent near the middle of SBec. 22 (15 N., 6
W.) and the southwest quarter of Sec. 15 (16 N., 6 W.). No sandstone
of even local value was observed.

Bain Branch.-—Un Bain branch sandstone outcrops on the lower course
and again near the headwaters, but in the middle course through the
north part of sections 13 and 14 (15 N., 6 W.) the slopes are covered
with glacial drift and no sandstone is exposed. A small quantity of gray
and buff colored sandstone has been quarried in the southeast corner of
Sec. 10 (15 N., 6 W.) in the bluff on the south side of the creek, where
it occurs in layers eight to sixteen inches thick and is exposed through a
thickness of twenty to twenty-five feet, including thin layers of interca-
lary shale. Ripple-marked sandstone outcrops about 200 yards west of .
this bluff in the bed of the creek, and shaly sandstone and Lower Car-
.~ boniferous limestone outcrop along the small tributary from the north-
east in the southeast quarter of Sec. 10 and the west side of Sec. 11 (15
N., 6 W.), but there is none of any value.

In the northeast quarter of Sec. 13 and the southeast quarter of Sec.
12 (15 N., 6 W.) at the county line between Parke and Puatnam
counties is an outcrop of more massive yellow sandstone, which is pyriti-
ferous at the base and underlain by blue and black shale; several small
chalybeate springs emerge from this sandstone. The maximum thick-
ness observed in the outcrop was twenty feet., Good, durable bridge
stone could be obtained here ; the color is not uniform nor pleasing enough
for good dimension stone.

There is a low (eight to ten feet) bluff’ of massive sandstone along the
south bank of Raccoon creek in the southwest quarter of Sec. 2 (15 N.,
6 W.) which contains some good stone, but it is'not so accessible as better
stone nearer Portland Mills, The same may be said of similar blufls
along the south bank of the creek in the northeast quarter of Sec. 2.
Some yellow ferruginous sandstone outcrops alung a small tributary in
the southeast quarter of Sec. 2 and the southwest quarter of Sec. 1 (15 .
N., 6 W.), but it has no economic value. In the northeast quarter of the
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southeast quarter of Sec. 2 on this branch is one of the finest chalybeate
springs observed in this region. _

Nelson Branch.—On a small branch in the middle and southeast quarter
of Sec. 1 (156 N., 6 W.), locally known as the Nelson branch, is one of the
most promising sandstone outcrops in the Raccoon valley. The small
watercourse has cut a deep gorge back into the sandstone and limestone
for a half mile from the creek, and it is near the upper limit of this deep
gorge, just below the upper waterfall, that thelargest exposure of the sand-
stone occurs. The bluff is forty-five-to fifty feet high, the lower twelve to
fifteen feet being concealed by the huge angular blocks that have broken
off and tumbled down from the top of the ledge, some of which boul-
ders are not less than fifty feet across. The upper part of the cliff is
perpendicular, smooth, seamless and moss-covered. The stone is appar-
ently solid to the top of the cliff, with very little overlying waste mate-
rial. The color of the stone as indicated by the boulders in the talus is
somewhat variegated, with gray the prevailing color, streaked in places
with buff and red. The perpendicular face of the cliff is not accessible
and it is not possible from the base of the cliff to see how much of the
stone is variegated, but the absence of jron segregations, the freedom
from seams and the uniformity of texture would indicate a considerable
uniformity of color, and the outcrop would indicate large quantities of
good, durable building stone. Jl

The sandstone outcrops for nearly 100 yards above the falls (south-
east), and in large quantities along the branch between the upper and
lower falls, the best stone occurring along the south or west side of the -
branch. ‘

The lower fall, which is near the middl | of the section, is about thirty
feet high and in the Lower Carboniferousellimestone underlying the sand-
stone. The limestone outcrops along the branch below the falls to Rac-
coon creek, but no sandstone of economic importance was observed
below the lower fall. '

Portland Mills.—There are quite marked local variations in the strat-
igraphy in the immediate vicinity of Portland Mills. Nelson’s branch,
described above, where not less than fifty feet of the massive Mansfield
sandstone occurs, underlain by shaly and cherty Lower Carboniferous
limestone, is scarcely more than a half mile southwest of the village.
Immediately east of the village is a high cliff of blue-black shale (‘‘ The
Blue Bluff”) which is eighty feet or more in thickness. The shale
underlies the town in part and extends probably a quarter of a mile west
of the town, the glacial drift concealing the western limits. North of
the village, on the north side of Raccoon ¢reek, the red and gray Mans-
field sandstone occurs in a bed 100 feet thick, underlain by an impure
limestone. West of north from the village, about 100 yards west of the
school-house, is another exposure of the blue shale (yellow and brown on.
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the weathered surface) fifty feet or more in thickness. East, southeast
and northeast of the village are considerable exposures of compact, blue
limestone of Lower Carboniferous age. Three fourths of a mile north-
east are fine outcrops of the basal conglomerate between the Lower and
Upper Carboniferous systems,

In the heavy sandstone deposit on the north side of the creek, opposite
the village, a quarry has recently been opened in the brownstone by the
Portland Mills Red Sandstone Co., but at the present writing (Decem-
ber, 1895) no stone has been shipped, and but little more than prelim-
inary work has been done. The soil and waste material have been
stripped from a half acre or more, and in places opened to a depth of
three or four feet. The surface stone so far removed lacks uniformity of
color ; besides the different shades of brown there are a few irregular
patches of gray. Part of the variegation is probably due to weathering
influences, the leaching of the color by organic acids. In places there
are scattered pebbles of shale, sandstone, and iron which, while not abun-
dant, ruin some of the stone for mill blocks. The brownstone ranges
from twenty-five to fifty feet in thickness, with no sharp line of parting
between it and the underlying gray and yellow sandstone. The total
thickness of the sandstone from the highest exposure, 100 yards or so
north of the quarry to the underlying limestone at the creek, is 100 feet.
There can be no doubt of the great quantity of stone at this locality and
where it is uniform in color and free from the pebbles it is a handsome
and durable stone. There will be some waste material, but the good
stone, if properly selected, can be used with perfect safety., A micro-
scopic examination shows the brownstone to consist almost wholly of
white quartz grains in a cement of red iron oxide. (See fig. 2 on
plate 12.) Partial chemical analysis made by Dr. Baker at Green-
castle shows this stone to have a higher per cent. of iron oxide cement
than that from other localities.* There are two glacial pot-holes in the
new quarry opening, one about four feét and the other six feet across and
gix to eight feet deep.

West of the quarry and facing the mill pond is a bluﬂ" forty to fifty
feet high, of massive gray and buff sandstone with a few feet of red stone
in places along the top. Along the bottom of this bluff and at the west
end, the stone is very much cross-grained and streaked in places with
ironore. Through a thickness of twenty feet or more at the upper part of
the bluff toward the east end, the stone is uniform in texture and would
furnish good building stone. Immediately north of the mill and thence
west the stone hag little, if any, commercial value.

East of the quarry the stone outcrops along the creek to the bluffs of
Byrd branch, a distance of a quarter of # mile.

* See tables in the final chapter for analyses.
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Byrd Branch.—Sandstone is expoged in several places along Byrd
branch through Sec, 31 (16 N., 5 W.), but so far as observed contains
too much iron and false bedding to have any commercial value. Near
the middle of the north half of Sec. 31 (16 N., 5 W.), the basal con-
glomerate, marking the unconformity between the Lower Carboniferous
limestone and. the Mansfield sandstone of the Coal Measures, occurs on
each side of the branch. It consists of large angular and sub-angular
. chert pebbles varying in size from one inch to eight or ten inches in
diameter, much of it being fossiliferous and all bound together by a
cement of sand, clay, and lime. * The conglomerate is eight to ten feet
thick and is overlain by the coarse-grained yellow Mansfield sandstone,
which at the base contains many fossil coal plants and segregations of
iron oxide. _

In the northeast quarter of Sec. 31 {16 N., 5 W.), 100 yards south of
the forks of the road, there appears to be a fault in the strata, as shown
on the accompanying figure. (Fig. 1.) While there is a possibility of
this being a case of unconformity by erosion, the abrupt change looks
more like a misplacement of the layers.

Fig. 1. Seetion of fault on Byrd branch near Portland Mills.

A—Lower Carboniferous limestone.
B—Mansfield sandstone.
C—Glacial drift.

Along Byrd branch, underlying the sandstone, is a bed of Lower
Carboniferous compact blue limestone which occurs in regular strata
eight to twenty inches thick, evenly beédded and regularly jointed,
weathering out in rectangular blocks two or three feet across. Good
foundation stone and stone suitable for making lime could be obtained
from this limestone. Similar limestone outcrops in large quantities
further east along both sides of Raccoon creek through the southeast
quarter of section 31, the south part of Sec. 32 (16 N., 5 W.), and
the north parts of sections 5 and 6 (15 N., 5 W.).

Between Portland Mills and Ramp Creek.—There is a marked change
in the strata in the ravine from the south in the northwest quarter of
Bec. 6 (15 N., 5 W.); near the head of the ravine the massive sandstone
oceurs twenty-five feet or more in thickness underlain, as seen in passing
down the ravine, by a shaly conglomerate ten feet, drab-colored shale
twenty feet, and limestone twenty feet, while near the mouth of the
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ravine the drab colored shale is eighty feet thick, apparently replacing
all the other strata, as there is no evidence of faulting. This immense
bed of shale, if it proves of proper quality for paving brick, as the outerop
would indicate, will no doubt be used when transportation facilities are
afforded. The cost of mining it would be merely nominal.

Through the north central part of Sec. 6 (15 N., 5 W.) south of Rac-

coon creek are several ravines that have cut channels through the mas-
sive sandstone and into the underlying limestone, the latter exposed on the
lower course and the largest exposure of the sandstone being around the
heads of the ravines, where it is forty to fifty feet in thickness, but too
variable in color and texture to have much value as a building stone.
Small quantities of coal occur in the bed of shale underneath the sand-
stone and it has been mined for local use in the southwest quarter of Sec.
515N, 5W.).

Large quantities of black shale, with emall quantities of coal and some
sandstone, occur along the Beck branch in the east side of Sec. 4 (15 N.,
5 W.).

Along the south side of Raccoon creek through Sec. 33 (16 N., 5 W.),
the masgive Mansfield sandstone outerops in a low cliff along the bank of
the creek. In places the stone is homogeneous and exposes an even, reg-
ular weathered surface. In many places there are segregations of the
iron oxide which cause the stone to weather unevenly, and which give it
a variegated color. Good stone in limited quantities could be obtained
in different places along the bluff. '

Near the middle of the west half of Sec. 33 (16 N., 5 W.) on the north
side of the creek the sandstone forms a high steep bluff on the creek
bank, at the upper end of which a small branching ravine has cut num-
erous gullies exposing large quantities of the stone. Southwest from
this point, along the bluff emall quantities of sandstone have been quar-
ried for local use. '

Near the middle of the north part of Sec. 33 and the south of Sec. 28
(16 N., 5 W.) the Lower Carboniferous limestone outerops at a higher
level than the sandstone along the creek both south and east of it. Some
of the limestone has been quarried. Limestone containing considerable
chert outcrops along the ravine east of the wagon road in the southeast
quarter of See. 28 (16 N., 5 W ) on the north side of the creek, and in
Sec. 34 on the south side of the creek. On the south bank of the creek
just east of the wagon bridge is a perpendieular cliff forty-five feet high
of the massive sandstone, which is variegated in color and lacks uni-
formity in texture, in some places containing streaks of iron oxide,
and in places patches of coarse conglomerate. There is a similar bold
bluff of the sandstone one-half mile northeast of the bridge on the creek
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bluff and in a small ravine from the east, where the stone is more uni-
form in composition and would furnish good bridge and foundation stone
where the overlying drift is not too thick to prevent its use.

On the opposite or west side of the creek in the southwest quarter of
Sec. 27 (16 N., 5 W.) the sandstone outerop measures 55 to 60 feet in
thickness, and is quite variable in texture. In some places it is homo-
geneous in color and texture with a smooth weathered exposure, and,
within a few yards, it will show much false bedding, iron secretions and
variegated color. Good stone could be obtained here by observing care
in selecting the opening for the quarry.

Ramp Creek.—The only outerop of sandstone of any note on Ramp
creek is at Blakesburg in the northwest quarter of Sec. 256 (16 N, 5
W.), and that has very little, if any, economic value. It is interesting
from a scientific standpoint in showing a marked unconformity between
the sandstone and the underlying Lower Carboniferous limestone as
shown on the accompanying figure (Fig. 2). The sandstone is nearly

= “—g.

Concesiee

Fig. 2. Section of the bluff at Blakesburg.

A—Lower Carboniferous limestone.
B—Carboniferous (Mansfield) sandstone.
C—Glacial drift.

forty feet in thickness, and contains at the base a coarse conglomerate of
chert pebbles from the Lower Carboniferous limestone.

The underlying hard, durable, ctystalline limestone has been quarried
for local use on each side of Ramp creek 100 yards or more above the
sandstone bluff.

A small outerop of sandstone was reported near the middle of the
south half of Sec. 26 (16 N., 5 W),

Big Raccoon Creck above Ramp Creck.—The only outcrop of the Mans-
field sandstone of any economic value in the Raccoon valley above Ramp
creek is at what is known as the Snake Den, on Mr. Long’s place in the
northeast quarter of Sec. 15 (16 N., 5 W.), where the sandstone is 65
feet thick and overlain by glacial drift. It is gray and buff in color, and,
for the most part, of uniform texture; a little cross-grained and ferrug-
incus in a few places. There is a great deal of good building stone at
this locality, but only a limited quantity could be obtamned with profit
owing to the heavy bed of overlying drift.
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There is a small ontcrop of Mansfield stone half a mile east of the
Snake Den, on the south side of the creek in the north part of Sec. 14
(16 N., 5 W.), but it has no economic value.

Limestone outcrops in several places along the creek and on the tribu-
taries in the upper part of the Raccoon Valley, some of it being of good
quality, but occurring in limited quantity; it has been quarried in the
north part of Sec. 2 (16 N., 5 W.).

In the north part of section 14, the west part of section 12 and the east
side of section 1 (16 N., 5 W.), and elsewhere in this vicinity is a fine-
grained, impure, drab-colored sandstone that is apparently the equivalent
of the sandstone at Riverside and. that on Big Walnut creek, east of
Bainbridge. It has been quarried to some extent along the I., D. &
W. R. R., one-fourth mile west of Raccoon Station, and was used in the
piers of the railroad bridge on the creek, east of the station, but it has
been found necessary to replace it in part, as it began to crumble badly.
No resources were available for having any tests made on this stone, but
an examination of the outcrops would indicate a stone fairly homogene-
ous in texture and color, but containing too much clay and iron pyrites
to stand exposure in most places. For indoor work or for foundations
. of small buildings it might be used with safety.

Limestone and drab-colored sandstone outcrops are to be expected
about the headwaters of Raccoon creek, but/no exploration of the valley
north of the I., D. & W. R. R. was made by the writer.

Lattle Raccoon Oreek.—Little Raccoon Creek valley was not explored
below Sand Creek station in Sec. 3 (15 N., 7 W.). Citizens of that
vicinity report no outcrop below that point. If any does occur it is lia-
ble to be of more recent age than the Mansfield sandstone.

The lowest exposure of the Mansfield sandstone observed on the creek
is that near the middle of the east half of Sec. 2 (15 N., 7 W.) where
the stone has been quarried to some extent.| The total thickness of the
exposure varies from thirty to thirty-five feet in layers, from one inch to
four feet thick. The color is variegated, brown at the base of the
exposure, gray and brown banded near the top, in places pepper-and-
salt appearance caused by the small black and brown specks of iron
oxide in the gray stone. i

The above is but one of several sma]l quarries in this vicinity, from
some of which stone has been shippediby rail to Logansport. Another
quarry, and the smallest of the lot, is on the bluff a quarter of a mile
east of the creek, just south of the wagon road, where the stone is gray
and brown variegated, too much variegated to be of value| for building
stone. It would make a good bridge or foundation stone,

Another and larger quarry opening is on the small, rounded hill in the
. southeast quarter of Sec. 35 (16 N., 7 W.) on the east bank of the
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creek and 150 yards north of the - wagon road. The stone has been quar-
ried near the top of the small, rounded hill, which covers four or five
acres. The color is gray, with yellow and brown patches, and in a number
of places is cross-grained. There is not sufficient uniformity of color or
grain for good building stone, but excellent bridge stone might be
obtained.

Another one of these quarries and the one now in operation (April,1895),
is the brownstone quarry on the east side of the creek in the northeast
quarter of Sec. 35 (16 N., 7 W.). The stone is a nearly uniform brown,
there being some variation in shade, as in the Mansfield quarry ; in fact,
the stone in grain, color, and texture is very much like the Mansfield
stone. It differs in not having the numerous iron blisters and in heing
much more shelly on the outcrop.

A great deal of work has been done here and much material removed,
most of which has been waste. A little good stone has been obtained
and there is more in sight, yet at present the good stone is but a small
per cent. of the waste and will continue so for some time. How far it is
back in the bluff to the sound stone can not be told with certainty from
the present opening. The most economical method of testing such a
locality would be with the core drill, which would show whether the
stone is solid or not back from the bluff, and if it should prove so, the
cheapest way to work it would be from the top of the flat If the drill
would show that the rock back from the bluff continues shelly it would
save all the work now being done at great expense. The face of the
quarry shows thirty-seven feet of sandstone underlain by a blue shale.
The lower ten feet of sandstone are very shelly. The remainder shows
gome good stone, a few feet at the top showing numerous gray and yel-
low patches, caused probably by the red iron oxide being leached out in
part or reduced to the lower oxide by the iofiltrating waters from the
overlying soil.

The occurrence of so much shelly materla] on the bluff at this point
might at first suggest the thought that the stone is inherently less
durable in its composition and make-up, than in other more solid out-
crops, such as those at Mansfiéld and at Portland Mills, but this is not
pecessarily the case, as the way the bluff faces, the amount and nature
of the overlying and underlying material and the relation to the creek
channel have something more to do with the nature of the outerop than
the composition of the stone. This quarry is on the south-west slope, the
most trying of all, and in most places in this part of the State the slopes
facing south or west will have no rock outcrops, even where the north
and east slopes have many rocky bluffs.

Around the point of the hill, east from the quarry openmg, the red
color of the sandstone changes to a variegated and gray. There is a
similar change in color in the small ravines north of the quarry,
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While at the quarry there are scarcely any iron secretions, less than
one hundred yards north of the quarry, along the face of the bluff there
is a great deal of segregated iron oxide accompanied by much false
bedding.

Ray Branch, a small tributary of Raccoon creek from the northeast
just below the quarry, has a few outcrops of yellow, shelly sandstone and
_some shale in some of its terminal ravines in the northwest quarter of
section 31 and the southeast quarter of section 30 (16 N., 8 W.), but
none valuable for building stone. The lower part of the valley is wide
and the slopes covered with drift, except the sandstone quarries described
above.

On the Miiler or Cumberland Branch, in Sections 1, 3, and 12 (15 N.,
7 W.), and Sections 6 and 7 (15 N., 6 W.), there are some heavy sand-
stone ledges exposed. At the mouth of the branch, in the northeast
quarter of Sec. 2 (16 N., 7 W.) the sandstone occurs in bluffs on each
side of the creek, much of it false bedded and ferruginous, yet in a few
places sufficiently uniform for good bridge stone. On the east side of
the south prong of the branch, in the northeast quarter of section 12,
and again in the southeast quarter of Sec. 12 (156 N., 7 W.) the yellow
sandstone has been quarried in small quantities for local use. There is a
great deal of inferior sandstone exposed in this section, and while in some
places the quality is all right for an average building stone, the overlying
drift material is too heavy to permit its being quarried in any great
quantify. It is underlain in places by black shale and coal. The latter
has been mined in small quantities in one place. |

Along the east prong of Miller Branch, in Sec. 1 (156 N., 7 W.), and
Sec. 6 (156 N., 6 W.), the sandstone ledge is twenty-five to forty feet
thick, and in a few places the exposure is even-faced, sharp angled,
lichen-covered and evenly bedded, indicating a good durable building
stone. The color is yellow gray. There is a coal bank in this ravine
in the northwest quarter of Sec. 6 (15 N., 6 W.), east 0& the heavy
sandstone outerop, and the black shale is exposed in several f)laces, both
east and west from the sandstone bluffs,

Southwest of Judson, on the west side of Little Raccood creek, the
yellow Mansfield sandstone of inferior quality outcrops in the bluff west
of the wagon road, the maximum thickness measured being forty feet.
In the small tributary from the north, in the northeast quarter of section
26, and the southeast quarter of Sec. 23 (16 N., 7 W.), much yellow
and gray sandstone is exposed. Close to the section line hetween the
two sections some stone has been quarried, which is soft and eagily worked,
but contains too much iron for suitable building stone. B]aék shale and
coal occur underneath the sandstone. .

In the small tributary from the northwest on the north sxdﬁ of Judson,
in the northwest quarter of Sec. 24 (16 N., 7 W.), gray and yellowish
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brownstone has been quarried for local use. The dull, variegated color
injures its use for building stone. The face of the quarry opening is
about twenty-five feet with several feet of overlying drift. Tbe stone is
free from iron secretions; but there are a few weather seams, due, in
large measure, to the powder ured in blasting. There is a large quantity
of stone exposed in this ravine, much of it suitable for bridges and
foundations. :

On the east side of Little Raccoon creek, between Judson and Guion,
the Mansfield sandstone outcrops in large quantities. From the wagon
road, near the middle of the west side of Sec. 19 (16 N., 6 W.), to Mr.
Strong’s house, near the middle of Sec. 18 (16 N., 6 W.), there is a con-
tinuous ledge of sandstone, the thickness of the exposure varying from
5 to 25 feet. The most valuable building stone is about one quarter of
a mile north of the wagon road in the northwest quarter of Sec. 19 (16
N., 6 W.), where the gray and buff sandstone is 15 to 20 feet thick in
evenly bedded layers three to five feet thick, the surface smooth and the
cornera sharp and angular. There is very little covering back from the
face of the bluff for 100 feet or more. Abundance-of good building
stone for heavy masonry could be obtained here. Further north, through
Sec. 18 (16 N., 6 W.), the quality of the stone is not so good, yet good
foundation or bridge stone could be obtained in a number of places.

Near the middle of the south half of Sec. 18 (16 N., 6 W.) is a small
outcrop of shelly limestone at the base of the bluff on the creek bank
where lime for local use was burnt several years ago. .

Along the small tributary from the southeast in the southeast quarter
of Sec. 18, south of Mr. Strong’s home, red sandstone was quarried to
some extent a few years ago. The face of the quarry is 12 to 15 feet,
the upper 3 to 5 feet having a bright red color, the remainder of the bed
being gray, or yellow-brown. It is underlain by 15 to 20 feet of black
shale. The sandstone lacks uniformity both in color and structure, and
while there is considerable nice building stone, it is doubtful if it could
be quarried with profit unless the coarse rubble stone could be disposed
of with profit.

The North Prong of Little Raccoon Creek.—There is no valuable sand-
stone on the north prong of Little Raccoon creek. The Mansfield sand-
stone is exposed on the east bank of the creek at the railway bridge at
Guion, where it was quarried for the bridge abutment; in the railway
cut, 100 yards or more east of the creek where the stone is brown in
color, but too shelly to be valuable; in the small tributary from the
northwest at the school-house just north of Guion; on the south and
east side of the creek in the southwest and southeast quarters of Sec. 5
(16 N., 6 W.), in the small ravines from the northwest in the northwest
quarter of Bec. 5, where there is a single small outerop of yellow sand-
gstone; in a small tributary on the west side of Sec. 34 (17 N., 6 W.),
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and on bo'h sides of the creek in the east side of Sec. 34 and the west
side of Sec. 35, which is the uppermost exposure of the sandstone ob-
served on this creek. '

There is a large quantity of Lower Carboniferous limestone exposed in
Sec. 34 (17 N., 6 W.) on both the main creek and the tributary from
the north  On the west bank of the creek just below the mouth of this
tributary is a big limestone quarry now abandoned wherea great deal of
lime was burned a few years ago. There is a small outerop of limestone
‘about half a mile west of Waveland and it probably underlies the drift
in the valley above Waveland. For a distance of two miles above Wave-
land the slopes are covered with glacial drift, and the valley was not ex-
plored further east.

South Prong of Little Raccoon Creek.—The Mansfield sandstone outerops
in six different places in the valley of the south prong of Little Raccoon
creek. The first exposure found in ascending the valley is in 16 N., 6
W., Bec. 17, the northwest quarter, about 150 yards north of the creek,
where it first appears as thin-bedded, somewhat ferruginous sandstone.
It occurs in heavier layers in the small ravine at the spring but weathers
very irregularly. It is yellow-brown to red-brown in color and in the
creek just south of the spring is a massive ledge of yellowish brown sand-
stone, but it is all too impure for good building stone

On the south side of the creek in the ravine from the south in the S.
‘W. quarter of Sec. 17 is an outcrop of sandstone from fifteen to twenty-
five feet thick in the bluffs along each side of the ravine. The upper part
of the bed is coffee-colored to reddish brown, the lower part of the bed a
yellowish brown color. The upper part is evenly bedded, two to four feet
thick in places but having weather seams, the lower part shaly and dis-
integrating in places. The weathered boulders are thin, angular and
hard, and there are no large boulders. Mr. Strong says that stone was
quarried here 24 years ago by a Chicago firm and several carloads shipped,
but the industry was soon discontinued as they claimed the freight rates
were 8o high that the stone could not be quarried with profit

The next outerop on the south prong of Little Raccoon creek is near
the middle of the north half of Bee. 17 (16 N., 6 W.) where the rock is
exposed on both sides of the creek and on the south side of the small
branch from the northeast. On the branch side of the hill the rock is
shaly on the outerop but on the creek it forms a massive ledge eight to
ten feet thick.

There is a larger exposure of the sandstone in the southeast quarter of
Bec. 17 where it forms a precipitous bluff on the south bank of the creek;
the Lower Carboniferous limestone appears on the east (north) bank
a short distance (75 yards) below the sandstone cliff and forms a low re-
treating bluff twenty-five to thirty teet high alang the east side of the
creek through the southeast quarter of Sec. 17, while the sandstone forms
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a perpendicular bluff along the west side for about twenty-five yards to
near the point where the road crosses the creek, where the limestone out-
crops on both sides of the creek. There is-a short interval of a few yards
at this point between the sandstone bluff and the limestone which is con-
cealed by soil and debris so that the contact of the two formations is not
shown. The discordance in bedding here is to all appearance due to un-
conformity by erosion. The rocks seem in no place broken or much dis-
turbed.

The limestone has been quarried for local use on the east side of the
creek in the southeast quarter of the southeast quarter of Sec. 17 (16
N, 6 W).

On the branch from the south, west of Parkeville, 150 yards north of
the gravel road at the school-house in the northeast quarter of Sec. 20
(16 N., 6 W.), there is an outcrop of brown coffee-colored sandstone
with light gray spots, varying in places to a more reddish brown color.
It extends along the bottom of the branch for 100 yards or more, ex-
posed in places six or eight feet, in thin-bedded to shaly layers one to two
inches thick. It contains considerable brown hematite in places, in one
place in a curious chain-like form.

The wells at Parkeville are twenty to forty feet deep, and find water
in a bed of gravel.

There are two outcrops of blue-gray to black shale northeast of Parke.
ville in Sec. 2 (16 N., 6 W.), both on the creek bank, one near the
middle of the north half of the section, the other in the northeast
quarter.

At the latter point the fifteen to twenty feet of the sbale exposed in
the bluff on the south bank of the creek is quite fissile and micaceous,
near the base containing several thin layers of micaceous sandstone.

The largest outcrop of sandstone observed on this branch of Little
Raccoon creek is the uppermost one which occurs in Sec. 22 (16 N., 6
W.), the southwest quarter, and extending into Seec. 27, the northwest
quarter. The rock outcrops on both sides of the creek and in the ereek
bed, but the largest exposure is in the perpendicular bluff in the south
and west side, which is known locally as the * Snake Den.” The thick-
ness of the rock exposed is forty feet, being overlain by drift and under-
lain by a gray to black shale. The shale outcrops in the creek bed near
the lower end of the bluff and a quarter of a mile up the creek above the
upper end of the bluff.

The sandstone in this bluff is very irregularly bedded and ferruginous,
and weathers with a very uneven face; the cross bedding is quite pro-
nounced in many places, and the iron in the form of limonite layers oc-
curs in layers, sometimes along the true bedding planes, sometimes along
the false bedding planes. Near the upper end of the outerop the rock
is evenly but thinly bedded and has been quarried a little for local use.



CARBONIFEROUS SANDSTONES OF WESTERN INDIANA. 255

While there is abundance of sandstone in this locality, it is too imperfect
to have more than a local use.

No sandstone was observed on the south prong of Little Raccoon creek
above Sec. 27 (16 N., 6 W.). The only rock exposure observed above
this point is a small outcrop of limestone in the southeast quarter of Sec.
8 (16 N., 5 W.), d mile and a half south of Russellville, this part of the
valley being covered with glacial drift.

SuagArR CrREEK BAsIN.

Sugar creek, like Walnut and Raccoon creeks, heads in the older
Paleozoic rocks, east of the accompanying map, and in its southwesterly
course cuts successively through the Lower Carboniferous limestones,
sandstones, and shales, the Mansfield sandstone, and well into the overly-
ing Coal Measures. Large quantities of the Mansfield sandstone are
exposed in north central Parke county and southeastern Fountain
county, some of the exposures in this area being tbicker than any ob-
served elsewhere in the State.

Sugar Creek below Rockport.—That part of Sugar Creek valley between
the Wabash river and the C. & I. C. Railway lies in the productive Coal
Measures and was not explored. It is mostly bottom land and there are
probably few rock exposures. Along the railway north of Sugar creek,
up the Rush Creek valley, are small exposures of black shale, with a
little shaly sandstone in places. At and north of Tangier the slopes of

_ Rush creek are covered with glacial drift, and no rock exposures were
observed. '

Just east of the C. & L. C. Railway on the north bank of Sugar creek
is an outcrop of gray and black shale, and about half a mile east of the
railway is a small outcrop of soft yellow sandstone somewhat similar in
quality to that in the bluffs southwest of Rockport.

Along the bluff in the west and northwest parts of Sec. 35 (17 N., 8
W.), which is a quarter to a half mile west of the creek, there is a heavy
bed of yellow sandstone that varies in thickness on the outcrops from
twenty to fifty feet. It is exposed in perpendicular and overhanging
bluffs in all the little ravines and gullies, but in most places between the
small watercourses the rock is concealed by drift material. The stone is
underlain by coal, which has been mined for local use at several points.
While the sandstone occurs in great quantities along this bluff, it contains
too many iron secretions to have more than a local value.*

Along a small winding tributary from the west and north in the north
part of Sec. 35 and the west part of Sec. 26 (17 N., 8 W.) the same bed
of sandstone is exposed. In several places it is sufficiently uniform for

#Tha location of this sandstanae bluff is shown on the manp by broken lines.
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good bridge stone or heavy masonry of any kind ; in certain localities it.
contains much iron oxide and iron sulphide. The chalybeate (sulphur)
gpring comes from the decomposing pyrite in the sandstones and shales.
In passing up the ravine the sandstone is succeeded by overlying black
shale and shaly sandstone,

Rockport.—There were formerly a mill and several houses at the
bridge across Sugar creek in the northeast quarter of Sec. 35 (17 N., 8.
W.), and while the mill and most of the houses have disappeared the
place still retains its old name, Rockport. There are large exposures of
massive sandstone here on both sides of the creek. On the south side of
the creek near the mouth of a small tributary from the south, near the
gite of the old mill, the water has cut a deep, precipitous gorge in the
gandstone which is known as the Devil's Den. It is an admirable location
for a quarry for rough building stone, owing to the great thiekness (thirty
to forty feet) of the stone and the little waste material overlying it. In
point of durability and ease of working it would be suitable for any kind
of work, but the rather dark buff and yellow color will not make it at-
tractive for fine buildings. The natural face is smooth and even, the
angles sharp and firm, indicating both homogeneity and durability.
Like most of the massive sandstone of this region it is soft in the in-
terior, but hardens on exposure.
~ No rock has been quarried at the Devil’s Den, but a quarry bas been
opened on the north side of the creek opposite from which probably 2,000
cubic feet or more of stone have been taken. The stone is inferior in
quality and in a poorer position for quarrying than that on the south side
of the creek. A section of the quarry face shows:

Section of the quarry at Rockport.

Feet
01l e 2t0 6
Micaceous sandstone . ............. ... ettt 40
Blue-gray sandyshale ................... ... ..o 25

The sandstone varies in eolor from a blue gray to brown, in places
variegated. The upper ten feet of the sandstone are more or less shelly,
and it is cross grained in several places. The shale closely resembles
that used for manufacturing paving brick.

A quarter of a mile west of the quarry on the north side of the road is
a rugged crescent-shaped bluff of the sandstone underlain by coal. A.
small quantity of sandstone has been quarried at this locality.

The sandstone at Rockport and vicinity is thought to belong to a
horizon above that of the Mansfield sandstone. The reasons for so
thinking are not conclusive and could only be established by a shaft or
boring extending below the bottom of the valley. It is probably the
equivalent of the stone at Coxville and at Cannelton.
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Between Rockport and Sugar Mill Creek.— Along the north side of Sugar
creek above the quarry at Rockport are large exposures of buff and yellow
“sandstone and black shale. Through Sec. 256 (17 N., 8 W.) the sand-
stone bluff twenty to thirty feet high is almost continuous and much good
homogeneous sandstone is exposed. In a few places the face of the stone
iz~ marked with veins, seams, and pockets of iron oxide, but in many
places it is smooth, even, seamless, moss-covered, and indicates a good
durable stone. The absence of bedding planes in large measure prohibits
its local use where it is needed in only small quantities, as it could not be
quarried to advantage without the use of channelers and steam drills.
However there are a great many massive boulders that have fallen off the
parent ledge and lie strewn along the foot of the bluff. The sharp corners
and the even surface of these boulders indicate homogeneity and dura-
bility, and a good building stone for local use could be easily and cheaply
obtained.

Considerable sandstone outcrops through the north part of Sec. 30 (17
N., 7 W.), some of it being more thinly stratified than that above described
and containing some intercalary shale. On the east side of Sec. 30 and
the west side of Sec. 29 the strata become more diversified. A section
of the bluff about half a mile below the mouth of Sugar Mill creek shows :

Section near mouth of Sugar Mill Creek.

Feet.
Yellow sandstone ......... ... ... i it i 5
Black shale ... i ' 3
Gray and yellow striped sandstoue ....................... 12 to 15
Shale brown to black containing pockets of coal .......... 12
Cross-bedded sandstone, shale, and coal ............... .. 12 to 15

The coal near the base is ten to twelve inches thick and dips west four
or five degrees.

On the south side of Sugar creek between Rockport and Sugar M111
creek there is very little if any sandstone of economic importance, except
that along Roaring creek. On Slate Run, Sec. 25 (17 N., 8 W.) and
Sec. 81 (17 N, 7 W.) there is an outcrop of black limestone in a bed of
black shale. The limestone occurs in two layers which in one exposure
shows a thickness of four to six inches each. Tn another exposure near
by, these layers were eight to ten inches thick. Some nice black marble
could be obtained here, but it is doubtful if it could be quarried in suffi-
cient quantities to be profitable.

Roaring Creek.—Coal has been mined for local use at several places
along Roaring creek; in the southwest quarter of Sec. 29 (17 N., 7 W.),
in the southwest quarter of Sec. 32 and the southeast quarter of Sec. 31.
The coal is in lenticular masses or pockets and nowhere thick enough to
be mined with much profit. It is accompanied with much black shale
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and gray and yellow sandstone. The sandstone varies from 20 to 40
feet in thickness, and occurs in regularly stratified layers. The bottom
part next to the coal and shale in most places contains much pyrite, some
conglomerate and false bedding. The upper part is regularly bedded and
free from impurities, but frequently contains gray and yellow banded
colors Good bridge and foundation stone could be obtained in & num-
bér of places along Roaring creek through the south part of Sec. 32 (17
N., 7 W.) and in the tributary ravine in the southeast quarter of Sec. 31
QTN ,7W.).

About a quarter of a mile above Roaring creek on the south bank of
Sugar creek is an outerop of typical, false-bedded, massive, Mansfield
sandstoue, eight to ten feet exposed. There is another similar outerop
about a quarter of a mile below the mouth of Bugar Mill creek on the
south side of the creek. Iu neither place is it sufficiently uniform to
have any economic value.

Sugar Mill Creek.—Sugar Mill creek is a large tributary of Sugar creek
from the northeast which heads in the Lower Carboniferous rocks in
Montgomery county, and cuts through both Lower Carboniferous rocks
and the Coal Measures in both Fountain and Parke counties. A glance
at the map will show the diversified character of the rocks along its
course. Near the mouth is a #mall outcrop of Lower Carboniferous lime-
stone (St. Louis?) overlain by conglomerate, sandstone (Mansfield), and
shale; and a short distance above, about the mouth of Greene creek, the
Mansfield sandstone is below the water level and sandstones and shales
of more recent age form the bluffs for two miles or more above when the
Mansfield sandstone reappears and is followed by Coal Measures, Mans-
field sandstone and Lower Carboniferous.

No outecrop of Mansfield sandstone was observed on Greene creek, a
large tributary of Sugar Mill creek from the north, but soft sandstone be-
longing to a horizon above the Mansfield stone has been quarried in small
quantities in the northwest quarter of Sec. 8 and the northeast quarter of
See. 7(17 N., 7 W.), The quality is not sufficient to merit more than
a limitéd Jocal usage. Coal occurs in several localities.

Along the south side of Sugar Mill creek, east from the mouth of
Greene creek, is a precipitous bluff of sandstone and shale with thin
seams of coal. In one of the short ravines cutting back into this bluff
the coal reaches a thickness of three feet and is mined for local use.
The shale here resembles that used for making paving brick. There is
considerable sandstone along this bluff which might be used for building
stone if it were accessible, but the heavy covering of glacial drift pro-
hibits its use to any great extent,

On the west side of the creek on the northwest quarter of the south-
east quarter of Sec. 21 (17 N., 7 W.) is a hold projecting point known
as the Pinnacle, which consists of a narrow ridge of the blue-black,
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brick shale 40 feet in thickness overlain by a narrow ledge of massive sand-
stone 10 feet thick. The sandstone might have a local value for bridge
stone. The shale is in admirable position for cheap mining and may
prove valuable if means of transportation are ever provided. '

There is a small outcrop of false-bedded Mansfield stone in the creek
bed below the iron bridge in the northeast quarter of Sec. 21 (17 N., 7
W.) and about half a mile above the iron bridge near the middle of Sec,
15 (17 N., 7 W.), on the east side of the creek is a small quarry in Mans-
field sandstone. It belongs to Mr. Heath and has been worked to some
extent for bridge stone; the abutments for the iron bridge a half mile
below were obtained here. A section of the quarry face shows :

Section of Mr. Heath’s quarry.

Feet
Thinly bedded sandstone ............ .. ... ... ... e 4
Massive yellow sandstone grading into drab shale...... ... el 8
Shale and shaly sandstone ........... ... ... ... .. ... 10
Massive gray and brown sandstone ........... ... ... ... 20

North and northwest of Heath’s quarry in the northwest quarter of
section 15, the southwest quarter of section 10 and the southeast quarter
of Sec. 9 (17 N., 7 W.) the Mansfield sandstone outcrops in large quan-
tities, being 75 to 80 feet thick in places. The base of the bluffs consists
of gray and yellow sandstone, the upper part is brownstone, which
varies in thickness from eight to 25 feet. The colors and texture of
the brownstone resemble that at Mansfield, but the structure on the
outerop is not the most promising. In svme places it is in thinly strati-
fied layers two or three inches thick, in other places it shows cross grain
accompanied by variegated colors. Closer investigation may show some
good stone in this locality. Some preliminary work has been done by
Hunter and Hollenbach on land leased from Mr. Milligan. One or two
drifts were started in the bluff, but only penetrated a few feet, none of
them beyond the limits of the thinly laminated stone. There is some
good even grained building stone in the.gray and yellow stone underly-
ing the red or brownstone, but it could not be quarried in large quanti-
ties profitably unless the overlying brownstone should prove valuable
enough to be quarried at the same time.

There is considerable shale in and overlying the sandstone in the bluff
on the south side of the creek at Russell's old mill in the northeast
quarter of Sec. 16 (17 N., 7 W.). A quarter of a mile north of the mill
on the east side of the creek the massive gray and buff sandstone out-
crops 10 to 20 feet on the banks of the creek and is overlain by 25 to 40
feet of drift.

In the north part of township 17 N., 7 W. in sections 3 and 4 and the

north half of aoctioneg 0 and 10 na Manefald candatane wace nhoaroad
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but there are exposures of sandstone belonging to a higher horizon ac-
companied by much black shale and some coal. Coal has been mined in
the small ravine that heads near Russell Mills postoffice (Grange Corner)
and flows west through the north part of Sec. 10 and in the ravine from
the northwest in the north part of Sec. 4 (17 N., 7 W.).

In the southwest guarter of Sec. 34 (18 N., 7 W.) and in Sec. 33
along the small ravine from the northwest, ferruginous yellow sandstone
and black shale are exposed, but none of economic value was observed.

+ The best building stone in this part of the valley is at J. R. Switzer’s
quarry in the northwest quarter of Sec. 34 (18 N., 7 W.), where several
thousand cubic feet of stone have been quarried for foundations in
Wallace and vicinity. The stone is gray and yellow, in some places
slightly variegated. It is micaceous and splits easily with or at right
angles to the grain. A section of the quarry face shows:

Section at Switzer’s quarry.

Feet
B0I] e e 2to 4
Thin shelly sandstone . ...... ... .......... . il 2
Massive gray and yellow sandstone .......................... 10
Shelly sandstone ...... U B I ¢}

In places the stone contains iron pebbles, but the greater part of the
bed is free from impurities. In some places it is underlain by black
shale which decays more rapidly than the overlying sandstone, thus
causing the sandstone to form overhanging ledges. This stone deserves
a more extensive local usage than it has had.

On both sides of Sugar Mill creek in the southeast quarter of Sec. 34
(18 N., 7 W.) is a heavy ledge of coarse ferruginous sandstone under-
lain by black shale. Some bridge stone might be obtained here, but the
greater part of it contaios too much segregated iron oxide to have any
value.

On the north side of the creek nearly opposite the mouth of Wolf creek
is a small isolated exposure of yellow saudstone, known locally as the
“ Snake Den,” from which a small quantity of inferior stone has been
taken. '

On Wolf creek the sandstone outcrops for nearly three-quarters of a mile
from the mouth. At the Wolf creek falls, and for nearly a quarter of
a mile above, the stone outcrops in the bed of the creek and in the bluffs
on each side, but contains too much iron pyrites and iron oxide to have
any commercial value. Near the upper limit of sandstone on Wolf creek
in Sec. 2 (17 N., 7 W.) the stone contains less iron than at the falls, is
more regularly bedded, and contains much intercalary shale. While
there is some good building stone, but little of it is accessible on account
of the shale and overlving drift. )
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Between the mouth of Wolf creek and the Narrows of Sugar Mill
creek but very little sandstone is exposed and the little that is has no
commercial value,

In a small ravine south of the wagon-road in the southwest quarter of
Sec. 25 (18 N., 7 W.), red, yellow, gray, and blue, variegated sandstone
has been quarried in small quantities. The record of a drilled well on
the north side of the road in the same quarter section gives:

Feet.
Blue and drab shale (““Soapstone”) ...o.........o i 35
Variegated red, yellow, and gray sandstone ................... 663

'The Narrows on Sugar Mill creek are in the east side of Sec. 25 and the
west side of Sec. 26 (18 N., 7 W.) where for about a half mile the creek
has cut a narrow channel into the massive sandstone which forms the
bottom and sides of the channel. The smooth rock bottom and the reg
ular perpendicular walls resemble an artificial waterway. The stone has
a pinkish red color for the most part, but varies to buff and gray in a few
places. In many places the stone is cross-grained as shown by a faint
banding of colors, but it weathers evenly with a smooth surface and is
not ridged as it is in many localities where it is cross-grained. On the
east side of the creek near the lower end of the Narrows and also near
the upper end a small watercourse has cut a deep channel back for some
yards from the main creek exposing some nice sandstone.

While the variegation in color and the patches of cross-grain injure
much of this stone, there is a great deal of good building stone and much
of it suited for heavy masonry. It would require a closer investigation
and some preliminary work to determine whether it could be quarried in
large quantities with profit, even if transportation facilities were at hand,

" which is not the case at present.

On the west side of the creek, nearly a quarter of a mile above the
Narrows, is a sandstone quarry where several thousand feet of stone
have been extracted. A section of the quarry face shows:

Section of Sundstone quarry near the Narrows.

Feet.
Sand ... e 2
Boulder clay ........cooiiiiii e 3
Massive yellow sandstone . ...........coivii i, 12

The sandstone is micaceous and contains numerous seams, many of
which are no doubt powder cracks. The stone is inferior in quality to
much of that in the Narrows.

No sandstone was observed along Sugar Mill creek above the quarry
just described. The valley above Wallace was not traversed, but citi-
zens report that there are no rock outcrops above that village. A drilled
well in Wallace is said to have struck rock at a depnth of 66 feet. Less
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than a quarter of a mile west of Wallace, on the north side of the wagon _
road, is a magnificent chalybeate spring which emerges from a slope of
glacial drift.

Turkey Run and vicinity.—Along Sugar creek between the mouth of
Bugar Mill creek and Turkey run sandstone outcrops in a number of
places, but it is of inferior quality for building purposes. Through the
south part of Sec. 28 (17 N., 7 W.) are some bold bluffs of Mansfield
sandstone, which contains much iron oxide and false bedding.

Turkey run has cut a narrow, winding channel through the Mans-
field sandstone 40 to 60 feet deep with nearly perpendicular and, in
places, overhanging bluffs on either side. The stone is yellow and gray
in color and contains numerous streaks and patches of iron oxide. While
stone for heavy masonry might be obtained here, it is doubtful if first-
clags building stone could be obtained in paying quantities. The same
is true of the stone along Sugar creek between Turkey run and Rock
Hollow in a less degree, as in some places along the north side of the
creek there are patches of considerable extent which appear to be free
from the iron blotches. Mr. Hooghkerk reports that in drilling the well
at the Turkey run hotel the drill passed through:

Well seetion at Turkey Run.

Feet
Gravel and sand ... ... ... i 31
Sandstone (Mansfield) ........... ... il L...30
Limestone .. ...ttt e 2
Sandstone, white, fine-grained (Riverside) .....................80
B0 7 P 93

The limestone is supposed to be Lower Carboniferous and the sand-
stone overlying it the Mansfield sandstone.

The sandstone in the vicinity of Turkey run has been deeply scored
by the glacier, the sand that has been scraped off being distributed over
the region to the south. Glacial strize bearing south, 37 degrees east,
are clearly shown in two places: one about a quarter mile east of the
hotel, the other more than a half mile east. This glacial action has
scraped off all the disintegrated material from the top of the sandstone,
if any such ever existed, and the fine state of preservation of the striz shows
that there has been no disintegration of the stone at these points since
that date, probably several thousand years ago, surely a strong proof of*
the durability of the stone.

Rocky Hollow.-—Rocky Hollow, which lies mostly in the porthwest
quarter of Sec. 27 (17 N., 7. W.), is a deep narrow gorge cut into the
massive Mansfield sandstone. The walls are so high and precipitous
that the gorge can be entered only at the mouth and at the head of a few
of the terminal ravines manv of which are ent down an ahenntlv at tha
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terminus as to be practically inaccessible. No part of the gorge can be
traversed except in time of low water. While much of the stone along
the blaffs is cross-bedded and ferruginous, in a number of places it is
free from imperfections and would furnish good buff and gray building
stone, should it ever be made accessible to transportation. This deep
winding rocky gorge, with its precipitous overhanging moss-grown walls,
is a romantic spot and attracts a great many tourists during the summer
months.

On the south side of Sugar creek, opposite and above the mouth of
Rocky Hollow, large quantities of buff and gray sandstone are expused,
some of which is good building stone. A promising exposure is that in
the small ravine on the south side of the creek about a quarter of a
mile or a little more below the bridge at the Narrows, where there is a
thickness of ten feet of flagstone on the top, underlain by 30 feet or
more of massive gray sandstone. Southeast from the above ravine,
about 200 yards, the flagstone increases in thickness to 15 feet or more.

Flagstone quarry.—Mr. W. B. Hooghkerk opened a flagstone quarry
here in 1880 and operated it for three years. Most of the product was
used for flag and curb stone in Rockville, this county, and about Tusca-
loosa, I1l. Probably 20,000 cubic feet or more were taken out of this
~quarry. The opening is about 100 feet long, 12 feet deep and quarried
back 20 to 30 feet into the bluff.  The stoue lies in quite regular layers one
to six inches thick, the upper layers being thinner than the bottom ones.
The layers are in many places separated by thin films of clay or shale,
which makes a separation of the flags an easy matter. The stone is not
as durable as much of the Mansfield sandstone, owing to the abundance
of mica and carbonaceous matter, yet the flags that have been lying in
the quarry for 12 years or more show little signs of decay. If the
stone was properly quarried and seasoned it would no doubt prove as
durable as much of the stone in general use.

East from thejquarry the flagstone -grades into black shale, which out-
crops in great quantities in the ravine between the quarry and the
Narrows. ; ‘

The Narrows of Sugar Creek.—At the Narrows in the northwest quar-
ter of Sec. 26 and the northeast quarter of Sec. 27 (17 N., 7 W.) Sugar
creek has cut a; narrow channel through the Mansfield sandstone for
about a quartey of a mile. The channel is twenty to thirty feet deep
and sixty to one hundred feet across. The prevailing color is gray with
patches of ye]lqw. The bluffs contain many irregular hollows and
rounded prominénces, showing lack of homogeneity. The hard, indur-
ated surface and the bold cliffs which have long been exposed to the
rapid currents of Sugar creek rushing through this narrow channel show
the stone to be very durable, and to resist abrasion much better than
one would expect from its friable nature. It would make a good bridge
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stone, but is not sufficiently homogeneous in either color or texture for
good dimension stone. The bridge across Sugar creek is placed on the
natural rock abutments.

A hundred yards or more below the bridge a thinly bedded sandstone
overlies the massive sandstone.  Above the bridge the massive sandstone
extends only a few hundred yards, where it is replaced by the overly-
ing shale, thin-bedded sandstone, coal, and fire clay. The black shale
occurs in a bed fifty to eighty feet thick for more than a mile above the
Narrows on the main Sugar creek and on Brush creek tributary from the
north, and the Fullwater branch from the southeast. It contains inter-
calary sandstone, coal and fire-clay, the coal in some places reaching a
thickness of 12 inches.

The lower course of Brush creek is mamly in black and drab-colored
shale, which contains some sandstone and sandy layers. The middle
course is mainly through drift-covered slopes with no rock exposures.
The upper part of the creek was not examined, but is said to contain
some shelly sandstone of no commercial importance.

The bluffs on the lower part of Fullwater branch for half a mile or
" more from Sugar creek are mostly black shale, with some coal and fire-
clay. In the east side of the southeast quarter of Sec. 26 (17 N., 7 W.)
the shale is in part replaced by heavy bedded sandstone. The sandstone
occurs as a lenticular mass in the shale bed. It has a maximum thick-
ness of twenty feet, is evenly bedded, somewhat micaceous, compara-
tively homogeneous and durable. Great massive boulders of it have
tumbled into the watercourse and almost obstructed the channel. It is
underlain by a thin streak of cannel coal, gray shale, and shaly sand-
stone. Good stone for local use could be obtained from these large
boulders and exposed ledges at this locality, but the thickness of the.
overlying shale and drift prevent its being quarried in large quantities.

Near the upper limit of the sandstone ledge is an outcrop of black lime-
stone three to five feet thick, in layers 10 to 20 inches thick. It occurs
in the black shale, with shale both above and below it. Fine black
marble might be obtained from this limestone, but it is doubtful if it could
be economically quarried in large quantities.

Sugar Creek, between Keller Branch and the Shades of Death.—On the
lower course of Keller branch and along Sugar creek for half a mile
or more, the black shale outcrops in large quantities, underlain in
places by false-bedded ferruginous sandstone. Fhe black shale outerops
for a half mile above Keller branch where it is replaced by the Mansfield
sandstone which, beginning in the northeast quarter of Sec. 24 (17 N.,
7 W.), forms almost continuous bluffs on one or both sides of Sugar
creek up to the Shades of Death in Sec. 11 (17 N., 6 W.), in some
places at the bottom of the valley, in others near the tops of the hills.
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In the southeast quarter of See. 13 (17 N., 7 W.) and extending into
the southwest quarter of Sec. 18 (17 N., 6 W.) is a bold cliff of mas-
sive Mansfield sandstone, which is one of the thickest deposits of this
stope in the State. At the sulphur spring north of Mr. Durham’s
house the outcrop measures 80 feet in thickness (Barometer),
and a quarter of a mile northeast it measures 100 feet. In both places
the stone extends below the bottom of the creek, and there are no wells
nor borings to show its depth. The glacier has scraped the top of it, no
telling how much, so that 80 or 100 feet marks only part of the present
thickness, and a smaller part of the original thickness. Uunfortunately
the quality is not equal to the quantity, as it contains some false bedding
and patches of segregated iron oxide with much iron pyrites near the
base. However, there is much good durable building stone well adapted
to heavy masonry, and no doubt much gray and buff building stone of
good quality could be obtained here Whether it could be profitably
quarried in large quantities would require closer investigation. Near
the base of this bluff, in the vicinity of Mr. Darham’s sulphur spring,
there is considerable conglomerate made up of white quartz pebbles
about the size of a pea, in a matrix of yellow and gray sandstone. It
varies in thickness from 2 to 20 feet. In places it is banded—layers of
pebbles separated by layers of sand.

Two prominent remnants of the deep erosion in this sandstone stand
on the north side of the creek opposite this high bluff, and consist of table
rocks, one about 20 feet and the other 50 or 60 feet high. They have
abrupt faces on the creek side, and steep but less abrupt slopes on the

_opposite side. The stone is too cross-grained and ferruginous to have
any value.

There is.evidence that in a former stage of its history Sugar creek
was one-quarter to one-half mile south of these bluffs, and ran close to
the southwest corner of Sec. 18 (17 N., 6 W.). Kast of this former
channel in the, northwest quarter of Sec. 19, and the S. W. quarter
of Sec 18 (17 N., 6 W.) the massive Mansfield sandstone outcrops over
an area of several acres. In one place on the roadside in the N, W.
quarter of Sec. 19, it shows glacial strizz running south 45 degrees
west. A well drilled near the middle of the N. W. quarter of Sec. 19
is said to have passed through soil and drift 27 feet, and penetrated 46
feet into the yellow sandstone.

In the small tributary from the southeast in the south part of Sec. 18,
and extending into sectiong 19 and 20, are extensive outcrops of shelly,
and cross bedded, yellow sandstone. Where the wagon road crosses
the branch in the southwest quarter of Sec. 18 (17 N., 6 W.) there are
large quantities of black shale, which grades into sandstone both up and
down the branch from this point.
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On Sugar creek, a short distance above the mouth of the tributary
mentioned, near the middle of Sec. 18 (17 N., 6 W.J, the Lower Carbon-
iferous limestone appears in the bottom of the valley and rapidly rises
on the hillside in ascending the creek, within a half mile, reaching a
height of 60 or 70 feet above the bottom of the valley. Most of the
limestone has a blue-gray color, but in some places it is reddish-brown.
Certain layers are highly fossiliferous. In a small ravine on the east.
side of the creek, about 100 yards east of the wagon road, near the
northeast corner of Sec. 18 (17 N., 6 W.) is a nearly perpendicular bluff
of limestone and drab-colored shaly sandstone. The limestone imme-
diately overlying the fine-grained sandstone, contains great numbers of
geodes, consisting of an opalized quartz crust lined with white and
limpid quartz crystals.

On the west side of the creek, in the southeast quarter of Sec 7Qa7
N., 6 W.), about a quarter of a mile below the new iron bridge, a small
watercourse has cut a channel back 100 yards or more from the creek,
forming a deep and picturesque ravine. A section in this gorge shows
the following strata:

Section on Sugar Creek, southeast quarter of Sec. 7 (17 N.,6 W.).

Feet
Massive Manstield sandstone............. ..ot 40
Hard caleareousshale .......... ... ... ... o it 10
Shelly limestone, fossiliferous .......... ... . ... ... oo . 25
Geodic limestone ........ ...l 15
Shelly limestone............ ... . i 10 -
Blue-gray shaly sandstone............. ...l 5

The limestone decays more rapidly than the Mansfield stone, and
thus undermines the latter, until by its own weight the overhanging mass
breaks off, tumbling in immense boulders into the ravine and leaving a
smooth, perpendicular face. Over this perpendicular face the water
rushes in time of a freshet, forming a cascade 50 feet or more in height.
While good building stone occurs in these picturesque bluffs it is inac-
cessible.

The accompanying figure (Fig. 3) shows at the left a section across
this gorge a short distance below the waterfall. The right side of the
figure is a section of the bluff on the north side of Sugar creek about 200
yards above the falls.

Fig. 3. Section on Sugar creek, northeast corner of Parke county, Ind.

o—Lower Carboniferous’ limestone.
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On Sugar creek, less than a quarter of a mile above this waterfall, the
limestone horizon is beneath the creek level, and the Mansfield sandstone
again forms the bottom of the valley. This disappearance of the lime-
stone is not due to a sharp dip in the strata, but to the erosion of the
limestone before the sandstone was deposited upon it.

At the iron bridge in the southwest quarter of Sec. 8 (17 N., 6 W.)
the sandstone has been quarried in small quantities on each side of the
creek, and also a hundred yards above the bridge on the north side.
The stone is well suited for bridges and foundations, being strong, dura-
ble and easily wrought.

Large quantities of sandstone and shale are exposed in the ravine
from the southeast just above the bridge, but the sandstone is of inferior
quality.

Above the bridge, on the north side of the creek, through Sec. 8 (17
‘N., 6 W.), heavy ledges of evenly bedded, smooth faced sandstone oc-
cur in the bluffs. In some places it contains patches of conglomerate,
congisting of small quartz pebbles, yet in most places this stope would
furnish a good building and bridge stone. Through the middle of Sec.
8 the Lower Carboniferous limestone is exposed at the base of the bluffs
for a quarter of a mile or more, and sinks below the bottom of the val-
ley just below the mouth of the ravine from the east, in the northeast
quarter of Sec. 8. It almost immediately reappears and the outcrop is
then almost continuous at varying heights along the bluffs up to and be-
yond the Shades of Death, while the Mansfield sandstone and accom-
panying shale and conglomerate in a bed of variable thickness form the
upper part of the bluffs, overlain in most places by more or less glacial
drift. Building stone of good quality occurs at different places along this
part of the creek in sections 5, 4, and 3 (17 N., 6 W.). The outcrop on
the hill northeast of the mill in the southeast quarter of Sec. 5 (17 N.,
6 W.) shows forty feet of Lower Carboniferous, drab-colored, shaly
sandstone at the base, with two intercalated beds of limestone two to
four feet thick, and overlain by twenty-five feet of massive Mansfield
sandstone.

Shades of Death.—The picturesque summer resort known as the Shades
of Death, in the northwest quarter of Sec. 11 (17 N., 6 W.), is very
near the upper (eastern) limit of the Mansfield sandstone horizon in the
Sugar creek basin. A section of the strata from the hotel to the creek,
based on barometric measurements, shows:

Section at the Shades of Death.

7 Feet.
Glacial drift..... .. . 50
Massive yellow Mansfield sandstone........................... 40
Lower Carboniferous shaly sandstone and limestone............. 80
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The prevailing color of the Mansfield sandstone is yellow to yellow-
brown, being variegated with lighter and darker streaks in many places.
It has a coarse-grained, open, porous texture, with considerable segre-
gated iron oxide in many places, and much pyrite near the base.

Emerging near the base of the Mansfield sandstone in the ravine at
the hotel, there are several chalybeate springs, the water from which
forms a beautiful little cataract over the Lower Carboniferous rocks be-
low the springs. :

The Mansfield sandstone occurs in a massive bed 40 feet thick in this ra-
vine above the falls, but contains much segregated iron oxide and false
bedding. At the high bluff on the cliff overlopking Bugar creek it oe-
curs as a fine conglomerate, the separate pebbles being about the size of
wheat grains. It is quite durable, but the cross grain would interfere
with working it, and the variegated color would spoil its value for
building stone. .

On the north side of Sugar creek, opposite the Shades of Death, the
sandstone occurs in as heavy a deposit as on the south side, but the
slopes are more retreating, and in many places the sandstone is covered
with soil and drift. Stone for local use may be obtained in this locality,
but the outcrops do not suggest a desirable dimension stone where uni-
formity of color and texture are required.

The Lower Carboniferous, drab-colored sandstone (Riverside) here is
quite shelly on the surface, but in the interior is more or less massive as evi-
denced by the fresher exposures on the overhanging creek bluffs. It forms
bold massive cliffs on Indian creek in sections 7 and 12 (17N., 6 W.). The
cliff at <“ Devil’s Backbone,” at the mouth of Indian creek, is 100 feet high
{barometer), all of this being drab-colored sandstone. In many places
this rock- contains iron pyrites in considerable quantity, and is more or
less shelly on all the exposures observed. Closer investigation might
show areas of fairly good building stone in this formation, but it will in
no place be as durable as the Mansfield stone. It contains two or more
layers of limestone, varying from a few inches to eix or eight feet in
thickness.

"The valley was not explored above Indian creek, and if the irregulari-
ties between the Lower and Upper Carboniferous formations are as great
as they are down the creek there may be isolated exposures of the Mans-
field sandstone above this point. None were reported.
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CoaL Creex Basin,

The Mansfield sandstone outcrops on all the large tributaries of Coal
creek, viz, East fork, Dry run, Turkey run, and North fork, the
largest and best exposures being on the East fork, but even there it is
inferior in quality to stone both north and south of this valley.

The part of Coal creek below Veedersburg was not explored, as it
runs through the productive Coal Measures. Sandstone is reported in
several places, but nove of any value for building purposes.

East Fork of Coal Oreek.—The only outcrop of Mansfield sandstone on
Coal creek below its confluence with the East fork is in the north part of
Sec. 13 (19 N., 8 W.), a mile southwest of Veedersburg at the wagon
bridge below the mill, where it is exposed in the bottom of the creek.
It contains too much iron pyrites and false bedding to have any economic
value, even if it were above the water-level.

There are some large beds of shale on the East fork of Coal creek in
Secs. 8, 17, 15, and 16 (19 N., 7 W.). The largest blufl’ is on the
north side of the creek in the northwest quarter of Sec. 17 (19 N.,
7 W.), where there is an almost vertical bluff of 85 to 40 feet of shale
overlain by 10 or 12 feet of gravel.*

The first outcrop of the Mansfield sandstone observed in ascending the
East fork of Coal creek is in the east side of Sec. 17 (19 N., 7 W.) at
the bridge below the old mill, where it is exposed in the bottom of the
creek and in the creek bank, is very false bedded and pyritiferous, over-
lain by a more evenly bedded coarse-grained, buff to bluish drab-
colored sandstone, with intercalary shale. This overlying sandstone has
been quarried to considerable extent on the north side of the road at the
mill on the property of Mr. Frank Coates. During the past five years
there has been more than 40,000 cubic feet of stone taken out of this
quarry. It has had a local use for many years, the foundation of the
mill having been taken from it sixty years ago. The separate layers of
the stone vary from one inch to 30 inches in thickness, the upper layers
being thinnest. In the interior of the bed, as shown in the bottom of
the quarry, the rock has a blue gray color, which weathers to a yellow
gray as shown at the top of the quarry. The stone will probably never
have more than a local use

There are other small sandstone quarries on the south side of the creek a
quarter of a mile west of the mill, where the stone occurs in heavier layers
than at the mill, but the layers are not continuous, grading rapidly into
shale. The intercalary shale at both places contains much iron pyrites,
which on the weathered surface in places stains both the shale and the
sandstone a yellow and yellow-brown color.

“ For particulars on the shale deposits, see the accompanying report on the clays and
shales by the State Geologist.
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Near the middle of the east side of section 16 (19 N., 7 W.) is another
small exposure of the Mansfield sandstone in the creek. There are larger
exposures on Clifty creek, a small tributary from the south, in the west
part of section 15 (19 N., 7 W.). Near the upper (south) limit of the
sandstone on Clifty it weathers into thin, shaly layers, north of which it
occurs in a massive hed, ten feet exposed, weathering very irregularly.

At the confluence of Clifty creek with the East Fork, there is an un-
conformity in the strata, shown by the black and drab shale resting
against the sandstone and conglomerate with discordance in bedding.

There is a fine exposure of the dove-colored shale at this point, but the
sandstone has no economie value. A few layers near the base of the
cliff contain some good stone, but are overlain by too much waste material
to have any commercial value.

In the southwest quarter of section 10 (19 N., 7 W.) are bold bluffs of
sandstone 30 to 40 feet high and variegated in color, being dark brown
and yellow to yellow-brown. There is some nice looking brownstone in
the bluff on the south side of the creek, but it is overlain by a great quan-
tity of loose, shaly material, so that it is practically inaccessible.

The sandstone outcrops in a small ravine on each side of the Veeders-
burg-Hilisboro road in the northeast quarter of section 10 (19 N., 7 W.),
but has not been used.

There has been a small quantity of imperfect sandstone quarried on the
south side of the wagon road in the northwest quarter of section 11 (29N.,
7 W.). The stone is brown with many gray patches and numerous iron
secretions. '

The outerop of sandstone is almost continuous on both sides of the ereek
from the middle of Sec. 11 (19 N., 7 W.) up to and beyond Hillsbero,
near the middle of section 12, It has heen quarried on both sides of the
creek. On the north side of the road, one-fourth mile west of Hillsboro,
a section of the quarry face ghows:

Section west of Hillsboro.

Feet

3 O PR 1
Shale ..o 3
Shelly sandstone ..........oiivieiiin et iinernn 3 to 10
12

Yellow-gray sandstone........ e e

There has been probably 8,000 cubic feet of stone taken from the lower
yellow-gray sandstone.

On the south side of the creek the stone has been quarried on the face
of the bluff for 200 yards or more through the west side of section 12 and
the east side of section 11 (19 N., 7 W.), about half a mile west of Hills-
boro, where the stone is quite variegated in color, much of it being either
yellow or light gray, and containing pa.tcl?es of bright red and brown. It
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is overlain by a heavy bed of drift, so that the quarries are confined to
within a few feet of the face of the bluff.

The largest quarries at Hillshoro, in fact the largest in the Coal Creek
basin, are south and southeast of the town, and lie along a small tribu-
tary from the southeast, which joins the main creek close to the middle
of Sec. 12 (19 N., 7 W), the quarries extending for a quarter of a
mile above the confluence. There are a number of quarries along this -
branch which have been worked at different times, 100,000 cubic feet or
more in all having been removed They were formerly owned by Mr.
L. K. Stevens, but were sold to different parties. Mr. Wineberg, Mr.
Connell and Mr. N. R. Harlan took out stone at different places. Mr.
Clarence W. Moore, of Chicago, Ill., now (July, 1895) is said to own the
quarry on the west side of the branch, nearest the town. The others be-
long to the Hillsboro Brownstone Company.*

Considerable stone has been shipped from Hillsboro and from the pres-
ent appearance of the openings much good stone has been obtained,
but it must have been at considerable expense, owing to the amount of’
waste material to be handled. Besides the glacial drift over]yinﬁ the:
sandstone there are shaly and shelly patches of worthless stone diffused
through the bed, and occasionally patches of segregated iron oxide, or-
¢“jron blisters.” The patches of shale and shelly stone in the body of
sandstone are a more uncertain quantity than the overlying glacial
drift and soil, as they are liable to occur at any time and at any place:
in the body of the stone. In the lower quarry, the one nearest the
town, the stone is largely brownstone, but red, gray and yellow patches
occur merging into one another. Where the greatest proportion of the
gtone is brown there the most iron kidneys occur. This opening is about
75 yards long and has been quarried back 20 or 25 feet into the bluff.

At the brickyard on the east side of the branch opposite the quarry
above mentioned, the stone has been quarried a very little, and so far as
exposed it is very shelly.and broken. Eighty yards southeast of the
brickyard on the east side of the branch some good brownstone is ex-
posed, but it is overlain by 20 to 30 feet of shale, iron ore, fire-clay,
and shelly sandstone. A well back from the face of this bluff is said
to be through 20 feet of drift and loose rock to the sandstone, and to
have penetrated 17 feet into the brownstone. Abnut a quarter of a
mile above (southeast of) the brickyard, on the east side of the branch,
there is an exposure of four feet of handsome brownstone at the bottom
of the quarry, and Mr. Harlan reports that they drilled through six feet
more of the same color, thus making at least 10 feet of brownstone at
this point. While it is the most uniform and best appearing stone in any
of the quarries, it is unf'ortunate]y overlain by 20 feet or more of waste
material
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Along the west side of the branch above the brickyard, the stone is
more variegated in color, considerable yellow and buff:colored stone
occurring, and in one opening the stone is tinged with pink, approaching
the color of a peach blossom. About 150 yards above the upper quarry
opening is an outerop of good yellow sandstone, four feet thick, with
very little stripping.

The sandstone extends up this ravine for more than a mile, to near the
mwiddle of the east side of Sec. 13 (19 N.,-7 W.), but above the quarry
openings mentioned it has little or no economic value, being mostly shelly
and containing streaks of shale. In the southeast of the northeast of
Sec. 13 (19 N., 7 W.), is an outcrop of shale conglomerate, which is near
the upper limit of the sandstone in this ravine.

Along the small ravine that flows through Hiilsboro sandstone out-
crops at various points from the mouth to north of the railroad in the
southeast quarter of Sec. 1 (19 N., 7 W.), but none that promises to be
of more than local value.

While there is much stone and much good stone in the vicinity of
Hillsboro, it is unfortunately overlain by a considerable thickness of gla-
cial drift and shelly sandstone, besides considerable waste material in the
bed, such as patches of shale and stone with seams, so that it can not be
worked with profit unless the overlying materials can be, in part at least,
utilized at the same time. The Hillsboro Brownstone Company has at-
tempted this by making pressed brick out of the overlying elay While
handsome brick are obtained, unfortunately the stone at this point is of
inferior quality.

The sandstone outcrops in a namber of places for two miles or more
above (east of) Hillshoro aloog the bluffs of Coal creek. Where the
road on the range line between Sec. 7 (19 N., 6 W.) and Sec. 12 (19
N., 7 W.) crosses the creek the sandstone outcrops on each side of the
creek on both sides of the road. About fifty yards east of the road on
the north side of the creek the sandstone, which is light gray in color
and of inferior quality, has been quarried to a slight extent. That on
the west side of the road is not so shelly nor so cross-grained, and does
not have so many seams. KEast of the road on the south side of the
creek the stone is more shelly than on the north side; but up the creek
about 150 yards from the bridge, at Daniel Piekering’s quarry, there are
12 to 15 feet of evenly bedded gray sandstone in layers 10 to 30 inches
thick, which splits and works nicely and makes a good building stone.
The upper part of the bed is a conglomerate made up of white quartz
pebbles and is overlain by shale and sand. About 200 yards west of the
road on the south side of the creek, just below the mouth of a small ra-
vine from the southeast, is another quarry opening larger than either of
the above, in which the stone is light gray with yellow spots and streaks
and is overlain by shale and sandstone. It has been quarried for 100
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-yards or more along the bluff 8 to 10 feet deep and 15 to 20 feet back
into the bluff where the stripping becomes too heavy to permit further
work with profit.

On the east side of Sec. 7 and the northwest quarter of Sec. 8 (19 N,
6 \V.) along a small ravine from east of north, considerable brownstone
is exposed. This stone has a beautiful purple and brown color and good
texture, but is structurally very imperfect, being thin bedded to shaly on
all the exposures. If it could be obtained free from the numerous
bedding seams it would make a splendid building stone. If these seams
are due wholly to weathering they may disappear back from the surface
of the bluff, and if so, the stone might be quarried where the drift
material is not too heavy; if, however, the seams are due wholly to the
character of the deposition they will extend throughout the bed. This
could he determined in large measure by the diamond core drill at no
great expense.

In the southwest quarter of Sec. 8 (19 N., 6 W.) on the south side of
the creek, the brownstone is heavier bedded, in layers two to ten feet
thick, and contains some cross-bedding and patchés of shale. The most
serious drawback at this point is the large quantity of glacial drift over-
lying, which is six to ten feet thick on the face of the bluff and thlcker
back from the bluff.

In the southeast quarter of the southwest quarter of Sec. 8 (19 N., 6
W.), at Jesse Brant’s, the sandstone has a light gray color, medium fine
grain, and can be dressed easily to & smooth even surface. It has been
quarried for local use in bridges, foundations, etc., for 25 years, prob-
ably 10,000 cubic feet in all. All the loose stone has been planed off
by the glacier, the upper surface of the stone being level and marked by
glacial striz running south 20° west. The same phenomenon was ob-
served in Mr, Brant’s well, 100 yards or so back from the bluff, which is
95 feet deep, passes through 12 feet of drift and penetrates 83 feet into
sandstone. A well on the south side of the creek at tbis point 90 feet
deep passes through 12 feet of drift and penetrates 78 feet 1nto the gray
and red sandstone, the bottom being red.

There is no sandstone of any economic value on this branch of Coal
creek above the section line on the south side of Sec. & (19 N., 6 W.).
There are a few exposures of shelly sandstone and shale as far as Cold
Spring mill in the west part of Sec. 16 (39 N., 6 W.). The underlying
Lower Carboniferous limestone outcrops on Hannah’s Fork in the north-
east quarter of Sec. 17 and the southeast (luarter of Sec. 8 (19 N, 6 W),
where it is very fossiliferous.

Dry Run, tributary of Coal creek.—No sandstone of any value outcrops
on Coal creek between the mouth of the East Fork and the mouth of
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Dry Run. Small quantities occur associated with the shale beds at the
brick works south of Veedersburg.*

There is only one outerop of sandstone on Dry run, and that is south-
east of Mr. Voorhees’ house, at the schoolhouse in the northwest quarter
of Sec. 33 (20 N., 7 W.). This stone has been quarried for local use
on the north side of the creek, near the schoolhouse, where there is
about 20 feet of sandstone exposed, light gray, with yellow and brown
streaks, brownish-yellow and some red-brown in color. The bottom of
the bed is thinly stratified, while in the upper part of the quarry it is
massive and is overlain by sand and gravel. The stone outerops for 100
yards or more, north of the quarry, along the small ravine from the
north, and for near]y a quarter of a mile both up and down the creek
from the quarry.

The valley and slopes of Dry run, both above and below this exposure,
are covered with a variable thickness of glacial drift. A well in the
south part of the northeast quarter of Sec. 28 (20 N., 7 W.) went
through 100 feet of drift and penetrated 65 feet into the sandstone
without passing through it. _

Coal Creek above Dry Run.—Between the mouth of Dry run and Stone
Bluff there are several outerops of shale and coal. About one mile north
of Veedersburg and west of the C. & I. C. Railway, on a small tributary
of Coal creek from the west, in Sec. 31 (20 N., 7 W.) the shale has been
quarried for use in the brick works at Veedersburg and coal has been
mined at the same place.

In the southwest quarter of Sec. 19 (20 N 7 W.) on the west side of
the creek are large exposures of black shale assocmted with some coal,
and in places containing a great many fossil coal plants, sigillaria, calamites,
and fern leaves. Coal was at one time shipped from here and is now
quarried to some extent for local use; the bed varies from 18 to 30
inches thick. About 200 yards southwest of the coal bank is a small
outerop of massive yellow sandstone in a small ravine from the west,
which has been quarried a little for local use.

Stone has been quarried on Mr. Remster’s place in the southwest
quarter of Sec. 29 (20 N., 7 W.), just east of the Veedersburg-Attica
road. The stone occurs in layers two to 12 inches thick and has been
quarried to a depth of three feet. It is micaceous, evenly bedded, with
thin streaks of blue shale between the layers.

The sandstone outcrops on both sides of the wagon road in the west
gide of Sec. 20 and the east side of Sec. 19 (20 N.,7 W.). Waest of
the road the stone is exposed 15 to 20 feet, is of a light gray color, mas-
sive and has some false bedding.

“See the report of the State Geologist for deseription of the shale and clay deposits of
this vicinity.
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At the grist mill at Stone Bluff there is an outerop of 12 to 15 feet of
thinly stratified, medium grained white and yellow sandstone underlain
by a blue shale. A similar stone is exposed in the creek above the mill.
At the mill-dam and extending below it to where the wagon road crosses
the creek is an outcrop of the Mansfield sandstone, " yellow and gray,
coarse-grained, false bedded, and overlain by fire-clay and thinly strati-
fied sandstone. In a small ravine from north of west below the mill-
-dam the sandstone is expo=ed and contains a lenticular mass of blue drab
‘shale.

" About a mile north of Stone Bluff, along the railroad at the section
line on the morth side of Sec. 18 (20 N., 7 W.), is a small outerop of
massive yellow sandstone that was quarrled for use in the abutments of
the bridge at Stone Bluff.

Nearly two miles northeast of Stone Bluff, at the middle of the west half
of Sec. 8 (20 N., 7 W.), sandstone has been quarried for use in bridges
and foundations. The stone here is yellow-brown and light gray, the
yellow predominating, and contains numerous mica scales in places.
Over an area of several acres the stone has a very light covering of
drift, and well sections show the rock to be of considerable thickness.
A well near the quarry shows:

. Feet
Soil and drift ... ..ot 7
Sandstone. ... ..o e 60
A well a quarter of a mile west of the quarry shows:
R Feet.
Soil and drift . ........ i e 4
Sandstone ................ e e e e e 38
A well a half mile southwest of the quarry shows:
: Feet.
Soil and drift . ... .. 5
Sandstone and shale ............. .. ... o i, 75
“ Hard rock ” (quartz conglomerate?) ......................., 5
Fire-clay ..o e 16
Sandstone. ..ot e 3

There is evidently an amount of from 50 to 70 feet of sandstone in this
locality, and should it all or a large part of it prove suitable for building
purposes it might prove to be a valuable deposit, as it is only three-
quarters of a mile from the railroad; in fact the stone extends to the
railroad, to the quarry mentioned above. The stripping is not heavy,
being only four, five and seven feet in the well sections. A few cores
taken out over the area would indicate in a general way the character
of the stone through the bed. It is from surface indications one of the
most promising localities in the Coal creek basin.
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Soft ycllow sandstone outerops along Coal creek in the southwest
quarter of Sec. 4, and along the west side of Sec. 10 (20 N., 7 W.),
but it has no economic value.

Ob Turkey run a soft yellow sandstone outcrops in Secs. 8, 9, and 16
(20 N., 7 W.), but it has no economic value. In the northeast quarter
of Sec. 16 is an outcrop of arenaceous shale, and near the halfmile line
on the east side of Sec. 16 (20 N., 7 W) is an outcrop of Lower Carbonifer-
ous (Riverside) sandstone and shale.

SourneAstT SIDE OF THE WaBasH RIVER ABOVE CosL CREEK.

On the east or south side of the Wabash river, above the mouth of"
Coal creek, there is a great deal of sandstone, exposed both Carbonifer-
ous and Lower Carboniterous. Extending to a few miles above Coving-
ton, the stone belongs to the Middle Coal Measures; from that point to a
short distance above Attica, the base of the Coal Measures, or the Mans-
field sandstone predominates, and thence to and beyond the eastern bor-- -
der of the map sheet the Lower Carboniferous (Riverside) sandstone and
shale occur. Good building stone occurs and has been quarried in each
of these three formations.

Cayuga Pressed Brick and Coal Mining Company's Quarry.—About
three miles northeast of Cayuga on the east side of the Wabash river in
the southwest quarter of Sec. 27 (18 N., 9 W.), is a large sandstone
quarry belonging to the Cayuga Pressed Brick and Coal Mining Com-
pany. The quarry was opened in 1888 and continued in operation
until the fall of 1892, during which time between 3,000 and 4,000 car-
loads of stone were shipped to Terre Haute, Ind , Chicago and Dan-
ville, Ill., and local points.* No stone has been quarried since 1892.

The stone belongs in the Coal Measures at a horizon above that of the
Mansfield sandstone, and on the quarry face has an exposure of 35 to
40 feet of stone, overlain by 15 to 20 feet of gravel, the base being con-
cealed. The upper four to six feet of the stone is very shelly and con-
tains patches of shale. There are irregular streaks of shale and cross-
grain structore scattered through the bed, the shale being most abundant
at the south end of the quarry. There is much iron pyrites in places
sufficient to give a yellow color to the stone, and many iron kidneys in
places along the bedding. There is one hard calcareous layer in places
near the north end of the quarry, but it is not continuous. The stone is
micaceous throughout and has a blue-gray color, due in part to the dif-
fused pyrites and in part to carbonaceous material. The present quarry
face shows seven channel cuts with possibly one other concealed by the
debris in the quarry  The 15 to 20 feet of gravel, which overlies the

*Information by Mr. Decker.
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sandstone, is excellent ballast, and the company is now engaged in ship-
ping it for that purpose, which will thus uncover an area of fresh stone.
It is doubiful, however, if the stone can be quarried with profit after the
gravel is removed, owing to the farge quantity of waste rock in the body
of the stone, and the lack of durability in the stone itself. The abund-
ance of iron pyrites and the shaly streaks are objectionable features to its
use for building stone.

Coal has been mined along the river bluff south of tbe guarry, and a
new mine has recently been opened east of the quarry and west of the
old canal bed. Heavy beds of shale are exposed along the river bluff
between the quarry and the railroad bridge. Near the east end of the
railroad bridge is an extensive gravel deposit, from which large quantities
of gravel have been shipped.

Beard, Platt & Kimbrell's Quarry.—On the east side of the Wabash
river, in a small ravine from the east, and one and one-half miles above
Perrysville, in 19 N., 9 W., the south part of section 23, Beard, Platt &
Kimbrell, of Danville, Ill., have opened a sandstone quarry, but have
not shipped any stone. A section of the bluff shows:

Section Northeast of Perrysville.

Feet
Intercalated mud-colored shale and sandstone.................. 12
Coarse gray sandstone, with thin streaks and flakes of coal...... 8
Clayey layer...... .o i i P
Red, variegated and speckled graysandstone................... 10
Hard calcareous layer not continuous. ................. .. ... 1
Gray and red-brown variegated sandstone...................... 10
Light gray to bluish gray................ .. ... . . oot 12+

It will be noticed that the good stone is in the bottom of the quarry
and is overlain by a great thickness of poor and worthless material that
would not pay for the handling. There is a great deal of stone exposed
at this point, and while much of it is imperfect some of it may prove
valuable.

In the bluff to the northeast the best stone is at or near the top of the
bluff, and, while the stone is not so fine in color and grain as that in the
quarry opening, it possesses the merit of being accessible.

The stone down the ravine from the quarry opening contains much
iron oxide and lacks homogeneity. ‘

On Mr. Lewbetter’s place, in Sec. 26 (19 N., 9 W.), south of the
quarry described above, large quantities of sandstone are exposed, in
places 50 to 60 feet thick, the most proinising looking stone being that
on top of the bluff north of the chalybeate spring, where about eight or
ten feet of the top of the bluff has a soft gray color, even grain, soft in
the interior and hard on the exposed surface, occurring in layers two to
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three feet thick. The lower part of the bluff consists of yellow fer-
ruginous sandstone with traces of coal. '

The Glen.—Considerable sandstone has been quarried for local use at
the Glen on Mr. John Rhode’s place in"the south part of Sec. 14 (19 N.,
9 W.). A section of the quarry face at the largest quarry opening
shows :

Section at the Glen Quarry, South of Covington.

Feet
Soil and clay with sandstone boulders.............. ... ... ..., 2
Shelly sandstone with many seams and patches of shale and clay .15
Brownstone ........ ... e e 12
Gray sandstone with yellow-brown stripes ...................... 8
Gray sandstone with patches of coal and pyrites ................ 6

The brownstone is comparatively uniform in color, but contains nu-
merous iron kidneys, which injure it greatly for building stone.

Down the ravine (west) 75 yards from the above quarry and on the
south side of the ravine is another opening in the sandstone from which
gray and yellow stone has been taken. The stone is evenly bedded, uni-
form in grain and texture, but not in color, and would make a good
bridge stone. There is a nice looking building stone on the north side
of the ravine near the mouth.

Covington. — No sandstone is quarried at Covington. .The quarry north-
west of the town on the west side of the river is described on a subse-
queot page. There is an exposure of a few feet of coarse-grained shelly
sandstone on the east bank of the Wabash river at Covington, between
the wagon bridge and the railroad bridge, the peculiar grain and texture
of which are suggestive of the Mansfield sanditone, but there is not suf-
ficient stratigraphic evidence to so classify it at present and it is desig-
nated with the unclassified Coal Measures on the map. - A finer grained
ferruginous sandstone of different character outcrops near the wagon
bridge.

. Southwest of Portland.—Along the immediate river bluff southwest of
Portland (Fountain postoffice) in section 6 (20 N., 8 W.) the massive
Mansfield sandstone is exposed 15 to 20 feet thick, light brown in color
and containing iron secretions. The heavy covering of drift material
(15 to 20 feet) would prevent the economic production of the stone.

Along a small ravine from the southeast in the northeast quarter of
section 7 and the northwest quarter of section 8 is an outerop of buff and
yellow sandstone belonging to a horizon above that of the Mansfield stone.
It occurs in evenly bedded layers three to four inches thick, with some
intermingled shale and shaly sandstone. The rock is soft when first quar-
ried and contains a great quantity of mica. There are several thin layers
of hard calcareous sandstone in that branch of the ravine from the south-
east. The stone has been quarried for local use at the forks of the ravine



CARBONIFEROUS BANDSTONES OF WESTERN INDIANA 279

in the northeast quarter of section 7 (20 N., 8 W.). As this quarry is
not more than one-fourth mile from the Covington branch of the Wabash
Railway the stone might have a more extensive use for bridges, founda-
tions, ete.

In the southeast quarter of section 6 (20 N., 8 W), east of the wagon
road, is an outcrop of black shale containing traces of coal. In the north-
east quarter of section b, on the southeast side of the wagon road, is a
heavy ledge of Mansfield sandstone which has been quarried a little for
local use. Along the old canal in section 12 (20 N., 9 W.) is an exten-
sive deposit of peat that recently burned for several months before it was
extinguished by heavy rains. It is said to cover several acres. )

Portland ( Fountain Postoffice).—There are large exposures of the Mans-
field sandstone at Portland. The old Wabash and Erie Canal was cut in
the solid rock at this point, and along the south side of the canal the rock
wall is 12 to 15 feet high, the tow-path, on which the railway is now
placed, being on the north side. Between the railway and the wagon
road, running northeast from the town, thereare thirty acres or more on
which the stone has little or, in some places, no covering, and has been
quarried to some extent. Mr. Brooks says he has shipped 500 or 600
perches to Covington in the last four years. The stone has all been
quarried pear the surface, none of the openings being more than five or
six feet deep. The reason the stome has not been quarried to a greater
depth appears to be that there are a few bedding seams near the top,
while the bottom of the bed is massive and hence not so easily quarried
by hand. The greatest objection to the stone, as shown on the bluff and
in the small quarry openings, is the lack of uniformity in color, that in
the lower part of the bluff being a light gray with occasional hrown spots,
while in the upper part of the bed there is much brownstone, which, in
many places, is two or three feet thick, and in one place ten feet or more.
Considerable nice brownstone could be obtained here, but it is not in suf-
ficient quantities to be worked for the brownstone alone, and could only
be quarried with profit by having a market for the accompanying gray
and variegated stone.

The durability of this stone is shown by the hard compact surface
of the natural outerops, and the appearance of the face cut in the
construction of the old Wabash and Erie Canal 50 years or more ago
which is discolored and moss grown but shows no sign of distintegration
and the pick marks made at that time are plainly visible.

Bear Creek.—Bear creek, which joins the Wabash river at Portland is
a comparatively short tributary, yet has quite a variety of rocks in its
valley. The mouth of the valley is in Mansfield sandstone at the base of
the Coal Measures. Near the middle of its course is an exposure of the
Lower Carboniferous limestone above which the Mansfield sandstone
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occurs again followed by sandstone and shale of the overlying Coal
Measures. ‘

The Mansfield sandstone on the lower course of the creek in sections
32 and 33 (21 N., 8 W.) is somewhat similar to that at Portland. It
forms bold rugged cliffs 60 to 80 feet high along the creek, the valley in
places being a deep narrow canyon. In most places the stone is buff-
colored, contains secretions of iron oxide and considerable false bed-
ding, which is quite pronounced at the Arch at the picnic grounds
a quarter of a mile south of Portland. ¢‘‘The Arch” is an opening
about 15 feet wide and nearly as high through the narrow ridge of sand-
stone between Bear creek and one of its small tributaries. It is on the
outside of one of the sharp curves of the creek, which bas here cut back
under the bluff until it has made an opening through into the ravine.
The cliff is nearly 40 feet high, all of gray and variegated sandstone with
patches of iron oxide. On the east side of the road east of the Arch is a
small rounded hill of brownstone, the top of which is 40 feet above the
road and about 75 feet above the creek The stone has some false
bedding and patches of iron oxide and is somewhat shelly, yet there are
small areas having a good texture and color. While there is some good
stone here it could not be obtained without bandling considerable inferior
stone. At the east end of this rounded hill is an isolated pulpit rock 20
to 25 feet high and more than 20 feet in diameter. West of the wagon
road, between the small rounded hill and the Arch, some variegated
sandstone has been quarried, possibly 2,000 cubic feet in all. The quarry
has been abandoned for several years.

On Bear creek for a half mile or more above the Arch through the
southwest quarter of Sec. 33 (21 N., 8 W.) and the northwest quarter of
Sec. 4 (20 N., 8 W.) the Mansfield sandstone forms bold cliffs sixty to
eighty feet in height. The stone is massive, yellow, gray and brown in
color, contains much false bedding and many iron secretions. Small
patches of good stone of uniform grain occur scattered through the defec-
tive rock. .

Near the section line on the north side of Sec. 4 (20 N., 8 W.) Bear
creek has cut quite a narrow channel through the sandstone, which
is massive, yellow, even grained, almost free from iron secretions and
- false bedding, and could he quarried to advantage on the north side of
- the creek for bridge or foundation stone.

The finest building stone in this valley is just north of the middle of
Sec. 4 (20 N., 8 W.) on the lower course of a small tributary known as
Rattlesnake, where the stone has a light gray, nearly white eolor, and a
medium, coarse, even grain. It outerops on both sides of Rattlesnake
just south of the small coal bask and in the horseshoe-shaped bluff
across the neck between Rattlesnake and Bear creek. This is probably
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one of the handsomest building stones in the county, but so far it has re-
ceived no attention. A very little was quarried for local use. The rock
shows bedding planes at the surface six inches to ten fest apart, which
are probably due to the influence of the weather, and in the interior it
is no doubt massive. On the west side of the creek (Rattlesnake) south
from the coal bank, there is an acre or more of the stone with very little
loose material overlying it, the stone being ten to fifteen feet thick. On
the east side of the creek and on the horseshoe bluff the bed is twenty-
five to thirty feet thick and is overlain by a drab-colored shale and shelly
sandstone. The base of the bed in all the exposures contains much iron
pyrites and in places patches of shale, from two to four feet of the stone
being injured by these substances.

In a small tributary of Bear creek from the east, just over a narrow
ridge north from the mouth of Rattlesnake, there is an outerop of mas-
sive, cross-grained, ferruginous, yellow sandstone, but it contains too
many imperfections to have any commercial value.

At and below the confluence of Rattlesnake branch and Bear creek
there is an outcrop of impure siliceous Lower Carboniferous limestone
containing many geodes and fossil bryozoa.

In the southeast quarter of the northeast quarter of Sec. 4 (20 N., 8
W.) is a fine chalybeate spring in the-bed of the creek. A short distance
above the spring is a small deposit of handsome yellow ochre, which oc-
curs in a layer three to four inches thick in the creek bank. It is said to
form a heavier deposit, now concealed, a short distance up the creek. The
sandstone and shales of the Coal Measures outcrop in several places in
the southwest quarter of Sec. 4 (20 N., 8 W.). In the northeast quar-
ter of the southeast quarter a short distance below the iron bridge a
dark colored, carbonaceous sandstone has been quarried by Mr. Gallo-
way for local use in bridges and culverts. It is not a handsome stone,
and is inferior to the Mansfield stone described above, yet it is better
adapted to local use for rough bridge stone, as it is stratified and can be
quarried more cheaply in small quantities. Shales and clays of different
kinds occur on both Bear creek and Rattlesnake in the southeast quarter
of Sec. 4 (20 N., 8 W.). An impure, dark colored sandstone and +hale
outcrops at the cross-roads in the middle of See. 10 (20 N., 8 W.) and

an impure, yellow-red and variegated sandstone outerops 200 yards or -

more southwest of the cross-roads, but it has no economic value.

Between Bear Creek and Shawnee Oreek —There is an outcrop of Mans-
field sandstone in a small ravine in the south part of Sec. 27 and the
north part of Sec. 34 (21 N., 8 W.). The rock is exposed along both
sides of the ravine for nearly half a mile, varying in thickness from five
to thirty or forty feet. Much of it contains cross-bedding and streaks of
iron oxide, yet small areas occur sufficiently free from these imperfections
to furnish a good bridge stone for local use.

~
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Near the middle of the west side of Sec. 27 (21 N., 8 W.) in the bot-
tom of the old canal bed is a small outcrop of shaly Riverside sandstone.

Near the middle of the south part of Sec. 22 and the north part of
Sec 27 (21 N., 8 W.) between the railroad and the river is an outcrop
- of massive buff sandstone, which outcrops for nearly 200 yards along a
bayoua near the river with a vertical face twelve to fifteen feet high,
There would be but a slight covering to remove for 100 yards or more
back from the bluff. In places the rock is seamless, and so far as can be
seen from the surface, perfectly uniform. In some places there are a few
weather seams, along which is a thin coating of iron oxide, that has
probably come from the diffused pyrite, which in some places has been
in small grains which have oxidized in places, giving the stone a sort of
salt and pepper appearance. Some stone has been quarried at this place,
probably 8,000 cubic feet or more, said to have been quarried by Jacob
Strumpf, of Williamsport, for use in Covington. It is a promising loca-
tion for a quarry, as theré is abundance of good, durable, buff stone that
is apparently for the most part uniform in color and texture, and admir-
ably situated for quarrying, being close to the railroad and river, and
having very little stripping.

The sandstone outcrops in several places along the railroad through
the southeast quarter of Sec. 22 (21 N., 8 W.) as far as the mouth of
Shawnee creek. : '

Shawnee Creek.—Large quantities of Mansfield sandstone are exposed
along the lower course of Shawnee creek hetween Rob Roy and the river,
but there is none of any economic value for a half mile or more from the
river. There is a considerable area in the south part of Sec. 23 and the
north part of Sec. 26 (21 N., 8 W.) in which the Mansfield sandstone
has but a very slight covering of drift and soil, being exposed in many
places. There being no openings or stream channels cut through it, the
character of the rock is uncertain. A drilled well just south of the section
line in the northwest quarter of Sec. 26 (21 N.,8 W.) gives the section:

Well section near the mouth of Shawnee Creek.
Feet. Inches.

Sand and soil ......... DU SRR 4
Sandstone, coarse (Mansfield).......................... 38
Coal L. e 14
Sandstone, fine (Riverside) .................coooiiiil 46

Total ... 89 2

In and below the small ravine from the southeast in the southeast
quarter of Sec. 28 (21 N., 8 W.), the northeast quarter Sec. 26 and the
northwest quarter of Sec. 25, considerable quantities of black fissile shale
oceur, in places being 25 feet or more in thickness. No sandstone of
economic importance was observed in this part of the valley. Some of
the shale might be utilized for the manufacture of paving brick.
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On the north side of Shawnee creek in the southwest quarter of Sec. 24
(21 N., 8 W.), about a mile from the river, there is a bold bluff of the
Mansfield sandstone where a great mass (several thousand tons) of rock
fell off the face of the bluff two years ago (in 1893), and now lies in large
boulders on the bank of the creek. The stone has a light buff color,
with faint yellow bands following false bedding in places, and a me-
dinm coarse grain, with here and there small patches of a fine con-
glomerate, the pebbles being no larger than wheat grains. On all the
exposed surfaces, both the old moss-grown surface and that exposed by
the recent fall two years ago, the rock is very hard—harder than the
Mansfield stone in most of its outcrops. At the west end of the mass of
debris and down stream from it the sandstone has considerable cross-grain
and secretions of iron oxide. At and near the upper (east) end of the
freshly exposed bluff the rock is comparatively free from the iron secre-
tions, and almost so from the cross-grain. At this point good bridge
stone and possibly good dimension stone could be obtained. The clean,
solid, massive stone is twenty to twenty-five feet thick, overlain by from
one ©o ten feet of shelly sandstone and drift soil, and is underlain by a
pyritiferous black shale.
< About 200 yards (about 500 by the creek) above the fallen rock re-
ferred to above, the sandstone has been quarried a little on each side of
the creek, possibly 2,000 cubic feet or more. The stone is light gray
and buff in color, and in a few places nearly white. In some places are
small dark-colored specks of oxidized pyrites giving the stone a salt-and-
pepper appearance. A few small streaks of fine conglomerate oceur, but
do not seriously mar the stone. Some pice stone could be obtained at
these openings.

On the west side of the wagon road, 100 yards north of the iron bridge
over Shawnee creek, in the southwest quarter of Sec. 24 (21 N., 8 W.)
is a Jarge deposit of calcareous tufa (locally called ‘“ marl”), which has
been quarried for lime-burning. It occurs in regular stratified layers two
to ten inches thick, and has been quarried to a depth of twelve to fifteen
feet over an area of 600 square feet or more. The bottom is not exposed
and the total thickness of the deposit is not known. The stone, while
having an open, porous texture, is firm, and has a semi-metallic ring. It
seems a little strange that more of this stone has not been burnt into lime,
as it is easily quarried, as its porous texture renders it easily burnt and
as wood is abundant. It would furnish a remarkably pure lime, and it is
only a mile from the C. &. I. C. Railway, and in a region almost devoid
of limestone. It is said that plasterers object to its use because * the
white coat mixed with it is so tough.”” This stone will be used with
profit sometime.

Deposms of tufa similar to this but in smaller quantity occur in many
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the base of the Mansfield sandstone, deposit the lime carbonate, the
depneit in many places taking place at the present time. There is at
present no spring at the deposit meationed above, but probably was at
the time of the deposit of the tufa. There is a similar but smaller de-
posit on the north side of the creek 240 steps above the wagon bridge.

Alung Shawnee creek hetween the wagon bridge in the southwest quar-
ter of Sec. 24 (21 N., 8 W.) and the confluence of Big and Little Shawnee
creeks in the northeast quarter of Sec. 25 (21 N., 8 W.) the light gray
and bufl’ colored Mansfield sandstone outcrops in several places, lying
unconformably on the Riverside sandstone, which in some places is ex-
posed in bluffs 20 or 25 feet high and in other places, close by, lies below
the level of the valley.

The Mansfield sandstone outcrops along Big Shawnee creek for a
quarter of a mile abhove its confluence with Little Sbawnee. Black pyri-
tiferous shale with thin layers of coal are exposed along the creek bank
at the base of the saudstone for nearly 100 yards above the confluence
* of the two creeks. Near the upper limit of the sandstone on Big Shaw-
nee creek in the southwest quarter of Sec. 19 (21 N., 7 W.) the stone has
been quarried to some extent (possibly 500 cubic feet) for local use. The
quality is sufficient to guarantee a more extensive production, as the stone
is comparatively even-grained, homogeneous in texture, and nearly so
in color through considerable areas; some being a light gray, some a buff
color. The natural exposures show a smooth face, even grain and sharp
corners. Good bridge stone and probably good building stone could be
obtained here.

On Little Shawnee creek the Mansfield sandstone outcrops for nearly
100 yards above its confluence with Big Shawnee in a ledge 15 feet thick.
A short distance below where the wagon road west from Rob Roy crosses
the creek the Mausfield sandstone ends and the underlying shaly River-
side sandstone begins. Where the road crosses the creek the latter stone
forms a bluff 40 or 50 feet high, but it has no economic value.

Through the middle of Sec. 30 (21 N., 7 W.) there is no rock exposed,
the slopes being covered with drift material. In the southeast quarter of
Sec. 30 is an exposure of 12 feet or more of light gray and yellow-colored
Mansfield sandstone which has been quarried to some extent at what is
known as-the Barney Brown quarry. Some of the stone was used for
bridges in the vicinity and some was used in Mr Brown's stone house
in the southeast quarter of Sec. 30 (21 N., 7 W.) close to the quarry.
This house is said to bhave been built more than 50 years ago, and
the mortar has washed out from between the stones, thus giving the
building a kind of dilapidated appearance, yet the stone shows no signs
of decay. A little more care in selecting the colors might have produced
a happier effect. The sandstone outcrops for nearly one-fourth mile south
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of the quarries, but contains too much iron oxide and false bedding to
have any value.

There is a small outcrop of shaly Riverside sandstone on the south side
-of the creek in the northwest quarter of Sec, 23 (21 N., 8 W.) near the
middle of the section. Small exposures of the eame stone occur at inter-
vals through the south part of Sec. 24 and the north part of Sec. 25 (21
N.. 8 W), and ‘there are large outcrops of it along both sides of Big
Shawnee creek north of Rob Roy through the north part of Sec. 30 and
the south part of Sec. 19 (21 N., 7 W.). From less than half a mile
east of Rob Roy to the head of Big Shawnee creek no rock exposures
'were observed, the valley and bordering slopes being covered with glacial
drift The valley is very shallow, the creek appearing to flow over a
gently rolling plain. On Little Shawnee creek there is a bold cliff of
the Lower Carboniferous (Riverside) sandstone less than a quarter ‘of
-a mile above its confluence with Big Shawnee. In the southeast quarter
of Sec. 30 the Riverside sandstone outcrops underneath Mansfield sand-
stone and again in small quantities up the creek from the Brown goarry
in the northwest quarter of Sec. 32 (21 N.,7 W ). Above this the creek
‘was not explored, citizens reporting no rock outcrop of any kind

Nave Branch.—The lower course of Nave branch, which runs nearly
pparallel with Shawnee creek, bas no rock exposed. It occupies a wide,
shallow, dry, valley bordered by low gravel hills. North of the branch
on the east side of the Wabash (““ The Towpath”) Railway is a quarry in
this gravel deposit from which large quantities have been shipped, having
been taken from 12 acres or more to the depth of 12 to 15 feet.

The first rock observed in place in ascending Nave branch is near the
middle of the north side of section 21 (21 N., 8 W.) just west of the north-
south wagon road, where a coarse yellow sandstone (Mansfield) is exposed
three to six feet. East of the wagon road the thickness of the exposure
increases to 15 feet. About 50 yards east of the road the stone has been
quarried a little for local use, but the inferior quality will never J\lBtlfy
more than a local usege.

The sandstone outcrops at intervals for a mile and a half further up the
creek into the southeast quarter of Sec. 18 (21 N., 7 W.), in places the
rock being concealed and in places the sandstone being almost entirely re-
placed by a black shale. The shale* outcrops in large quantities in the
mortheast quarter of Sec. 24 (21 N., 8 W.) where it contains some coal,
small quantities of which have been mined.

Just east of the C. & [. C. Railway ia the northeast quarter of the
northwest quarter of Sec. 19 (21 N., 7 W.) is another sandstone quarry
from which probably 10,000 cubic feet of sandstone have been taken.
Part of it has been used in constructing the stone culvert for the railway

“See the preceding report by the State Geologist for particulars.

JRVT
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across Nave branch. The stone is gray and buff in color and has a few
irregular seams and has been quarried to a depth of 10 feet. The strip-
ping is too heavy (six to ten feet) to permit much stone to be quarried
here with profit. There is an exposure of Lower Carboniferous sandstone
(Riverside) beginning east of this quarry and continuing for a quarter of
a mile or more. More than a quarter of a mile east of the quarry in the
goutheast quarter of Sec. 18 (21 N., 7 W.) is a low ledge of the Mans-
field stone, the most eastern exposure observed on this branch. It con-
tains too much iron oxide and false bedding to be of any value.

No outerop of the Mansfield stone was ohserved between Nave branch .
and Attica except a slight exposure near the middle of the west half of
section 18 (21 N., 7 W.).

Bétween Attica and Riverside.—No sandstone was observed to outcrop
in the town of Attica, but a very short distance northeast of the town in
the northeast quarter of Sec. 5 (21 N., 7 W.) there is a small exposure-
of shelly Mansfield sandstone of no commercial importance.

Along a small branch from the south in the south half of Sec. 33 (22 -
N., 8 W.) large quantities of sandstone (Mansfiéld) have been quarried
from one of the largest sandstone quarries in this part of the State. The
stone has been quarried on both sides of the ravine for more than a
quarter of a mile, through a thickness varying from 12 to 25 feet and
back into the hill until the expense of stripping became too great to make
further quarrying profitable. The abandoned quarry face shows five to
12 feet of glacial drift and a like thickness of loose shelly sandstone
overlying the marketable stone, which is yellow to yellow-brown and
greenish-gray in color with small dark specks of iron oxide scattered
through it. It isin thin layers at the top of the bed, becoming heavier
toward the base, the bedding seams apparently having been opened by
the weathering agencies.

There was formerly a switch run into this quarry from the Wabash
Railway which passes close to the north end of the quarry, but the switch
has been removed and the quarry abandoned for many years. Nothing
definite could be obtaiued in regard to the history of this quarry, as
to when it was opened, or when closed or the amount obtained, ete.

The sandstone outerops along this ravine for a half mile south of the
quarry, but the greater part of it has no economic valne. Immediately
south of the south end of the guarry the sandstone is very cross-grained
and ferruginous, but less than a quarter of a mile further south the cross-
grain gdisappears and some nice even-grained sandstone occurs, suitable
for building purposes. There is a small outcrop of the underlying Lower
Carboniferous sandstone and limestone near the middle of the south half
of Sec. 33 (22 N., 7 W.). At the mouth of asmall trihntary ravine from
the east along this outerop are three small chalybeate springs that emerge
at the contact of the Mansfield sandstone with the Lower Carboniferous.
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The base of the sandstone here contains much pyrite which probably fur-
nishes the iron for the springs; the upper part of the bed (12 to 15 feet)
ccontains good bridge stone.

For 150 yards or more along the Wabash Railway northeast from
where it crosses the ravine above mentioned the road is cut six to ten
feet into the shelly imperfect yellow Mansfield sandstone.

At the north end of this rock cut in the small ravine from the southeast
is an outerop of the Mansfield sandstone which extends only a short dis-
tance above (south of) the railway until it is replaced by the underlying
rocks. As it does not occur north of the railway, it would appear as
though the stone oceurred at this place in an eroded channel in the Lower
Carboniferous rocks. :

No other outcrop of the coarse grained Mansfield sandstone was ob-
served between the last mentioned and Turkey run above Riverside.
The Lower Carboniferous, Riverside, sandstone outerops in many places
through sections 27, 26, and 25 (22 N., 7 W.), aod has been quarried in
several places '

Riverside Postoffice (Independence Station).—At Riverside postoffice in
the northeast quarter of Sec. 26 (22 N., 7 W.) are two large sandstone
quarries, one of which is not in operation at present (1895). This is an
entirely different rock from the Mansfield stone, both in its lithologic
character and its geologic position. It belongs in the Lower Carboniferous
system, and is named from this locality where there is a good, accessible,
typical exposure.

It eorresponds lithologically with the Knobstone group near the base
of the Liower Carboniferons, and possibly belongs to that group, but not
enough areal or paleontologic work was done to definitely determine its
_position in the geologic column’ further than that it is Lower Carbonifer-
ous, and lies unconformably below the Coal Measures.*

It is a very fine-grained sandstone, blue on a fresh surface, weathering
buff to dark gray on long exposure. It is quite evenly stratified, in
many places on natural exposures the stratification planes becoming
quite abundant, even grading into shale. In the quarry there is a little
shelly material at the top, below which the stone occurs in layers 16, 17,
18, 19, 20, 22, and 42 inches thick, with thinner layers near the top of
the quarry. The stone works easily and splits nicely, either with the
bedding or across the grain. The layers are loosened from the floor by
wedges, and can then by drilling a series of holes along the desired line
of break and inserting wedges (plugs and feathers) be split almost as
straight and even as if sawed. A steam drill is used for making the
holes, and formerly all the stone was so wedged off; but recently the
Kunox blasting system has been used with a little saving of labor and

Tt has been referred to in former State reports as the Chester sandstone, but sufficient
evidence was not found either in the reports or in the field to justify such a classification.
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increased injury to the stone. The company intends using the Githens:
gystemm the coming season. Owing to the homogeneous fine grain the
rock will take a very smooth finish, and can be used for delicate carving
and tooled work.*

The average thickness of the marketable stone is about fifteen feet,
and the maximum thickness of the quarry face twenty-seven or twenty-
eight feet. The quality of the stone improves as the quarry is worked
further back into the hill; that is, there is more of the blue stone, which
commands a better price than the buff, and there is less shelly sandstone,
but the overlying glacial material iucreases in thickness.

A chemical analysis of this stoue, made for the Survey by Dr. H. .
Ballard at Rose Polytechnic Institute, shows its composition to be as
follows :

Analysis of Riverside Stone.

. Per Cent.
Insoluble residue ................. ... . ... e 93.16
Alumina (A1, O, ). ..o 1.60
Iron oxide (Fe, O, } .................... e 2.69
Lime (CaO) ..o e e 13
Total. ... o e 97.58

While the iron was determined as ferric oxide, as is customary, it does.
not exist in the stone as such, but as diffused carbonate and possibly some
sulphide. It is probably this protoxide or lower oxide of iron that gives
the fresh stone its blue tint, and its oxidation into the higher or sesqui-
oxide form that gives it the buff tint. This is a partial element of weak-
pess in the stone, but not a serious one, as the iron is present only in
small quantity and is finely diffused, so that it undergoes a gradual oxi-
dation without serious injury to the stone; in fact, where the stone is
placed in a dry position, as in the walls of buildings, this oxidation is a
process of centuries, simply causing the stone to ‘“‘mellow” with age The
only other element of weakness in the stone is the alumina which is liable
to absorb water and cause the stone to burst on freezing, but this is not
present in sufficient quantities to be a serious injury to the stone, for
while the percentage is higher than in the Mansfield stone it is much
lower than in many sandstones famed for building stone. [See tables in
final chapter for comparison. ]

The microscope shows [See Plate 11] the occurrence of many angular
quartz grains, which make up the bulk of the insoluble residue, some
muscovite, biotite, feldspar, calcite, and limonite. The stone is much

*The workmen state that the stone has a peculiar action on the tools, viz., the smooth-
edged drove aund splitting chisels soon becoming toothed by use. This stone is known to
some extent locally as freestone, not within the meaning commonly assigned to freestone,
naniely, a stone that works freely in all directions, but becanse it is supposed to contain
many impurities.
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finer grained than the Mansfield stone, the average size of the grains

being 0.07 millimeters in diameter, the largest measuring 0.13 mm. (see

_p. 204 for comparison). The constituents are intimately mixed, making -
the sione homogeneous throughout.

Crushing tests made on this stone for four specimens gave a strength
of 6,000, 6,090, 6,100 and 6,800 respectively.t This, as will be ob-
served from consulting the tables in final chapter, is about the average
for common sandstone. ,

Absorption tests on two specimens of the blue stone gave 4.8 per cent.
and 6.8 per cent. respectively, and on the buff stone 5.8 per cent. and
6.1 per cent.

The homogeneity of the Riverside stone, its pleasing color, the smooth
finish of which it is susceptible and its adaptability to fine carving, will
no doubt cause an increasing demgnd for this stone as its properties be-
come better known,

Stone in small quantities is said to have been quarried here fifty years
or more ago. Quarrying on the present enlarged scale has been carried
on since 1887, when the quarry now in operation came into possession of
the present company, Guyer, Burchby & Co. It has been worked over
an area of about three acres, yielding an average thickness of about twelve
feet of sound stone.

It has been shipped to Lafayette, Indiana; Decatur and Peoria,
Illinois; St. Louis, Missouri, and Detroit, Michigan, more going to La-
fayette than to any other point. At Lafayette it has been used in the
High School building, in the electrical building at Purdue University, in
many private dwellings and in the Brown-street bridge.

There is another quarry belonging to the Riverside Stone Co., a quar-
ter of a mile west of the Guyer, Burchby & Co. quarry in the same bed
of stone, which differs little in quality, but there is much more of the
loose shelly stone at the top, making much more waste material to handle,
so much in fact that it is doubtful if much more stone could be lifted with
profit. Considerable stone has been taken from this quarry, the exea-
vation being larger than at the other quarry; and it has apparently been

" well equipped for work ; the stone was sawed into trimmings and dimen-
sion stone in a mill located at the quarry. It is not in operation this
year (1895).

There is a great deal of Riverside stone exposed along the Wabash

Railway both eust and west from the Riverside quarries, and while in

tMr. Howe, of Rose Polytechnic Institute, who tested the stone, states that the speci-
mens “ although appearing quite true in surface were found to be quite the contrary when
rlaced upon a gteel plate. Not over 75 per cent. of the area was in contact with the plate in
any case.”’ So that the above probably represents considerably less than the maximum
strength of the stone.
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many places it is shelly and crumbling on the weathered surface, yet in
a few places it is sufficiently sound to indicate fairly good building stone.

Turkey Creek.—Turkey creek is a small tributary of the Wabash east
of Riverside in sections 19, 30, and 29 (22 N., 6 W.). Its lower course
is in the Riverside sandstone, and the upper part in the Mansfield sand-
stone. The latter stone in this valley has no commercial value, being
thin-bedded to shaly, containing much iron oxide and disintegrating on
exposure. It rests unconformably on the Riverside stone, the accom-
panying figure (Fig. 4) showing where it has filled in an old erosion

Fig. 4. Section showing the contact of the Carboniferous and Lower Carboniferous
rocks on Turkey Creek.

A—Riverside sandstone (Lower Carboniferous).
B—Mansfield sandstone (Coal Measures).
C—Basal conglomerate.

channel. The Riverside stone where observed in this valley is too shaly
to have any value

Grindstone Creek —Grindstone creek is another small tributary of the
Wabash lying east of Turkey creek and nearly parallel with it, in sec-
tions 20, 21, and 28 (22 N., 6. W.). The rock exposures are similar to
those on Turkey creek, but there are larger exposures of the Mansfield
sandstone. It outcrops almost continuously from the section line near
the middle of the west side of the southwest quarter of Sec. 21 (22 N.,
6 W.) south to within a quarter of a mile of Robert’s postoffice in the
middle of the south side of Sec. 28 (22 N., 6 W.). None of the stone
along the creek go far as ohserved has any economic value. South of the
wagon bridge in the northwest quarter of Sec. 28 (22 N., 6 W.) there is
some fairly good stone, but it is covered by too much waste material to be
quarried with profit. Some stone has been quarried on the hill west of
the creek in the middle of the west half of Sec. 20 (22 N., 6 W.).

The best outcrop of sandstone in this part of the county is on the flat
east of Grindstone creek in the middle of Sec. 21 (22 N., 6 W.) at Mr.
Martin’s stone quarry, where stone was obtained for the wagon bridge
over Flint creek and where some has been quarried for foundations. It
has been worked to a depth of six or eight feet, but no opening has pene-
trated to the bottom of the bed so that the total thickness is unknown.
The prevallmg color of the stone is light gray, in places stained a yellow-

2 mmmmanmrrhaot woarmitlar lovares tyvon ta thean fand +hia1r
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There is, in places, no stripping, in some places a few inches of soil and
shelly sandstone, but the cost of stripping over several acres would be
very slight. If this stone should prove to retain its homogeneity through
any considerable thickness it would be a promising opening for a quarry.

This deposit apparently rests unconformably on the Lower Carbonifer-
ous rocks and bas a northeast-southwest trend, extending southwest prob-
ably to Grindstone creek, and outcropping only a hundred yards or so
northeast of the quarry. This appears to be the eastern limit of the Mans-
field sandstone on the south side of the Wabash river. Small isolated
patches may occur in places along the western part of Tippecanoe county,
but none were reported and the region was not traversed.

The Riverside sandstone, in some places more calcareous, in others
more shaly than at Riverside, outcrops along the lower course of Flint
creek. On the south bank of the Wabash river a half mile or more
below the mouth of Flint creek in the Burnett reservation is a large de-
posit of broken chert known as the Flint quarry, which has been quar-
ried in large quantities and shipped to Lafayette and elsewhere for road
material. It was formerly loaded on flat-boats and shipped on the Wa-
bash river. It is now (1895) shipped by rail.

TaE NorrH SIDE OF THE WaBASH RIVER.

The area of the Mansfield sandstone north of the Wabash river is prac-
tically limited to Warren county.* It outcrops along the river bluffs in
many places from Black Rock on the eastern border of the county to the
mouth of Redwood creek well to the west side of the county. There are
also numerous exposures along the tributaries from the north, as Little
Pine, Kickapoo, Pine, Rock and Redwood creeks. The upper limits of
the deposits on some of these creeks is not clearly defined, being con-
cealed by the heavy bed of overlying drift. This is especially true on
Kickapoo creek. In the eastern part of the county the northern limit of
the formations in the creek basins is near the tops of the hills, where it
is replaced by the underlying Lower Carboniferous rocks; in the western
part of the county the northern limit is at the base of the hills, where it
disappears beneath the overlying rocks of the Coal Measures.

The irregularities of the outcrop in the eastern part of the county are
largely due to unconformity by erosion at the base of the deposit, that
is, previous to the deposit of Mansfield sandstone, there had been an ele-
vation aud erosion of the Jand followed by a depression of this area when

*Tippeeanoe county was not traversed and it is possible that small exposures of the
sandstone may oceur in that county, but if so they are isolated from the main body. Some
of the county reports mention its occurrence, but give no localities.
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the Mansfield sandstone was deposited in the eroded channels aund ine-
qualities of the old land surface. Particular instances of this uncon-
* formity are mentioned on the following pages.

In Bee. 27 (20 N., 9 W.), across the river. from Covington, between
the I, B. & W. railway and the river, are several small quarries in the
sandstone of the Coal Measures. Sandstone has been quarried here at
intervals for several years, but the stone is of inferior quality and has
never had more than a local use and probably never will. In most places
it is very thin-bedded, grading into shale, and associated with consider-
able quantities of shale. East of the quarries apparently the black shale
replaces the sandstone entirely, forming a very heavy bed containing
much iron pyrites and some coal.

Northwest from these quarries along the railway is a heavy bed of
gravel, from which large quantities have been shipped. It will no aoubt
continue to furnish gravel for many years yet.

Redwood Creck.—Sandstone of local value outcrops below (southwest
of) Redwood creek, but it all belongs to a higher horizon than does
the Mansfield sandstone, and is interspersed with productive beds of
coal. In the southwest quarter of Sec. 3 (20 N., 9 W.) is a deposit of
Carboniferous sandstone that has had a local use for grindstones.

The Mansfield sandstone outcrops in bold bluffs 40 to 50 feet high
along the lower course of Redwood creek, in séctions 1 and 2 (20 N.,
9 W.)and Sec. 35 (21 N.,, 9 W.). It varies from light gray to yel-
low in color, contains much segregated irom, many lenticular shaly
patches, and is in most places, more or less, cross-grained. Owing to
these defects, it is doubtful if the stone will ever have more than a local
use. There are small areas of good stone, strong, durable, and homo-
geneous, but all such occurrences grade rapidly into imperfect stone,
both laterally and vertically.

Small guantities of stone have been quarried above the wagon bridge
in the northwest quarter of Sec. 1 (20 N., 9 W.). Stone from the im-
mediate vicinity was used in the abutment at the east end of the bridge
above mentioned. The abutment at the west end is the rock in situ.
This bridge was constructed in 1876, and the rock as yet is unaffected by
the weather, except in being discolored, as it darkens on exposure.

At the ‘“ Hanging Rock,”’ about a quarter of a mile above the bridge,
the cliff is undermined by the creek, the upper part jutting out 15 or 20
feet over the water. The stone at this point coutains many reticulated
veins of iron; the sandstone between the veins standing out in relief
gives the face of the cliff 'a very picturesque appearance. It has been
referred to by a previous writer as the ‘¢ Pictured Rocks.”

The sandstone disappears beneath the creek bed near the middle of the
north half of Sec. 35 (21 N., ¥ W.), and is succeeded by a bed of black
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limestone that would furnish & black marble of fair quality. The bed is
three feet thick where exposed on the creek bluff and it is apparently -
solid ; where exposed in the creek bed a few yards above there are two
layers eight and ten inches thick respectively. '
The effect of the weather on the outcrop appears to be (1) to change
the coal-black color to a dull gray, due no doubt to loss of bitumen

-and (2) to cause the opening of the joints. Otherwise the stone with-

’

stands the weather much better than most black limestone. No use has
ever been made of this stone as far as known. It is underlain by a bed
of black shale 15 to 20 inches in thickness that lies unconformably on
the Mansfield sandstone. The shale is very pyritiferous and contains
many secretions of clay ironstone, etc.

There is a small exposure of sandstone up the creek (east) 100 yards
or so from the marble, and another small exposure more than a half mile
further north in the northeast quarter of Sec. 26 (21 N., 9 W.}, above
which the slopes are covered with glacial drift.

Rock Creek.—No exposure of the sandstone was observed between Red-
wood and Rock creeks, the low bluffs being covered with drift and the
river bottom with alluvium.

On Rock cregk the lowest outcrop observed is in the north part of Sec.
29 and the south part of Sec. 20 (21 N., 8 W.), where for nearly half a
mile along the creek there are bold jutting cliffs of gray and yellow sand-
stone, twenty to twenty-five feet thick. At the mouth of & small tributary
from the north, known as Rattlesnake, where the stone has been quarried
in small quantities, the opening shows fifteen to eighteen feet of fairly
good stone, which has a nearly uniform gray color, and occurs in irregu-
lar layers from three to thirty inches thick Bridge and foundation stone
might be obtained here sufficient to supply the local demand. On the
south side of the creek, a hundred yards above the quarry, tbe base of
the sandstone cliff contains a layer of coarse conglorerate and lenticular
masses of coal. A similar exposure occurs on the same side of the creek
200 yards or so below the quarry, where the conglomerate oceurs in ir-
regular masses an inch to three feet thick, with streaks of coal two to
three inches in thickness. At the base of the conglomerate’ are a number
of nodular masses of clay ironstone, four to eight inches in diameter, and
containing imprints of many fossil leaves remarkably well preserved.

The Mansfield sandstone outcrops more or less continuously for more
than two miles above the quarry mentioned, nearly to tbe Wabash Rail-
road, in tbe south part of Sec. 7 (21 N., 8 W.). About the middle of
the west side of Sec. 20 (21 N., 8 W ) is a considerable quantity of cal-
careous tufa deposited on the face of the sandstone cliff, large boulders
from which have broken off and now lie scattered along the creek bank.
Lime for local use might be burned from this tufa.
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Through the northeast quarter of section 19 and the south part of Sec.
18 (21 N., 8 W.) there is considerable shale accompanying the sandstone,
both underlying and overlying it. It apparently overlies it unconform-

Fig. 5. Section on Rock Creek, Warren County, Indiana.

B——Mansﬁeld‘Sandstone.
(C—Black Shale.
D—Black Limestone (Marble).

ably, as shown in the accompanying figure (Fig. 5). In this overlying
shale, just north of the wagon road in the southeast quarter of Sec. 18
(21 N., 8 W.), near the top of the outerop is a bed of black limestone,
somewhat similar to that mentioned on Redwood creek, but not so com-
pact and uniform in texture. Small quantities of black marble might be
obtained, but the outcrop would not promise it in commercial quantities.
Sandstone of inferior quality has been quarried in small quantities in the
ravine from the northeast at the upper end of the shale blyff in the south-
east quarter of section 18. The sandstone above this point has but little
economic value, even for local use.

Between Rock Creek and Williamsport.—For a mlle or more above Rock
creek, toward Williamsport, there is but little sandstone exposed, the
broad river bottom merging gradually into the gentle driftcovered
slopes of the highland. There are a few small exposures of shelly sand-
stone along the small tributaries, known as Dry branch and Clear branch,
in sections 20, 21, 16 and 17 (21 N., 8 W.), but none of any economic
value. Wells in that area penetrate sandstone after passing through a
thickness of drift varying from eight to thirty feet or more.

Beginning on the north side of Sec. 22 (21 N., 8 W.) and continuing
along the river bluff, outcropping the greater part of the way, to the
town of Williamsport is a heavy ledge of Manstield sandstone. In the
ravine in the north part of Sec. 22 and the south part of Sec. 15 (21 N.,
8 W.) the stone has a brown to red-brown color, but it is very cross-
bedded and more or less shelly throughout, and has little if any commer-
cial value. North of the road, in Sec. 15, the stream has cut a channel
or gully in this brownstone six to ten feet deep and three to ten feet wide
for 200 yards or more. On the south side of the road the brownstone
outcrops about 200 yards, beyond which the bluff is covered with gravel
and sand. Through the southeast quarter of Sec. 15 (21 N., 8 W.) and
the northwest quarter of Sec. 14 the gray and buff sandstone outcrops in
considerable quantities between the wagon road and the river. The many
small watercourses cutting back into this bluff give the sandstone ledge
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a very sinuous course. The bluff was not followed through its whole
length, but where observed it contained too many iron secretions and
lacked the necessary homogeneity to make it valuable for building stone.

At the mineral spring in the south part of Sec. 11 (21 N., 8 W.) the
bed of sandstone is 35 to 40 feet thick, and rests unconformably upon
a bed of black and drab-colored shale. ‘The base of the sandstone is
very ferruginous, the iron oxide probably being oxidized iron pyrites from
which the spring derives the iron with which it is charged. The ferru-
ginized water-soaked base is soft and partially disintegrated, but the upper
part is hard and firm. Between the spring and the town the massive
sandstone forms a ledge near the brow of the bluff, from which massive
boulders have broken away and lie strewn along the slope. Stone has
been quarried in small quantities from this ledge in several places.

Williamsport Quarry—The quarry of the Williamsport Stone Co. is on
the south bluff of Fall creek, at the school-house, near the middle of the
town of Williamsport. The quarry has been opened for many years,
said to have been first used about 1840, but it was in May, 1893, that the
present company began work on a large scale with modern machinery.
Previous to this date it had been worked at intervals by hand to supply
theloeal trade. The stone at Williamsport belongs to the Mansfield forma-
tion and rests.unconformably upon a bed of carbonaceous, partly con-
glomeratic shale. The sandstone at the quarry is 50 feet thick at one
end of the quarry, being clean, solid, massive stone through the entire
thickoess, except two or three feet of soil and somewhat shelly rock at
the top. At the other end of the quarry the shelly rock extends through
two chaonel cuts to a depth of 10 or 12 feet. On the best face there are
seven channel cuts, each about six feet thick. The natural rock face at
the west end of the quarry is more even, firm and regular than the chan-
neled face. The only markings on the 50-foot face are a few incipient
weather seams parallel with the bedding, all indicating a stone of
remarkable homogeneity, which, however, is local, as at the east end of
the quarry there is considerable shaly material, and the natural exposure
near the end shows local variations in texture. Less than 100 yards
west of the quarry the outcrop in the creek bank above the fall shows
several feet of shelly and very cross-grained stone.

The stone has a buff color, and when first quarried has a yellow tint,
but on drying becomes much lighter, ending in a light gray or faint buff
in the seasoned stone. The chemical analysis shows it to be highly

siliceous.
Chemical Analysis of the Williamsport Stone.

Per Cent.
Residue insoluble in HCY. ... ... ... ... ..oiiiiiienan.. 98.57
Ferric oxide (Fe,0,) oo v 0.65
Alumina (A1,05) « oot inii i i e e 0.05

Lime (CaO) ....oooovivniina o i 0.02
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The insoluble residue is white and consists mainly of quartz, but not
entirely so, as the microscope shows the presence of feldspar fragments.
The feldspar is mostly microcline, and while not abundant occurs in
appreciable quantity. Muscovite, limonite, zircon, and rutile are also
distinguishable in small quantities in the microscope.

The quartz graing are smaller than in the brownstones, the average
gize, being .19 millimeter in diameter, and the largest .32 millimeter.
The grains are all sharply angular and in some places are bound together
by a silicious cement. In some instances the silica appears to be a sec-
ondary enlargement of the quartz erystals upon which it is deposited.
~ Possibly ten per cent. or more of the quartz shows that it has been sub-
ject to strain. This, along with the occurrence of the microcline, is sug-
gestive of the probable derivation of at least part of this material from a
region of metamorphic rocks.

The stone when green is soft, easily cut or broken, but hardens on sea-
goning. It is channeled one way in the quarry (using the Bryan chan-
neler), while the blocks are separated the other way by using the Knox
system of blasting. The large blocks are then lifted from the quarry and
placed in the saw mill and sawed while green.

The stone is used for dimension stone, bridge stone and rubble. The
product for 1894 was 111,000 cubic feet, proportioned as.follows: build-
ing stone, 45,000 cubic feet, bridge stone, 11,000, and rubble, 55,000
eubic feet. The market is mostly along the Wabash Railway between
Toledo, Ohio, and Taylorville, Ill. The Methodist church erected in
Williamsport last summer (1895) was constructed of the Williamsport
stone. :

Between Williamsport and Attica no sandstone was observed on the
north side of the Wabash river. In the river bluff are considerable ex-
posures of Lower Carboniferous drab-colored sandstone and shale corre-
sponding in position to the Riverside sandstone described above. Small
quantities of limestone are associated with this sandstone in the vicinity
of Williamsport, but it has no economic value, The formation is in most
places too shaly to have any value, but in a few plaees it has been quar-
ried for building stone, the most productive |point being on the wagon
road a quarter of a mile northwest of the bridge at Attica, where it has
been quarried for several years by Jacob Sehmidt. The product is partly
used in Attica and vicinity and part shipped to points in Illinois along the
Wabash Railway. ‘

Pine Creek Valley.—The lower course of Rine creek is in the Lower
Carboniferous rocks, the middle and upper course as far as Rainsville and
beyond, in the Mansfield sandstone, and still further north, again in the
Lower Carboniferous rocks ; about the headwaters, however, the rocks are
mostly concealed by the glacial drift. There is but little of the Mansfield
stone in this valley of much value as building stone, yet stone of good
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quality occurs in a number of places, and in many places it is adapted
for local use as a bridge or foundatinn stone.

The Riverside, or Lower Carboniferous, sandstine forms some bold
cliffs along Pine creek both above and below the wmill pond in the east side
of section 36 (22 N., 8 W.) about a mile from the mouth of the creek.
The outerop just-below the dam is 60 feet thick, the stone lying in regu-
lar, evenly bedded layers two to fuur inches thick at the top and 2v or 30
inches at the base. It has a blue tint more pronounced thap in most
localities where this stone occurs. It has been quarried in small quanti-
ties and possinly will be in larger quantities. At this point, near the mill
pond, it is overlain by a heavy bed of excellent gravel and the stone
could be quarried economically only by making use of the gravel at the
same time, which might well be done. The stone has been quarried in
small quantities both up and down the creek from the dam. The outcrop
continues for nearly two miles above the dam.

A small outcrop of the Mansfield sandstone occurs on the wagon road
along the border of the French reserve in the southeast quarter of Sec.
36 (22 N., 8 W.) where it has been quarried in small quantities. The
stone is too imperfect to have more than a local use.

In the northwest quarter of Sec. 85 and the southeast quarter of Sec.
27 (22 N, 8 W.) on the west side of the creek is a heavy deposit of the
Mansfield sandstone 25 to 40 feet in thickness. It occurs in regular lay-
ers 8 to 30 inches thick, in some instances with a thin layer of shale or
clay between the layers. In one place there is a lenticular mass of blue-
black shale 10 to 15 feet thick inclosed in the sandstone. The sand-
stone resembles that in the Bernhart quarry described later, but is
less unitorm and even in texture, in places showing much cross grain.
Near the upper end ot this eliff in a small ravine from the west, on the
land of Mr. McCabe some stone has been quarried for local use. The ex-
posure is 18 to 20 feet thick underlain by black shale. The stone is yel-
low and light gray in color and comparatively uniform in texture and
would be a good durable stone for buildings, foundations, or bridges. The
supply that could be lifted economieally is limited, but is probably suffi-
cient to supply all the local demand.

In the immediate vicinity of the Indiana Mineral Springs in section 23
and the east side of Sec. 22 (22 N, 8 W.) the slopes are covered with
glacial drift which forms very steep bluffs in place- on the creek bank 75
feet or more in height.

On the lower part of Fall creek in the west side of section 22 and the
east side of section 21 is a heavy deposit of the Mansfield sandstone accom-
panied by black shale. The stone varies in texture, and in the channel
and blufls at the ‘“ Narrows’’ of Fall creek the lack of homogeneity i IK
shown by the numerous irregular cavities in the rock. This is a rather
nicturesaue and romantic spot, with the irregular massive sandstone cliffs
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almost touching each other and overshadowing the very irregular pot-holed
bottom of the creek. South of the ‘“ Narrows’’ a coal bank has been
opened in the Productive Coal Measures, but there is no sandstone of
any importance. A

At the mouth of Fall creek the coarse sandstone is below the bed of
the creek and is overlain by a heavy bed of black shale which forms a
bold cliff on Pine creek below the mouth of Fall creek. At the old mill
on Pine creek just above the bridge the sandstone outcrops in the creek,
but is very cross bedded and charged with iron secretions. On the east
bank of the creek, about a quarter of a mile above the mill, the stone has
been quarried for local use. It occurs in a massive ledge 12 feet thick
with the prevailing color light gray near the south end of the quarry,
becoming more yellow in passing northward along the bluff. Good stone
for bridges and foundations could be obtained here. Underlying the
heavy ledge of good stone is a bed of sbelly, cross-grained, disintegrat-
ing sandstone.

From the quarry above mentioned to the bridge across Pine creek, in
the northeast corner of Sec. 16 (22 N., 8 W.) there are heavy ledges of
sandstone exposed on both sides of the creek. In most places it contains
iron secretions and cross-bedding, yet interspersed through this imperfect
stone are patches of even-grained homogeneous stone well suited for
building purposes if properly selected, and occurring in sufficient quan-
tities to supply all local demands. About a quarter of a mile south of
the bridge is an outerop of excellent yellow and light gray building stone
which might be quarried in large quantities. The stone in the bluffs at
the bridge contains too many defects to make a valuable buildirg stone.
There is a bold cliff of massive Mansfield stone at the spring less than a
quarter of a mile above the bridge on the west side of the creek, but it
is highly impregnated with iron. In the ravine from the west at the
upper end of this cliff, in the southeast quarter of Sec. 9 (22 N., 8 W),
the stone is more homogeneous in color and texture and some good yel-
low sandstone occurs, the watercourse having a channel 15 to 20 feet
deep cut into it. Yet it is doubtful if much good stone could be eco-
nomieally obtained at this locality owing to the heavy deposit of glacial
drift overlying it. ’

Through the east and north sides of Sec. 9 and the southwest quarter
of Sec. 4 (22 N., 8 W.) the sandstone is exposed in large quantities,
much of which is suitable for bridge or foundation stone, but which has
too much iron and cross-grain for good building stone. Less than a quarter
of a mile above the mouth of Honey branch on the east side of Pine creek
is a small quarry with a face of 12 to 15 feet of yellowish gray massive sand-
stone with considerable variegation in color. Small quantities have also
been quarried on the west side of the creek at the same place. For a
distance of more than a quarter of a mile in the southeast quarter of Sec.
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4 (22 N., 8 W.) the slopes are covered with glacial material and no sand-
stooe is exposed. Beginning at the middle of the south side of section 4
and continuing west for more than a quarter of a mile the sandstone
forms a bold bluff and is of fair quality; while it contains considerable
cross-bedding it weathers evenly and could be used for heavy masonry.
In the southwest quarter of Sec. 4 (22 N., 8 W.) the sandstone bluff
terminates abruptly in a bed of black shale. It is not clear whether this
is simply a discordance in deposition or whether it denotes unconformity
by erosion. On one side of a fairly sharp nearly vertical line is an ex-
posure of 30 feet of black carbonaceous shale containing clay ironstone
and on the other side 15 feet or more of massive sandstone overlain by
glacial drift. The black shale continues for a quarter of a mile or more
up the creek when it gives way to sandstone.

For a distance of nearly a mile through the north half of Sec. 4 (22
N., 8 W.) no sandstone of even local value is exposed, and in fact very
little rock of any kind appears, the region being covered with drift.

Near the middle of Sec. 33 (23 N., 8 W.) the sandstone occurs in a
massive ledge and thence outerops most of the way on one or both sides
of the creek to the middle of Sec. 23 (23 N., 8 W.), a distance of about
four miles Near the south end of this exposure the stone has been
quarried on both sides of the ereek. mostly on the west side, on property
said to belong to Mr. Frye. The thickness of the ledge quarried is about
five or six feet, probably about five thousand cubic feet in all having
been removed. The stone has a variegated yellow color and is marked
by a series of alternating gray and yellow narrow bands that are exceed-
ingly intricate in their contortions and foldings, resembling the contor-
tions often observable in the gneisses of metamorphic regions, but prob-
ably due to an entirely different cause.

Sandstone of a fair quality has been quarried on the north side of Sec.
33 (23 N., 8 W.) a hundred yards or so above the old mill, also a half
mnoile further north on the east side of Sec. 23 and at various points at and
on each side of Rainsville. At Rainsville the stone contains much segre-
gated iron and much cross-bedding. The bedding surfaces where exposed
in several places contain beautiful ripple marks. Some fair bridge stone
occurs at a small quarry on the north side of the creek, on the east side
of Sec. 22 (23 N., 8 W.). At the upper limit of the outcrop observed
near the middle of Sec. 23, the stone is too friable to be of any value.

In the northwest quarter of Sec. 24 (23 N., 8 W.) is an outcrop of
the underlying Lower Carboniferous shaly sandstone, above which ne
rock exposures were observed. The valley becomes shallow and is bor-
dered by gentle drift-covered slopes. In the brief time at our disposal, we
were unable to obtain any well sections in this vicinity and the partings
shown on the map for this locality are somewhat indefinite,
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The Mansfield sandstone is exposed in several places on Mud Pine
creek in sections 33, 28,and 29 (23 N., 8 W.), and has been quarried for
local use in bridges and foundations in Sec. 33 by Mr. Chas. A. House.
The stone contains much cross-grain and is more or less variegated
throughout. While it shows evidence of durability and may be used
safely in bridges, it is not a desirable building stone. Shaly micaceous
sandstone, black shale and coal belonging to the productive Coal Meas-
ures, outcrops in Sec. 29 at several points, The coal is mined in one
place, but the sandstone has no value for building purposes.

At Mr. House’s quarry in the northwest quarter of Sec. 33 (23 N.,
8 W.) is a natural curiosity that has attracted many visitors. It consists
of a “Table Rock’’ in the middle of the creek, and is an isolated rem-
nant of the rock left by the creek which has cut a channel on either side
of it. The top contains about 400 square feet and is ten to twelve feet
above the bed of the creek. The surface of the rock in this locality has
been scraped by the glacier and shows the glacial grooves and pot holes.

Bernhart's Quarry, Attica.—About a mile north of Attica on the C. &
I. C. Railway, and east of Pine creek is one of the largest sandstone
quarries in this part of the State. While the stratigraphy is not perfectly
clear there is good reason for believing that this quarry is in the sandstone
of the Mansfield period that rests guite unconformably on the Lower
Carhoniferous sandstone. It is unlike the Mansfield stone in most, though
not in all, places in that it is not massive, but occurs in regular layers fre-
quently separated by partings of black shale. The shale is more abun-
dant in some parts of the quarry than in others. The layers vary in
thickness from a few inches to six feet. The total thickness of the stone
on the quarry face is about 50 feet, and in two places it has been worked
12 to 15 feet deeper. The stone has a buff color and medium coarse
grain, is homogeneous in color and texture, is easily quarried and
quite durable. It is nearly all used for bridges and culverts along the
Wabash Railway, and small quantities in wagon bridges and foundations.
It was opened about 1856, and is said to have been in almost continuous
operation since that date. Mr. F. J. Bernhart has controlled the
quarry since 1892, and his father for 14 years previous to that date.

Kickapoo Valley.—The stone in the Bernhart quarry appears to be
isolated more or less from other outcrops of the same stone. A small
exposure of stone similar to that described above occurs along the rail-
way in the northeast quarter of Sec. 31 (22 N., 7 W.), and a larger out-
crop occurs along the railway north of the Attica—Independence wagon
road in sections 29 and 20 (22 N., 7 W.), but the Lower Carboniferous
(Riverside ) shaly sandstone outcrops on the bluff on each side of the
Bernhart quarry; in the valley no rock is exposed. The largest vertical -
exposure of the Mansfield stone in this valley is at Kickapoo Falls, about
a quarter of a mile below Kickapoo station. The little watercourse has
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cut a ravine, or crescent-shaped cove back into the sandstone which
surrounds it with a vertiecal wall 80 feet high, there being about 60 feet
of massive sandstone underlain by 20 feet of black and drab colored
shales. The lower 20 feet of the sandstone tends to disintegrate and ex-
foliate, the upper 40 feet or more being very firm and presenting a nearly
even regular face. Near the middle of the crescent and at the top of the
cliff is the remnant of a large pot hole. '

The outerop of the sandstone is continuous from the falls up to the
Indiana Greenstone Quarry, near Kickapoo station, where the C. & I.
C. Railway has cut an opening through the sandstone about twenty-five
feet deep, and it is on the side of this rock-cut that the quarry is located,
and the one derrick serves to lift the stone from the quarry and place it
on the cars. The stone is somewhat similar in texture to that at Bern-
hart’s quarry, but it is not so evenly bedded, contains no shale partings,
and does not have such a uniform color. At the north end of the quarry
there are some iron secretions that injure the beauty of the stone. The
color varies somewhat in different portions of the opening., While in
general a straw yellow is the prevailing color, in some portions it has a
distinet greenish tint, from which the quarry is named, and on the point
next to the creek east of the railway it is nearly white. Congiderable
stone has been taken from this quarry and shipped to various points
along the C. & I. C. Railway for bridge and foundation stone.

The sandstone occurs in large quantities in the ravine from the north
and west at the upper end of the Greenstone Quarry, extending to the
section line between Secs. 19 and 20 (22 N., 7 W.). At the upper limit
of the stone on this branch are some picturesque rapids and falls, where
the water is cutting the channel in the sandstone. On the west side of
this ravine near the mouth, and not far from the Greenstone Quarry, is
a quarry opening, which apparently was worked to some extent several
years ago, but is not now in operation.

No outerop of the Mansfield sandstone was observed on Kickapoo
creek above Kickapoo Station. Black and blue shale are exposed at
several points a mile above the station,.and elsewhere, so far as observed,
the region is covered with a heavy deposit of glacial material. Some
well sections show ninety feet of drift.

Between Kickapoo and Little Pine Creeks.—'the occurrence of the sand-
stone on the north side of the river over this area is even more patchy
than on the south side. Three exposures oceur between Kickapoo creek
and Independence. At what is known as the Steadman quarry, in the
southeast quarter of Sec. 29 (22 N., 7 W.), the stone has been quarried
to considerable extent, but not recently. The stone occurs in the river
bluff about 200 yards or less from the river channel. The total thick-
ness of rock exposed is thirty-five feet, the base being concealed below
the drainage level. There is practically no covering of drift or soil near
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the edge of the bluff, but the upper eight or ten feet of the sandstone
are shelly in places, the remainder of the rock exposed occurring in lay-
ers three or four feet thick, but the layers are not regular. Yellow and
yellow-gray are the prevailing colors. The uncertainty of the extent of
the sandstone in this locality is due not simply to the unconformity at the
base, but as well to the glacial or preglacial erosion at the top. A well
on the bluff' back of the Steadman quarry; not a quarter of a mile from
it and but forty feet above, is said to be 110 feet deep, forty-five feet in
gravel and sixty-five feet in fine sand, with no solid rock.

There is another small exposure of sandstone of medium quality that
has been quarried in small quantities on the McAdams property in the
southwest quarter of Sec. 28 (22 N., 7 W.), and a slight outcrop in the
northeast quarter of section 28, but they are of only minor local im-
portance. ‘ \

In the vicinity of Independence large quantities of the Riverside sand-
stone and shale (L.ower Carboniferous) are exposed, but it is all too shelly
apparently to have any value.

On each side of the river at Independence there are a great many large
crystalline glacial boulders, that are so abundant in places as to prevent
the tilling of the soil. The largest of these boulders, known locally as
College Rock, occurs at the school-house on the west side of Sec. 22 (22
N., 7 W.), and is approximately 12 x 14 x 10 feet above the surface; the
dimensions beneath the surface are not known. 8o far as known this is
the largest glacial boulder in the State.

At Independence are deposits of good potter’s clay that were used
many years ago. A pottery was in operation here in 1870-71, and one
two miles north of town from 18556-65.*

The only exposure of Mansfield sandstone observed between Independ-
ence and little Pine creek is on the east side of a small tributary known
as Dry branch. A coarse yellow sandstone of no commercial importance
and containing patches of quartz conglomerate, forms a bold cliff along
the east side of the ravine, the slope on the west side being covered with
drift. :

Little Pine Creek.—On Little Pine creek the yellow Mansfield sand-
stone outcrops through the northwest quarter of Sec. 17 (22 N., 6 W.),
through Secs. 8and 5 (22 N., 6 W.), and a small area of the red in See.
82 (23 N., 6 W.). The outcrop is observed to rest unconformably on
the drab-colored shaly Riverside sandstone, which outcrops in a number
of places. The outcrops show conspicuously in the bluff on the west side
of the creek on the north side of Sec. 8 (22 N., 6 W.), where the rela-
tion of the ghale and sandstone is as shown on the accompanying figure

#See Report on Clays by the State Geologist in this volume.
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(Fig. 6), the underlying drab shale having been eroded before the
overlying sandstone was deposited on the irregular surface.

Fig. 6. Section on Little Pine Creek showing unconformity between the Lower and
Upper Carboniferous rocks.

A—TLower Carboniferous ( Riverside).
B—Upper Carboniferous ( Mansfield ).

At “Falling Rock” in the southeast quarter of Sec. 5 (22 N., 6 W.)
is a bold outcrop of the sandstone in a small ravine where the sandstone
30 feet in thickness forms a perpendicular bluff’ which is kept so by the
more rapid disintegration of the underlying shale and softer sandstone at
the base of the deposit. The stream washing this away more rapidly in
its channel than elsewhere gives the bluff its crescent shape. There are
numerous occurrences similar to this throughout the sandstone area. A
very similar one and one given the same name (‘‘ Falling Rock” ) occurs
about two miles northeast in the northeast corner of Sec. 4 (22 N., 6 W.).
Small quantities of medium quality yellow and gray sandstone have been
quarried for local use on the slope north of Falling Rock in the southwest.
quarter of Sec. 5 (22 N., 6 W.) and other ledges equally as good occur
in the northwest quarter of the same section.

Greenhill Red Sundstone Quarry.—Probably the most important sand-
stone from a commercial standpoint in this part of the county is the red
sandstone in the west part of Sec. 32 and the east side of Sec. 31 (23 N.,
6 W.). The stone outcrops along the south side of a small branch from
the west, and so far as known is not exposed on the north side of the
branch, the slopes being covered with glacial material. The stone has
been quarried for use in building and bridges; the principal quarry open-
ing being on the east side of the road a short distance north of the half
gection corner between sections 31 and 32. The face of the quarry is 20
feet, the total thickness of the bed is not shown, but is not less than 30
feet and may be much more. There is a little shelly rock at the top, but
in no place more than one or two feet and t-rle overlying drift is very light,
being from zero to two or three feet. The stone on the quarry face is some-
what friable, much more so than that in the natural exposures or in the
bridge abutments where it has been used, It has a light red color, a
much lighter, brighter, warmer red than iny other red sandstone of the
State. The lighter color is apparently dye to the presence of less iron
than in the brownstones rather than a ditferent state of hydration, the
brighter color being due probably to the fabsence of the hydrous oxide.
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The small quantity of iron is shown both in the chemical analysis and in
the microscopic examination. The percentage of iron is lower than that
in any other sandstone of the State that has been analyzed (see final chap-
ter for comparison).

Chemical Analysis of Greenhill Red Sandstone.

Digested in concentrated hydrochloric acid (HCI).

Residue (white) insoluble in HCY.......................... 98.73
Alumina (A120s) ..o e .28
Iron Oxide (FezOs) ...ooviiiniiiiiiiiiiiiiiieeannnnn. .36
Lime (Ca0)..covt i i e e .03
Carbonic acid (CO:) (by computation)............ e .02

Total. .o e i e 99.41

The stone is remarkable, not only for the low percentage of iron, but
of the alumina and lime as well, the percentage of all the soluble material
being less than one per cent., 8o that the question naturally arise
whether there is sufficient cement to make the stone of any value. In
favor of its strength might be stated (1) that the grains are closely in-
terlocked and there is probably some silicious cement, as a fragment of
the stone digested in dilute acid for several days, still retained much of
its tenacity, and (2) the stone where it has been used shows an indurated
surface much harder than the fresh stone, and this despite the fact that
the stone was quarried by blasting with powder and dynamiie. The
Martindale house, about four miles southeast of Pine Village, was con-
structed of stone from this quarry more than 35 years ago.* It shows
no effect of disintegration yet, in fact is not even discolored. Examina-
tion with the core drill is said to have beeu made by Chicago parties
in this locality several years ago, but nothing definite about the results
could be obtained. Despite the fact of the friability of the stune in the
quarry and the low percentage of cement, the evidence from the
weathered face and the use in buildings and bridges is sufficient to war-
rant further exploitation of this stone when transportation facilities are
offered. :

Black Rock and vicinity.—At Black Rock, in the southeast quarter of
Sec. 9 (22 N., 6 W.), is an isolated vuterop of yellow Mansfield sand-
stone and conglomerate, cappiug a high promontory overlooking the
Wabash river. A section at 1his point shows 30 feet of massive Mans-
field sandstone underlain by 75 feet of Lower Carboniferous shaly sand-
stone, thus making the top of the sandstone 105 feet above the river.t

“*The actual date could not be ascertained further than that it was long before the war.

4 The old county map gives it 140 feet, but careful measurements made by the writer on
two different days with a good aneroid showed only 105 feet.
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The Mansfield stone lies unconformably on the underlying shaly sand-
stone as shown on the accompanying figure (Fig. 7) and 30 feet denotes the

Fig. 7. Section of the bluff at Black Rock.

A—Riversidesandstone and shale.
B—Mansfield sandstone.

maximum thickness. The rock is very ferruginous and has little or no
economic value. The conglomerate at the base contains pebbles of chert,
quartz, and the underlying shaly sandstone. On top of this rock 50 to
75 yards back from the face of the cliff and 10 feet below the highest
point is a chalybeate spring, which is heavily charged with iron and has
formed a considerable deposit of iron oxide around it.

Sandstone and conglomerate outcrops at several places indicated on the
map in the south part of Sec. 4 (22 N., 6 W.) and in the northeast cor-
ner of section 4 at ¢ Falling Rock,” but none of it has any value as a
building stone. There is much conglomerate in this vicinity, and much
of it is made up of geode fragments; in one place on a space of two or
three square feet 24 geode fragments were counted. In some places the
conglomerate is fine, the separate pebbles being about the size of wheat
grains, while in other localities they are coarse, being about the size of
hickory nuts. No Mansfield sandstone was observed east of the county
line in Tippecanoe county, but the region was not explored and it is
possible that small isolated spots of it may occur.

CHAPTER V.

NOTES ON THE SANDSTONE QUARRIES OF INDIANA, OUTSIDE OF
THE AREA MAPPED.

The following notes are made from a more or less hasty exsmination
of the different localities, and mainly on the commercial features of the
stone with little reference to the stratigraphy, and are given here only
as a preliminary report on these localities. Many of the quarries are
more important commercially than many of those in the area mapped
and are deserving of a more thorough investigation, in the absence of
which these notes are given.



308 REPORT OF STATE GEOLOGIST.

TaE PorTLAND StoNE, VErMiLLioN County, IND.

The Carboniferous sandstone quarried at Worthy, Vermillion county,
is known in the market as Portland stone. The quarry is situated in a
small ravine about 150 yards west of the main line of the C. & E. L
railway from Terre Haute to Chicago, on the west side of the Wabash
river about four miles north of Hillsdale, insection 14 (Tp. 16, N. R., 9W.)

The stone at the quarry of the Portland Stone Co. belongs to the age
of the Coal Measures at a horizon above that of the Mansfield stone.*
It is thought to be correlative with somewhat similar deposits of sand-
stone as yet undeveloped on the Little Vermillion river at Francis
Davis’ about three miles west of Newport, and on Big Vermillion river
about six miles northwest of Cayuga, both in Vermillion county.

Chemical Composition of the Portland Stone.—The following analysis of
the Portland stone was taken from an article in the ¢ National Builder,”
January 19, 1895, furnished by 8. 8. Gorby, State Geologist, but the
analyst is not given nor any particulars in regard to the analysis:

Analysis of Por}tla'nd Stone.

\ Per cent.
Silica (810, ) ..ovvviniiiint N 91.182
Lime carbonate (CaCO, ). ..o.vviiiiiiiiiiiii, ce.. L8644
Magnesia (MgO). ..ot ii i i e 1.413
Ferricoxide (Fe, Oy ) o ovviiiiini it 1.120
Alumina (Al Oy )i e 2.134
Moisture and loss............... L 3.287

Total o ot i i e 100.

The erushing strength of Portland stoneis given in the ‘¢ National Builder” {
as 27,300 pounds per two inch cube, which would equal 6,825 pounds
per square inch, providing it was a perfect two inch cube. This is about
the average strength of good sandstones. See tables in final chapter of
this report for comparison.

Microscopic and Mineralogic Character of the Portland (Ind.) Stone.—
The Portland stone is finer grained and more complex in its mineralogic
composition than the Mansfield stone. The stone contains about the
same percentage of quartz as the Mansfield brownstone, but a lower per-
centage than the Mansfield gray or buff stone. The quartz is all angular

*1ts more precise location in the Coal Measures, with its relation to the different coal
heds, will no doubt be given in tho economic report on the coal.

1 Both these localities were visited and notes made on the outcrops and samples col-
lected for examination, but lack of time has prevented laboratory examination and the
preparation of the notes for publication.

1 The “ National Builder,”” January 19, 1895. The test was made by J. D. Kramer, Cin-
cinnati, Ohio.
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a8 shown in the microphotograph, Fig. 2, Plate 15. The grains are
comparatively uniform in size, averaging 0.214 millimeter or .0082 of an
inch in diameter. The largest grain measured was 0.3 millimeter or
.0118 inches in diameter. It will be noticed on comparison that in the
size of the grains the stone resembles the buff colored Manefield stone at
Williamsport, and is finer grained than the brownstones. A few of the
grains show they have been subject to strain, but the greater number of
_them are free from such appearance, so that while part of the grains may
have come from an area of distorted strata much of it evidently did not.
The grains are enclosed in a complex cement of clay, mica, granular and
crystalline quartz, fragments of decaying feldspar, carbonates and iron
oxide. The clay evidently comes, in part at least, from the decaying feldepar
with which it is closely associated, along with granular quartz and calcite.

The mica is muscovite and occurs in small, ragged flakes, much of it
intimately twisted among the grains, thus serving as an elastic bond of
strength, and indicating a deposit simultaneous with the sand. The
carbonates occur in minute, scattered, microscopic patches through the
rock ; they are thought to be in part calcite and in part dolomite, or
siderite, or both. These minerals in minute quantities are not readily
differentiated. The rock digested in cold dilute acid gave some efferves-
cence, which, having ceased and the acid heing heated, was renewed
with even greater vigor than at first, thus indicating the occurrence
of both the calcite and one or both of the other carbonates. The
chemical analysis would indicate that all three might be present. The
carbonates are unequally diffused through the rock, some areas being
free from them, others containing not less than three or four per cent.

Some of the quartz grains are bound together by a quartz cement so
firmly as to be differentiated only between crossed nicols. Whether the
quartz has been deposited on the grains in their present position, or
whether such areas are but fragments of quartzite from some other
region does not in all cases appear. Yet the evidence appears to support
the former view, as some of the areas are large enough to form a con-
glomerate if they were deposited as quartzite. In any case the quartz
cement hardens and strengthens the rock.

The iron oxide occurs in very finely diffused grains that are possibly
derived from oxidized iron pyrites or carbonate. None of the original
sulphide was discovered, but not a sufficient number of fresh specimens
were examined to prove its absence further than to prove that if it occurs,
it is in minute quantities.

There is some finely diffused carbonaceous matter that aids in giving the
deep bluish tint to the stone. In one place a fragment of fossil plant
was found under the microscepe that still retains its cellular structure.

The quartz grains contain some fluid inclusions and some microlites of
zircon. anatite and rutile. but the inclusions are few and all minute.
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The rock occurs in a massive bed, which in the quarry shows a work-
ing face of 51 feet, and it is said that a core from the diamond drill was
taken out to the depth of 69 feet without reaching the bottom of the
stone or a change in its character. However, the present face extends
to the bottom of the ravine and to carry it any deeper would require
pumping especially in wet weather. Should the stone prove to be of
good quality to a considerable lower depth the pumping would not be a
gerious hindrance as there is no permanent stream in the ravine in dry
seasons, and it could be done cheaper than to strip the overlying waste
material  On the present quarry face there is overlying the quarry stone
a thickness of 25 feet or more of shale, fire-clay, coal and boulder clay.
The fire-clay and coal are said to be utilized and probably more than pay
for their removal. If the shale could also be utilized for paving brick
it would add greatly to the profits of the quarry. Plate 16 shows a view
of the quarry in operation.

The quarry was opened in 1894 by the Portland Stone Co., with offices
at the quarry and in Chicago, and representing a capital of $40,000.
The production of the quarry for the first year (1894) was 200,000 cu.
ft. ; for the past year (1895) 200,000 cu. ft.

The quarry is well equipped for work ; the company employs from 30
to 60 men, and has besides its own railway engine for shifting cars, two
steam power derricks, two horse derricks, three channelers (two in opera-
tion, 1895), one steam drill and two gangs of saws. They contemplate
putting in a six gang mill.

The principal shipping points for the stone are Chicago, Ill., Milwau-
kee, Sheboygan, and Portage, Wisconsin; Detroit, Mich., and Terre
Haute, Ind. Some stone has been shipped to each of the following
points: Charleston, Homer, Muncie, Indianola, Rossville, Sadoris, Sey-
mour, Danville and St. Joe, Ill; Cayuga, Newport, Montezuma, and
Dana, Ind.

Some of the stone is used for bridges and some for buildings. There
are probably more than 200 buildings in Chicago which contain the Port-
land stone, either for entire fronts or as trimmings. Nearly all the brick
houses and flats in Chicago have stone trimmings, such as cornices,
lintels, water tables, etc., or else the entire front of stone and the side
walls of brick. The Portland stone appears to give good satisfaction for
such uses and is a growing rival of the Bedford and Joliet stone. The
court house and church at Charleston, Ill., are built of Portland stone.
It has had considerable use along the C. & E. L. railway for bridge stone,
both on the main line and the C. & I. C. division. It was used in the
bridge over the Calumet river in Chicago, built during the past summer,
1895.

The thickness of the deposit of the Portland stone, its massive struc-
ture, its homogeneity of texture, composition and color, the ease with
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which it can be quarried and dressed, its location near the railway, its
proximity to important markets, all combine to give it great com-
mercial importance and the industry, which has so quickly risen to
prominence, will no doubt continue to increase for some years to come,
or until the expense of stripping the overlying waste material prohibits
the further profitable production of the stone.

Cray County.

Brazil. —Sandstone has been quarried in limited quantities in several
places in the vicinity of Brazil. The stone is of inferior quality and never
had more than a local usage. The quarries are nearly all abandoned at
the present time and will probably never again be worked to any extent,
as the large brick works can supply a better and cheaper building ma-
terial than can be obtained from the sandstone.

On the Pierce farm on the hill north of Newburg (Turner), two and
a half miles west of Brazil, a soft, micaceous sandstone was quarried for
foundation stone in Brazil. The quarry was in operation for ten or twelve
years, but has been abandoned now for three or four years and the over-
lying soil and drift have crumbled in, almost entirely concealing the
stone,

Stone has been quarrled in small quantities at several localities along
Otter creek, north of Brazil. At the high trestle on the C. & I. C. railway,
stone has been quarried on each side of the creek. It is a very light gray
sandstone, slightly variegated with yellow and more or less shelly on the
exposed surfaces. Iiis both overlain and underlain by coal. Stone has
been obtained here within the last two years but the quarry is not now
(1895) in operation.

On Otter creek in Sec. 18 (13 N., 6 W.), near the little town of Car-
donia, gray, buff, and banded sandstone has been quarried for local use.
The gray and yellow banded stone is very handsome in hand specimens,
but is only of medium value for building material. The stone occurs in
& bed 15 to 18 feet thick and has been quarried at several points along
the Midland railway in this section. The sandstone at all the localities
above mentioned in the vieinity of Brazil occurs in the Coal Measures
at a higher horizon than the Mansfield sandstone.

Orange CouNnTyY.

Sandstone adapted for local use in foundations, bridges, curbing, etc.,
occurs in many places in Orange county. The best stone is that inter-
stratified with the Lower Carboniferous limestones, and designated the
Paoll sandstone by Mr. Kindle in his report on the whetstones of this

FrO. .. lin LAN Aot nanar o n +hic valiima 1
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Notes were made on the occurrence of this stone at several different
localities, and samples taken, but lack of time has prevented an exami-
nation of the latter and a proper arrangement of the former. The stone
has been quarried for local use at West Baden, Paoli, Orleans and else-
where, and will no doubt be used more in the future than in the past
when the people realize the ease with which it can be quarried and dressed.
Here, as in most other limestone regions, the citizens have the impression
that because it is much softer than limestone that it will not stand the
weather.

The Mansfield sandstone of this region is for the most part too imper-
fect for good building stone, as it contains much conglomerate, cross-
bedding and many iron eecretions.

GreENE COUNTY.

Bloomfield.—A mile and a quarter northeast of Bloomfield in the south-
west quarter of Sec. 13, (7 N.,5 W.,) is one of the most promising expos-
ures of red or brown sandstone in the State of Indiana. Ttoutcropson each
side of asmall tributary of Richland ereek, known locally as Warren branch,
the largest and most promising exposure being on the west side. The
thickness of the exposure is 85 feet, but as the bottom is concealed by
the debris of the valley the total thickness of the deposit is unknown.
The length of the exposure is about 200 yards, being concealed at each
end by loose soil and debris. It occurs at the base of the hill which
rises to a height of 50 feet or more but with a very gentle slope, and the
stripping would probably not exceed 10 feet, 25 or 30 yards back from
the face of the bluff. '

The stone is remarkably uniform in texture and more uniform in color
than is customary for the brownstone on the surface It is coarse to
medium in grain as shown on the drawing (see No. 5, on plate 12) and
weathers evenly, showing a firm, even, hard, indurated surface, in some
places moss-grown. The base of the bluff is strewn with many large
boulders, some 10 to 20 feet in diameter, some sharply angular and some
rounded. Trees two feet or more in diameter are growing behind some
of these boulders, indicating that they have been separated for many
years from the parent ledge, yet as a rule there is but very little sand or
debris about them, indicating that there has been very little disinte-
gration; on the contrary they are harder on the surface than in the
interior.

The stone varies in color, but is comparatively uniform at any one place.

 The prevailing color is reddish brown, somewhat brighter than the Con-
necticut brownstone and not unlike the stone at Mansfield and St. Anthony
in color.
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The chemical analysis shows it to have a high percentage of iron oxide,
highér than most of the brownstone of Indiana. The microscope shows
this iron to be partly crystalline, crystal faces measuring 0.032 millimeter
in length occurring. The percentage of alumina and lime is remarkably
low. ‘

Chemical analysis of brownstone from Bloomfield.

Per cent,

Residue (white) insoluble in hydrochloric acid ............. 85,29
Ferric oxide (Fe,O4) .. oov v iiii i . 11.83
Alumina ( Al,O5) o oviv i i i .19
Lime (CaO) ittt ittt e ciaevieneanes .06
Carbonic acid ( CO,), (computed) ... ... ...covveviinan.. .05
Water and loss, by difference ........... .cooviiiiinns we. 2,68
B 7 100.00

As shown by the microscope the insoluble residue is practically all
quartz, the grains averaging 0.28 millimeter in diameter.

This stone has not been developed, not even for local use except
a small quantity taken out this year (1895) by Mr. Joseph Shryer
for the foundation of his house in Bloomfield, and that was taken from
the loose boulders and not from the parent ledge. The location is in
the little valley that leads to the Bedford—Switz City division of the
Louisville & New Albany Railway about two miles distant, so the lack
of transportation facilities ought not to be a serious drawback to the de-
velopment of this stone.

Rockwood.—At Rockwood, about five miles south of east from Bloom-
field, buff and gray sandstone has been quarried to some extent by Mr.
J. Hassler and brother. The stone has been taken from two different
openings. On the suucu side of Plummer creek, about a quarter of a
mile south of the railroad, is a ledge of light gray sandstone, six to eight
feet thick, that is an exceptionally fine building stone. It has such a
smooth easy cleavage that it can be readily split in sizes of any dimen-
gions. A slab twelve feet long, four feet wide and six inches thick,
lying at the quarry, looks as regular as though it had come from the
saw mill. The ease with which it can be quarried and its agreeable color
should give this stone an extensive local use. It would make good
whetstones or grlndstones

The stone at the railroad, on the north 51de of Plummer creek, near
Mr. Hassler’s house, is buff-colored and somewhat variegated in places.
1t is not as uniform, valuable, or desirable stone as that on the south
side of the creek, yet is suitable for foundations and hea.vy masonry and
has been quarried in considerable quantities.
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Dusois Counry.

St. Anthony.—J. B. Lyne & Son operate a brownstone quarry about
one mile west of St. Anthony, Dubois county, Indiana, near the middle
of Sec. 27 (28,4 W.). The quarry was opened in 1887 and operated

" on a small scale for two years when it was shut down. It was reopened

in 1894 by Lyne & Son with improved machinery and is now doing an
extensive business. They have built a switch from the quarry to the
Louisville, Evansville & St. Louis (‘‘Air Line’’) railway, and ship
stone to Liouisville, Evansville, 8t. Louis, Terre Haute and intermediate
points.

The stone occursin a massive bed varying from 10 to 16 feet in thickness.
It is overlain and underlain by shale. The underlying shale is light
_gray with streaks of black, said to be accompanied by coal and fire-clay in
places, but none is exposed at present. Near the north end of the quarry
the shale is impregnated with considerable iron, which also occurs in small
quantities in the base of the sandstone at this point. The overlying shale
has a blue-gray color and contains some intercalary sandstone. One or
two incipient bedding planes appear on the exposed surface of the sand-
stone, but disappear in the back part of the quarry. There are a few in-
distinet joint planes with a general east-west trend.

The chemical analysis of the stone shows it to have a lower percentage
of silica and a higher per cent. of iron than the stone at Mansfield, closely
resembling the Bloomfield stone in this respect.

Analysis of St. Anthony Sandstone.®

. Per cent.
Residue (white) insoluble in concentrated HC1............. 88.41
Iron oxide (Fe,O4). o oveen o e e 8.40
Alumina ( A1,0;)..... e e .63
Lime (Ca0 ) ..viniiiiiieiiiieeiiin it iiiiiiie i .13

The insoluble residue is practically all quartz as shown by microscopic
examination. In the specimens examined the grains range in size from
0.09 mm. to 0.48 millimeters in diameter, the average of 20 contiguous
grains being 0.32 mm. or 00126 inches The quartz grains are
angular, subangular and rounded and contain many fluid inclusionsand a
few microscopic apatite crystals. (See No.4 on plate 12.) The only
other mineral present in any apprecinble quantity is the iron oxide,
apparently a mixture of the red and brown hematites with probably a
minute quantity of clay. See Chapter ILL, for physical tests on the St.
Anthony stone.

The length of the quarry floor is about 800 feet. The stone has been
stripped baek from the face a distance of 10 to 30 feet, a small portion of

*See table in final chapter for comparison with other sandstones.
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which has been removed and much of it channeled ready for removal,
In most places two channel cuts of about six feet each are removed. The
large area uncovered and the removal of the stone in large mill blocks in
quantity enable the owners to select the colors in a more satisfactory way
than can be done in a small quarry. Here as at Mansfield and elsewhere
the stone is not uniform in color throughout. There are several distinct
shades which, while partially grading into each other in places, can with
care be separated by proper sawing of the stone, thus giving an oppor-
tunity to bring all the stone into groups of uniform color. As one shade
may predominate more in one part of the quarry than in another, the
- advantage of having a large face to select from and a large stock in the
yard will readily appear. The quarry is well equipped with channelers,
drills, good derricks and a good mill, and apparently the only limit to the
supply of good brownstone is when the expense of stripping the overlying
shale and soil will prevent a profit on the stone. If arrangements can be
made to utilize part or all of this now waste material for brick making or
other purpose so as to wholly or in part pay for its removal this time may
be indefinitely postponed.

Northwest of St. Anthony.—No other outerops of brown stone are reported
in the immediate vicinity of St. Anthony. A buff stone has been quarried
near the town for use in building the Catholic Church and in some of
the foundations. In the region west of north from the brownstone
quarry the brownstone is said to outcrop at different points. The region
was not traversed except the road from Jasper to Knoxville, along which
the brownstone is exposed in a number of places. The largest and best
exposures observed are at Herrman Brelage’s, in sections 21 and 28 (1
8., 4 W.). The stone varies in color through several shades of brown-
ish red, and in certain spots is impregnated with ‘‘iron blisters.” At
some of the exposures the color and texture are fairly uniform. How far
the uniformity extends cannot be predicted definitely from the examina-
tion of the surface exposure. The largest single exposure observed was
not more than twelve feet thick, but an outcrop eight feet thick near the
top of the hill and another twelve feet thick at the base of the hill,
thirty or forty feet below the first, would indicate that there is a bed of
considerable thickness, possibly not less than forty feet. However, the
intervening concealed interval may consist largely of buff sandstone or
shale. ,

Jasper.—Gray and buff sandstone has been quarried for local use at
several points in the immediate vicinity of Jasper. The Catholic Church
at that place is constructed of stone from different quarries in the vicinity.
The only quarry in operation in 1895 is operated by James Schroeder
and one assistant, in the south part of Sec. 26 (1 8., 5 W.), a mile or
more northeast of Jagper. Thestone is gray and buff in color, and harder
than the average Mansfield stone. The product is mainly used for
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foundations. Small quantities have been shipped to Huntingburgh for
flagstone and curbstone. The Jacob Eckert quarry, on the east side of
Patoka creek, about half a mile east of Jasper, has been abandoned for
gome years, a3 has the Fisher quarry, a mile north of the town.

Perry Counry.

Cannelton.—Some of the largest and oldest sandstone quarries in In-
diana are those near Cannelton, Perry county. Sandstone is exposed in
the Ohio River bluffs in many places in Perry county, and has been
quarried at and below Cannelton, but the most valuable stone, and that
which has been quarried most extensively, occurs on the bluff two to
four miles above (east of) Cannelton at and below Rock Island, in sec-
tions 12, 13, and 14 (7 8., 3 W.).

The Mansfield sandstone and conglomerate occurs at the base of the
bluff at Rock Island, but is not quarried, except in small quantities for
riprap. The dimension stone is all taken from the overlying Coal
Meagures. Part of the Mansfield formation is coarse conglomerate com-
posed of pebbles a quarter to a half inch in diameter, in places the
pebbles forming a closely compact mass, with little sand, in other
places loosely scattered through the sandstone, and occasionally occuring
in layers, following the false bedding of the stone.

The dimension stone has been taken from beds overlying the Mansfield
stone, and in most places separated from it by a bed of black shale. It
is finer grained than the average Mansfield sandstone, the average diame-
ter of the grains being 0.14 millimeter, the largest being 0.2 mm. (See
Nos. 1 on Plate 15 and 6 on Plate 12.) The chemical analysis shows a
higher percentage of insoluble residue than the average sandstone, but
this residue is not all quartz, as in much of the Mansfield stone, but mica,
both muscovite and biotite, occurs ; the quartz containszircon, apatite and

rutile crystals.
Chemacal analysis of Cunnelton Sandstone.

Per cent.
Residue, insoluble in hydrochloricacid.............. ... .. 96.18
Ferric oxide (Fe , O, ) . ..ottt 1.56
Alumina (AL 0,) cove ittt 54
Lime (CaO) oot i i e 15
Total ..o e 98.43

The color varies from a lemon-yellow to a light or dark gray. In
general, however, the color is comparatively uniform at any one quarry
opening, varying from place to place. The color is in no place an at-
tractive one for fine buildings, owing to the rusty yellow tint of the iron
oxide that always occurs. It is better adapted to heavy masonry, where

sante 19 anhardinated to ease of workine and durabilitv.
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The stone occurs in a massive bed, which only rarely shows open bed-
ding planes, but nearly always has an easy cleavage parallel to the
bedding, so that it can be readily split into any thickness desired. This
greatly facilitates the working of the stone, which is all done by hand.
A channeler was used for a while in one of the quarries, but is idle at
present (1895), the apparent reason for its idleness being that the
stone at the point where it has been used is of inferior quality. In many
of the openings there is not sufficient quarry floor to use a channeler to
advantage. The stone occurs on the face of a steep bluff and is overlain
by black shale, overlain in turn -by other sandstone. The stone is
quarried back in the bluff until the thickness of the overlying shale
becomes too great to remove and permit any profit on the stone.

As the shale is not, in physical appearance at least, unlike that used
elsewhere for paving bricks, it is possible that it might be so used here.
The appearance of the shale is sufficient at least to warrant an investiga-
tion in that line. In some places it would be possible to run an incline
track or chute from the shale bed to the river bank, and the loading of
it on barges would be a slight expense. Even though it would but par-
tially pay for its removal it would uncover large quantities of valuable
stone, the profits on which would help pay for removal of the shale.

The large cotton mill and the Catholic church at Cannelton, are con-
structed of stone from these quarries. There are a dozeu or more
smaller buildings in Cannelton, store rooms, dwelling houses, etc., which
are built of it; also many foundations, retaining walls, etc. It was used
in the locks on the canal at Louisville, Ky., and for a similar purpose on
the Green river, Ky. It has been used in a number of places along the
Ohio river for rip-rap, retaining walls, wharves, etc.; some shipped as far
dewn as Memphis,

The quarrying of sandstone at this locality will no doubt prove to be
an important industry for many years to come, as the stone occurs in a
heavy deposit, easily worked, and well adapted to heavy masonry.

CHAPTER VL

SUMMARY.

The investigation shows that sandstone of good quality and in commer-
cial quantities occurs at several different horizons in the Carboniferous
gystem in western Indiana. It also shows that along with the good
stone in each of these beds there is much that is inferior and that care is
necessary in selecting the product. In the chapter on local details, as
far as possible, all the points where good stone for local use occurs are
designated, and in a less degree the defective stone is described and the
defects pointed out, that it may be avoided.
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The most important bed of sandstone is that termed the Mansfield,
which lies at the base of the Coal Measures, unconformably on the Lower
Carboniferous limestones, and is supposed to be the equivalent of the
Millstone grit of adjoining States and extends in a strip varying from two
to ten miles or more in width, from the north part of Warren county in
an east of south direction to and beyond the Ohio river, a distance of
more than 175 miles in the State of Indiana. Over all the north part of
this area, all that is shown on the two accompanying map sheets, is a belt
of glacial drift material, varying in thickness from zero to 200 feet or
more, The great mass, probably nine-tenths, of the formation is
made up of a medium to coarse-grained massive sandstone, which is asso-
ciated with (1) patches of conglomerate, varying from a few inches to
geveral feet in thickness and from a few feet to hundreds of yards in lat-
eral extent, (2) shaly sandstone, (3) shale, (4) coal and (5) fire-clay.

The source of part of*the coarse material of the conglomerates and the
sandstone is shown to be from the cherts and geodes of the underly-
ing limestones. The remainder is probably from the crystalline areas of
the lake regions. '

‘While the Mansfield sandstone is soft, friable, and easily worked, it is
at the same time one of the most durable rocks in the State. This is
proven by its topographic features and its use in buildings and bridges.
{t consists essentially of quartz grains in a cement of iron oxide, with
some silica and minute quantities of clay ; it is locally micaceous and con-
tains small quantities of feldspar and other minerals in places. The
tendency of the iron oxide to segregate injures much otherwise good
stone. The grains are mostly angular, but in the coarser varieties some
of them are rounded and subangular.

The many varieties in color are grouped under the two general heads
of: (1) Brownstone, including the red-brown, purplish-brown and choce-
late-brown, and (2) buff and gray stone, varlegated stone, occurring in
each class. Commercial stone is obtained in both classes, but is less
abundant and more valuable in the first than in the second class.

The greatest drawbacks to the more rapid ‘development of this stone
are: (1) The absence of railway facilities at some of the best deposits ;
(2) the occurrence of the so-called iron ¢ blisters’’ or ¢ kidneys’’ that
injure the brownstone in many localities; (8) the presence of much cross-
grain or false-bedding ; (4) lack of uniformity in color; (5) inferior stone
having been quarried and put on the market, thus injuring the reputa-
tion of the good stone. Throughout a large portion of the area much
of the stone is injured by one or more of these causes, yet in many
places the stone is so far free from these defects that it could be worked
with profit as is done in a few places. The stone is deserving of a more
extended use than it has at present, yet the poorer stone that will be put
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on the market from time to time by careless quarrymen will always be a
drawback to the development of the stone.

Quarries in the Mansfield stone are in active operation at St. Anthony
(brownstone), Williamsport (buff), Attica and Kickapoo (buff),
Fountain (brown and buff), and numerous small quarries throughout
the area. One brownstone quarry has been opened this year (1895) at
Portland Mills, There are idle quarries at Mansfield, Hillsboro, Attica,
Greenhill and elsewhere throughout the area. Undeveloped deposits
oceur at different points, the most promising being in Parke and Greene
counties.

Sandstones in the Coal Measures.—Interstratified with beds of coal and ~
shale, sandstone of good quality occurs in a number of places in the Coal
Measures at a horizon above that of the Mansfield stone. These were
not examined in detail, but notes made at a number of different points
show much valuable stone.

The so-called Portland stone at Worthy, Vermillion county, is oue of
the best building stones of the State and is taken from one of the most
productive quarries. The stone has a gray-blue color varying to light
buff near the surface. It occurs in a massive bed more than fifty feet
in thickness overlain by shale coal and glacial drift. It is highly silicious,
consisting largely of quartz grains in a cotuplex cement of clay, silica,
and iron and lime carbonates. It is not po durable as the Mansfield
stone, butjudging from the outerop and the composition it is equal to the
average in this respect.

At Cannelton, on the Ohio river, are extensive quarries of Carbonifer-
ous sandstone immediately overlying the Mansfield stone. It is not so

. attractive in color as the Portland stone and will not command as high a
price for building purposes, but it is accedsible in larger quantities, is
equally as durable, possibly more so, is easily worked and is well adapted
to use in heavy masonry. These quarri(?s bave been productive for
many years.

Sandstone of Carboniferous age has been quarried at Jasper, Brazil,
Coxville, and points west of Newport, northwest and northeast of
Cayuga, south and west of Covington, and| elsewhere.

Riverside Sandstone.—At Riverside, Fouuntain county, are two large
quarriés (one in operation in 1895) in sandstone of Lower Carboniferous
age. The stone varies from a light blue dolor on the interior to a drab
or buff on the exterior. It is evenly stratified in layers from two inches
to more than three feet in thickness, the thinner layers being on the ex-
terior, and the thicker ones in the interior.| It is very fine grained, takes
a smooth finish and is adapted to delicate carving and ornamentation. It
is not so highly silicious as the sandstones pf the Coal Measures, and has
a greater variety of mineral constituentsy While the Riverside sand-
stone is not so durable as the Mansfield stone and not so well adapted
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to heavy masonry, yet it is better adapted to trimming or carved work.
The bulk of the stone is used at Lafayette and neighboring towns, yet
some of it has been shipped to more distant points.

Similar stone to that at Riverside has been quarried near Attica, at
Raccoon Station on the I., D. & W. railway and on Big Walnut creek
east of Bainbridge, Putnam county, and other points in the State.

In the southern part of the area there are at least two beds of sand-
stone in the Lower Carboniferous limestones, a much coarser grained
stove than the Riverside stone, and resembling the buff-colored Mansfield
stone. It is thought to occur at a horizon between the Riverside and
the Mansfield (the Chester?). It has been quarried for local use at
several places in Orange county.

The crushing tests of the Indiana sandstones indicate a stone about
equal in strengih to stones of similar character elsewhere, but below the
average for all sandstones if the quartzitic varieties are included. The
fire tests would indicate a stone that would not stand a fierce conflagra-
tion without more or less serious injury. However, the reports from its
use in fire places, chimneys, sugar furnaces, and blast furnaces indicate
a fire-resisting stone of some merit, from certain localities at least.

The experimental and statistical information is tabulated in the follow-
ing pages. The value of the annual production varies from $80,000 to
nearly $200,000.

TABLE 1.

* Statistics of sandstone production in Indiana for 1891, 1894 and 1895.

1891. 1894, 1895.
Location of | Kind of | Capital
quarry. stone. invested. i ' —
Cu. Ft.‘ Value. | Cu.Ft. i Value. | Cu.Ft.| Value.
Williamsport.., Buff. $25,000 | 105,000 | $10,500 | 210,000 { $23,000 200,000 $22,000
Kickapoo.. ---..- : cremmrvnas] seonaerneenons| 851000 2,600 | 40,500 2,100
AtECE aerreneene. 1231600 ) 23160 | 61000] 6100 | 60, 09 6,000
Riverside ....... 128,000 34,400 | 67,500 9,500 81,000 l 12.',‘000
Worthy........ .. (1) (1 200,000 20,000 200,000 20,00
Cannelton. . 5 61,000 6,100 | 54,000 12,000 283,000 38,000
St. Anthony....| Brown. 30,000 (1) (1) 12,400 5,000 50,000 |, 15,000
JASPer .. oecereen Buff. 3,500 | 13,500 1,755 1,500 200 1,500 200
Silverwood .... | { Eraonnd | { 950,000 | 206250 | 57,750 | (1) o) W @
Mansfield........ }grown. 150,000 | 41,250 30,100 [6) T PPN (1) |ereveereronenes
rown
Other Points... - guﬂ'an,d { 77,000 | 77,400 5,600 | 20,000 2,000 25,000 2,500
ray
Total.er oo $600,500 | 864,000 | $169,365 | 661,000 | 79,800 | 1,140,000 | $117,300
(1) Not in operation. N

At Riverside in 1891 there were two quarries in operation; in 1894
and 1895 there was only one.
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A rough estimate, based on the dimensions of the different guarry
openings throughout the area traversed, shows a total production of
about 3,750,000 cubic feet, of which 2,000,000 feet would come from the
Wabash valley above Coal creek. This estimate includes the product
for local use from the many small quarries. It is possibly far within the
limit of the actual output.

TABLE IIL

(General statistics of the sandstone industry in Indiana in the years 1891,
1894, 1895.

ITEM. 1801, ‘ 1894, i 1895,
) |
Whole number of men employed.... 307 410 414
AVOrage Waged ..o ceer wenrecrerecrons $150 | $1.75 $1.75
Number of quarries in operatmn . a1 13 15
Number of derricks .. 40 36 46
Number of steam drills. ... .. 9 8 7
Number of chapneling machines. 10 5 5
Number of saw gangs . 3 4 6
Average price per cu. ft - $0.20 { $0.14 $0.14
Highest price per cu. ft 73 65 60
Lowest price per cu. ft .. 10 4 4
<
TABLE IIL
Statistics of the Sandstone Production in 1891%
- . . — . . . . . .
ol < @ - < 5 2 Bl LB 8 5
. 58§ (%] | & |, E1vE| g el ey B
3 Locality 58 —2 |82 §2 33 221 8% 581 8 “3) 3% o2
2 |22 8= | 25| 2% == eel<cgladl a8l S oA
g 2% =~ |88 & 38 82 gzl 5 g7l 88| 2
El = % =0 > = g B3l #ey B 5= )
P~ 21 & |2 | < | & |& |an&tla =] &
1] St. Anthony..| 2| 25,000 |ereerer] cooe ool oerrmeorsriane ] 1 !
21 Jasper .ovvveendf 2 3,500 7 $1.50 13,500 | $0.13 |....
3| Canpelton....| 3| 2400 s8[{ 12| 61,00
4 ) Fountain ..... 1 300 3 1.25 5,400
5 ) Silverwood ...| 1| 259,000 60 1.50 1,250
6 | Pottsville 1 1,500 12 1.25 72,000
7 Mansﬁeld 1] 150,000 20 1.50 41,250
8| Attica .. 2 H00 39 150 231,600 . 23, 160
o | Williamsport| 6| 600| 73 % 121 105,000 10 leors] oo 18 lend 20500
150 20,000 10
10 | Riverside -..... 2] 15,000 35 175 108,000 30 8 4 (3 P 34,400
Totals.coreme| 21 $523,900 | 307 $1.50 ' 864,000 | $0.20 | 9| 10| 40 3| $169,365

* (Collected and tabulated from the rerort by Mr. A. C. Benedict to the State Geologist,
.and published in the Seventeenth Annual Report of the State Geologist of Indiana, 1891.

+ Nat in oanaratior in 1801
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Sandstone product in Indiana for 1889.—The sandstone produet for
1889, valued at $43,983, is as follows: Warren county, $19,163; Foun- -
tain county, $14,500; smaller amounts in Orange and Putnam counties,
in all 11 quarries. Of the total, the amount of $16,033 was used for
building purposes, $18,080 for bridge work, etc. All of Orange county’s
product was used for abrasives.—Mineral resources of the United States,
1889-90, p. 393.

List of eompanies and individuals operating sandstone quarries in Indiana,
with dates.

1. Williamsport Stone Co., Williamsport ; quarry opened in 1840;
worked by the present company since 1893.

2. F. J. Bernhart, Attica; since 1892 run by F. J. Bernhart quarry
first opened by his father in 1856.

3. Jacob Schmidt, Attica; smce 1892; operated other small quarries
in previvus years.

4. Guyer, Burchby & Co., Riverside; since 1887. Riverside Stone
Co. has a quarry close by the above, opened many years previous, but
not in operation in 1895.

5. J. B. Lyne & Son, St. Anthony; since 1894; first opened in
1887.

6. F.F .Paulin & Co., Cannelton; since 1884; first opened at Can-
nelton, many years previous.

7. American Cannel Coal Co., Cannelton; since 1895.

8. Parke County Brownstone Co., Mansfield; from 1891 to 1894;
now in the hands of receiver; operated by M. W. Wolf, 1887-1891.

9. Portland Stone Co., Worthy; date of opening not at hand, but
only a few years ago; has been in vigorous operation ever since.

10. Joseph Marlowe, operating Indiana Greenstone quarry at Kick-
apoo, pear Attica, since 1892; quarry was opened many years previously.

11. Charles A. House, Rainsville, has operated small quarries for
local use for several years.

12. Louis F. Inglehart, Harmony, with his father has operated
a small quarry for 30 years.

13. John Jones, Paoli, has operated local quarries since 1885.

14. Hamilton Tigert has operated small quarry since 1892.

15. Portland Mills Brownstone Company opened a large quarry at
Portland Mills in 1895.

16. Hillsboro Brownstone Co. and L. K. Stevens operated brown-
stone quarries at Hillsboro for several years; only small quarries for local
use in operation in 1895. The Stevens quarry now owned by C. W.
Moore.

17. Mr. Brooks, at Fountain, operates a small quarry for local
ETUNU |
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18. J. Hassler has operated quarries in gray and buff stone at different
times at Rockwood, near Bloomfield, Greene county.

19. Jas. Schroeder has operated a small quarry near Jasper since
1887. Other quarries, known as the Eckert quarry and the Fisher quarry,
have been worked until recently in the same locality.

Quarries were opened this year (1895) by the Condon Bros., at
English, in Crawford eounty; others at West Baden, Orange county.

There are a number of quarries that were at one time large produeers,
but are now idle, the largest of such being owned by the Cayuga Pressed
Brick and Coal mining Co., near Silverwood, that’ was in operation from
1888 to 1892 and shipped between 3,000 and 4,000 carloads of stone.
Smaller quarries now idle are those near Covington, Coxville and Brazil.

TABLE IV.

Value of sandstone production in the United States, by States, from 1890
to 1894 *

STATES. 1890. 1891. 1892, 1893. 1894,

$43,965 $30,000 $32,000 $5,400 $18,100

Alabama ..
Arizona -

Arkansns
California .
Colorado-

Ilinois
Indiana -
Iowa....
Kansas ...
Kentucky -
Maryland .
Massachusetts
Michigan ......

Minnesota..
Missouri..
Montana
Nevada ..

New Hampshire..

New Jersey-.. 597,309 400,000 350,000 267,514 217,941
New Mexico 186,804 50,000 20,000 4,922 300
New York 702,419 500,000 450,000 415,318 450,992
North Carol 2,000 15,000

Pennsy’ lvan
Rhode Island
South Dakota

Tennessee -

Texas-

Utah.. .

Vermont

Virginia

Washington 75,936 75,000 15,000 6,611

West Virginia 140,687 90,00 46,135 63,/

Wisconsin .. 183,958 417,000 92,193 94,888

Wyoming ,760 25, | 1 4,000
TOEAL evveveronennessse serecssoseenees 814,464,005 | $8,700,000 | 88,265,500 | $5,195,151 | $3,945,847

(a) Sandstone valued at $26,199 was produced by Rhode Island, Nevada, Vermont, Florida
and Georgia together, and this sum is included in the total.
*From Mineral Resources of .the United States, Part IV, 16th An. %lep. U.8.G. 8., 18%4,

o1 o, [
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TABLE V.

Value of different kinds of stone produced in the United States during the
years 1893 and 1894.%

KINDS. - 1893. 1894,

$5,195,151 $3,945,847
8,808,934 10,029,156

Sandstone ...

Granite ..

Marble - 2,411,042 3,199,585

Slate ..... 2,523,173 2,790,324

Limestone 13,947,223 16,512,904

Bluestone - - - a1,000,000 900,000
Total ceeceerererenne. . .| $33,885,573 $37,377,816

* Mineral Resources of the United States. PartIV.,16th An.Rep.U.8.G. S., 1894.

a Estimated.

TABLE VL

Table showing chemical composition of sandstones.

] ] 3 =1
. 2= : =] A
5 . =2 | | % % |8
= Loecality 2% g S < g | 5 -
g 3= = g g | & |88 &
= g = a8 | A )2 B &
1 | Mansfield.. 92,16 |.emerrrnnnns 6.29
2 | Judson ... 21 51 4.91
3 | Hillsboro 1.65 .56 6.60
4 | Fountain .. 91.66 60 6.41
5 | Bloomfield.. . 85.99 J9 ] 11.83
6 | St. Anthony.. 8841 63 840
7 | Riverside .. 93.16 1.60 2.69
8 | Williamsp 98.57 05 65
9 | greenhill 98.73 28 26
10 | Cannelton 96.18 54 1.56
11 | Worthy (Po: 91.18 2.13 1.12
12 | Fern.. ... . 47 143 J..
13 | Portland Mills .| 287 19.34 [.
14 | Portland, Conn... . 13.15 248
15 | Dakota, Minn... . 10.00 141
16 | Waverly, Ohio..... K 5.20 147
17 | Cleveland, Ohio .. 91.67 6.92 tr. |
18 | Cromwell, Conn...... 70.84 | 13.15 248

*Includes .09 per cent. alkalies.
+ Includes 3.3 per cent. potash, 5.43 per cent, soda, and .7 per cent. manganese oxide.

1 Includes 1.76 per cent, potash, 1.03 per cent. soda.

Nos.1 to 10 analyzed for the survey by H. H. Ballard, Rose Polytechnie Institute, Terre
Haute,Indiana. No.1l, from the “National Builder,’”’ January 19, 1895, by S.S.Gorby. Nos.
12 and 13, made for the survey by Dr. P. 8. Baker, De Pauw University. Nos. 14 to 17, from -
Stones for Building and Decoration, by G.P. Merrill, p. 420. No. 18, furnished by the New
England Brownstone Co. In Nos. 14 to 18 the insoluble residwe is silica.
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TABLE VIIL

Table showing specifie gravity, crushing strength and ratio of absorption of

sandstones.
1 LY
| ogd | 4] 2B
" . 0"? g“"‘o “"g aq”?n g
2 Locality. B 5.2 o8 | BaF g
g S8 W5 | gf | 224
£ 2 & 5 =3 2w 2.4
= |3} & - <
Pounds. Pounds.
1 | St. Anthony, Ind. .eoenescenmnineeniins conmtinnnanns [ : 3,000
2 | Riverside, Ind... e - 6,045
3 | Riverside, Ind... 6,100
4 | Riverside, Ind 6,800
5 | Worthy, Ind... 6,825
6 | Berea, Ohio....... 211 11,213
7 | Hummelstown, Pa. O 12,810
8 | Cromwell, Conn...... 25 ,804
Middletown, Conn 2.36 6,950
10 | Guanison, Col...... 2.20 5,250
11 | Coal Creek Col. . 2.03 2,879
12 [ Portland, Conmn, ..o i [ e 4,945
13 | Marquette, Mic 2.29 6,165 -
14 | Jordan, Minn 1.9 4,750
15 | Medina, N. Y. 241 17,250
16 { Cleveland, Ohio, 2.24 6,800
17 | N. Amherst, Ohio 2.14 450
18 | Angel Island, Cal.... 2.73 574
2 ass Island, Wis. veveeen 24 X

Norr.—Tests on Nos. 1to 4 made for the Survey by M. A. Howe, Rose Polytechnic Insti-
tute, Terre Haute, Indiana. No. 5 from the National Builder, Jan, 1,189, by S. S. Gorby.
No. 6 made by Mr. Howe at Terre Haute. Tests on the same given by G. P. Merrill, Building
and Ornamental Stones equal 10,250 and 8,222. .

BIBLIOGRAPHY.

The following bibliography does not aim at completeness, but as it
contains probably the references to the most important literature on the
subject it may be of value to those desirous of looking up the subject
further. Very little has been written on the sandstones of Indiana, out-
side of a casual mention of their occurrence in the different county
reports on the counties in the Carboniferous area.

SANDSTONES OF INDIANA.

Bexepict, A. C. Quarries in Indiana, in 17th Annual Report Depart-
ment of Geology and Natural Resources of Indiana, 1891, pages
106-113, gives statistics of the sandstone quarries in 1891.
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Corrprr, JomN. (1.) Geology of Dubois county in 3d and 4th
Annual Report Geological Survey of Indiana, 1872, page 236.

(2.) Bame volume, page 298, says the sandrock near the county
seat of Jasper county is of excellent quality, equal to any in the
State for foundations and heavy masonry.

(3) Geology of Warren county, pages 191-246 in the 5th
Annual Report Geological Survey of Indiana, Indianapolis, 1874,
in several places calls attention to the sandstone in the county as
suitable for building stone.

(4.) Geology of Lawrence county, same volume, pages 260-314,
mentions the sandstone of that county as weather and fire-proof
sandstone.

Cox, E. T. (1.) 2d Geological Report of the Geological Survey of
Indiana made during the year 1870; Indianapolis, 1871, page 77,
the massive sandstone in the hills north of Washington in Daviess
county will make a durable building stone. Pages 82 and 105, the
conglomerate sandstone occurs in large quantities, and where free
from iron and pebbles is & handsome and durable stone. Pages
119 apd 120, mention the occurrence of sandstope in western
Indiana. On pages 204 and 205 he describes the sandstone and
conglomerates of Dubois county, saying they are fire-proof.

(2.) 3d and 4th Annual Reports of Geological Survey of
Indiava, Indianapolis, 1872, pages 83 and 138, mentions the sand-
stone on the bluffs at and above Cannelton as excellent building
stone, enumerates the buildings and government works in which it
was used.

(3.) Geology of Pike County, in same volume. Page 284
states that the ¢ massive member of the subcarboniferous sand-
stone’’ about Pikesville furnishes the best quality of building
stone; also that good Coal Measures sandstone occurs in other parts
of the county.

Hogps, B. C. Geological Survey of Parke County in 3d and 4th
Annual Reports Geological survey of Indiana; Indianapolis, 1872.
Pages 341-384 calls attention in several places to the heavy beds of
sandstone in the county and gives vertical sections.

MineraL Resources, U. 8. 1887, page 729, Chester sandstone (Sub-
carboniferous), well developed in Warren county and thence in a
belt traceable to the Ohio river. Quarries at Williamsport and
Attica, Warren county; near Attica and Portland, Fountain
county ; French Lick and Paoli, Orange county; and 7 N. and 6
N. 4 W, Greene county, Some of the quarries actively worked
and furmsh large amounts of stone.

Bame as above in Mineral Resources 1882 page 680.

Statistics of sandstone production in Indiana, in volume for 1889

and 1890 p. 893.




CARBONIFEROUS SANDSTONES OF WESTERN INDIANA. 325

OweN, RICHARD, in report of a geological reconnoissance of Indiana made
during the years 1859 and 1860,.under direction of David Dale Owen,
Indianapolis, 1862, pages 164 and 165, speaks of the sandstones of
Warren county and Fountain county, calls attention to the coarse
sandstone, (Mansfield) and the Lower Carboniferous (Riverside),
which are quarried between Attica and Williamsport ; makes mention
of the stone quarries east of Attica, now abandened, but did not visit
the quarries. Page 180: ‘¢ The eastern portion of Dubois county fur-
nishes sandstone for building purposes from the Millstone grit.”
Page 183: ‘‘ Near Cannelton, as well as in other parts of the field,
sandstone is quarried for building purposes.” Also makes some
general remarks on the properties of sandstones.

TaompsON, MAURICE. Indiana sandstone, in 17th Annual Report of
Department of Geology and Natural Resources of Indiana, 1891,
pages 30—40, gives in outline descriptions of some of the sandstones
and the counties in which they oceur.

SANDSTONES IN GENERAL.

BeckER, G. F. Monograph XIII, U. 8. Geological Survey; origin of
concretions, weathering, alteration, etc., of sandstones.

CuamBerLIN, T. C. Geology of Wisconsin, volumes I and II, Madison,
1883. Treats briefly of sandstones in general and more in detail the
sandstones of Wisconsin from both an economic and scientific stand-
point.

Dax~a, Jas. D. Manual of Mineralogy and Lithology, pages 426, 427.
J. Wiley & Sons, New York, 1884.

Day, Wn. C. The Sandstone Industry in 1894. Extract from 16th
Anpnual Report of the Director of the U. 8. Geological Survey,
Part I'V, pages 55-65. Washington, 1895.

Geixie, A. Text-Book of Geology, pages 161, etc. Macmillan & Co.,
1885. '

Hawzs, G. W. Geology of New Hampshire, volume III, 1878, part
10, page 240, also in 10th Census, vol. X.

Hurr, EDwarp. Pages 237 to 279 in A Treatise on the Building and
Ornamental Stones of Great Britain and Foreign Countries. Mac-
millan & Co., London, 1872. Gives .a short general treatise on
sandstone and a description of the sandstone of England, Scotland,
Ireland, India and the continent.

Irvivag, R. D. Geology of Wisconsin, volumes I and III. Treats in
detail the sandstone of Wisconsin and less specifically sandstones in
general, microscopic examination, chemical analyses.
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Irving, R. D., and Van Hisg, C. R. Bulletin 8, United States Geo-
logical Survey, Induration of Bandstone; illustrated. Shows that
quartzitic #nd other crystdlline sandstone may be produced by dep-
ositioni of silica on sand grains oriented crystallographically with the
original grains.

Jones, Davio P. Flagstone, in the Mineral Industry, volume III,
1894, pages 495-504. Scientific Publishing Co., New York, 1895.
Describes the North river bluestone, Colorado red flagstones and
Kansas flagstones.

KEeLLy, THos. C., et al. Sandstones, 10th Census, 1880; volume X,
pages 256-27.

Maw, GeorGE. On the disposition of iron in variegated strata, in
Quarterly Journal Geological Society, volume XXIV, 1868, pages
351-400. Qives g eareful, detailed accourit of the natute, charac-
ter, origin, etc , of the iron coloring matter in sandstotie and other
rocks.

MerriLy, F. J. H. Building stones of New York, In the Mineral In-
dustry, volume IIT, 1894, pages 493-4. Scientific Publishing Co.,
New York, 1895.

MerriLL, G. P. Stones for Building and Decoration, pages 245-290.
J. Wiley & Sons, New York, 1891, Also in Smithsonian Report

- for 1886, part II.

Pagg, Davip. Economic Geology, pages 66-72. Treats of sandstones
from an economic standpoint.

Rorg, J. Allgemeine und Chemische Geologie, volume II, page 607,
et seq.

Russerr, I. C. Bulletin 52, U. 8. G. 8. on the origin of the red color
in the Triassic sandstone of the Eastern States.

SeeLey, H. G. In Phillips Manual of Geology, London, 1585, part I,
pages 92-98. Microscopic character of sandstones of England and
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THE WHETSTONE AND GRINDSTONE ROCKS OF
INDIANA, "

BY EDWARD M. KINDLE.

CHAPTER L

TOPOGRAPHY AND FENERAL GEOLOGY.

PosirioN.—The sandstones which supply the coarse and fine grained
whetstones and the grindstones of Indiana, are confined principally to the
western half of Orange County. The territory which has been mapped
during the study of these beds embraces the western part of Orange, the
southeastern portion of Martin, and the northeastern part of Dubois
counties lying between the second principal meridian and range line four
west, and extending from the northern to the southern boundary lines of
Orange County.

TopoaraPHY.—This region lies south of the southern limit of the drift,
and presents a variety of topography very different from that found in the
central and northern portions of the State. The surface of the country
preserves unmodified by ice action all of the sculpturing left by the agents
of erosion since the elevation of the regions above the sea.

Two very different types of ropography occur in this area. Over the
western and southern portion, where sandstone is the predominant rock,

“high narrow and erooked ridges with deep intervening valleys constitute
the characteristic configuration. The larger ridges have a general east
and west direction corresponding to the direction of the principal streams.
Running off from the larger ridges are numerous smaller ones cut out by
secondary streams, and these are indefinitely lobed. ‘

The crests of the ridges rise from 200 to 350 feet above the valleys. A
few prominent points on the ridges rise considerably higher than this.
Mt. Arie, near West Baden, and Burtin Hill, southwest of FrenchfLick,
are two of the highest points in this region. Toward the northeast the
ridges become less prominent unti] they are nearly entirely replaced to
the east of Orangeville by a comparatively level limestone country, the
surface of which is pitted with numerous ‘‘sink holes,” or cone-shaped
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deep, connecting through openings at the bottom with underground,,
drainage channels in the limestone. Sometimes these ‘“sink holes’ cover
one or more acres, and by the filling up of the subterranean outlet they
are frequently transformed into ponds. The ‘“sink holes’’ constitute the
most characteristic feature of the topography between Orangeville and
Orleans.

DRAINAGE.—Two streams, the Patoka River and Lost River, with their
tributaries drain most of this region. ' .

Lost River has its source in the St. Louis limestone region in the west-
ern part of Washington County. In the northeastern part of Orange
County (Sec. 4, Tp. 3 N., R. 1 E.), it sinks and flows for a distance of
about eight miles through an underground channel in the lower Kaskaskia
limestone. Through the region where the channel of Lost River is un-
derground numerous basins and ravines ending in ‘‘sink holes’’ collect
the surface waters and transmit them through underground channels to
the main stream. Two of these underground streams come to the surface
and disappear again in a large sink hole called the ‘‘ Gulf,”’ about a
quarter of a mile northeast of Orangeville. It is evident that the two
streams which unite here have their sources distant from each other from
the fact that rains in a quarter which renders one of them turbid do not
affect the other.

Lost River leaves the underground channel at Orangeville. The old
surface channel or ‘“dry bed’’ unites with the stream a short distance
below the ‘‘rise.”” This channel is dry, except after heavy rains, when
the excess of water continues down from the first sink to three other
sink-holes in sections 8, 13 and 11, Tp. 3 N., R. 1 W. The increase in
the volume of water at the *“ rise’’ at such times causes it to flow back-
ward up the old channel until it is filled, thus presenting the curious phe-
nomenon of a stream flowing in two directions at the same time.

Below Orangeville Lost River meanders much, but keeps a general
westerly course to White River in Martin County. A comparison of the
distance in a straight line between Orangeville and the junction of Lost
River and White River, with the actual length of the stream between
these two points, will indicate the extent of its meanders. The distance
from Orangeville to the mouth of Lost River in a bee line is about 15
miles. In covering this distance the stream traverses more than 36 miles.
Throughout its course Lost River is sluggish. Below Orangeville the
valley plain or bottom is usually a quarter to a mile in width. In some
places the channel of the stream is cut in the alluvial material of this
plain, while in others it is in limestone or sandstone.

The Patoka River and its branches drain the southern part of Orange
and the nertheastern part of Dubois counties. The Patoka is similar to
the Lost Rlver in its sluggish character and extensive meandermg A
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its volume. Its eomparatively small volume is.due to the small drainage
gres, which it divides with two other streams, the Ohio and the White
rivers, lying on either side of it. The valley of the Patoka is cut
through the Kaskaskia beds and the Mansfield sandstone. At the con-
tact of the limestone and sandstones numerous springs break forth, fur-
nishing an abundance of excellent water.

GEOLOGY.

GENERAL RELATIONS.—The rocks of the whetstone region all belong
to the Mississippian or Lower Carboniferous formations. The subdivi-
sions of these and their taxonomic relations are indicated below :

System. Series.

Coal Measures.
Mansfield sandstone.
Mississippian .......oooiiiiiii i Kaskaskia.

Carboniferous.........cocoveiitiiiiinnane,

The beds have a gentle dip to the southwest, so that in passing across
the region from east to west the Kaskaskia beds, which are the predomi-
nant and almost the sole rocks in the east, are seen to pass under the
Mansfield sandstone, and are found in the west only in the bottom of the
valleys. _

All of the Kaskaskia Limestone beds of this region, and the sandstones
below the uppermost of these, are referred to the Kaskaskia group. It
comprises, where typically developed, three beds of limestone and two of
sandstone. These different beds will be designated respectively as the
Lower, Middle and Upper Kaskaskia Limestones, and the Lower and
Upper Kaskaskia Sandstones. The following section of Kaskaskia strata
taken at Foote’s Spring in 8. W. } of S. W. }, Sec. 11, T.1N,,R. 2 W,
shows about the average thickness of its different beds except the Lower
Kaskaskia Limestone, which is only partially exposed at this point:

Slope with Mansfield Sandstone fragments.................. 18 feet.
Upper Kaskaskia Limestone............oooooviiiiiiit, 15 feet.
Upper Kaskaskia Sandstone.................... ..ot 35 feet.
Middle Kaskaskia Limestone............oooovvuin on. .. "..16 feet.
Lower Kaskaskia Sandstone..............cociviuiinn... 30 feet.
Lower Kaskaskia Limestone.......ocoveeiiiveiiiinnnn.... 6 feet.
Blue Shale..... ettt eeae e et 3 feet.
Lower Kaskaskia Limestone................c.oc ... 5 feet.

Lower Kasgaskia LiMestoNE.—The Lower Kaskaskia Limestone is
usually a light ash gray in color. In structureitis a close, fine textured,
uncrystalline stone breaking with subconchoidal fracture. This stone is
80 fine and even textured that it would make in many places a litho-
graphic stone, but for the presence of very fine seams of caleite run-
ning through it. Rough irregular shaped nodules of chert, gray to blue
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A thin bed of sandstone oceurs at some loealities in the upper part of
this limestone which contains numerous stems of Sigillaria. This Sig-
illaria bed is well exposed at the forks of the road just west of Buck
Grove Church, and at William Shirley’s, S. E. } of N. W. } Sec. 12, T.
2N,R.2W.

DistriBuTION.—Over the eastern and northeastern part of the region
the Lower Kaskaskia Limestone is the principal formation. The Upper
Kaskaskia beds have been almost entirely removed over the region east
of Orangeville. This limestone extends down the Lost River Valley
about two miles below Roland Postoffice. Above this point it extends
well up the valleys of the tributaries of Lost River. The Lower Kas-
kaskia Limestone does not extend so far west along the Patoka. It dips
below the bed of the stream in the east part of Sec. 16, Tp. 1S8., R. 1 W.

Lower Anp UrpEr Kaskasg1a SaNpstones.—These beds which are
separated by the Middle Kaskaskia Limestone vary widely in thickness
and in lithological characters. They are composed of strata of sandstone
of medium coarseness, buff to light gray or white in color. In many
places iron in the form of limonite concretions oceurs in the massive sand-
stone. Thin seams of eoal three to six inches in thickness are found in
them at some localities. One of these thin Kaskaskia seams has been
opened in the 8. W. } of the 8. W. } Sec. 24, Tp. 2 N., R. 2 W. Beds
of shale sometimes in part replace the sandstones. The Lower and Upper
Kaskaskia Sandstones outcrop extensively along the valleys of the Upper
Patoka and Lost Rivers, and of their tributaries. The distribution of
the outcrops of these shales which are of economic value will be given
in detail in another part of this report.

Mmpre Kaskasgia Livesrones.—This limestone is usually a close-
textured, semi-crystalline, gray limestone. It is usually fossiliferous con-
taining a rich brachiopod fauna. At some localities the Middle Kaskaskia
limestone has a perfect oélitic structure developed. This structure is well
shown at the spring on the north side of the road in the N. E. } Bec. 4,
Tp. 1 N., R. 2 W. Two systems of planes nearly at right angles to each
other are often developed in this limestone. Weathering always pro-
ceeds most rapidly along the joints of these planes when they are present.
In such a ledge weathering reduces the limestone to a mass of chips and
slabs split off parallel with the bedding, and with trough or ditch-like
depressions running through the mass of debris eorresponding in position
to the original joints. Where one of these troughs of weathering is
much more thoroughly developed than the others, as often happens along
the terrace of a hill, the resemblance to an artificial stonework thrown
up by man is often striking. Good examples of this kind of weather-
ing occur in the N, E. } Sec. 28, Tp. 2 N., R. 2 W., and south of Geo.
Pruitt’s in the N. W. } Sec. 3, Tp. 2 N, R. 2 W,
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The Middle Kaskaskia limestone varies in thickness from 30 to 5 or 6
feet. Its distribution is nearly coextensive with that of the Upper Kas-
kaskia limestone, which is indicated on the map by the line of contact
between the Mansfield sandstone and the Kaskaskia.

Urper Kaskaskia Limestone.—The Upper Kaskaskia limestone is
the highest of the Kaskaskia series. It is a dark to light gray, usually
crystalline limestone, composed largely of crinoid stems. This limestone
is usually characterized by an abundance of Archimedes. This fossil is
comparatively rare in the middle limestone. Like the middle limestone
the Upper Kaskaskia is sometimes o6litic in structure. Sometimes it has
bands of chert two or three inches or more in thickness running through
it. These chert bands are of slight lateral extent and thin out to atten-
uate edges. They are the result of the replacement of the limestone by
silica. Crinoid stems and other fossils which have been perfectly silici-
fied occur in the chert.

DistriBurioN.—The distribution of the Upper Kaskaskia limestone is
sufficiently indicated on the map. All of its outerops will be found near
the line separating the Mansfield sandstore from the Kaskaskia limestone.

MANSFIELD ‘SANDSTONE,

Mansfield sandstone is the name given by Mr. T. C. Hopkins, of this
survey, to the sandstones and associated strata lying above the subcarbon-
iferous limestone and below the coal measures. The term is equivalent
to Conglomerate heretofore used in the Indiana reports for this horizon.

The Mansfield sandstone comprises in this region a series of strata from
150 to 200 feet in thickness, which vary greatly in lithologic features,
both laterally and vertically. Sandstone ranging in texture from coarse
conglomerate to the fine-grained Hindostan whetrock constitutes the bulk
of the formation. Interbedded with the sandstone are thin beds of coal,
shale and fire-clay. The Mansfield sandstone generally contains a con-
siderable amount of iron, which is concentrated in limonite nodules and
bands of highly ferruginous sandstones.

DistriBurioON.—The map indicates in detail the distribution of the
Mansfield sandstone over this area, but some account will be given here
of the lithologic characters of the formation in the different portions of
the region. '

Southeast of French Lick the Mansfield ‘sandstone is represented only
by detached remnants 15 to 40 feet thick on the top of the higher ridges
and hills. In this quarter the sandstone is usually coarse, containing
mueh iron, with occasional thin strata of small quartz pebbles.

South of the Patoka, in southwestern Orange and in Dubois County,
the Mansfield sandstone consists of thick beds of massive sandstone.
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marked cross-bedding. West and southwest of Ellsworth, in Dubois
County, the sandstone outcrops frequently at the head of or along the
sides of deep ravines, in cliffs of massive, lonsely cemented, coarse buff
sandstone, 30 to 80 feet high.

Between the Patoka and Lost rivers, in Dubois, Martin and western
Orange, the Mansfield sandstone has developed in it, in some localities,
thin seams of coal, ten to twenty-four inches thick, and associated beds
of shale and fire-clay. At Sutton’s coal bank, in the 8. W. } of the
S. W. } Sec. 27, Tp. 1 N., R. 3 W., the coal is 24 inches thick. The
section exposed there is the following :

Coarse sandstone. . ....ou it iiii e e ? feet.
Grayshale...... ... ... oo il i 8 feet.
Coal............. e e e s 24 inches
Fire-clay .. ... i i e e e 9 feet.
Upper Kaskaskia limestone. ..... e ? feet.

West of French Lick and West Baden and northwest of Orangeville,
the Mansfield sandstone includes the very fine-grained sandstone beds
which furnish the Hindostan whetstone.

The conglomerate structure of this formation is best developed in the
sandstone cliffs at Shoals and southwest of there. On the east side of
the river, at the High School building, & bed of massive sandstone forty
feet thick outerops. This sandstone is composed of loesely cemented
coarse sand with some mica and numerous well rounded quartz pebbles.
The stone has distinet cross-bedding dipping southeast. This is well
shown in the sidewalk, just north of the railroad in Shoals, which is cut
out of the sandstone in place. A half mile north of Shoals the sand-
stone is well exposed in vertical cliffs on the west side of the river. At
the ‘“ Pinnacle” the section is approximately as follows :

Mansfield Sandstone............ ... oot 110 feet.
Upper Kaskaskia Limestone.................ooiiiiiint. 10 feet.

The sandstone here is a dark buff, coarse grained stone containing much
muscovite mica. Quartz pebbles aré sparingly scattered throughout the
thickness of the sandstone. At intervals they are aggregated together
in sufficient abundance to form a tyHical conglomerate structure.

The sandstone is rather loosely cemented and sometimes weathers into
striking forms. One of the most interesting results of weathering is
seen in the ¢‘ Jug Rock,””* which iy a quarter of a mile north of West
Shoals. The ‘‘Jug” is a pillar of conglomerate sandstone about forty
feet high standing on the slope of ,f hill. The lower portion is about
sixteen feet in diameter, while toward the top it diminishes to about five
feet. The top is surmounted by a slab of much harder stone about

|
#An excellent reproduction of a photograi)h of this rock is found in the Report of this
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twenty three feet in diameter. The general outline gives the impression
of a jug if the observer has a sufficiently vivid imagination. The surface
of the pillar is marked from top to bottom with distinct cross-bedding.

The Upper Kaskaskia Limestone, which underlies the sandstone about
“Jug Rock,” is absent from the section at Shoals, the sandstone extend- -
ing down to the level of the river bed. A half mile south of Shoals the
limestone reappears in the river bank showing a thickness of eight or ten
feet; vertical cliffs of sandstone sixty or seventy feet high resting upon
it. The limestone and sandstone with occasional conglomerate structure
continues as far down the river as Johnson and Chenoworth’s kaolin
bank in Sec. 27, beyond which I have not traced it. At the kaolin bank
the section is: :

1. Conglomerate Sandstone....................... 40 feet.
2. Kaolin................ e 4 feet, 6 inches.
3. Limestome.....oooiivieiiiinniniiiiinns A 14 feet.

The sandstone here is a typical quartz pebble conglomerate. A geode
was seen imbedded in the sandstone near this section. Geodes which have
weathered out of the sandstone are common on the surface of the ground
in Sec. 27, Tp. 3 N.,R. 4 W. One was seen ten inches in diameter.
Geodes which have weathered out of the conglomerate are also frequently
seen in and about Shoals. These geodes appear to be identical in every
respect with those which occur so abundantly in the Keokuk Limestone
in the counties to the north and east of this region. If these geodes
have been derived from the Keokuk, as they seem to have been, then the
Keokuk beds to the north or east must have been elevated above the sea
a sufficient length of time to have been considerably eroded previous to
the formations of the conglomerate beds. Kaskaskia and Keokuk rocks
doubtless formed the shore line of the Carboniferous Sea across a part of
the southwestern portion of the State, while the Mansfield Sandstone was
being deposited. The streams eroding these rocks set free the geodes and
carried them to the shallow coast waters, whence they were transported
by wave action to their present position in the conglomerate beds.

At three or four points in Martin County north of Lost River the re-
lations of the Mansfield sandstone and Upper Kaskaskia limestone ob-
served seemed to indicate erosion of the limestone subsequent to the
deposition of the sandstone. The presence of superficial deposits over
the direct contact of the two at the critical points make the presence of
unconformity not quite certain.

Along the branch in the west part of the sections 17 and 20, Tp. 2N,
R. 3 W, a bed of limestone 10 to 50 feet thick outcrops below the con-
glomerate sandstone. Near the intersection of the one-half mile line and
the north and south line of Sec. 17, Tp. 2 N., R. 3 W, on the east side
of the road, the line of contact of the two suddenly descends, the base
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of the two exist near the center of Sec. 8, Tp. 2 N,, R. 3 W., on the
south side of the ravine heading at Frank Felkaroi’s; also in the S E. }
of 8. E. { of Sec. 5, Tp. 2 N., R. 3 W., opposite A W. Stuart’s.

Atthe B. & 0. 8. W. R. R. cutin the 8. W. } Sec. 29, Tp. 3 N.,
R. 3 W., a section 20 feet thick is exposed. It consists of a light gray
sandstone in strata £ to 2 inches thick, interbedded with dark blue clay.
At another cut on the same road, in the N. W. 1 Sec. 22, Tp. 3 N., R.
3 W., about 55 feet of sandstone, mostly thin bedded, is exposed.

Coar MEasUREs.—An area embracing about six square miles to the
southeast of Shoals, including the higher part of the water-shed between
the Lost River and the White River, is referred provisionally to the Coal
Measures. These beds have not been directly correlated with the Coal
Measures to the west by tracing their connection across the country, but
their lithological characters seem to indicate that they are the eastern-
most outlines of the true Coal Measures. The character of the strata at
the horizon is well shown at Sampson’s Hill, 8. E. } of N. E. } Sec. 6,
Tp. 2 N., R. 3 W. The section there is approximately as follows:

1. Upper hill slope, loose fragments gray sandstone not

inplace ...t e e e 15 feet.
2. Dark blue potter’sclay. ..............coviiiiii.. 6 feet.
3. Shaly impurecoal.............. .. ... .. ... .. 1 foot.
4, Light gray siliciouselay.......................... 4 feet 6 in.
5. Thin shelly sandstone. ... ........................ 4 feet.
6 Hard light gray, rough bedded sandstone.......... 6 feet.
7. Clay, light gray with thin strata of limonite and
limonite nodules. ... .........ooviivnrninn... 12 feet.
8, Clay and sandstone ...................... .ol 25 feet.

©
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e e 3 feet.

CHAPTER II.
HINDOSTAN WHETSTONE.

LITERATURE.

OwgeN, Davip DALE.—In the year 1838 David Dale Owen visited

one of the Hindostan whetstune gquarries while making a geological recon-
noissance of the State and afterwards published* a brief description of the
stone. He states that the Hindostan whetstone had at that time a good
reputation in the market. No fossils had then been found in the whet-
stone except the impressions resembling worm trails.

OwerN, Ricrarp.—Richard Owen, Assistant State Geologist. visited
Orange County in 1859. In a very brief description of the Hindostan

*Report of & Geol. Reconnmssance of the State of Indmna, 1838, p. 16,
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whetstone he gives the names of the men owniug quarries at that time
and mentions the well preserved ferns and Lepidodendra occurring in
the whetstone.

Cox, E. T.—In the report on Martin County,* Professor Cox states
that Hindostan whetstones and grindstones are extensively manu-
factured from sandstones lying between the ¢‘upper archimedes’’ lime-
stone and the oélitic limestone bed in the scutheastern part of Martin
County. Cox evidently confused the Hindostan stone with the coarse
sandstone beds, since the former lie above both of the mentioned lime-
stones. The account was doubtless written without visiting the part of
the county mentioned, for whetstones have never been manufactured
there except to a very limited extent.

Five years later Cox publishedf in his annual report a list of seven
species of plants from the whetstone determined by Leo Lesquereux.

SsrrH, S. I.—Several years ago a fossil insect wing found in the
Hindostan whetstone quarry of Mr. T. V. Braxton, near French Lick,
was presented to the Hanover College Museum, where it is at present.
Prof. E. T. Nelson, of Hanover, sent the specimen to Yale College to be
studied. It was described and figured] by Sidney I. Smith, who named
the insect Paolia vetusta. The locality of the specimen in this description
is incorrectly given as a ¢ grit’’ quarry near Paoli.

LEsQuErREUX, LEO.—In the Coal Flora,§ Lesquereux gives a list of
fossil plants from the whetstone beds of Indiana, including three species
of Lepidodendra and seven ferns. .

Errop AND McINTIRE.- -In 1875 Dr. M. N. Elrod and Dr. E. S,
Meclntire published|| a report on the Geology of Orange County. In this
report they refer the Hindostan whetstone beds to the Conglomerate or
Millstone Grit on the authority of Leo Liesquereux, to whom fossils were
submitted. A brief description of the whetstone is given.

GrisworLp, L. S.—While preparing a report on the whetstones of
Arkavsas, L. 8. Griswold visited the Hindostan whetstone quarries and
published®¥] an accurate description of the process of quarrying and man-
ufacturing the stone. He also gives the results of a microscopic examin-
ation of one slide of Hindostan stone. Mr. Griswold makes the state-
ment** that the Hindostan stone was first discovered and worked at Hin-
dostan Falls, about 1850. This is an error, since no Hindgstan stone is
known to occur nearer to Hindostan Falls than ten or twelve miles. The
stone was well known at least as early as 1838, %%

*@eol. Surv, of Indiana, 1870, p. 105.

tGeol. Surv. of Indiana, 1875, p.7.

{Notice of Fossil Insect from the Carboniferous Formation of Ilndiana. Am. Jour.
Sci., Ser. ITI, Vol. 1, pp. 4446,

22d Geol. Surv. Penn. Coal Flora, Vol. IIT, p. 852.

i Geol. Sarv. Indiana, 1875, pp. 206-238.

1 Geol. Surv. of Arkansas, Vol. III, 1890,

“* Loc. cit., p. 82.
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HISTORICAL SKETCH.

The Hindostan whetstone rock was first discovered and used early
in this century. Joel Charles, who built a fort on the present
site of the French Lick Springs Hotel, is said to have first dis-
covered the stone about ‘1810. Wm. Kliphart and John Pinnick
opened the first whetstone, where the Braxton quarry is now located,
about 1825. At first the whetstone was taken from the quarry and
shipped in the rough down Lost River in. flatboats to Hindostan, in
Martin County, where it was manufactured. The Brooks Bros. operated
a whetstone quarry at this place for a number of years. From Hindostan
the stone was shipped to the New Orleans market in flathoats, and came
to be known by the name of the place of manufacture. The old factory
has long been abandoned, and the town itself is extinct; but the name
Hindostan remains inseparably attached to the whetstone. At New
Albany Mr. Wm. Galbraith and Mr. J. G. Wright erected a whetstone
factory in the year 1855.% They manufactured Hindostan whetstone until
gucceeded by Mr. F. C, Dishman, who manufactured both Arkansas and
Hindostan stone at New Albany. In 1889 this factory was closed be-
cause of sharp competition in business. After the death of Mr. Dishman
in 1893 the factory was sold for other purposes.

A small factory was formerly operated at Jeffersonville, Indiana, by
Mr. Lewis. Only a small amount of stone was produced here. All of
the Hindostan stone produced at present is manufactured in mills near
the quarries.

Until three years ago the owners of the different whetstone quarrles
disposed of their output mdependently to various dealers. Since 1892
the Pike Manufacturing Company, of Pike Station, New Hampshire, has
contracts with the owners of all active quarries for their entire output.

DescrrprioN. —Hindostan stone from different quarries and from dif-
ferent strata in the same quarry presents considerable variation in physi-
cal characters. The best grade of stone, which is called ‘‘Washita
finish *’ stone, from its resemblance to the Arkansas Washita stone, has
a creamy white color and a hardness of about 3. Most of the other
grades of stone are light gray to bluish gray in color and slightly softer-
than the  Washita finish”’ stone. Some of the stone called Orange
stone has an orange tint. Occasionally the strata are colored with iron
to various shades of red. Frequently alternate layers of the stone have
different shades of celor, giving a prettily banded structure. Sometimes
the penetration of the irom laterally from the joint seams results in a
_banded structure running vertieally through the stone instead of horizon-
tally. The red stone is not used for whetstones, but many fancy articles. -
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are carved from it. In some layers of the stone iron and manganese are
disseminated through it in minute masses, giving it a closely speckled or
peppered appearance. Dendrites of manganese sometimes occurs on the
surface of the whetstone strata.

StrucrurE.—Thin sections of the strongly marked varieties of the
stone have been examined by the microscope. The examination shows
the stone to be composed of very fine quartz grains, Some of these are
ay small as .01 mm. in diameter, while the largest measured was .0325
mmn. in diameter. The great bulk of the grains are of a nearly uniform
size, averaging about .02 mm. The quartz grains have generally some-
what rounded outlines, though some are distinctly angular. Some scales
of mica and occasional small crystals of tourmaline are associated with
the quartz grains. A few crystals of zircon and some chlorite occur in
the stone.

Small masses of limonite are disseminated through all of the sections.
In a slide of ‘“ Washita finish > stone from Chaillaux’s quarry the iron is
distributed among the quartz grains in numerous small brown and black
masses. In a slide of the bluish gray Hindostan stone from Moore’s
quarry the limonite is more abundant, some of it occurring in lathe-
shaped masses 3 mm. in length by .05 mm. in diameter.

A thin section from the old Jackman quarry, one mile northwest of
Roland, shows the extreme type of the ferruginous Hindostan stone.
The limonite in this stone is in irregular masses, many of which are
4 mmn, io length. These limonite masses are fringed with numerous
tooth-like projections and often terminate in clusters of sharp needles.

All of the slides are somewhat clouded with earthy matter, distributed
through the ground mass. This is slight in the ‘¢ Washita finish’’ and
light colored stone, but quite marked in the bluish gray stone. The
cementing material seems to be the earthy matter and iron disseminated
through the stone. Pieces of the stone left standing for several days in
strong hydrochloric acid remained unaltered, showing that no carbonate
is present as a cement.

MaNUFACTURE.—Most of the whetstone is manufactured at small mills
situated near the quarries and run by horse-power. A horse-power whet-
gtone mill comprises a cireular open shed forty or fifty feet in diameter
sheltering the team and driver, and a smaller closed shed at one side, in
which the rub-wheel is placed. The power is supplied from a heavy ver-
tical shaft of wood set in the center of the large shed. A horizontal pole
to which the team is attached projects from the lower part of this shaft,
‘while from the upper part projects several horizontal wooden shafts, twelve
.or fifteen feet in length, over the bifurcate ends of which passes a heavy
rope connecting with the shafting in the rub-wheel shed. The rub-wheel

.consists of & cast iron disk about one inch thick and from four to six feet
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water, while the sandstone is held against it by hand. Four of these
mills are located near the quarries northwest of French Lick.

At Paoli, Braxton Brothers have erected a steam whetstone mill. It
is not used at present, however, their stone being manufactured near the
quarry. Mr. J. A. Chailleaux owns and operates a well equipped whet-
stone factory, which is furnished with a steam engine, three miles north-
west of Orangeville. This factory is furnished with two rub-wheels and
has a capacity of 1,200 pounds of stone per day.’

The whetstone rock lies in layers often exactly the thickness of the
whetstones. When thicker than desired the strata split readily to the
required thickness. The stone is taken from the quarry in rough slabs
three or four feet across. These are ruled off with a scribe awl into spaces
eorresponding to the size of the whetstone to be made. The slab is then
broken into pieces along the ruled lines by means of a chisel and hammer.
The rough whetstone thus prepared is taken to the mill where it is ground
smooth on the rub-wheel. The sand used in grinding is obtained by pul-
verizing the coarse sandstone, which is abundant about the quarries. An
average day’s work at grinding is 300 pounds of large stone, or 126
pounds of small stone. Women and girls sometimes assist at the rub-
wheel. As soon as the stone is ground smooth it iy washed and then
stacked up in sheds and allowed to dry thoroughly before packing. The-
drying produces a lighter color and hardens the stone slightly. Before
shipping, the stone is packed in boxes called ¢ cases,” each holding about
100 pounds.

Kinps AND Usgs.—Several different sizes and varieties of whetstones
are manufactured. A class of stones intended for carpenter’s and bench

use is made in two sizes, viz. :

No. 1 Regular, 8x2 to 24 x § to 13 inches.
No. 1 8mall, 8x2x 4 to 1 inch.

A white or buff stone with a smaller proportion of earthy matter than
the ordinary is branded as * Washita Finish >’ stone and sold at a slightly
higher price than No. 1 Regular.

About one-half dozen different sizes and sha.pes of small thin stones,
with rounded edges, are made and sold under the name of ‘‘slips.”’
These are used mainly by carpenters in sharpening gouges, bedding planes
and similar instruments.

A considerable number of axe stones 24 inches square by % inch thick
are manufactured. These are used largely in the pine regions.

The glass-maker’s file is a stone 8 inches long by % to # of an inch
square. It is used by glass-makers in finishing glass work, and also for
sharpening some kinds of tools.

The hacker stone is about 8 inches in length and of oval form. Itis
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with which the incisions are made in the turpentine trees. About 400
gross of this stone and 40 to 50 gross of scythe stoneg are made annually.

The doctor stone is a large stone 4x4x2 inches in size, used in the
calico mills to sharpen “‘print doctor’’ knives which are used to remove
ink from the cylinders on which calico is printed. From 3,000 to 4,000
pounds of these are manufactured annually. Orange stone is the name
given to a variety of the stone having a pale orange color.

A few razor hones are manufactured, nearly all of which are sold to
the visitors at French Lick and West Baden Springs,

Besides whetstones, there are a considerable number of fancy articles
such as books and paper weights made from the whetstone rock and sold
to visitors at the Springs for souvenirs. The banded and colored strata
are selected for this purpose. Mr. Gabriel Dougherty, who makes most
of these articles, estimates that about $300 worth of them are sold annu-
ally.

Lasor EmproYED.—About 25 men are engaged in the Hindostan
whetstone business during part of the year. Some of the quarries are
owned by farmers who close them during the summer while tending their
crops. Mr. J. A. Chailleaux and Braxton Bros., each employ six to eight
men during most of the year. The other quarries, when running, use
about three men each. Laborers receive from 65 cents to $1.00 per day.

Ovutpur AND Prices.—About 300,000 pounds of Hindostan stone
were manufactared in 1894, Of this amount the output of the several
producers was approximately as follows:

J. A, Chailleaux, Huron............cooiviian .., 109,000 pounds.
Braxton Brothers, Paoli.......... .. ... oL 100,000 pounds.
Brown Moore, French Tick....................... 20,000 pounds.
Gabriel Dougherty, West Baden. .................. 20,000 pounds.
Wm. Able, French Lick..........cooienveio... 20,000 pounds.
W. F. Osborn, Louisville, Ky...........c......... 11,000 pounds.

The prices received by the quarrymen for the finished stone: vary ac-
cording to its size and shape. For the larger sizes 1% to 2 cents per pound
is received. For the smaller kinds, which require more labor to manu-
facture, the prices are from 3 to b cents per pound, wholesale. The Hin-
dostan stone retails at from 5 to 30 cents per pound, according to the size
and quality.
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‘CHAPTER III.

rd
COARSE SANDSTONE WHETBTONE.

Dgescriprion.—The sandstone from which the coarse whetstones are
made is a white or very light colored, loosely cemented, porous rock com-
posed of coarse quartz sand. Some muscovite mica occurs thropgh the
gtone. Iren in the form of limonite or pyrite concretions about the size
of a pea also sometimes occurs. Stone containing small iron concretions
is avoided as much as possible, but it is difficult to find it entirely free
from them. '

The microscope shows the quartz grains composing the stone to have a
diameter of about .14 of a millimeter. In the Hindostan stone the quartz
grains average .02 of a millimeter in diameter.

‘Maxuracrure.—The manufacture of coarse whetstone was begun as
early as fifty years ago by Nathaniel Spaulding. When the industry be-
gan, the gang saw used at present to cut the stone was unknown, and the
stone was sawn in the ledge by hand.

All of the coarse whetstonds are quarrled and manufactured about
three and one half miles sobtheast of French Lick, along French
Lick Creek. Four guarries ate operated at present. The stone occurs
in massive beds, from twenty to thirty-five feet thick, which outerop
along the valleys of the streams. Only the lightest colored part of the
bed is used for whetstone. Usually only five or six feet of ledge is suffi-
ciently white and free from iron to be used. The rock is blasted or
wedged out of the ledge in blocks, which can be conveniently dragged at
the end of a chain by a pair of horses to the mill. The stone is sawed
into slabs the thickness of the finished whetstone by a gang saw run by
horse power. The block to be sawed is placed under a rectangular frame
fitted with. eight to twelve thin strips of iron about three inches wide.
The four corners of the gang frame are supported by ropes which are
“connected with a single rope passing over a wheel and having one end
weighted. This arrangement permits the saws to descend on the rock as
it is cut. The forward and backward motion of the gang saw is trans-
mitted from the horse power through a piece of shafting, which at one
end is connected with the large cogwheel revolved by the team, and
through a wheel at the opposite end with a wooden shaft at right angles
to it, which is attached to the gang saw. During the process of sawing
the stone is kept supplied with water. The sawed slabs are deeply
marked with a seribe awl and broken into rough whetstones; these are
rubbed smooth by hand on a block of similar stone. The machinery
used in a sawing plant costs about $8,000.

Kinps.—Four principal sizes of whetstones are made. These are

b TR, VIR T . [ S LR I > B & SN & §
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and ‘“small table’’ stones. The ‘“medium sand’’ is a stone 1} inches
square and 8 inches long. ¢ Bmall sand’’ stones are 1} inches square
and 8 inches long. The ¢large table” is 5x23x10 inches in size; while
““gmall table’’ stones are 2% inches square by 10 inches long.

This stone is well adapted to produce a very coarse harsh edge. It is
largely used for shoemakers’ and fishermen’s knives. The extreme brit- -
tleness of the stone renders it liable to break readily on rough handling.

Ourrur.—The total output of the coarse whetstone quarries for the
year 1894 was about 15,000 pounds. Of this amount Mr. Solomon
Lashbrook, of French Lick, and Mr. Wm. F. Osborn, Louisville, Ky.,
produced each about 6,000 pounds. Mr. David Bledsoe, of French Lick,
produced about 2,000 pounds, and Mr. Stephen Flick about 1,000 pounds.
Twelve to fifteen men are engaged in the quarries when they are running.

All of the coarse whetstone at present made is bought by the Pike
Manufacturing Co., of Pike Station, New Hampshire. The quarrymen
receive one cent per pound for the finished stone. In 1886 the stone was
worth three cents per pound. The lower price has greatly reduced the
average annual output. There is probably not more than one-fourth as
much ccarse whetstone manufactured now as ten years ago. The coarse
whetstones retail at five to eight cents per pound.

CHAPTER 1IV.

RELATIVE VALUE AND IMPORTANCE O® INDIANA WHETSTONES.

The comparative importance of the Indiana whetstone industry can
best be indicated by giving a brief account of the production of whet-
stones elsewhere in the United States. There are but eight States in
which whetstones are manufactured for more than local use. These are
Arkansas, Missouri, Indiana, Michigan, Ohio, New York, Vermont and
New Hampshire.

Arxansas,—Arkansas furnishes two kinds of whetstone, the Arkan-
sas and the Ouachita stones. The Arkansas stone is made from novacu-
lite, a white stone composed of nearly pure silica, and having about the
bardness of quartz. The Ouachita stone differs from the Arkansas stone
mainly in being much more porous. The abrasive qualities of both de-
pend upon the presence of minute cavities formed by the leaching out
of calcite rhombs.*

¢ Novaculites of Arkansas, Vol. III, 1890.
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The Arkunsas stone is used largely for sharp pointed instruments and
tools requiring & very fine edge, such as engravers, surgeons’ and jew-
elers’ instruments  The best quality of Arkansas bench stone is quoted
at §4 a pound; while the best grade of Ouncbita sells at 60 cents per
pound.

Missovrr.—The Missouri whetstone is sold under the name of Adam-
ascovite grit. It is manufactured at Pierce City. Missouri, by the
Adamascovite Stone, Lime and Mining Co. The whetstone is made
from a compact, fine-grained, ratber soft sandstone, resembling some-
what the Hindostan stone. Only about 8,000 pounds per annum are
manufactured. It retails at from 50 to 65 cents per pound. '

MicaigaN AND Qm10,—The production of whetstones from these two
States is controlled almost exclusively by the Cleveland Stone Co., of
Cleveland, Ohio. Berea, Ohio, and Grindstone City, Mich., are the
principal places of manufacture in these States. Most of the whetstones
made are scythe stones. They sell at from $5 to $17.25 per gross.

New Yorrk.—A whetstone known as Labrador stone was formerly
quarried at Labrador Lake, in Courtland County. This quarry is not
worked at present, however. The only whetstone made in the State is
Arkansas oil-stone, which is made at Manlin’s Station by the Pike Manu-
facturing Co.

New HamPsHIRE AND VERMONT.—AIll of the quarries of these two
States are operated or controlled by the Pike Manufacturing Co., which
has factories at Evansville, Vermont, and Pike’s Station, New Hamp-
shire. Scythe stones constitute the larger part of the whetstone product
of these States. They are manufactured mainly from schists. Some of
the principal brands of Vermont stone are the ¢ Black Diamond,” ¢ Ta-
moille,” ¢ Green Mountain,’s and * Willoughby Lake.”” The ‘‘ Indian
Pond,” ¢ Chocolate’’ and ** Farmer’s Choice” are New Hampshire stones.
These stones sell at from $5 to $24 per gross.

Inp1aNA.—For the past three years the Pike Manufacturing Co. has
controlled the output of the Indiana whetstone quarries. This has re-
sulted in increasing slightly the price of the stone to the quarrymen and
in producing a better quality of whetstones. The Hindostan 8x2 inch
stone retails at from 8 to 12 cents per pound, while the Hindostan slips
bring from 20 to 40 cents a pound. The coarse randstone retails at from
5 to 8 cents per pound.

SratisTros.—The following table* gives all the available statistics of
whetstone productions in the United States for the years 1892 and 93 :

* Mineral Resources of the United States, 1893, p. 673.
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Production of  Whetstones by the Pike Manufacturin  Co. in 1892 and 1893.

OvrruT, 1892, OurruT, 1893,
STaTE. Kixps,
Pounds. Value. Pounds. Value.
Washita gtone «........ 400.000 $60,000 300,000 $45,000
ArEansas o “ |{ Arkansas stone....... 20,000 12,000 12,000 12,000
New York. - | Labrador stone ........ 500 50 200 20
Indiana. Hindostan ston . 300,000 15,000 250,000 13,000
BOLBDB - ceeosesusnssersseases Sandstone ... | 100.000 2,000 100,000 2,000
Vermont and 3 Chocolate sto . 20,000 2,000 20,000 2,000
New Hampshire | | Scythe stones........... 16,000 50,000 13,000 40,000
Total......Pounds... 856,500 682,000
¢ Gross.—... Son00 | 8141,00 13,000 b sus0m

Markers.—From 50,000 to 60,000 pounds of Hindostan stone is ex-
ported annually. About 30,000 pounds of this goes to the European
market. Less stone is shipped to Europe than formerly because of the
reduced price of the product of trans-Atlantic quarries. Australia, South
Africa and South America take annually from 20,000 to 30,000 pounds.
The larger part of this amount goes to Australia and the Colonies. The
coarse whetstone is not exported extensively because of its liability to
breakage in long transportation. From 6,000 to 8,000 pounds are shipped
to South America annually.*

A limited amount of Hindostan stone is sent to Canada and Mexico.
Whetstone shipped into Canada from the United States is subject to 30
per cent. duty. The Hindostan stone used in the United States is con-
sumed largely in the Middle and Southern States. It would seem that a
new market for the Hindostan stone could be developed in the Pacific
Coast States. There are no quarries of any importance in these States.
The prineipal whetstones used on the Pacific coast at present are the
Washita stone from Arkansas and the Tam O’Shanter and Water of
Ayre stones from Scotland.

CHAPTER V.

WHETSTONE BEDS.

As previously stated, two kinds of whetstones are quarried. in the whet-
stone region from beds belonging to two distinet geological horizons.
These are the Hindostan, and the coarse sandstofe whetstones; or the
‘‘fine’’ and ‘‘coarse grits’’ of the quarrymen. Since both are not well
developed at the same locality their relations may be shown by a general-
ized section. :

® Letter from Mr. E. B. Pike, Pres. Pike Manufacturing Co., Nov. 29, 1895.
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1 (11) Coarse sandstone .............. 14 feet.
(10) Coal......ooviiiiiinn... v. 1doot.
(9) Coarse sandstone .............. 35 feet.
(8) Hindostan whetstone........... 20 feet.
Mansfield (7) Coal..........coiiiiiininn... 14 in.
Sandstone. ] ' A
(6) Coarse sandstone ard shale. .. .. 100 feet.

(6) Upper Kaskaskia limestone .... 13 feet.

(4) Upper Kaskaskia sandstone
(coarse whetstone sandstone).. 40 feet.

[1TTTT

- Kaskaskia. ; rrovT (3) Middle Kaskaskia limestone. ... 15 feet.
(2) Lower Kaskaskia sandstone .... 35 feet.
(1) Lower Kaskaskia limestone .... 18 feet.

Coarse WHETSTONE BEDS.—The sandstone which furnishes all of the
.coarse whetstones quarried at present is the Upper Kaskaskia, No. 4 of
the above section. This sandstone outcrops extensively along the upper
Lost River and Patoka valleys and along their tributaries. It is only
locally, however, that this bed has the proper lithologic characters for a
whetstone. Along the valley of French Lick this stone is more generally
suitable for whetstones than elsewhere. Along the upper portion of this
valley this stone outcrops frequently in fine ledges thirty to sixty feet
.above the stream. The entire thickness of the sandstone bed is not apt
to be sufficiently white and free from iron to be used for whetstone.
‘Where suitable for whetstones the stone is a white, coarse-grained, friable
sandstone, resembling loaf sugar. It contains no animal and but few
plant fossils. The principal difficulty in collecting this stone is in getting
that which is entirely free from iron nodules and concretions.

At Solomon Lashbrook’s quarry (S. E. }of 8. W.  Seec. 13, Tp. 1N,
R. 2. W.), the following section is exposed :

Middle Kaskaskia limestone ............cooieiieieinaen.. 12 feet.
SandBtone . .....viiii i i e e e 14 feet.
Slope of hill—roek unseen . ........... ..ot P 45 feet.
Upper Kaskaskia limestone......... e 4 feet.
Mansfield sandstone . ........oviiyiiiiiiiiiain i 3 feet.

The upper two feet of No. 2 is thin bedded and is quarried for grind-
stones. The four or five feet below it, which is quarried for whetstone,
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is a soft white sandstone with occasional small limonite concretions. The
lower part of No. 2 is a brownish stone, unsuitable for whetstones, but a
very good building stone.

At Stephen Flick’s old quarry the ledge has been worked for about
200 yards along the brow of the ridge. The bed worked here is & ‘white
sandstone about five feet thick and quite free from iron.. This quarry is
located in the 8. W. } of the 8. E. } of Sec. 13, Tp. I N.,, R. 2 W.

Mr. W. ¥. Osborn and David Bledsoe own quarries in Sec. 18, a short
distance above the Flick quarry. The quarries mentioned above are the
only ‘“‘coarse grit’”’ quarries which are operated at present.

Quarries were formerly worked at the following localities :

8. E. } Sec. 27, Tp. 1N, R. 2 W.

N. W. }8ec. 25, Tp. 1 N,, R. 2 W.

N. W.18e0. 24, Tp. 1N,, R. 2 W.

N. E. } of the 8. E. } Sec. 30, Tp. 1 N,, R. L W.
N. E. 2 of the 8. E. } Sec. 7, Tp. 1 N,, R. 2'W.

N. E. } of the N. E. } Sec. 3, Tp. 1. S;, R. 3 W.

HinposTaN WaERSTONE BEDS.—The Mansfield sandstone formation,
in which the whetstone beds occur, varies greatly in lithological charac-
ters. Highly ferruginous coarse sandstones, fine-grained sandstones,
shales, fire-clays and thin coal seams make up the formation. No single
one of these beds, however, is cv-extensive with the formation. Each of
them has strong local developments, away from which they graduate inte
other lithologic types, The fine-grained sandstones and interstratified
shales composing the Hindostan bed constitute one of these local litho-
logic phases of the Mansfield sandstone. The stratigraphic poesition of
the whetstone bed is from 60 to 100 feet above the base of the Mansfield
sandstone.

The Hindostan bed comprises about 25 feet of fine grained sandstone,
‘in strata from % inch 1o 2 or 3 feet in thickness, interbedded with shale.
Several characteristie fossil plants are assoeiated with- the strata.

GEeoarapHICAL PosrrioN.—The Hindostan whetstone bed is practi-
cally confined to the northwestern part of Orange County, though traces
of it occur along the southeastern margin of Martin County. The whet-
stone bed occupies only the upper portions of the higher ridges; the
greater part of the original beds have been removed by erosion.

The valley of Lost River separates- the whetstone area into two geo-
graphically distinct regions, which may be designated by the names of
the towns nearest them, as the Orangeville and French Lick regions.
The quarries of these two districts are distant from each other about nine
miles. The Mansfield sandstone formation bas been almost entirely
eroded from this intervening area. That the whetstone bed formerly ex-
tended continuously between these now detaehed. regions is indicated by
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its presence along the summit of the long north and south ridge, which
terminates near Roland postoffice.

Frevce Lick ReGroN.—The character of the whetstone strata is
such that they weather away on the hill slopes without leaving out-
cropping ledges, so that the rock can seldom be seen except where
quarried. For this reason it is difficult to examine the structure of the
beds toward their lateral limits or to determine exactly where these are.

The eastward extension of the beds near French Lick conforms to the
outlines of the eastern slopes of the ridges west of French Lick Creek
valley. To the east of this valley all of the Mansfield sandstone, where
not entirely removed, has been eroded to a level lower than the horizon
of the whetstone. Tewards the south and west the beds appear to be-
come coarser and pass into a sandstone not distinguishable from the
ordinary coarse variety of the region. In the N. W. }ofthe N. W. £, Sec. 1,
Tp. 1 N, R. 3 W., and in the 8. W. } of the 8. W. £ of the same section,
outerops occur along the road which seem to belong near the southwest
edge of the whetstone beds. The stone is in thin layers and has the
characteristic whetstone fossils, but is much coarser than at the quarries.

On the north the whetstone beds of the French Lick region extend no
farther than the upper slopes of the high ridges facing Lost River.

All the quarries of the French Lick region lie on the slopes of the
ridges from 40 to 100 feet below their summits. The largest and prob-
ably the oldest of them is the Braxton quarry in the S. W. } of the 8.
E. }, Sec. 832, Tp. 2 N, R. 2 W. The following is the section at
this quarry:

1. Sandstone, coarse, yellowish brown ............. 4 feet.
2. Clay-lead, gray, slightly silicious............... 5 feet.
3. Vegetable mold (black)........................ 8 in.
4. Sandstone, fine-grained, light gray; in strata two
to eight inches thick with shaly partings..... 4 feet 6 in.
5. Sandstone, fine-grain, light gray ............... 14 in.
6. Shale ....... ... il 6 in.
7. Sandstone.......... .ol 26 in.
8. Shale and sandstone, alternating in thin layers .. 3 feet 5 in.
9. Sandstone ...........oiiiiiiiiiiiii e 3 feet.
10. Coal (nOtSeen).....c.oveuuinunvnnennrenonennnns 1foot 2 in.
11. Shalyelay ......coooiiiiiiiii i 7 feet.
12. Sandstone, coarse ............o.iiiiiiii 60 feet.
13. Greenishshale...............ocoiiiiiiil 1 foot.
14. Sandstone, COArse . ........cvieueiiirranl ... 25 feet.
15, Limestone ............vieeiniiiniiiniinnn, 6 feet.
Total .ot v e 125 feet 8 in.

The stratum of coal (No. 10), which seems to underlie most of the
quarries, marks the base of the whetstone grit. All of the stone used
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at this quarry comes from No. 9 of the section. To work this Jayer ne-
cesgitates the removal of about 16 feet of the overlying strata. The
layers above this do not split so readily.

The strata here, as in all of the quarries, are generally divided into
rectangular or diamond-shaped pieces by narrow, vertical seams at inter-
vals of a few feet. The sides of these seams are coated with iron oxide.
Generally the iron ore is deposited on the edges of the strata, in the
joints, as an incrustation from percolating waters which have dissolved
it out of the coarse ferruginous sandstone overlying the whetstone.
On being redeposited in the joints, the iron has penetrated the strata
laterally, coloring them various shades of red and orange which fade
out a few inches from the joints. Very little of this lateral penetration
of the iron is seen in Braxton’s quarry, but it is quite common in the
““Red Quarry.”” The stone here is very light in color, contains but little
earthy matter and makes an excellent whetstone.

Un the opposite side of a deep ravine from this quarry is the quarry of
Mr: Brown Moore in the northeast of northwest quarter, Sec. 5, Tp. 1 N.,
R. 2 W. This quarry was opened about 50 years ago. Although but a
few hundred yards from the quarry described above, the character of the
strata is quite different as will be seen from the following section :

Feet. Inches.

1. Clay, gray and yellow, silicious .................. 6
2. Sandstone, fine-grained, light gray ............... 18
3. Shale...... ..ot 21
4. Sandstone..............oiiiiiiiiiiiiie 4 6
5. Sandstone, bluish-gray, in layers § to 2 inches thick
(whetstone rock) ........... ... ... il 10
Total...... e 23 "9

In No. 5 the stone is a bluish-gray color, and contains some argilla-
ceous matter with very thin layers of clay between the strata. The sur-
faces of the strata have the rough or wavy appearance of ripple marks.
The upper rurface of the layer is always slightly softer than the lower.
This fact is recognized and taken advantage of by the quarrymen, who
always rule the slab with a scribe awl on the upper surface. The greater
softness of the upper part of the stratum is probably due to that portion
containing a larger per cent. of earthy matter than the lower.

In removing sione from this quarry the workmen have uncovered the
trunk of a Lepidodendron, 12 inches in diameter, standing upright in
the whetstone layers. About 6 feet of the trunk is exposed ; the base
was not seen, but probably rests in the thin layer of ceal said to underlie
.the whetstone. The bark is altered to coal, while the interior -
of the trunk is replaced by sandstone identical with the whet-
stone, except that it is not stratified. The impression of another Lepi-
dodendron, as large as the one described, occurs a few feet from it. Mr.
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Moore states that the trunks of three others have been found standing
upright in this quarry.

A short distance to the northwest of the Moore quarry, in the southeast.
quarter of the southwest quarter of Section 32, Tp. 2 N., R. 2 W, is the
quarry of Mr. W. F. Osborn, which has been opened for about 20 years.
The strata exposed here resemble closely those at the Brown Moore quarry.
The finished whetstone from some of the layers has a mottled or marbled
appearance. The different parts of the layers furnishing this stone vary
in the amount of iron and earthy matter contained in them, and conse-
quently in color from a bluish gray to an ash. The arrangement of’
these varied colored layers into slightly undulating layers gives rise to a
marbled appearance in the finished stone by exposing different layers in
the same plane. At the old Osborn quarry fossil ferns are abundant in
the strata.

In the southwest quarter of the southwest quarter of Sec. 32, Tp. 2 N.,.
R. 2 W., Mr. Gabriel Dougherty has opened up a quarry within the last.
year or two in which the following section is exposed :

Feet. Inches.

1. Clay and decomposed sandstone .................. 3
2. Sandstone .. .......o.iiiiiiie i 4 6
8 Shale................... PN . 18
4. Sandstone, fine grained, light gray................ 6
5. Sandstone, fine grained, in layers 1 and § inches

thick, worked for whetstone.................... 2 6
6. Sandstone, fine grained, thin strata, uneven bedded

and sharp dipped (worked for whetstone)....,... 2

Unlike the quarries previously described, in which the strata were hori-
zontal or nearly so, the strata in this quarry show evidence of the presence
of strong currents during their deposition. While the upper strata in the
above section are nearly horizontal, the lower ones have a very uneven,
wave-like bedding. In places in the bottom of the quarry, the whetstone
layers bulge upward over a space of 4 or 5 feet and dip off sharply on
either side. The worked layers have a dip of about 11 degrees towards
the southwest. The stone here makes fair whetstones, but the unevenness.
of the layers interferes with its working.

At the old Dougherty quarry, in the northeast quarter, Sec. 6, Tp. 1 N.,
R. 2 W., the following section is exposed :

1. Clay, residual ... 2
2. Sandstone, fine grained, light gray, in layers 4 to 3 inches

thick ....coi i e 13
The abundance of foseil Lepidodendra in this quarr)L has led to its
abandonment. A portion of one of these standing upright is exposed
which measures 15 inches in diameter. In a pertion of this quarry the
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strata are horizontal, but in the west part they dip 10 to 15 degrees to-
wards the southwest.

In the northwest quarter Sec. 32, Tp. 2N., R. 2 W., Mr. Wm. Able
owps the quarry known as the *“ Old Red Quarry.”” The section ex-
posed is:

Feet. Inches.

1. Yellowelay «.ooooiiiii i i i it 4
2. Bandstone, fine-grained, in undulating layers, one-half to 3
inches thick........... ..o 1 6
3. Shale, white, silicious, in layers one-eighth of an inch thick... 4 6
4, Sandstone, fine-grained, in layers 3 1o 6 inches thick.......... 2 6
T 12 6

Some of the strata in this quarry are highly colored with iron. Often
highly colored, rose. tinted bands alternate with paler ones. Sometimes
the iron has penetrated the strata laterally from a joint, giving the stone
a vertical banded appearance. This quarry has not been worked for sev-
eral years. In the same quarter-section, just north of the whetstone
mill, a small quarry has recently been opened. But little of the stone
was exposed when visited. Over most of the northwest quarter of Sec.
32, Tp. 2 N., R. 2 W, the whetstone lies near the suriace. It is not
overlain by a heavy bed of sandstone as in the neighborhood of most of
the guarries.

On Mt. Arie, in the southeast quarter of the southwest quarter of Sec.
28, Tp. 2N., R. 2 W, northwest of the observatory, Mr. J. E. Buerk
has opened a quarry which exposes the following section :

Feet. Inches.

1. Clay, residual ........ ..o 7
2. BSandstone in thin strata............. ... ... oo 12
2O 0 R PR 1 6
4. Fire-clay.....ooi i i e ("
T P 20 6

1 \
.

In the upper part of the bed the Whetstone is in layers one-half to two
inches thick; they become thlckei"in the lower part. The strata here
bave a local dip of twelve degrees to the east. Much of the stone is
unevenly bedded. i

Orangeville Region.—All of the Hipdostan whetstone occurring north of
Lost River is included- under this headmg The known outcrops and
quarries of this region occur along ithe wide ridge followed by the Vin-
cennes road, and on the two southem projections of it lying on opposite
sides of Sam 8 creek,

The only Hindostan whetstone quz*.rry which bas ever been opened in

. Martin county is in the northwest quarter of the northwest quarter of
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section 13, township 2 north, range 8 west. This quarry has not been
worked for 25 or 30 years and nothing can be seen of the stone except
from fragments which have been thrown out. These contain much iron
in the shape of minute specks of limonite distributed through the stone
and indicate it to be of poor quality.

In the same quarter section as the above mentioned quarry, at the top
of the hill on the grade road, is an outcrop exposing about 2% feet of
whetstone, The upper part is in thick layers containing much iron.
Worm trails occur in some of the layers.. The stone here has a dip of
about 13 degrees toward the southwest. This does not represent the
general.slant of the beds, but is local and the result of the action of cur-
rents at the time of their deposition.

A whetstone quarry was opened some years ago about one-quarter of a
mile northwest of New Antioch church by Mr. Gabriel Dougherty. But
little stone was taken out owing to the thinness of the bed.

It is very probable that good whetstone could be found between Scarlet
Chapel and Bond’s P. O., along the ridge over which the Vincennes
road passes. No quarries have ever been opened along this area and
no outcrops of whetstone were seen, but the whetstone bed is doubt-
less continuous near the summit of the ridge between the Ritter quarry
and the quarries to the east of Bond’s P. O.

The quarries east of Bond’s P. Q. occur in sections 23, 24 and 26,
township 3 north, range 2 west. The only quarries in this distriet which
are worked at present are those belonging to Mr. J. A. Chaillaux, in the
northwest quarter of the northeast quarter of Sec. 23 and the northwest
quarter of southeast quarter Sec. 23, township 3 north, range 2 west.

At the former quarry the following section was seen:
Feet. Inches.
4

Lo Clay . o

2. Shalysandstone ........c.coveiineiiiiiiaaneninnn 2 6
3. Sandstone, heavy bedded .................... ... ... 14
4, Shale ... ..o i 2
5. Sandstone, heavy bedded .......................... 2

6. Sandstone, bluish gray in thin layers (whetstone).... 3 6
7. Heavybeddedstone..............o.ooiiiiiitt, 4

This quarry is about 200 feet long and averages about 25 feet in width.
The stone lies in even-bedded, almost horizontal, layers with smooth sur-
faces. There is a very slight dip of the bed toward the south.

About a half mile east of this, in the northeast corner of Sec. 28, is a
small quarry owned by Samuel Liynn. An opening about 20x25 feet
here shows 24 feet of whetstone. The layers have uneven surfaces and
would not work well.

At the old Dishman quarry, in the northwest quarter of southwest
quarter Sec. 24, township 3 north, range 2 west, a very large amount of
whetstone has been obtained. The quarry is not workable at present. -
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Stone was formerly shipped from it and manufactured at New Albany.
The whetstone bed has here been opened for four or five hundred feet
along the brow of the ridge. Fossil ferns are found abundantly at this
quarry. At the Marshall Freeman quarry, in the northeast quarter of
northeast quarter of Sec. 26, township 8 north, range 2 west, the section

exposed is:
Feet. Inches.

1. Clay and soil........ e 20
2. Bhale............... Serereeeesaieiae, e 2

3. Whetstone ........ovviiiiiiiiiiiiiiiniiinnnnnns 12
4, Shale. .. .o ieviniiiiiiiiiiiiia e 8
5. Sandstone, light gray..............coviiiiiunn., 14
6. Shale......cooiiuiiiiiniieeniiiiiiiiiieiescnninnas 2

7. Whetstone .......cooiiiitiiiiiiiiiinninnennes | 20
8 Shale......o vuvvivninrennnn et 16
9. Sandstone, heavy bedded ..... N 4 6

The stone here shows no dip or irregular bedding. It contains much
iron oxide in the joints. Dendrites of manganese is frequently seen be-
tween the whetstone layers. The manganese and iron give some of the
stone a closely specked appearance.

In the southeast quarter of the southwest quarter of section 23, town-
ship 3 N., R. 3 W., Mr. G. W. Bedster owns a quarry. This is one of
the oldest quarries in the whetstone region, and a large amount of stone
has been obtained here in the past; but the quarry has not been worked
for a number of years. Most of the layers of stone have a wavy or
ripple marked surface; some of the ripple marks in the bottom layers
being three to five inches across, and running in a southwesterly and
northeasterly direction. Fossil ferns are abundant and a portion of one
Lepidodendron trunk was seen in a vertical position.

Palwontology of the Hindostan Beds.—The Hindostan whetstone beds,
which were supposed to be barren of fossils at the time of Dr. Owen’s
visit to the quarries in 1837, have since been found to contain an abun-
dance of fossil plants in an excellent state of preservation in some localities.
Of these the Lepidodendra are especially interesting. They are frequently
found in the quarries standing upright in the position in which they
originally grew, imbedded in the thin, fine grained, sandstone strata.
The trunks frequently have the bark transformed to coal, while the in-
terior is a sandstone. The largest specimen seen measured four feet
eight inches in circumference. The-usual size is six to fifteen inches in
diameter. '

A series of fossils from the Hindostan beds was submitted to Mr.
David White, of the United States National Museum, whose report is
given below.
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REPORT ON THE FOSSIL PLANTS FROM THE HINDOSTAN
WHETSTONE BEDS IN ORANGE COUNTY, INDIANA,

The fossil plants from the Hindostan whetstone beds of Orange
county, transmitted by Mr. E. M. Kindle, include nineteen specimens
from localities as follows:

Nos. 2, 5 and 8, the Osborn quarry at French Lick.

No. 13, Braxton’s quarry, French Lick.

Nos. 16, 17 and 18, from the Bedster quarry.

Nos. 1, 4, 6,7, 9, 10, 11, 12, 14 and 15, from Dishman’s quarry,
Sec. 23 (T. 3, N., R. 2 W), near Orangeville. These appear to have
been collected by Messrs. Elrod and McIntire. ’

No. 3 is accompanied by no other geographical information than the
name of the county.

The material is nearly all finely preserved and shows well the super-
ficial details. The Lepidodendra are specially interesting, being less
compressed than usuval.

No. 6, Sphenopteris hoeninghausii (Brongn). The specimen appears to
represent the form designated by Stur as Dicksonioides. It is perhaps
only a small example of the former, apparently fertile, the sporangia
resembling Renaultia.

Nos. 1, 3a and 4, Pseudopecopteris muricate (Brongn), Lx. The form
of the species represented is that common at the Dade mines in Georgia,
_at various localities in Alabama and iu the Horsepen group of West
Virginia. I have seen it in other collections from the Indiana whet-
stone beds. This form differs much from the typical form in Europe,
which is much closer to the Ps. nervosa. *

No. 2 belongs to the same group. It is a small fragment and seems
intermediate to Pseudopecopteris muricats and the Tennessee form of
Ps dimorpha, Lix. It is probably nearer the former.

Nos. 3b and 7 appear to belong to the Dade, Ga., form of Neuropteris
smithsit, Lx. It is distinct, however, from the original type of this
species, and probably belongs rather to one of the small lateral pinneeof
one of the stratigrapbically later phases of N. biformis, Lx.

No. 8, which aiso represents a large form, with rather distant odon-
topteroid nerves, commonly referred to Neuropteris smithsii, is almost
certainly a part, a little lower in the frond, of the form next enu-
merated.

No. 5, Neuropteris biformis, the Tenunessee form. This form, not
uncommon at Rockwood, Tenn., is also found in the Horsepen group on
New River, West Virginia. It is much more lax than the original form
from Alabama.
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The remaining specimens are all Lepidodendron of the group repre-
sented by L. veltheimianum Sternb. It is more than possible that all
belong to a single form of the above named species, so remarkably
changed are the features of different parts of the same trunk by the
accidents of fossilization. .

Nos. 11 and 12, Lepidodendron veltheimianum Sternb., as commonly
seen in this country. In No. 11 the bolsters are truncated at the base
as in L. clypeatum Lx.

Nos. 13 and 14 are probably the same species, the protruding leaf scars
having been compressed towards the upper end of the bolster in fossili-
zation. No. 13 is the form from Dade, Ga., identified by Professor Les-
quereux as L. vestitum Lx.

No. 9, L. veltheimianum, as identified by Professor Lesquereux, from
‘Washington county, Ark., and Tracy City, Tenn. The leaf scar is very
. large and broadly rhomboidal, the form being extremely close to L.
rhodeanum Sternb , from the Waldenburg beds in Silesia.

No. 15 is the younger stage of the same form.

Nos. 16, 17 and 18, all fragments of the same trunk, should be com-
pared with Lepidodendron clypeatum Lx. It differs, however, from that
species by the narrower leaf scars. I suspect it to be merely a phase of
L. veltheimianum, not uncommon in the upper part of the Horsepen,
group

The number of gpecies is so small that it is impossible to trace the
paleontological equivalence of the Hindostan beds in other portions of
the Appalachian coal field with a satisfactory degree of preciseness. Still
it is at once apparent that we have here common and typical forms of the
Pottsville Conglomerate Series. The species are distributed in the Potts-
ville from Pennsylvauia to Alabama, and are almost exclusively confined
to that series. But little attention has been paid in America to the varia-
tions of individual species of fossil plants in time, and until these varia-
tions, which are of the highest value in stratigraphic palecbotany, have
been described and defined, it is necessary to refer to them as phases or
forms characteristic of the various stages or regions.

Basing our correlation on such criteria, it appears that the age of the
Hindostan whetstone beds can hardly be younger than the Sharon coal
of Ohio, the Sewell stage in West Virginia, or the Sewanee stage in
Ternessee.

The plants, few as they are, seem rather by their peculiar phases or
forms to find a closer relarion to the fluras of the upper part of the Horse-
pen group* of We=t Virginia, the vicinity of the Dade seam in Georgia
and Tennessee, or possnbly the middle of the Pottsville section in the

Southern Anthracite Field of Pennsylvania.
Davip WuitE.

2 Qan BRnill Qan?! San Amaer Val VT 1RGE w» 218
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The following species of fossil plants not included in the collection re-
ferred to Mr. White have been reported from the Hindostan beds by Prof,
Leo Lesquereaux.*

Sphenopteris latifolia. Lepidodendron veltheimianum.
Sphenopteris tridactylites. Lepidodendron rushvillense.
Neuropteris elrodi. Lepidophloios crassicaulis.

Lepidodendron dichotomum. Ulodendron minus.

Paoria verusTa.—S. J. Smith. The insect remains thus far dis-
covered in the whelstone beds are limited to a single specimen, the wing of
& Neuropterid insect. This specimen was found in the Braxton quarry
near French Lick and presented to the museum of Hanover College.
The wing was first described by Mr. §. J. Smith,{ whose figure is here
reproduced,

as a new genus and new species.

GeorLogicAaL Hisrory oF THE WHETSTONE BEug.—The shallow sea
conditions which existed during the deposition of the sediments constitut-
ing the Hindostan beds, doubtless began during the Kaskaskia epoch.
The 8t. Louis formation, lying below the Kaskaskia, is composed of lime-
stones containing a fauna indicating a sea of some depth. In passing to
the Kaskaskia a great change in the fossils occurs, and beds of limestone
alternate with those of sandstone. Thin coal seams in the Kaskaskia
indicate shallow waters, and the presence of cross-bedding in the sand- l
stones points to the existence of both shallow waters and strong currents
during their deposition. The cessation of sandstone formation and the
renewal of limestone formation, which twice occurred during the Kas-
kaskia, may have resulted either from the temporary deepening of the
sea, the lessening of erosion over the areas whence the sand was derived,
or from a change in the direction of the currents which transported it.
The sandstones and shales of the lower Mansfield indicate a continuance
of shallow ocean waters after the close of the Kaskaskia. The eastern
shore line of the carboniferous sea at this time lay not far east of this
region. Immediately preceding the deposition of the Hindostan whet-
stone beds, the ocean became shallow enough over the region to produce

*(Coal Flora Penn. Vol, IIL, p. 852 and Geol, Surv. of Indiana, 1875, p. 7.
+Am Toanr RQai Qar TTT Val T oo d4.46
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marshes in which coal plants grew, and where their remains accumulated
and formed the thin coal seam underlying the whetstone bed. The lux-
uriant carboniferous vegetation overspreading this low lying marsh in-
cluded, besides several varieties of ferns, jungles of Lepidodendra. The
sea marsh condition did not continue long and was followed by a slight
depression of the land causing the shore line to shift to the east. The
sediments composing the whetstone bed then began to be deposited. We
may presume that sedimentation went on rapidly, since we find numerous
Lepidodendra standing upright, as they grew, in the whetstone bed.
They must therefore have been imbedded in the fine silicious sediments
before there was time for them to decay sufficiently to be overthrown by -
winds or waves.

The very fine sandy sediments, which constitute the whetstone beds,
were doubtless derived from the same region of quartzose rocks as
supplied the coarse sand of the Mansfield sandstone. The disintegration
and erosion of the granite rocks from which the Mansfield sandstone was
derived, and its long transportation would necessarily reproduce much
fine as well as coarse sand. The difference in the specific gravity of the
very fine and comparatively coarse sand grains would lead to their
assortment by the water, and cause them to be deposited either in
different layers or in different areas. Inthe assortment and deposition
of sediments which gave rise to the whetstone beds, the fine and coarse
materiale were deposited in different areas. The Hindostan beds there-
fore represent a local peculiarity of sedimentation, and are the stratigraphic
equivalents of beds of very different character to the west of them.

SHAPTER VL

GRINDSTONE GRITS,

Sandstones which make a good quality of grindstones occur at a num-
ber of localities in western Orange, northeastern Dubois and south-
eastern Martin counties. ’ :

DEVELOPMENT.—At present these grindstone grits are not used except
locally. A small number are made annually and sold in the local
market. Twenty-five years ago grindstones were made somewhat ex-
tensively in this region, and numbers of them were sold throughout
Indiana and in adjoining States. These stones, which were made entirely
by hand, gained for themselves a good reputation in the market. The
introduction elsewhere of machinery in the manufacture of grindstones
caused those made in Ohio and Michigan to be placed on the market at
a lower price thap thev could be manufactured by hand. Thisled ta the



358 REPORT OF STATE GEOLOGIST.

Ohio stones displacing Indiana stones in the market. On account of a
laek of railway facilities for shipping the finished product, the parties
owning grindstone quarries in Orange county did not introduce machin-
ery to manufacture the stone. This objection was removed reveral
years ago by the building of the Paoli and French Lick branch of the
Monon railroad. There seems to be no reason why the grindstone
industry could not be successfully developed in this region by the
introduction of the grindstone turning lathe. Such a lathe could be
operated in connection with a whetstone mill. An engine used to
furnish the power for the rub-wheels could also -supply power for a turn-
ing lathe. :

MAaNUFacTURE.—It may be well to describe here the process and ma-
chinery used in manufacturing grindstone at Berea and Amhurst, Ohio,
by the Cleveland Stone Company, which is the largest producer of grind-
stones in the world. The stone at Berea is quarried in massive blocks by
channelers. These bloecks are split into slabs the thickness of the de-
gired grindstone. The circular outline of the grindstone is marked on
the slab with a seribe awl, and the stone is then broken to a roughly
cireular outline witha hammer. In this form, which is called the grind-
stone ‘‘pattern,’”’ the srone is taken to a factory. Here it is prepared
for mounting on the lathe by having a square hole or ‘“eye” picked
through the center with a rock piek.

The turning lathe consists of a horizontal steel shaft about three inches
in diameter supported by three journals. Near one end a fly wheel con-
nects it by belts with the power suaft. The grindstone pattern is placed
on the opposite end and clamped. After the stone is in position a heavy
piece of timber, attached to one end of the lathe ffame by a hinge, is
swung close against the stone, which then hangs vertically between two
heavy wooden timbers, the upper sides of which are set with iron pins
which serve as braces for the steel bars used in turning the stone. In
the process of turning two men stand on opposite sides of the stone, each
with a steel bar, the point of which is pressed against the side of the
stone inside the rcough periphery. The rapidly revolving stone quickly
cuts off the rough outer iron against the tips of the steel bars. The face
of the stone is leveled up, if rough, by holding the point of the bar
lightly against the different parts of it. The process of finishing a stone
occupies from one to two minutes.

ApAapPTABILITY.—The uses to which grindstones are put cover a wide
range. The qualities needed in stones for different purposes are corre-
spondingly different. The character of work which a stone will do de-
pends upon the shape and size of the quartz grains eomprising it and the
bardness or softness of the stone. To select a stone intelligently, there-
fore, its coarseness or fineness and degrees of hardness must be considered,
as well as the decree of the qualities needed for the work to be done.
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Grindstones are used for three purposes: to smooth surfaces, to reduce
metal to a given thickness and to sharpen edge tools. A considerable
number of grindstones are consumed annually in the manufacture of
machinery and implements. For this work a coarse, hard stone is gen-
erally best adapted. The Indiana grindstone grit ranges from medium
coarseness to very fine. The most of it is soft. It will be found well
adapted to grinding carpenters’, mechanics’ and machinists’ tools.

DistrIBUTION OF GRINDSTONE ROCKS.—Sandstone, having the qualities
of good grindstone ** grit,” is not confined to any one geological horizon.
Grindstones have been made from both the lower and upper Kaskaskia
sandstones and from the Mansfield sandstones. Neither of these sand-
stones is suitable for grindstones throughout its extent, but each of them
affords good grindstome *grit” at many localities. Only the localities
where these grindstones have been made will be mentioned here.

OraNGE CounTY.—A few grindstones have been made on the land of
Wm. Able in the southeast quarter of the southwest quarter Sec. 36,
township 3 north, range 2 west. The sandstone here is a light gray
color speckled with brown. No grindstones have been made here re-
cently and but little can be seen of the ledge formerly worked. In the
northeast quarter of the northwest quarter of section 30, township 3
north, range 2 west, a few grindstones have been made on ‘the land of
Mr. W. A. Bruner.

In the northwest quarter of the southeast quarter of Sec. 6, township
2 north, range 2 west, a grindstone quarry is worked occasionally for local
use. The stone, which is Upper Kaskaskia sandstone, lies in strata 2% to
6 inches thick. This stone makes a good fine grained grindstone. About
a half mile southeast of Abydel in the southeast quarter of Sec. 30 a
ledge of sandstone, most of which is massive and a good building stone,
outerops for about half a mile near the summit of the ridge. The upper
part of the bed just east of the road lies in strata 2 to 8 inches thick.
These strata are harder than the massive stone and make a good grind-
stone. Some stones have been made at this locality.

An old grindstone quarry, from which a considerable number of grind-
stones have been made, is located in the northeast quarter of the north-
east quarter of Sec. 15, township 1 north, range 1 west, on the land be-
longing to the Travelers’ Insurance Company. Eniza Wolfington manu-
factured grindstones at this place twenty years ago and peddled them
through Iilinois. This quarry is in the Upper Kaskaskia sandstone near
the top of the bed. The stone is of medium hardness, and varies in color
from nearly pure white to gray and brown with buff. The stone lies in
‘strata three inches to two and one-half feet thick which split readily.
One to three feet of stripping is necessary to secure the stone.

On the land of Solomon Lashbreok, in the southeast quarter of
tha enttthwoet ~i1arter of Qan 94 (1IN 9 W Y canma memndatasnan £am



360 REPORT OF STATE GEOLOGIST.

loeal use and for coarse whetstones, have been made from the upper por-
tions of the ledge. The stone here splits readily.and has a sharp “ grit.”

An old grindstone quarry on the farm of Benj. Case, in the northwest
quarter of the southwest quarter of Sec. 9, (1 N., 2 W.), has yielded
more grindstones probably than any other in this region. This quarry
was extensively worked about 28 years ago. In 1893, one hundred and-
fifty grindstones were made from it, but since then it has not been

worked. The following section is exposed :
‘ : Feet. Inches.

Clay and soil............ e e iieee e, 2

Sandstone in three to 10-inch layers (grindstone layers).. 15

Sandstone, containing pieces of carbonized wood and

MUCh MICA viueiviinarnaneracecceeneeaseenaasanens 15
Shale. ... it ittt ettt e, 10
Sandstone .....c.iiiiiiiiiiiiiii ittt et 12

The Upper Kaskaskia limestone outcrops a short distanee down the
ravine below the above section.

The quarry has been opened for three or four hundred yards along the
east side of a ravine which exposes the ledge in places. In front of Mr.
Case’s house the grindstone ridge becomes massive, but it is said to split
readily. A great deal of the stone is a rather fine-grained light-gray
sandstone, finely speckled with brown and containing some mica.
Another variety is a hard and firmly cemented stone without iron
specks. An unlimited quantity of good grindstone grit ean be ob-
tained here.

In the southeast quarter of See. 1 (Tp. 1 N., R. 2. W.), on the land
of David Baxter, a small quarry has recently been opened. The stone
lies in layers from 3 to 10 inches thick, quite free from iron concretions
and nearly white in color. A few grindstones of excellent quality have
been made here for local sale.

In the southwest quarter of the southeast quarter of See. 26 (Tp. 1
N., R. 2 W) an outecrop of Upper Kaskaskia sandstone occurs, from
which a few grindstones have been made. The lower 6 feet of the out-
crop is a hard white, fine grained sandstone. The middle portion is
softer and weathers more rapidly than the part above or below it. The
upper 10 feet of the ledge is a white, even bedded, easy splitting sand-
stone whieh has been used for grindstones with fair success. In the
northeast quarter of Sec. 20 (Tp. 1 8, R. 2 W.), on Isaac Kendall’s
farm, grindstones have been made from sandstone which outerops on
the south bank of Patoka river, near the mouth of Painter creek.

At Newton Stewart the Kaskasia sandstone outcrops in the river.
bank at the mill. About 15 feet of sandstone is exposed here, which is
capped with 4 or 5 feet of clay and soil. The stone is rather coarse
grained, white to buff in color, and lies in strata 2 to 15 inches thick.

-~
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" Dusois County.—On theland of John Dudine in the northwest quarter
of Bec. 14 (Tp. 3 N., R. 4 W.) grindstones have been made for a num-
ber of years from sandstone strata 1 to 8 inches in thickness. In the
northeast quarter of the northeast quarter of Seoc. 21 (Tp. 2 N, R.
4 W.) grindstone ¢ grit”’ of good quality is said to occur on the bank
of White river.

MarrN County.—On J. M. Ragan’s farm in the northeast quarter
of Sec. 8 (Tp. 1 N., R. 3 W) a grindstone quarry has been worked
occasionally for local use for the last ten years. About 2} feet of
rough stone and 18 inches of clay and soil lie above the grindstone
layers. The stone is light gray and occurs in strata 3 to 8 inches thick.
It makes a good rapid cutting grindstone.

The Selfe quarry is located in the southwest quarter of the southwest
quarter of Bec. 11 (Tp. 1 N., R. 3 W.). The quarry ie in the Mans-
field sandstone which here is nearly white and somewhat streaked with
buff and brown, rather soft and loosely cemented. About 7 feet of
stone are exposed in the quarry. They lie in layers from 1 to 20 inches
thick and capped with from 3 to b feet of clay. This quarry is worked
occasionally to supply grindstones for local use. The stone will make a
good rapid cutting, but also rapid wearing grindstone.

CHAPTER VIL

OTHER ECONOMIC RESOURCES.

SaNDsTONES—A general account of the sandstones of this region suit-
able for building purposes will be found in the report of Mr. T. C.
Hopkins in this volume. Such notes on outcrops and quarries will be
given here as have been made while studying the whetstone and grind-
stone grits of the region. The position of many of the more important
of those outcrops is indicated on the map. (Paoli Sheet.)

DisrriBUTION OF THE KaAskaskia SawpsToNE.—Two beds of sand-
stone, separated by the Middle Kaskaskia limestone, which is from 10 to
25 feet thick, occur in the Kaskaskia group. Since there are no marked
lithologieal differences between these two sandstones their outcrops will
be considered together. The Kaskaskia sandstone outcrops occur mainly
along the water courses, and for this reason they will be taken up in the
order of the streams along which they are found. '

NorrH SmDE OF LosT RIivER.—Most of the north drainage of Lost
River is from small streams three to five miles in length flowing nearly
south between high, narrow and crooked regions. The Kaskaskia sand-
stone outcrops at intervals along each of these streams. The long ridge
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extending down into the loop of Lost River, which reaches its southern-
most extent near West Baden, has much good sandstone in it. On the
west side of this ridge, in the southeast quarter of 8Sec. 15, Tp. 2 N., R.
2 W., a fine ledge of Upper Kaskaskia sandstone, 30 feet thick, is exposed.
The stone is light buff to nearly white in color and outerops at the summit
of the ridge where its surface is nearly bare of soil or clay. This bed of
stone has been quarried in the southeast quarter of Sec 10 on John
Able’s land.  Stone was obtained at this quarry for the abutments of the
Lost River bridge near the Miller school house.

In the northwest quarter of Sec. 21, Tp. 2 N., R. 2 W, northwest of
the divergence of the present channel of Lost River from the old channel,
the Upper Kaskaskia sandstone outcrops in a ledge of good stone 10 feet
thick. Tt is a light buff in color and weathers well.

Abont a mile and a half down the river from this outcrop, in the south-
east quarter of Sec. 16, the Kaskaskia sandstone outcrops near the top
of the ridge for a few hundred yards. Much stone has been quarried at
this point for local use.

Numerous outcrops of Kaskaskia sandstone occur along either side of
Sulphur creek from near its mouth to its source. On the west side of the
creek, beginning at Taylor Robin’s in the northwest quarter of Sec. 9,
the sandstone outcrops nearly continuously for more than half a mile up
the creek. Near the bead of Sulphur creek, in the north part of Sec. 28,
Tp. 3 N, R. 2 W., extensive ledges of good buff sandstone outcrop on
both sides of the creek. On the west fork of the same creek in the north-
west quarter of Sec. 32, Tp. 3 N.,\R. 2 W., on the north side of the
road, are exposures of sharp gritted, gray sandstone in thin layers. This
bed was opened some years ago for the purpose of making scythe stones,
but only a few were made.

Sav’s Oreek.—Three quarters of a mile northwest of the mouth of
Sam’s Creek, in Sec. 24, the Kaskaskia sandstone is well exposed at
Matherson’s quarry. The ledge worked here is about 12 feet thick.
The stone is gray to buff in color, and stands weathering well. It has
been used locally for bridge abutments.

Along the west bank of Lost River, between Sam’s creek and Big
creek, in the southeast quarter of Sec. 24, a ledge of Kaskaskia sand-
stone, from 12 to 15 feet thick, outcrops for one-third of a mile near the
summit of the ridge. In places this is a soft white stone, but the most
of it is a firm buff stone of good quality.

Near the mouth of Buck creek the lower Kaskaskia sandstone forms
the bed of Lost River.

Bie CreEk.—The Kaskaskia sandstone outcrops occasionally along
the valley of Big creek and the sides of its branches nearly to their
sources A quarter of a mile east of Natchez a ledge 18 feet thick out-
awane  The lower part of this weathers rapidly, leaving a proiecting
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shelf above. Near the base of this ledge is about 2 feet of coarse con-
glomerate composed of sandstone pebbles.

The abutments of the bridge across Lost River in the northwest quarter
of Sec. 21 (T. 2 N.,, R. 3 W.) are from Kaskaskia sandstone, out-
cropping just south of the bridge in the road. Some outerops of Kas-
kaskia sandstone occur along the road near this. Below the Butler
bridge, in the northwest quarter of Sec. 21, the outerops of Kaskaskia
sandstone are less important. Owing to the southwesterly dip of the
strata, the Kaskaskia beds gradually disappear in descending Lost
River, until only the upper Kaskaskia limestone is exposed in the river
bank a short distance above Windom.

Beaver CrREEK —In the northeast quarter of Sec. 2 (Tp. 3 N., R.
2 W.) the Kaskaskia sandstone outcrops for about a quarter of a mile in
- aledge 20 to 25 feet thick. Much of the stone here is thin bedded, and
of unequal hardness and unsuitable for quarrying. Outerops of Kas-
kaskia sandstone occur as far down Beaver creek as Sec. 28, but these
are of but little economic importance.

SourH oF LosT RIVER.

Lick Creek.—The channel of Lick creek is cut in the Lost River
limestone. The hills and ridges along Lick creek have a more gentle
slope than those farther west, and the Kaskaskia sandstones do not crop
out so frequently. In the southwest quarter of Sec. 35 (T. 2 N., R,
1 W) a quarry has been opened which supplies most of the stone used
for foundation work in Paoli. Two ledges, 6 and 9 feet thick, with 4
feet of stripping, are exposed in the quarry. The stone is light gray to
buff in color, and works easily.

Three guarters of a mile southeast of Paoli, just east of the Leaven-
worth road, stone was obtained for the abutments of the Lick creek
bridge at Paoli. The stone here contains much iron and works poorly.
In the northeast quarter of the northeast quarter of Sec. 15 (Tp. 1 N.,
R. 1 W) is an old quarry which formerly furnished a considerable
amount of stone for foundations in Paoli. Very good stone can be
obtained here with but little stripping.

SvLpEUR CREEK.—In the southeast quarter of Sec. 26, Tp. 2 N., R.
2 W., a ledge of light gray sandstone of fair quality outcrops for several
hundred yards along the north side of a ridge facing north. About & half
mile south of Abydel a ledge of good sandstone three to eight feet thick
outcrops along the north side of a small tributary of Sulphur creek for
about a half mile, A small amount of stone has been quarried from it
near the road running south from Abydel. This exposure is well situ-
ated for quarrying. It lies along the brow of a flat topped ridge, where

o1 12l rrnianine wanld he racanived to ararey 1+
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In the southwest quarter of the southwest quarter of Sec, 5, Tp. 1 N.,
R. 1 W., a heavy bed 6f white to buff sandstone, twenty feet thick, out-
crops at Painter’s Cave. On the east side of the road in the same sec-
tion good ledges of the same bed outerop on each side of a small ravine
flowing southwest to Sulphur creek.

North of Briner’s spring a quarter of a mile, in section 8, a ledge of
good stone outcrops on the west side of Sulphur creek. 8ix feet of
light gray to buff sandstone, with moss covered face, is exposed.

Frence Lick CREEK.—A larger amount of good sandstone occurs
slong the valley of Freneh Lick creek than of any other tributary of
Lost River. TUneven outcrops occur along the main stream and all of its
tributaries. Along the upper part of the valley much of the sandstone
is a white, sharp gritted stone, and is used for whetstones ; this stone has
been described in the chapter on whetstones.

At West Baden the Upper Kaskaskia sandstone caps the ridges run-
ning east from town. A quarry has been opened just east of town.
Seven feet of light buff sandstone of very good quality is exposed here
with three to four feet of stripping. North of the West Baden Springs
hotel a quarry has been opened in the lower Kaskaskia. A bed of
massive buff sandstone, 18 feet thick, with 18 inches of stripping, and
resting on a bed of black shale is exposed here. This stone contains
iron bands and concretions which make it inferior stone.

Good outerops occur at the following localities : in the northwest quarter
of the northeast quarter of Sec. 10, Tp. 1 N., R. 2 W., on the west side
of the road; in the southwest quarter of the southeast quarter of Seo.
10, Tp. 1 N., R. 2 W.; in the northwest quarter of section 26, on the
west side of the creek; in the southeast quarter of the northwest quarter
of Sec. 25, Tp. 1N, R. 2 W,

NorrEWEST OF MT. ARIE.—Two very fine exposures of Kaskaskia
sandstone occur in the northwest quarter of section 28 and the south-
east quarter of Sec. 20, Tp. 2N., R. 2 W., on opposite sides of a small
stream entering Lost River. On the northwest side of the'stream the
sandstone forms a vertical cliff of massive sandstone about 30 feet thick,
and cut by vertical joints at intervals of 15 to 45 feet. The color of
he stone is light buff. The face of the ledge is in places moss covered ;
in others it shows a pitted boney-comb like surface resulting from irregu-
arity of weathering. On the opposite side of the stream in the north-

. west quarter of section 28, enormous bluffs of massive sandstone, 30 to 40
feet high, extend up either side of a small tributary.

Cave CreEek AND Buck CREER.—Frequent outerops of Kaskaskia
sandstone are found along each of these streams, but they are not of much
economic value. In many places the sandstone is thin bedded and soft.
- Parora River.—The Kaskaskia sandstone outcrops along the sides of
the Patoka river as far down as the mouth of Lick Fork creek. At
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Centerville and at Newton Stewart the channel of the streams is cut in
Kaskaskia sandstone. Between Newton Stewart and Centerville the
stream is bordered by lowland ; the hills which are neither high nor steep,
lie some distance from the river and have comparatively few outcropping
ledges. .

The most conspicuous outcrop of sandstone along the Patoka is on the
north bank, a short distance north ot the Government Mill, in Sec. 18,
Tp. 18., R. 1 W. A bold ledge of light gray sandstone 18 to 25 feet
thick outcrops near the top of the ridge. In the southwest quarter of
Sec. 11, Tp. 1 8., R. 1 W., on the north side of the river, stone has
been obtained for the abutments of the Patoka bridge near by. Five or
six feet of good sandstone free from iron is exposed here. Bome stone
has been quarried for bridge work just east of the road in the northwest
quarter of the southeast quarter Sec. 11, Tp. 1 8., R. 1 W. The stone at
this place is uneven bedded, splits poorly and contains iron concretions.

Outcrops of Kaskaskia sandstone occur at intervals along the valleys
of Painter creek, and Young’s creek, which enter the Patoka from the
north, from their sources to their mouths,

MaxNsrFIELD SANDSTONE.—The Hindostan whetstone beds, which are
economically the most important part of the Mansfield sandstones, have
already been described. Over the southeastern part of . the region
covered by the map, the Mansfield sandstone is represented by a thin bed
of sandstone, much impregnated with iron, capping the summits of the
narrow ridges. It is of no economic value in this region.

Toward the west the Mansfield beds become thicker and finally in
northeastern Dubois county entirely replace the Kaskaskia which dips
southwest and disappears under the Mansfield sandstone.

SoutH oF PaToka R1veER.—The Mansfield sandstone forms numerous
vertical cliffs twenty to eighty feet high at the heads and along the sides
of the deep ravines south and west of Ellsworth. One of these cliffs, in
the northwest quarter of Sec. 16, Tp. 1 8., R. 3 W., is called Raven Rock.
Ravens are said to have nested on the maccesmble shelves of this cliff as
recently as three years ago.

This cliff is about 75 feet high, shelving out from the base to the top,
which projects about 35 feet beyond the base. The rock is massive,
dark buff to brownish in color, composed of coarse, loosely cemented sand
with some mica. The lower part of the ledge is characterized by numer-
ous thin, wavy bands of iron ore running through the ledge in a most
intricate fashion. The loosely cemented character of this stone makes
it unsuitable for economic uses.

There are some ledges in this region, however, which furnish good
guarry stone. On the land of Benjamin Rasche, in the northwest quarter
of Sec. 6, Tp. 1 8., R. 3 W., a quarry has been opened. The stone here
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is a light gray, easy working stone. From it stone is used for founda-
tion work in Knoxville. In Sec. 4, Tp. 1 8., R. 3 W., stone has been
quarried near the Patoka bridge for the abutments.

BerweeN Paroka anp Lost Riviers.—At several localities along
Dillon and Davis creeks, the Mansfield sandstone occurs as a finely ce-
mented, light buff or gray sandstone, suitable for building purposes. At
“Swinging Rock,” near the line between Sections 33 and 34, Tp. 1 N.,
R. 3 W, on the north side of Cave creek, a cliff of sandstone ahout 35
feet high is exposed. The stone is a light gray, fine grained, and in
strata two to three inches thick. This stone is locally uged for chimneys.

About a quarter of a mile west of the school house in the northeast
quarter of Sec. 34, Tp. 1- N., R. 3 W., a ledge of sandstone 25 feet
thick outerops just above the Upper Kaskaskia limestone. The upper six
feet of this is good stone, the lower portion being soft. A censpicuous
outcrop of sandstone about 20 feet high occurs on the south bank of
Dillon creek in the southwest quarter of the northeast quarter of Sec.
35, Tp. 1 N., R. 3 W. The sandstone here contains too much iron to
be of value. In the southwest quarter of Sec. 24, Tp. 1 N., R. 3'W,,
a ledge of sandstone from six to 20 feet thick, resting on the Upper
Kaskaskia limestone, outcrops along the north and east side of the road
for some distance. The stone in places is soft and crumbling, and in
others contains too much iron to be of value. In the northeast quarter
of the southeast quarter of Sec. 19, Tp. 1 N., R..2 W., a quarry has
been opened on Jeff' Parson’s land, which supplies stone for chimneys
and other local uses. The stone is a handsome light gray, fine grained,
hard stone. An excellent quality of stone is quarried for local use on
Richard Spaulding’s land in the northeast quarter of the southeast quarter
of Sec. 21, Tp. 1 N., R. 2 W. This is a light gray, fine grained, hard
stone, containing some mica. It splits readily. The worked stone is
about five feet thick with four feet of stripping.

Prominent ledges of sandstone outcrop just north of Crystal, and
along the sides of the branch entering Davis creek from the south at
that point. A ledge of good light colored sandstone outcrops near the
corners of Sections 7, 8, 17 and 18, Tp. 1 N.; R. 3 W., on the west side
of the road. The ledge here is eight feet thick with moss covered face.
At most of the outcrops along Simmon’s creek and its branches, the sand-
stone is loosely cemented and crumbles too easily for a building stone,

In the northwest quarter of Sec. 17, Tp. 1 N., R. 2 W., at Sand
Hill, the Mansfield sandstone is locally colored, a dark reddish brown.
Stone of this color outcrops in the road at the top of the hill, where it
exhibits marked cross bedding. Just south of the road the red sand-
stone again outerops in a ledge seven feet thick, The ledge here presents
a firm moss covered face. A short distance to the southeast of the ledge,
and somewhat lower. the red sandstone becomes soft and crumbling.



WHETSTONE AND GRINDSTONE ROCKS OF INDIANA. 367

On the north side of the road the red stone becomes buff or gray in a
distance of a few hundred yards. The area underlaid by red sandstone
suitable for working is very limited, not exceeding a few hundred feet
square. On the east side of the hill, in the road, the sandstone crumbles
readily to sand, which is used in some of the whetstone mills.

Another small exposure of red sandstone occurs on the north side of
the road, in the southeast quarter of the southeast quarter of See. 31,
Tp. 2 N., R. 2 W. The stone here is composed of coarse sand with
much mica, and is a pale red to chocolate brown. The red stone is al-
most bare of goil, and covers not more than a quarter of an acre.

Norrr OF LosT RivER.—The Mansfield sandstone outcreps frequently
near the summit of the ridges north of Lost river, but it is not generally a
good quarry stone. Extensive and conspicuous cliffs of Mansfield sandstone
occur along the White river near Shoals, and along Plasterer’s creek.
The stone at these localities is unsuitable, however, for economic uses,
since it is too loosely cemented to resist the weathering. A ledge of very
good stone has been opened a half mile southeast of Shoals in the south-
west quarter of the southeast quarter of Sec. 30, Tp. 3 N., R. 3 W.
Stone has been obtained here for the basement of the High School build-
ing in Shoals. Ten feet of stone, with two to five feet of stripping, ?s
exposed in the quarry. The stone is light gray, rather fine grained, anfl
lies in strata three to five feet thick.

Stone has also been quarried in the northwest quarter of Sec. 82, Tp
3N,R 3W. |

LIMESTONLS.—The three limestone members of the Kaskaskia grodp
in this region exhibit most of the lithologic features possible to limestones.
The lowest of these, the Lower Kaskaskia limestone, is generally a very
compact, close textured, uncrystalline limestone.

““Grass Rock.”—Where this stone is quite pure and light gray in
color, it makes an excellent limestone for the manufacture of glass. Tt
has been largely used for this purpose. At many localities along th
upper valley of Lost river, and along Lick creek the limestone i
suitable for glass making and has been quarried for this purpose. Aj
Glass Rock station, on the French Lick branch of the Monon, the stone
is quarried and shipped.

Lmme.—The Middle and Upper Kaskaskia limestones, as well” as the
Lost River limestone, have been used for the manufacture of lime. Kilns
were formerly burned near Lost River and the lime shipped down to New
Orleans in flat boats. In many places the upper and middle Kaskaskia
limestone have an odlitic structure. This kind of limestone is gaid to
make particularly good lime. At afew localities lime is burned at present
and used for a fertilizer on sandstone soils.

MarsrLe.—Throughout much of its extent the Upper Kaskaskia lime-
stone is a light gray crystalline stone. The Middle Kaskaskia limestone
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also has a crystalline structure in many localities. Both of these stones,
in some localities, will take a fair polish and make a nice looking marble.

A quarry has recently been opened in the Middle Kaskaskia limestone
by Mr. Lowe in the northeast quarter of the northwest quarter of Sec.
17 (Tp. 1 8., R. 1 W.). This quarry is located in a ravine where a
large amount of stripping must be removed in quarrying the stone. About
8 feet of stone is exposed in the quarry, lying in strata 6 to 14 inches
thick, This lower part of the bed is a lead blue, compact, imperfectly
crystalline stone. The upper part is a gray, crystalline limestone which
takes a fair polish. The Upper Kaskaskia limestone, which outcrops
where the quarry could be more easily. worked, would probably make a
better marble. A few tombstones have been made from the marble
quarried here. Much of the Upper Kaskaskia limestone will take a good
polish and make a marble of pleasing appearance. The badly weathered
and cracked condition of the ledges in many places indicate, however,
that much of it will make a marble which can not resist the destructive
influences of freezing and thawing.

The position and extent of the Upper Kaskaskla limestone is suf-
ficiently indicated on the map. All of its outcrops oceur at or near the
line separating the Kaskaskia from the Mansfield sandstone.

Coar.—The location of all the coal mines in the region mapped has
been indicated on the map. Since it is the intention of| the State
Geologist to publish a special report on the coal of the State, no discus-
sion of the coal of this region will be attempted here.
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quarrymen.

During the field work I have been under obligations to very many of
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REPORT OF THE STATE NATURAL GAS SUPERVISOR.

LETTER OF TRANSMITTAL.

OFFICE OF NATURAL GAs SUPERVISOR,
Kokomo, INp., Jan, 13, 1896.

B1r—I herewith transmit to you my first annual report upon the con-
dition of the natural gas field of Indiana. It is made in obedience to
Section 7504 of the Revised Statutes of the State of Indiana, and covers
the period from March 16, 1895, to January 1, 1896.

Owing to the short time that I have had charge of this office and the
amount of time that it has been necessary for me to spend in the field,
it has not been possible for me to make this report as comprehensive as I
would like. Now that I am acquainted with the field, I hope that my
next report will more nearly represent the magnitude and importance of
the Indiana natural gas field.

Believing that the field work of this office is most important, I have
spent a large part of my time inspecting gas property. The safety of life
and property requires all gas mains, pipes, regulators, etc., to be kept in
good condition. Much of the piping and machinery in use at present’
is old and worn, and the necessity for a careful inspection of the same is
apparent. It has not been possible, to the present time, for me to visit
the entire field, but my work has been systematic, and I hope soon to
report the condition of every gas plant.

Wherever I have been, the owners and managers of gas plants ha.ve
expressed a willingness to give me all the aid and information possible,
thereby making my work pleasant and I trust profitable to the gas inter-
ests of the State.

I take pleasure in acknowledging here, the cordial support that I have
received from you. Your helpful suggestions and kind aid and encour-
agement are appreciated.

I respectfully submit this report and remain,

‘ Yours sincerely,

J. C. LEACH,
Pror. W. 8, BrLaTcHLEY, State Natural Gas Supervisor.
State Geologist. :

7Y Y o I
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INTRODUCTION.

The reports from this Department, to be of value, should contain such
information as the public desires to know, and discuss such subjects as
demand the attention of those who are interested in the natural gas in-
dustry of Indiana. They should contain an accurate history of the gas
field ; a history in which all phases of the subject have been discussed,
and in which the condition of the field has been noted from year to year,

In compiling this, my first annual report, T have tried to keep in view
its purpose, but of necessity have had to submit to some limitations. The
law authorizing an annual report from this division of the Department of
Geology and Natural Resources to the State Geologist defines to some
extent the nature of the report. The duties of the Natural Gas Super-
visor, as defined by law, are not arranged with reference to the compilation
of a report, but with sole reference to the needs of the gas industry.
This is right. The most important work of the Supervisor is not the
making of an annual report, but is the performing of the duties in the
field as the law specifies. I would not be understood as underestimating
the value of any report in which the scientific or commercial world are
interested. The exhaustive reports made by the Departments of Geology
of both Pennsylvania and Ohio on the natural gas regions of those States
have been of great value to geologists in Indiana, and in fact to every one
interested in the natural gas industry. I only wish it werg possible for
-me to compile a report as comprehensive as the subject demands, and one
that would fairly represent the magnitude of the Indiana gas field. Tak-
ing into consideration the area of the Indiana gas field, and the amount
of time that must necessarily be given to the field work, it will be seen at
once that an annual report from this office can be little more than a record
of the field work.

During the early history of the Indiana field, questions relating to the
economic use of gas did not receive much attention. Most people be-
lieved that nature had provided for a renewal of the supply. Why give
any time to this phase of the question, when the supply was inexhaustible ?
It was during this period that the scientific phase of the question received
most attention. The discussion of the subject was not confined to geolo--
gists and chemists alone. Many who did not profess a knowledge of
these sciences were able, as they thought, to account for the origin of
this new fuel. It was but natural that those who witnessed the power
exerted by this gaseous fuel, as it rushed forth from its rocky prison, or
who were permitted to enjoy the luxury of its power, when re-imprisoned,
should look for a cause for this new phenomenon. But few were able to



REPORT OF S8TATE NATURAL GAB SUPERVISOR. 371
/

account for the origin of gas or its pressure, but many reached the happy
conclusion that its life would be equal to all time. This, to the geologist,
was not the logical. conelusion; a conclusion that the facts involved would
substantiate He claimed that the stock of gas was practically compiete ;
that when once exhausted, there was no provision in nature for its
renewal. Experience to date indicates that this is true. If the public
mind had been in accord with this idea at the beginning, as it is now, the
“benefit derived from natural gas in this field would bave far exceeded
what it has been; for the idea that the supply of gas was goaod for all
time, either by virtue of the enormous amount stored in the rocks, or a
provision of nature for the renewal of the present supply, has, to a large
degree, been the cause of the extravagant use of gas that has been prac-
ticed in the Indiana gas field. Public opinion, however, has changed.
“‘The history of other gas fields is finished, and the present conditivn of
the Indiana field indicates that the history of it will be a repetition of the
history of every other field.
While the scientific phases of' the natural gas question will always be
subjects of thought, we have reached that period in the history of the
Indiana field when economic measures are of most interest. Methods of
-economy are more interesting than modes of origin. Instead of spend-
ing time and energy inventing and arranging apparatus, by means of
which the gas from one or more wells can be made to illuminate the
-country for miles around, the owners of gas property are interested in
scientific burners and devices, invented to protect gas wells and territory,
and husband the supply of gas. It is not as difficult to convince the ex-
travagant consumer of gas that the rock pressure is going down; that
the salt water is becoming intrusive and that the supply of this new fuel
will soon be exhausted, as it once was. The evidence is more convincing
now. Statements concerning the gas supply, once labeled as idle asser-
tions made in the interests of gas companies, are now recognized as facts.
Any effort to husband the supply of this gaseous fuel meets the public’s
approval; and while there are but few, comparatively speaking, who
practice economy in the use of gas, an examination will reveal the fact
that the cause does not lie in the will of the consumer to waste gas, but
rather in the kind and arrangement of the devices used in the com-
bustion of this gaseous fuel. The public favors economy in the use of gas.
It is Jate to begin, but not too late. Natural gas is valuable property and
a business like economy practiced in the use of it will, even at this late
day, materially extend its life.
Questions relating to the origin of rock oil and gas have been dis-
-cussed by the scientific world for a number of years. Much has been
said and many theories advanced, I will not attempt to discuss the
many theories that have been proposed to account for the origin, accumu-
_lation, or pressure of this hydrocarbon, or to advance any new theory
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concerning the same; but, inasmuch as the theoretical views that we
hold regarding the subject will influence our judgment as to the supply,
I have thought it proper, in a subsequent chapter, to give brief statements
of the views most commonly accepted as to the origin and accumulation
of natural gas. :

* The present condition of the Indiana gas field is a matter that interests
a large number of people, and a subsequent chapter will be devoted to
this subject.

In regard to scientific devices and economic methods of using gas,
much investigation has been made during the past year. Especially is
this true of manufacturers and gas companies. All realize that natural
gas is most valuable as a heating power, and how to get the maximum
power from the minimum amount of gas, consistent with the work done,
is the question. Upon this subject Prof. Elwood Haynes, of Kokomo,
Indiana, has, at my request, prepared a paper for this report. Prof.
Haynes is an expert chemist, as well as a natural gas engineer of large
experience. He is constantly experimenting along the line of natural
gas economy, and his paper will be read with interest, especially by those
acquainted with his work in the Indiana gas field.

The past year has witnessed some anxiety and much speculation, on
the part of the gas consumer, regarding the schedule of rates for the
future. This has not been without cause. In some cities the rates have
been materially advanced, while in others there has been much talk and
nothing done. Many inquiries come to this office regarding the rates
charged in the different cities of the gas belt. Owing to the numerous
provisions in the schedules of the various cities using gas, it has not been
practical to tabulate them for this report. Those desiring information
can obtain it by addressing the gas companies of the State, a list of which
is given in this report. _

With former reports from this Department, a map of the natural gas
area has been given. This has proven very convenient, especially to
those who desire to become acquainted with the gas field. I have
exerted much care in preparing the map that accompanies this
report, and believe it to be practically correct. The outline of the
natural gas area is substantially the same as that given on former maps,
and is aimed to include all territory that has produced gas in com-
mercially valuable quantities. The pipe lines are located in accordance
with maps furnished by the different gas companies, and include all
extensions to December 1, 1895. On account of the size of the map,
pipe lines tributary to the main lines are mot given, and for the same
reason it has been impossible, even if desirable, to indicate the location
of all the gas wells. Those indicated are but a small per cent. of the
total number, but the ratio is intended to be uniform.
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Though frequent reference is made to the natural gas law of the Stats,
but few are acquainted with its provisions. The law consists of what
may be termed a general law, defining the duties of the Natural Gas
Supervisor, and eertain special laws enacted to protect the natural gas
industry of the State. Its provisions are eomprehensive, and it is the
duty of the Natural Gas Supervisor to see that they are enforced. But,
notwithstanding this, and however broad the law may seem or however
ample the authority of the Supervisor may appear, there have been some
instances of gross negligence on the part of gas companies and con-
sumers, and flagrant waste by both, that no reasonable construction of
the law could prevent. In cases like these, the Supervisor is usually
accused of neglecting his duty. In order that those who desire to
become acquainted with the law may have the opportunity, and because
I believe that the work of this office will become more effective as the
_public becomes more familiar with its provisions, I have had it printed, in
a convenient.form for general distribution, and will gladly mail one or-
more copies to those desiring it.
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NATURAL GAS.

Its HISTORY ComposiTioN, Fuer VALUE, ORIGIN, ACCUMULATION,
PRESSURE AND MEASUREMENT.

. EARLY HISTORY.

The fact that an inflammable gas escapes more or less freely in every
country, from the bottom of ponds and shallow lakes, stagnant water of
swamps, springs and crevices in the earth, has been known for a long
time. It is frequently found in excavatjons in recent deposits at the
mouths of rivers, and, in fact, wherever the deposit contains organic
matter this marsh gas, as it is called, will be found; for the principal
conditions upon which its generation depends are a deposit of organic
matter and temperature, together with the exclusion of the air from the
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decaying substance. This gas is being constantly generated, and there is
no doubt bat that enormous quantities escape into the atmosphere. It is
a compound of carbon and hydrogen, and is the principal constituent of
natural gas.

The history of natural gas would require & volume. It has been found
in nearly every country and geologic formation. Its presence was known
and its power utilized to some extent in China, Japan and in the vicinity
of the oil regions near the Caspian Sea many years ago. In China the
gas escapes from the borings put down for salt water, and is utilized in
boiling down the brine. As might be expected, the tools used in sink-
ing these salt water wells are very crude, and the process of drilling very
slow. The wells are cased with wood and the gas transported to the
evaporating pans in bamboo pipes. Clay burners are used.

The small quantities of natural gas found in the vicinity of the oil fields
of Japan have never been utilized to any extent.

The village of Fredonia, Chautauqua County, New York, used natural
gas for illuminating purposes as early as 1821. As far as can be ascer-
tained, this was the first use of natural gas in this country. In 1841
natural gas was used to boil the brine from the salt wells in the Kana-
wha Valley, West Virginia. A gas well 1,000 feet deep was drilled
near the same place in 1843. This well produced ‘¢ high-pressure’’ gas,
and is the first of its kind on record.

The history of the natural gas industry in Pennsylvania probably
dates from the beginning of the drilling for oil in 1859. More or less
gas usually accompanied the oil, and at first was allowed to escape into
the atmosphere without notice, but later was piped a safe distance from
the well and burned. After awhile it was used as fuel under the
boilers in drilling and pumping. Natural gas began to be used ex-
tensively as a fuel in 1883. It was then that the gas from the Murrys-
ville district was piped to Pittsburgh.

As soon as gas began to be used extensively for manufacturing and
domestic purposes in Pennsylvania and its value as a fuel beeame known,
explorations began and have continued ever since. There are but
very few States in the Union in which the drill has not penetrated the
underlying rocks in search of this gaseous fuel.

In 1884 gas was discovered in the Trenton limestone at Findlay, Ohio.
This gave a new impetus to the gas industry. Prior to this time valuable
deposits of natural gas had been found in sandstones only ; now that a new
horizon had been discovered, those whose efforts heretofore had ended in
~ failure took courage. Companies were organized and the drill was sent
on its journey of exploration in many localities. In 1886 this limestone
was found to be a gas-producing rock in Indiana. The result of this
discovery is familiar to a majority of those for whom this report was
~=itéan  Tho anhieet will be mentioned in a subsequent chapter.
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Natural gas has been found in a number of States besides those above
mentioned. However, outside of Pennsylvania, Ohio and Indiana the
supply has not proven very valuable. According to the United States
Geological Survey the combined value of the natural gas produced in the
United States outside of these three States does not equal one-half the value
of the production of either one of these States. It is impossible to calcu-
late the actual value of the natural gas consumed in the State of Indiana
during the year 1895, or any prev10us year.

An approximate value can be given only, and this is very unsatlsfﬁc-
tory, from the fact that in many instances it is impossible to obtain the
amount or value of the gas used. The volume of Mineral Resources of
the United States, 1893, published by the United States Greological Sur-
vey, gives a table in which an estimate of the value of the natural gas
consumed in the United States from 1885 to 1893 is given. While it
can not be claimed that the statements given in this table are more than
approximately correct, the author, Mr. Joseph D. Weeks; has used every
available means to obtain correct estimates. The basis of the calcula-
tions in this table is the value of the fuel displaced by natural gas.
Assuming that the statements made are only approximate, a comparison
of the various amounts given is interesting. For the benefit of those
who have not access to this volume of the Mineral Resources, the table
above mentioned is given here.

VALUE OF NATURAL GAS CONSUMED IN THE UNITED STATES, 1885 TO 1893.

18%.

|
LoOCALITIES. ]\ l 1886. ’ 1887, ’ 1888. J 1859,

) 34, 500 000 1 39 DO0,000 l 813,749,500 $]9,282,375 $11,59‘3 989
[ 0,000 333,000 1500 530,026
100,000 | 400,000 1,000,000 1,500,000 5 215,669
40,000 120,000 120,000 12,000
. 300,000 600,000 ,320,000 2,075,702
1,200 4,000 |. . 10,615
.............. 2
Mlssourl T s e | 35,687
Arkansas 375
Texas...... 1,728

Utah 15
South Dako 5
California .. . 12,680
Blsewhere . c.curann. 20,000 20,000 15,000 15,000 1,600,000
T R 1,857,200 | $10,012,000 | 815,817,500 | $22,629,875 | $21,107,009
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VALUE OF NATURAL GAS CONSUMED IN THE UNITED STATES, 1885 TO 1893.—

Continued.
LOCALITIES, 1890. 1891, 1892., 1893.
Penngylvania ... $9551,025 { $7,834,016 | $7,367281 | $6,488,000
NoW YorKee irormsiesmmssonsesrunns ’gg2,000 %000 ?ﬁg% 210,000

Missouri
. Arkansas.... 100
XAS . 50
tah «.coeeee 500

South Dak

Californisg.. 33,000 30,000 55,000 62,000
Elsewhere: s e 1,600,000 250,000 200,000 100,000
Total \\ ..... $18,792,725 \ $15,500,084 | $14,800,714 | $14,346,250

COMPOSITION.

Natural gas is one of a series of the products of the earth’s crust,
known as bitumens; naptha, petroleum, maltha, asphaltum, etc., belong
to the same list, are found under substantially the same conditions, and
doubtless have the same histary, consequently whatever is said of natural
gas can be applied with equal propriety to petroleum.

Although natural gas is used for lighting purposes to some extent, its
chief value is in its heating power. This depends upon ils chemic com-
position, and any chan%e will effect this power. It has not been conven-
ient to analyze a sample of Indiana gas for this report, but a number of
analyses of Ohio and Indiana gas, given by Prof. Orton in the Eighth
Annual Report of the United States Geological Survey, are used here.
They were made in July, 1887, by Prof. C. C. Howard, of Starling Med-
ical College, Columbus, Ohio.

COMPOSITION OF TRENTON LIMESTONE GaAs. (Howard.)

O=HIO. IND1ANA.
< .

CONSTITUENTS. o : B . g o .

g 5 5 g £ g g

S = = a 5 = B

3 A " | = S 3

= = 53] = < [ =
Hydrogon .ocoen esmmemsisesisseneronnas seosusons 1.89 1.64 1.74 2.35 1.86 1.42 1.20
Marsh gas... W 9284 | 9355 ( 93.85 8267 1 9307 | 94.16 93.58
Olefiant ga,s evenen 20 35 20 2 49 30 A5
Carbon monoxxde 55 41 44 45 73 55 80
.20 25 25 26 30
35 .39 35 .35 42 30 55
3.82 341 2.98 3.53 3.02 2.80 342
15 20 21 15 15 JI8 20
. l mo.oo( 100.00‘ 100.00 || 100.00 100.00_[ 100.00 | 100.00

Note.—The Fostoria gas was taken from the Watertanks wells; the Findlay gas from
the six wells of the Findlay Gaslight Company; the St. Mary’s gas from the W1 king well ;
the Muneie (Trd ) ead from Walle Naoz 1.9 2 4 and 6+ the Amndowsnn mao o
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An examination of the analyses given above will not only show that
the composition of Trenton limestone gas from all parts of the field is
practically the samé, but its constancy is remarkable as well. Samples
of this gas from wells varying in depth and pressure, and from the same
well, taken at intervals of several weeks, have been analyzed with the
game results, Not a single objectionable element is found in it, with the
possible exception of the small percentage of hydrogen sulphide, and this
is not really objectionable, from the fact that its odor discloses any leak-
age or dangerous aceumulation of gas that may be in or about the
premises,

I have given the analyses of samples of gas from both Indlana and
Ohio, and for the benefit of those interested in the natural gas industry
who have not aceess to the reports of the Pennsylvania Geological Sur-
vey, I add a table in which the composition of a number of samples of
Pennsylvania gas is given. These analyses were made by F. C. Phillips,
Professor of Chemistry, Western University, Allegheny, Pa., and were
published in the Annual Report of the Pennsylvama Geological Survey,

1886.

J

COMPOSITION OF PENNSYLVANIA NATURAL GAS. (Phillips.)

. @
[ = .
= . R B a
CONSTITUENTS. < g g 3 g <
8 28| E | 5|
= 5 2
a E a | = & =
NILLOZOI corervrvereannosronsssssessressrasnsoserasnsssssossares 9.06 941 451 2.02 12.32 15.30
Carbon AioXide. e covereeereesansnmenimciieeerorons 30 21 05 20 4 4
Hydrogen...... K
Ammonia
OXFEON vorve o coreserssrarsvnrarees
Sulphuretted hYArogen ..cc..c.eccremnreesireerisusee] woseecores crvtrens o[ vrnenerns see| smusssessas|sossnmssasns
Paraffile..oiieirsiissaeensnesnsaernes 90.64 90.38 95,42 a7.70 87.27 84.26

100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00

The paraffins contained in the samples given above have the following
composition by weight:

) S
5 & | § g
= ; = &
s | 5| s | 8|5 | %
2 | B 2| B3 e
@ E ©® S /A ]
Carbon e 76.69 | 7652 TI1| 7496 | 7648 | 76.68
1 Z LTV DR ——— A LT T 2352 | 23.32

100.00 | 100.00 | 100.00 1oo.oo| 100.00 | 100.00
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In the Pennsylvania gas it will be.observed that there is a notable
variation in the proportion of the constituents of the gas from the
different fields. The amount of nitrogen varies between 2.02 per cent,
and 15.30 per cent., and the paraffins between 84.26 per cent. and 97.70
per cent.

The proportion of carbon to hydrogen in the paraffins also varies, the
Speechley gas being richest in carbon. Of sulphuretted hydrogen, a
universal element of Trenton limestone gas, there is not a trace found in
this gas.

The principal constituent of natural gas is marsh gas or methane
{CH,), a type of a series of hydrocarbons, sometimes called the
paraffin series. It burne in the air with a pale, almost non-luminous
flame, and when mixed with oxygen explodes violently on the applica-
tion of a flame or the passage of an electric spark. Perfect combustion
of methane requires about ten times its volume of air. This fact should
be remembered by the consumer of natural gas, and arrangements should
be made to admit the proper amount of air. In the consumption of gas,
combustion will be incomplete and the power of the fuel lost in part if it
is not mixed ‘with air in the proper proportion. According to Prof.
Phillips, marsh gas will be reduced to a liquid under a pressure of 2,700
pounds per square inch at 12° F., or 263° below zero F., under
atmospheric pressure. It will be observed that this is over eight times
the pressure found in the most productive gas wells in this field.

Hydrogen, a small per cent. of which is found in its free state in
natural gas, is a colorless gas, and when pure has neither taste nor smell.
It is combustible and the product of its combustion is water. It is
14.44 times lighter than air and is very diffusible.

Olefiant gas or ethelene (C,H,) is a heavy carburetted hydrogen,
produced when substances rich in carbon and hydrogen are decomposed
by dry distillation. It is & colorless gas, having very little odor and can
be condensed to a liguid.

Carbon monoxide (CO) is formed when a carbonaceous substance is
burned in a stove or furnace in which the supply of air is not sufficient.
It burns with a pale blue flame and is very poisonous when inhaled.

Carbon dioxide (CO,), the principal compound of carbon and oxygen,
is a colorless gas and has a feeble odor. It is found in many nairal
processes, is always present in the air and soil, and is a universal product
of combustion and decay. It is frequently found iu oM wells and mines
and is largely the food of plant life. While it is not pE)isonous, animals
die of suffocation when compelled to breathe it. Carbon dioxide is
heavier than air, and for the reason that it holds in combination all the
oxygen possible, it is incombustible. Trenton limestone natural gas con-
taing but little more than a trace of this gas.
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Oxygen, a tasteless, inodorous, invisible gas, minute traces of which
are found in natural gas, is the most widely distributed gas known. It
eombines with most of the other elements, resulting in the phenomenon
of eombustion.

Nitrogen, a well known element of natural gas, constitutes about four-
fifths of the atmosphere. It does not support combustion and is a
dilutent of marked influence, thereby reducing the calorific or heat
producing power of the gas. Nitrogen is coloriess, tasteless, without
odor and somewhat lighter than air. It will vot support breathing,
animals becoming quickly suffocated in an atmosphere of this gas, not on
account of its poisonous influence, but from a lack of oxygen.

Hydrogen sulphide (H,8), known as sulphuretted hydrogen, is a oolor-
less gas. having a penetrating, disagreeable odor. It is formed by the
decomposition of organic substances containing sulphur, or by the heating
of the same, and is poisonous when inhaled in large quantities for any
length of time. Hydrozen sulpbide is combustible, and when mixed
with one and one-half times its volume of oxygen, will explode upon the
application of a flame or the passing of an electrie spark.

I have given above a brief description of the chemical constituents of
Trenton limestone gas. If it serves to impress upom the consumer the
fact that this gaseous fuel containa elements of great danger 1o life and
property, in many ways and under many conditions, and thereby causes
him to exercise & due amount of care, not only in supplying snfety devices
and in the arrangement of burners and mixers, but in the use of gas in
general, it will have served its purpose.

FUEL VALUE OF NATURAL GAB.;

As I bave said, the great value of natural gas lies in its heating power.
It possesses many advantages over wood and coal, both for domestic and
manufacturing purposes. Whether it be cheaper or not, it is more con-
venient, and for many kinds of manufacturing it is, on account of the
superior quality of the manufactured product, pre-eminently the best fuel.

In volume 6 of the Reports of the Ohio Geological Survey, Prof. Orton
* gives a comparison between the fuel value of Pittsburgh coal and Pitts-
burgh and Findlay gas. The data used by Prof. Orton were prepared by
Prof. Lesley, of the Pevnsylvania Geographical Survey, Mr. 8. A. Ford,
chemist or the Edgar Steel Works, Pa., and Prof. C. C. Howard. In-
asmuch as Indiana and Findlay gas have practically the same composition,
this comparison is germane, aud is given in this report.

According to the statements referred to above, the theoretical value of
1,000 cubic feet of Pittsburgh gas, weighing thirty-eight pounds avordu-
pois, is 210,069,604 heat uuits. The theoretical value of thirty-eight
pounds of pure carbon is 139,398,869 heat units. On the basis of these
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figures, the heat units of 1,000 cubic feet of gas will be found to equal
57.25 pounds of carbon; 67.97 pounds of coke; 54.40 pounds of bitum-
inous coal, or 58.40 pounds of anthracite coal. Now, according to these
figures, if coke is worth $2.50 per ton, the fuel value of 1,000 cubic feet
of Pittsburgh gas is 7.8 cents, and if Pittsburgh coal is worth $1.25 per
ton, the fuel value of 1,000 cubic feet of Pittsburgh gas is 3.25 cents.
One ton of Pittsburgh coal is theoretically equal to 36,764 cubic feet of
Pittsburgh gas.

The theoretical value of 1,000 feet of Findlay gas is 228,461,113 heat
units, and'when Pittsburgh coal is worth $1.25 per ton the theoretical
value of 1,000 feet of Findlay gas is 8.9 cents. One ton of Pittsburgh
coal is theoretically equal to 31,085 cubic feet of Findlay gas.

In referring to the above comparisons, Prof. Orton says: ‘‘ In the pre-
ceding calculations it will be observed that the theoretical values only are
discussed. The practical advantage in the use of gas is much greater
than the figures above given would lead one to suspect. In burning
coal, a large part of the possible heat is lost in various ways. In burn-
ing gas there is a much greater economy of heat. Theoretically one
pound of Pittsburgh coal is equal to 18% feet of Pittsburgh gas, but it
has been determined by carefully conducted experiments that seven and
one-half feet of gas are practically equal to one pound of coal. Findlay
gas will give somewhat better results than this. ILess than seven cubic
feet of gas will do the work of one pound of Pittsburgh coal, or less
than 14,000 cubic feet of gas are practically equal to one ton of Pitts-
burgh coal. Trenton limestone gas is thus seen to be one of the most
valuable fuels known to man. The reckless use, and especially the
wanton waste of it, are little more than a crime against the State.”*

What Prof. Orton” says regarding the Ohio gas field is equally appli-
cable to the Indiana field. Trenton limestone gas is without a doubt a
very valyable fuel, and any effort to husband the supply should receive
the hearty co-operation of every person interested in the natural gas in-
dustry.

ORIGIN AND ACCUMULATION OF NATURAL GAS.

Questions concerning the origin and accumulation of natural gas have

" been discussed for a number of years. Much has been said and many
theories advanced to account for this hydrocarbon. I will not attempt
to discuss these, or to propose anything new on the subject. Our most
eminent geologists and chemists have observed, experimented and theor-
ized on the subject, and I could add nothing new, even if I had the time
and space at my command. I shall give briefly the views most com-
monly accepted by those who are seeking knowledge on the subject, and

*Vol. 6, of the Repte. of the Ohio Geol. Survey, 1888, p. 138.
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leave the discussion of them to that vast army of scientists who are
spending their lives seeking the truth concerning the innumerable phe-
nomena that surround us, ,

Those who desire an elaborate discussion of the subject will find it in
volume 10, of the Reports of the Tenth Census, 1884; volume 6, of the
Reports of the Ohio Geological Survey, 1888; in the Eighth and
Eleventh Annual Reports of the United States Geological Survey, 1889-
90; and the Annual Report of the Geological Survey of Pennsylvania,
1886. These reports have been consulted freely in the preparation of
this report, and acknowledgment is hereby made to the authors of the
various articles contained therein.

The theories that have been advanced to account for the origin
of petroleum and naéural gas, as well as the other members of the
bitumen series contained in the earth’s crust can be divided into two
classes, viz., inorganic and organic. The advocates of the former class
regard these bydrocarbons as a result of the action of certain chemicals
on mineral matter in the interior of the earth, while those of the latter
class regard them as the result of the decomposition of organic matter
contained in the rocks. Both of these were framed and have been ad-
vocated by eminent scientists. The inorganic theory has had but few
friends among geologists. It was framed by chemists and chemists have
been its chief advocates. The main objection to this theory is that it
fails to take into consideration known conditions and characteristics of.
these products, as well as the geological facts involved, and for these and
other reasons it has never received much consideration by the geologists
of either continent.

The organic theory is accepted by nearly every one that is giving the
subject thought at present. According to it, petroleum and natural gas
are the result of the decomposition of organic matter, stored in the rocks
in which they are found or associated strata. This is the general con-
clusion to which nearly all agree, but the limitations that have been
thrown around it, and the provisions that have been attached to it by
those who are seeking to account for the origin and accumulation of these
products have been many. In one instance limestone is counted the |
principal source of natural gas, and in another it is referred to bitumin-
ous shales. By some it is claimed that it is indigenous to the rocks in
which it is found, and by others it is counted adventitious; or in other
words, the advocates of the indigenous origin of natural gas contend that
the decomposition was effected in the rocks in which the gas is found,
while the advocates of the adventitious origin claim that the gas was '
generated in the rocks in which the organic matter was deposited, and
has been carried by hydrostatic pressure to an overlying stratum that
serves as a reservoir, In fact the views of leading geologists are so
different in many respects that each may be said to constitute a different
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theory, none of which is universally accepted, ‘‘and here, as elsewhere,
it is no doubt true that theorists are somewhat oppo-ed to one another,
becauge they respectfully regard but one side of a subject which has more
than one side.”*

As to the general view given above, it has much to commend it and
little to condemn it. The arguments in favor of it are both logical and
conclusive. That petroleum and natural gas are found and have their
origin in the rocks of the earth’s crust no one denies. This being ad-
mitted, the material from which they are generated is Iocated. The fact.
that large amounts ot animal and vegetable matter were deposited with
the material that forms the sedimentary rocks, and that this organie
matter contains the elements of oil and gas is never questioned. Why
should it be? Proof is abundant and accessiblg to all. Who has not.
been a witness to the decomposition of organic matter on the surface.
Then it is that the diesolution is perfect and completed quickly; every
atom of the body except the mineral matter being resolved into gas,
escapes into the air. The organic matter of the earth’s crust was de-
posited under different conditions. There it was soon buried under an
accumulation of sediment which prevented both a perfect and a rapid
decomposition. The fact that the disintegration was very slow in some
of the formations is witnessed by the large numbcr of fossils contained
therein. But whether the decomposition was rapid, allowing the result~
ing products to escapein to the atmosphere; or whether (on account of the
accumulated overlying deposits of sediment excluding the air, and the
proper condition of temperature) this process of decomposition and the con-
sequent evolution of gas has continued for centuries, and will continne as
long as undecomposed organic matter remains in the rocks, the resuit is
practically the rame, except, in the one case the gas is lost in the atmnos-
phere, and in the other, under certain conditions necessary to gas
accumulation, it remaius imprisoned in the rocks until it ix set free by
the drill. .

In consideration of the results of the experience and observation of
those who have had abundant opportunities for both, I think that it is
reasonable to conclude that petroleum and natural gas have their origin
through the decomposition of organic matter contained in the rocks. In
regard to the various limitatinns that have been placed against the above
conclusions, I think that I am safe in saying that a majority of them are
true. I am aware that the fact that some of these views are opposed to-
each other; renders this statement seemingly inconsistent, but we must
" remember that this difference in the views of different theorists is largely
due to the difference in location. In Indiana the Trenton limestone is
the source of large deposits. of natural gas, while in Pennsylvania the

*Qrton. Eighth Annual Rept. U.S. Geol. Survey, 1889,
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supplies are derived from the Devonian shales. Natural gas stored in
" the limestone is certainly indigehous, while that stored in sandstone is
adventitious and can be referred to the underlying shales; and in like
manner it js possible to dispose of many of the theories that have been
advanced. They have a local application only.

An examination of the geologic and geographic distribution of natural
gas will reveal the fact that while it is found in.nearly every country
and geologic formation, it has been in the Trenton limestone of Indiana,
the Berea grit and Trenton limestone of Ohio, and the Devonian, Car--
boniferous and Catekill sandstones of Pennsylvavia that the commercially
valuable deposits have been found. "It is evident from the above that
however important source is to the accumu]atlon of gas or oil, it is not the
only condition necessary. .

A careful examination of any one of the gas fields mentioned above,
and a study of the conditions surrounding it will disclose the fact that
there are a number of otber conditions that are necessary to gas accu-
mulation, and an examination of other fields will show the same facts.
They are universal. These conditions named in the usual order are
source, reservoir and cover, In the Indiana gas field the Trenton lime-
gtone is both the source and the-reservoir. This formation is one of the
most widespread formations on the continent. It underlies the entire
State and approaches nearest the surface at Lawrenceburg, in the south-
-eastern corner of the State, where it can be found at a depth of 349 feet.

While it is true that the Trenton limestone is a universal formation in
this State, and is a reservoir for natural gasand oil, it is equally true
that these products occupy but a limited strata of this limestoue and a
comparatively swall area of the State. The cause of this is found in the
textural and structural conditions of the gas-producing rock. Trenton
limestone is seldom a gas rock below sixty feet from the upper surface,
the gas producing stratum ranging from five to twenty feet thick.
‘Observation and the analysis of this rock show that its productiveness is
due to its porosity. Wherever the Trenton limestone is a gas or oil
rock, it is always substantially a pure dolomlte bighly crystalline and of
a sufficient porosity to contain large quantities of these bydrocarbons.
Its storage capacity is much greater than that of sandstones Outside of
the gas area the conditions are different. There the limestone i« nearly
pure and non-porous. The dolomitic change has not taken place.

From the above it is plain that the porosity of the Trentou limestone is
due to its chemical composition, or at least connected with it. In the oil
and gas area this limestone has been transformed in its upper beds; the
carbonate of lime giving way in part to carbonate of magnesia.

While it is true that oil and gas deposits are confined to a porous
limmestone, it is also true that this limestone is not always a productive
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gas or oil rock. There are other causes besides the lack of a porous rock
to serve as a reservoir that may render limestones unproduetive,

Of the necessary conditions for gas production, one of great import-
ance is the reservoir cover. The accumulation of large deposits of gas
would be impossible if the reservoir was not protected by a practically
impervious cover. In Indiana the Utica shale serves this purpose.
Though this formation does not come to the surface in this State, its com-
position and character are well known. It is impervious to water and
gas, and forms a perfect cover for the Trenton limestone.

As has been incidentally mentioned, all the conditions neceseary to gas
yield have nmot been given. In order that petroleum and gas may
accumulate in valuable quantities it is not only necessary that a rock,
_the formation of which is suited %o the storage of these preducts, be
present and that it be covered with an impervious roof, but it is equally
necessary that the rock containing these hydrocarbons possess a struc-
tural relief sufficiently elevated to allow the various substances occupying
the reservoir to arrange themselves in the order of their specific gravity,
that is, the water, the oil (if any) and the gas on top. The required
elevation of the relief is relative and not necessarily absolute. The
productiveness of the reservoir seems to depend upon its elevation as
related to the adjoining territory. The Cincinpati arch meets this
requirement in the Indiana field. Its boundaries and structural
peculiarities have been practically defined from the records of a number
of wells drilled in the territory which it oecupies.

In Indiana this arch is a low, broad elevation that crosses the eastern
boundary of the State between Lawrenceburg and Liberty and extends
in a northwestern direction across the State. Its surface is very uneven
in places, consisting of numerous small ridges or folds, with occasional
spurs extending at various angles from the main elevation.

A series of maps, prepared by E. P. Cubberly, President of Vincennes
University, and designed to show ‘‘Indiana’s structural features as
revealed by the drill,”* illustrates the surface of the Trenton limestone
very plainly.

The presence of this arch supplies one of the very necessary conditions
for gas yield in this State, for the reason that it acts as a trap in which
the gas accumulates. This arch or dome usually contains a number of
substances arranged in the order of their specific gravity, the gas being
held at the top under an enormous pressure, due to the weight of a
column of water back of it. The Trenton limestone which comes to the
surface in New York and Pennsylvania on the east, Iowa and Wisconsin
on the west, Kentucky on the south and Michigan on the north, forms a

» ¢ Righteenth Ann. Rept. of the Dept; of Geol. and Nat. Resources of the State of
Indiana,”’ 1894. .
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large basin in which the Cincinnati Arch is located. The water enter-
ing at its outcrops flows towards its center and rises in the dome or arch,
driving the gas and oil (if any) before it until the resistance of these
products is equal to the weight of the column of water. The cause of
the pressure of gas is plain. It is the same as that which causes the
water to flow from artesian wells.

GAS PRESSURE AND MEASUREMENT.

Rock pressure in gas wells is the pressure exerted by the gas when
confined within the well. A vigorous well, the flow of which is not re-
tarded in any manner, will reach its maximum rock pressure almost in-
stantly, while wells of feeble flow sometimes require hours. The open
flow pressure of gas is the pressure that it shows when it is allowed to
flow freely into the air. To obtain the rock pressure of a well, an ordi-
nary high pressure steam gauge can be used, while to obtain the open
pressure it is frequently necessary to use a water gauge, especially if the
volume of flow is measured from the casing.

The amount of gas in cubic feet that a well discharges in a given time
can be ascertained from the open flow pressure. The method in general
use is one devised and given to the public by Prof. S. W. Robinson, of
the Ohio State University. This method, which is an application of
Pitot’s tube, is easy to apply, and by it the strongest well can be
measured. To avoid error it is necessary to exercise great care in the
measurement of gas wells. A very simple and convenient apparatus is
a small thin-walled tube, bent right angled or with an elbow. The open
mouth of this tube, to obtain reliable results, should bé filed square and
reamed out inside to a nearly sharp edge. The joints and connection
with the gauge should be air tight. The open mouth of the apparatus
should be held in the current of gas at the well head, and the gauge
should be held in the same position as when last tested. |Usually the
Pitot tube is held even with the top of the well tubing, and in the center
of the orifice from which the gas is discharged. This will [not give re-
liable results. Numerous experiments have proven beyond a doubt that
the velocity of the-gas varies at different points between the center and
the sides of the orifice. :

Dr. Phinney, of Muncie, Ind., in his monograph on *The Natural
Gas Field of Indiana,” * reported a number of tests made by Mr. William
Moore, of Kokomo, to ascertain the variation in the velpcity of gas
escaping from an open pipe at the different points between the center
and sides of the pipe. For-the benefit of those who bave not access to
this report, the results of these tests are given below:

“Highth Ann. Rept. of the U. 8. Geol. Survey, 1886. ‘
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Flow Velocit,
PART OF ESCAPE PIPE. Pressure, per v Capacity.
Pounds. Second, Feet.
Center ... R 1034 1,203 5,482,944
One- ﬁfth dlstance from center to side. 10/4 1:282 5:436,228
Two-fifths distance from center to side. % 1,226 5,198,860
Three-fifths distance from center to side... 1,139 4,829,943
Four-fifths distance from center to sid 6}/ 1,049 4,444 076
Side of escape pipe.. «ooveiirerersis vecrieronns 544 914 3,875,827

Reliable results are obtained only when the average velocity of flow
is ascertained. In order to obtain this the tube should be held at about
the first fourth of the diameter of the well tubing from the center, and if
at the center the registered pressure should be maultiplied by .97. Prof.
Robinson’s method of measuring the volume of flow of natural gas is
fully explained in Volume 6, of the Reports of the State Geologieal Sur-
vey of Ohio, 1888; also in a small pamphlet published by him.

THE INDIANA NATURAL GAS FIELD.

The Indiana natural gas field is in the eastern central part of the State
and occupies the following counties in whole or in part, viz. : Blackford,
Decatur, Delaware, Grant, Hamilton, Hancock, Henry, Howard, Jay,
Madison, Miami, Marion, Rush, 8helby, Tipton, -Wabash and Wayne.
Within the counties named above a number of small areas of barren ter-
ritory have been found, territory in which the Trenton limestone is very
hard and wanting in that condition of porosity that is necessary to gas
yield. In some instances only a very small portion of the county is in
the gas area, the remainder being barren, either for the want of the
proper textural conditions or the necessary elevation of the porous stratum
of the limestone. The map that acc mpanies this report gives the loca-
tion of the main gas field ; that is, the territory that has produced gas in
commercially valuable quantities at any time during the history of this
field. Owing to the encroachment of salt water, the gas producing terri-
tory is becoming smaller. This will continue until finally the salt water
will possess the entire reservoir in which the gas is now stored. The
main gas field contains an approximate area of 2,500 square miles.

Althongh wells have been drilled for gas in a number of counties out-
side of the gas belt, the results have not been satisfactory. In some
instances a moderately strong flow of gas was found, but it was usually
derived from other horizons than the Trenton limestone, and was soon
exhausted. When it be ame known that within the Trenton limestone
in Indiana large quantities of high-pressure gas were stored, companies
were organized for the purpose of exploration in many towns and cities
of the State, and as a result many deep wells have been drilled. From
an economic point of view, much labor and capltal were lost by these
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wells have furnished a large- amount of information regarding the geologi-
cal structure of the State. -The data thus obtained has not only helped to
solve the questions concerning the accumulation and distribution of gas,
but it has added much information to the geological history of the State.

The surface of Indiana isa broad plain interrupted by the valleys of
the water courses; its elevations varying from 378 feet in Vanderburgh
county to 1,225 feet in Randolph county. A section of the rock forma-
tions of the gas fields as revealed by the drill shows that the great mass
of rocks are |imestones and shales. A description of the entire series is
interesting and those who are seeking knowledge on the subject will find
the records of all the deep wells that have been reported and a descrip-
tion of the rock formations of the State in the anuvual repor!s previously
issued by the State Geologist.

Previous to the drilling of deep wells in Indiana for gas and oil but little
was known of the thickness of the drift. The records from these wells have
not only given us the vertical range of this formation in nearly every
part of the State, but in addition we have obtained data that enables us
to trace the history of this deposit. The thickness of the drift relates to
natural gas only in so far as it serves to show the character of the surface
of the adjacent rock formation. Small pockets of gas are occasionally
found in it, but they seldom prove valuable, never indicating gas in the
rock beneath, and are soon exhausted. The vast deposit of drift that
covers the surface rocks of the entire State varies in thickness from
nothing, or a few inches, to 500 feet. It is composed of clay, sand,
gravel and boulders, with occasional remains of vegetable life, and in
many places shows that it has been assorted by the action of water.

TRENTON LIMESTONE.

The Trenton lime-tone, on account of its being the reservoir for nat-
ural gas and oil in Indiana, is the most important formation in the geologic
scale. It has a wide range, outcropping in the adjoining States, and
throughout this gas field is near 500 feet thick. As has been noted in
another section of this report, the upper stratum of this limestone is a
dolomite ; that is, a limestone in which a chemical change has taken
place; in which the carbonate of lime has been partly replaced by car-
bonate of magnesia. The result of the change is a porous rock suited to
the accumulation of large quantities of gas  The relief of the Trenton
limestone is its most important feature in this State. This, in the furm of
a low, broad arch, enters the State at the southeast corner at a depth of
349 feet, 158 feet above sea level, and with a gradual descent, continues
in a northeastern direction across the State. The dip of the rock is more
rapid to the northeast and southwest. The surface of the ridge, or arch,
ag it is called, is gently undulating, with occasional domes and transverse
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ing the thickness of the drift, and the surface of the Trenton limestone.
A careful study of it will reveal the structural peculiarities of the Cin-
cinnati arch,

Tables showing the thickness of the drift, the depth of the Trenton
limestone and its altitude with reference to sea level. For much of the
data in this table, acknowledgments are due Dr. A. J. Phinney, Prof.
E. P. Cubberley, and the Principals and Superintendents of Schools who

have rendered me aid in this work.
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Blackford Hartford City..
Blackford .| Montpelier
Boone .. .| Lebanon ...

Cags... .| Galveston..
Clinton .| Frankfort ....
Dearborn . .| Lawrenceburg .
Decatur .| Greensburg .-
Dekalb uburn ...
Delaware . Muncie
Delaware - Eaton

Goshen

.| Connersville
.| Brookville
.| Rochester -.

Columbus ..

Fairmount
Marion
Arcadia
Noblesv
Greenfield

Kokomo.....

Huntington .| Huntington ..
Jackson .. .. .| Seymour-....
Jasper .| Rensselaer
Jay ... .| Portland .. .
Jay .| Red Key ..
Jay ... .| Dunkirk ...
Jennings .| North Vernon .
Madison .. .| Alexandria ..
Madison ... .| Anderson ..
Madison .| Elwood.. ...
Marion .| Indianapolis.
Miami .. Amboy ......
Mont.gomer Crawfordsv:
rgan Martinsville
Newton Keuntland
Park Rockville
Porter Valparaiso
Pulaski .{ Francesville
Randolph. .| Farmland.....
Randolph. .| Ridgeville
Randolph. .| Wingchester ..
St. Joseph .| South Bend ..
Shelby - .| Shelbyville
Tipton .. .| Tipton ......
Wabash .| LaFontaine..
Wayne.. .| Richmond .. -
Wa.yne .| Cambridge City..
Wells .. .| Bluffton .......
‘White Monticello

.| Columbia City .
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This high-lying area of the Trenton limestone in Indiana furnishes the
reservoir for the supply of natural gas. The highest portion of the arch
or incline is not a reservoir, for the reason that-it does not possess the
proper textural condition. It may be said that natural gas in Indiana is
stored in the slope of an incline, and that the textural condition of the
rock above the reservoir prevents it from escaping at the outcrop.

Around the productive gas area is found the salt water that has accum-
ulated in the porous rock. Being caught at the outcrop of the forma-
tion, it has flowed down the incline and occupies the lower portion of the
porous rock, the gas, oil and salt water occupying a common reservoir.
The salt water is the foree back of the gas, and when this hydrocarbon
is exhausted it will fill the reservoir. Around this gas field is a line be-
low which salt water is always found. As the supply of gas diminishes,
the salt water horizon advances towsrd the highest point in the reser-
voir. There is a constant warfare between the salt water and the gas for
the possession of the reservoir. The height to which the salt water rises
in different fields depends upon the elevation of the source of the water
and the reservoir. In this field it is found at a depth of less than 100
feet below sea level, and the upper limit of productive rock will not ex-
ceed 90 feet above sea level. It is probable that the total range of pro-
ductive rock will not exceed 160 feet.

Salt water is the most dangerous and difficult element with which gas
companies and owners of gas wells have to contend. They realize this,
and are doing all in their power to thwart its progress. While it is true
that as the supply of gas diminishes the water rises higher in the reser-
voir, hermetically sealing all wells in which the pressure of the gas is not
strong enough to hold the water back or raise it to the surface, and that
the ultimate result is known and certain, it is also true that much can be
done to check its progress, thereby extending the life of the present sup-
ply. Great care should be exercised in drilling new wells, in order that
the productive rock may be penetrated without molesting the salt water.
Wells showing signs of water can be made to yield gas for a considerable
time with proper care. Like any other class of property, gas wells need

. constant attention.

There is scarcely a resident of this State that is not familiar with the
early history of the Indiana gas field. The fact that Trenton limestone,
a universal formation in this State, contained a vast store of this gaseous
fuel, awakened an interest that had not been known. Wherever a suffi-
cient amount of money could be raised to put down a well, the drill was
started on its journey. Before the gas field was located with any degree
of accuracy, vast sums of money were expended by individuals and gas
companies. Some were rewarded, but many were doomed to disappoint-
ment. Soon the gas field was located, and the success of the drill was
seldom questioned.
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The Indiana field soon attracted the attention of manufacturers whe
knew the advantages that natural gas possessed over other fuels. In a
short time the manufacturing interests of the gas belt had increased won-
derfully, millions of dollars being iuvested in this industry The villages
and towns have experienced a phenomenal growth, and the wealth of
that portion of the State has increased many fold.

In 1880 there were seven States that manufactured more glass than
did Indiana; in 1890 there were but three. The value of the glass pro-
duct in 1880 was $790,781; in 1890 it was $2,995,409, being nearly a
four:fold increase, In 1880 there were four glass manufactories, valued
at $1,442,000 and employing 862 persone. In 1890 the number of fac-
tories had increased to 21; the capital invested to $3,556,563, and the
number of employes to 3,089. The growth of the iron and steel indus-
try has been equally rapid. Iu 1880 there were nine establishments,
valued at 81,820,000, and employing 1,740 persons, who received $810,-
000 annually in wages. In 1840 there were 13 establishments valned at
$3,888,264 and employing 2,644 persous, who received anuually $1,215,-
702 in wages.

From the above it will be seen that the growth of the manufacturing
industries of the Indiana gas field during its early history was phenom-
enal, but a comparison of its condition in 1890 with 1895 will show a
growth even -more rapid. There were vear 50 glass factories in operation
January 1, 1895, the value of which was not far from $5,000,000. Itre-
quires 7,000 employes to operate these factories, and the annual pay-roll
amounts to $:3,000,000.

The statistics giveu above show, in a measure, the growth of the glass
and iron industries since the discovery of natural gas. While this gas-
eous fuel is peculiarly adapted to certain lines of manufacturing, it pos-
sesses ad vautages over wond and coal that are recognized by the manufac-
turers of all classes of products, and the result is that nearly every class
of manufacturing is represented in the Indiana gas field.

The history of one gas field is praciically the history of all. Of course
each field bas its own peculiar limitations. The supply of one field may
outlast that of another, but at hest they last but a comparatively short
time. There was a time in the history of the Indiana field when the only
proof of the above was theoretical. Now we have bad the practical dem-
onstration. I[n 1884 natural gas was discovered in the Trenton limestone
in Ohio. The supply seemed inexbaustible, and with that idea in mind
it was exhausted. The history of that field is practically finished, and
the life of the Indiana field will be shorter on that account, for the pipe
lines now constructed transport a large amount of gas to Ohio, and will
probably continue to do so until this field is exhausted.

- That millions of cubic feet of gas have been wasted, either by allowing
it to escape into the air or by burning it to show its abundance, no one
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will deny. The causes that have led to this wanton waste that has con-
tinued for years are numerous. It is not worth the while to enumerate er
discuss them here. We are more interested in the effect than the cause.

CONDITION OF THE FIELD,

Manufacturers, gas companies and private consumers are alike inter-
ested in the present condition of the gas field. It takes no argument to
convince them that gas is failing, and in view of the advantages that are
being derived from the use of this fuel, the decline of the rock pressure,
the encroachment of the salt water and the increased consumption from
year to year are, on account of their relation to the future supply, ques-
tions of great importanice. The original rock pressure was 325 pounds
to the square inch. This pressure was practically uniform throughout
the field. Some wells showed the maximum pressure instantly, while
others required hours. When a well is closed it forms a part of the gas
reservoir, and its pressure will reach the maximum pressure of the im-
mediate neighborhood if allowed to remain closed long enough. The
large draught that has been made upon the Indiana field since its dis-
covery has materially reduced the rock pressure. It is admitted by all,
I believe, that any material reduction in the rock pressure of a gas field
indicates a diminution in the supply.

A comparative statement, giving the rock pressure of a number of
wells located in different parts of the field, and taken at intervals of six
months or a year, would show the rate of decrease and would be interest-
ing to all who are interested in the natural gas industry. Unfortunately
the data is not at hand from which a statement covering the entire field
can be made. A record of the pressure of a number of wells located in
different sections of the gas field is given below. They were tested dur-
ing the summer of 1495, and, unless otherwise stated, are located in or
pear the city named.

The record given was obtained principally from new wells and is the
maximum pressure of that section of the field.

ROCK PRESSURE OF THE INDIANA NATURAL GAS FIELD, 1895.

Blackford County— pﬁZﬁ‘J‘,‘i‘f
HArtford CRbY « v et ittt ettt e et ee e et et e 270
Delaware County—
Muncie, one mile northof town. ............ ... i, 200
Muncie, three miles north of town ............. .. ... ...l 250
ROYEItON . o\ttt i e e e e e e e 250

Daleville, one mile west of town .........oooiiiiiiiiiiiiiiiiiiiien, 225
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Grant County— . pf;j;;‘w”‘ﬂ‘f
Marion, three miles southwest of tOWN. v.vvvuvviiinnnrervirenoneenss 255
Marion, three miles southeast of tOWD .. .vuenenriineinrennsnennennn 260
Jonesboro. ........ N 270
a8 Gl o vttt et iene te ettt iesiteasasransesossacssassnsannsaans 270
B aFZEE . ittt i e e i et it 250

Hamilton County—

Noblesville, two miles north of town ........oevviviriiiiiinienn, 200
Arcadia, six mileseast of tOWD.....oovieiiiiiiiiiiin i 230
L0 ) 1 200

Hancock County—

Greenfield, three miles north of town.... ... ... .ciiiiiiiiinennn.. 210

Henry County—

Middletown, three miles northof town ............oovviiiiina... 220

Howard County— '

Fairfield .. ..o i i i ittt e e 240
L0 T3 1y RO 255
L U U 255
Jackson Township....c.co it ittt 250
_Jay County-—
Camden .....ouiiiii i i e e it e i e 150
Dunkirk . ..o e i e e e 225
Red Key, four miles soutwest of town ...........oooiiiiiiiiiiia., . 250
Madison County— ‘
Alexandria . ...oiriiiit i i i e et e it e 255
Anderson, four mileseast of town. ... ..ol iiiiii i 230
EIwood . ... e e e e 255
Frankton, four miles south of town ..., 245
Chesterfield, three miles north of town..................oooiiiiii il 235
T8l .+ .t vt vttt it i i i e et e 255
Lapel ..o i it e 220
Perkinsville .....ovviiiii i i i i e et e e 230
Pendleton. .. ... i i i i e 225

Rush County—

Carthage ......vvviniiniin i, T TP P ORI 150

Tipton County—

Prairie Township.......ooi i i i i e 205
Wild Cat Township..... e rere et aees et teraatat et araras 250
= ) o] 7 250

The difference in the pressure of wells in different sections of the field
is mainly due to the difference in the texture of the Trenton limestone
and to consumption. If all the wells in the field were closed, there is
little doubt but that the pressure would be uniform throughout the entire
field. The initial rock pressure of the Indiana gas territory was 325
pounds. The average rock pressure of the gas producing portion of the
original gas area at present is about 230 pounds; a decrease of 95 pounds.
There is little doubt but that the pressure of the field will decrease more
rapidly in the future than it has in the past.
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The supply of gas is diminished by waste and consumption, and while
the amount wasted is growing less, the annual consumption is increasing.
New pipelines are being constructed. The field pressure is being re-
enforced with pumps and extra inducements are offered to consumers. Fac-
tories continue to locate in the gas territory. Some of the largest factor-
ies in the gas belt have been built this year. Because of the increased
manufacturing interests, the population of many of the towns is increas-
ing rapidly. This all means an increased consumption of gas.

Much has been said of the amount of gas wasted as well as the manner
of its use. This is well, for it is a subject that needs attention. That
much gas has been wasted in the past, and that it is being wasted in some
parts of the field at present, no one will deny. The questions are: how
is it wasted and what is the remedy ?

But few of the gas plants construeted in the early history of the gas
field were planned or “putin” by practical gas engineers. This is
especially true of the plants in the small towns and the country. More
than this, many of the plants were constructed hurriedly and during the
winter season, and in some cases inferior piping and fittings were used.
The result of all this is, that many plants are very imperfect in both plan
and construction. Wells in which the packers were not properly ad-
justed ; piping too small for the work to be done; worn out regulators
that were too small when in repair to properly regulate the pressure of
the necessary amount of gas, are frequently found. While conditions
such as are stated above have existed and do exist to some extent at
present, I am glad to say that a large number of plants have been so
thoroughly repaired during the past year that they are practically new ;
being much better than when first constructed, from the fact that the re-
construetion has been made with reference to the work to be done.
Larger regulators and piping have been used; the necessary high-lines
and reducing stations have been added, and if satisfactory service is not
given this winter, the fault will not be with the gas plant. With but
few exceptions, the gas companies of the State are better prepared to
give satisfactory service this winter than at any time during the history
of the field. I do not meav by this that the supply of gas is more
abundant, but the facilities to transport and distribute it are much better
than they were one year ago. True, there are a few gas companies in
the outer zone of the gas field that will not be able to give good service
this winter. These towns are fortunate if they are near a pipe-line.

The small pipe lines referred to above, and in a few instances larger
pipe lines, have, on account of imperfect fittings and the lack of care,
been the source of much waste. It requires perfect joints, gates, valves,
etc., to confine gas at well pressure, and the most perfect joint will, from
the effect of the contraction and expansion of the pipes, caused by the
variations in temperature, become defective, and a verv amall laak
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will cause much waste if allowed to continue. The remedy for this
source of waste is plain. Some of the larger pipe-line companies keep
men whose sole duty it is to detect and repair leaks in the small tributary
lines that thread the gas territory in every direction. These lines should
be goue over and repaired at least once a month. The only safe plan is
to keep a watch over every avenue of waste. The very few large pipe
lines that have caused trouble in the past have been so thoroughly re-
paired during the past summer that it is not probable that they will cause
any more trouble.

Another cause of waste is the crude mixers and burners used by both
manufacturers and private consumers. I am satisfied that, with scien-
tific burners and mixers adjusted to the gas pressure, an equal amount of
heat could be produced with one-half the amount of gas used in many
cases. The full power of natural gas is not realized unless it is mixed
with air. As to the proper proportion of air to gas there iz a difference
of opinion; ten of air to one of gas is not far from correct. If this
proportion is to be maintained the pressure of the gas should not vary,
for a mixer that will admit gas and air in the correct proportion when
the gas is under a twelve-ounce pressure will admit a larger amount of
gas if the pressure is increased to sixteen ounces. Ninety-six cubic feet
of gas under a pressure of three-tenths of a pound will pass through a
No. 7 mixer in one hour, while under one pound pressure one hundred
and seventy-nine cubic feet will pass through the same mixer in the same
time. It is evident from the above that when a mixer is so adjusted
that the gas and air are admitted in the proper proportion, the pressure
of the gas should not be changed, unless the amount of air admitted is
changed to correspond. To wee that the burners and mixers are clean
and properly adjusted is the duty of the consumer, and in like manner
it rests with the gas company to furnish the gas at a uniform pressure.
This can not be done without the necessary high lines, reducing stations
and regulators.

Should natural gas be sold by meter measurement or by contract, and
what relation does this subject bear to the manner in which gas is used,
are questions that have been discussed in the annual reports from this de-
partment, in the newspapers and by the consumer. Inasmuch as the
subject has received more attention in the past than in all probability it
will in the future, it will not be given much space here. Theoretically,
there can be no question as to the right in this matter. If natural gas
is property, and can be transferred as other property is, it will harm no
one to pay for it as he pays for other property. Those who are opposed
to the “ meter system” contend that the adoption of it means a higher
price for gas. While that may be true, it is not necessarily so. I can
see no reason why the priees under one system could not be adjusted as
fairly and as satisfactorily as under another. A schedule of prices under
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which [ am compelled to pay for the gas which I use, and no more, is
certainly just. If I choose to practice economy, a reduction in the cost
of my fuel is the reward ; if T use it extravagantly, I pay for what I use
and no more.

While the incentives to practice economy in the use of gas are not
quite as great under the present system as under the * meter system,’
the prosperity and general welfare of the gas belt and State should
prompt every one to do all in his power to hushand the present supply
of this gaseous fuel.

. NATURAL GAS AS AN ILLUMINANT.

While the chief value of natural gas does not lie in its illuminating
power, it has been used for this purpose from the time it was discovered.
The flambeau, at first a luxury, by long use has seemingly become a
necessity. The time has been when apparently the entire gas field was
illuminated with gas torches. In many places they weré allowed to burn
day and night, year in and year out. A vast amount of gas has been
wasted in this way. There are redsons why farmers and villages should
use this gaseous fuel as an illuminant in the same manner that any other
light is ueed ; that is, burn it when needed and extinguish when not;
but why large torches should be allowed to burn day and night in vil-
lages and the country, and in the glare of the electric light in cities, I
am not able to say.

The General Assembly of 1891 enacted a law prohibiting the use of
natural gas in flambeaux, and prescribing how it can be used as an
illuminant. This law has encountered much opposition. Those who
are opposed to it contend that it abridges their rights as citizens; that
natural gas is property and as such the owner has a right to use it as he
desires. In opposition to this it is claimed that the enforcement of the
law is a judicious exercise of the police powers of the State; that the
welfare and prosperity of the public overshadows the good of the
individual.

When I took charge of this Department natural gas was used in flam-
beaux in a majority of the towns and villages of the gas field. In many
sections of the field torches could be seen burning in farm yards and
gardens day and night. The past year has witnessed a change in public
sentiment on the question. The law is looked upon with more favor.
Realizing that the use of gas in this manner is extravagant and detri-
mental to the prosperity of the gas territory, as well as in defiance of the
law, a number. of villages and towns have either taken down their flam-
beaux, or ceased to light them. In many instances a single request was
sufficient. Farmers have been slower to act. Many own their own
wells. and those that do not usually claim the vrivilege to use cas as thev
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Recently two suits were brought in Blackford County to enforce the
law. In the Circuit Court the defendants entered a motion to quash
the affidavit, and by their motion attacked the constitutionality of the
law. The Court overruled the motion to quash. The question will
soon reach the Supreme Court, and upon its decision will rest the question,
as to whether flambeaux will be allowed to burn or not. The object
of the law is not to prohibit, but to regulate the use of natural gas as an
. illuminant. Because its use is prohibited in flambeaux is no reason why
villages and towns should be left in darkness, or farm yards without
light. The experience of a number of small towns shows that the use of
natural gas in ‘‘jumbo” burners, or burners of similar character,
-enelosed in glass lamps, is practical. The light is not the best, but is
Better than many cities enjoyed prior to the introduction of eleetricity as
a lighting power. Natural gas used in this manner is not wasteful or
extravagant.

It is because natural gas possesses superior advantages as a fuel that
its waste should be discouraged. When the supply is exhausted some
other fuel will be substituted for it, but it is not probable that it will
equal it in all respects. 'We know what it is to enjoy the luxury of its
power. Let there be a united effort to use it for those purposes for which
it is most valuable, and in the most economical manner possible.

THE FUTURE OF THE INDIANA NATURAL GAS FIELD.

What will be the future history Lf the Indiana natural gas field? How
long will natural gas last? When referring to the natural gas industry,
these are the questions most often asked. There was a time in the his-
tory of this field when questions like the above did not receive muech
attention. The seeming abundance of the supply, the power that it ex-
erted as it escaped from its rocky prison, the large area of gas territory,
and, in fact, the nature of the product, all seemed to preclude the idea of
its exhaustion in the near future. The supply has been equal to the
demand since the discovery in 1886, a period of nine years. How long
it will continue to honor the enormous draughts that are being made upon
it, from year to year, I can not say. The fact that we have entered upon
the period of decline, that the supply is failing and will finally be ex-
hausted, is not questioned. Not only is the evidence of such present in
the field, but the history of other fields, that were Jimited by conditions
gimilar to the ones with which this field has to contend, foretells to some
degree the future of the Indiana field. :

The main fact, settled by the history of the Pennsylvania and Ohio
natural gas fields, is that a reservoir of natural gas can be exhausted.

ITrnwraver an annniirnt of the difarancs i1 tha aloa nf the rocoronire and
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the amount of gas consumed, no two fields can be compared as to dura-
tion. Developments began in the Findlay field in 1884 ; ten years later
it was practically exhausted.. The salt water and oil had overrun all
portions of the gas rock. We can not compare the Indiana field with
the Findlay field, for though alike in a few respects, they differ materially
in many. The Findlay and Wood County fields of Ohio, do not include
to exceed 100 square miles. The Indiana field does not contain less than
twenty times this amount. Thisdoes not necessarily indicate that the life
of this field will exceed that of the Ohio field, for an increased area affords
the opportunity for an increased consumption. While this is true, I have
reason to believe that the ratio of the consumption of the Indiana field
to that of the Findlay field is not as great as is the ratio of the area of the
former to the latter.

Successful explorations began in Indiana in 1886, and after nine years
of active operation there remains thousands of acres of good gas territory
that is not developed, except an occasional well to supply farmers. A
large part of this is owned by pipe-line companies who are holding it in
reserve. A number of towns in the interior of the field are drawing
their supply from wells drilled within the corporate limits of the town
during the early history of the field. In afew instances, this long period
of service has not materially reduced the production of the well. The
above has especial reference to the smaller towns. As a general rule the
larger towns that have succeeded in locating a number of manufactories
are widening the horizon of their operations from year to year, piping
their gas from three to ten miles.

Another condition that is related to the capacity of the reservoir and
consequently has an influence on the duration of the gas field is the
vertical range of the gas producing rock. In this, the Findlay field
seems to have an advantage over the Indiana field. As to the manner
of using gas, the methods, purposes and devices are substantially the
same in every field. Natural gas has never been used as economically in
any field as its value would suggest. The probable reason for this is that
its cost seldom equals its value as a fuel. This is especially true of manu-
factories, a large majority of which are either using ‘“‘free gas,”’ as a part
of the remuneration for the location of their factory, or are supplied from
wells that they have drilled in territory received in the same way. In
either case the cost of the fuel is a very small per cent. of its value.

Those manufacturers who measure the gas that they consume, and pay
for it accordingly, do not allow fires to burn that are not needed. They
use natural gas as they would any other heating or lighting power,
Without regard to whether natpral gas is bought by meter measurement,
by contract or is received as a gratuity, there is no reason why it should
not be used with due regard to its value as a heating power. Let us keep
in mind that we are drawing on a definite stock of this produet; that a
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certain amount can be used for a number of years, and when the supply
is once exhausted there is no provision for its renewal. It is in the light
of the above that the extravagant use and waste of this gaseous fuel
should be viewed. ’

What effect the oil field will have on the natural gas area is difficult to
foretell. It depends somewhat upon the future explorations. The present
field extends eastward from Marion, around the edge of the gas area to
Portlaud. It includes portions of Grant, Huntington, Wells, Blackford,
Adams and Jay counties. Active operations are extending in every
direction, and the indications are that this will continue to be a pro-
ductive field. Any extension of the oil area to the southward will come
within the limits of very productive gas territory, and there is no doubt
but that the development of oil territory is injurious to the natural gas
interests. Indications of oil are sufficient in a number of localities in the
interior of the gas field to start prospectors for this product. If this con-
tinues, the natural gas industry will soon feel the effect of it.

The gradual decrease of the rock pressure, and the encroachment of
the salt water are the most important factors to be taken into considera-
tion when discussing the future of the gas area. If the anpual decrease
in the rock pressure was unvarying, and the pressure at which the eelt
water overruns the gas rock was the same throughout the field, predic-
tions concerning the future of the gas field would be of more value.

The initiat rock pressure of this field was 325 pounds to the square
inch. The average rock pressure of the gas producing portion of the
original gas area is about 230 pounds at present. This is a decrease
of 95 pounds in nine years or an average decrease of 10} pounds per
year. This decrease, however, has not been uniform. The first three
years’ consumption effected the rock pressure very slightly, especially in
the interior of the field. Since that time, however, the annual decrease
has been very noticeable and has increased with the years. I am not pre-
pared to say what the decrease has been during the past year, but with the
data at hand, will be able to give the effect of this winter’s consumption.

The history of all gas wells in the Indiana field is, that they continue
to produce gas until the weight of the salt water overcomes the preesure
of the gas. When does this occur, or what pressure is necessary te hold
the salt water back, are questions that can not be answered definitely. In
some parts of the field the danger point is reached at 200 pounds, while
in a few instances, wells in which the pressure has been reduced to 50
pounds are producing gas in commercially valuable quantities. The
causes of these conditions are uncertain. The increased consumption of
gas is undoubtedly a cause of the increase of the diminution of the rock
pressure of the field. Other causes are probably present. As to the
pressure at which the salt water overruns the gas rock, it is possibly
3 b b tocs o] o atrnetinral conditions nf tha raal ac wmall <o
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its elevation. The presence of these conditions precludes anything like
an accurate prediction concerning the life of natural gas in this field.

As T have said a comparison between the two fields is not practical.
While they are alike in a fow particulars, they are so unlike in many re-
spects that the future of the Iudiana field does not become much lighter
under the rays of the history of the Findlay field. This field is peculiar
in many respects, and the outcome and duration of it will depend to a
large extent upon the manner in which its product is used.

I have frequently referred to the waste of gas, and the effort that
should be made to husband the present supply. The reasons for so doing
are obvious. It is the question above all others that should be kept be-
fore the public mind. It has much to do with the future of the gas field.
A strict enforcement of the law, re-enforced by a strong public sentiment
in favor of an economy commensurate with the value of the product,
will materially extend its life.

Koxkomo, IND., January 13, 1896.

Prof. J. C. Leach, Kokomo, Indiana:

Dear Sie—I herewith respectfully submit to you a report on the utili-
zation of patural gas, which I trust may meet with your approval. I
have sought to make the article as practical and useful as possible and at
the same time intelligible to the thoughtful reader. I have purposely
avoided an unnecessary use of scieutific terins| and have endeavored to
make clear the meaning of those I was obliged to employ. I have also
avoided any theorizing on the nature and composition of the compounds
which compose the combustible portion of the gas; though I must ad-
mit this has afforded me some interesting study. I realize that much
more could be said, but space and time did not permit it.

Yours respectfully,
ELwoop HAvYNEs.

UTILIZATION OF NATURAL GAS.

BY ELWOOD HAYNES, .

Fuel is one of the necessary and fundamental elements of modern
civilization. It not only contributes to the comfort of man, but it has
enabled him the leave the genial climate near the equator and force his
way into more rigorous latitudes farther northward, and rendered exist-
ence there not only possible but pleasant. It is the key that unlocks the
great resources of nature and enables man to faghion them to his own use.
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The three most important forms of fuel are wood, coal and gas. The
former was probably first utilized by man for this purpose on account of
the ease with which it could be procured and its low kindling tempera-
ture. It is also highly probable that charcoal made from wood, formed
the ‘‘ entering wedge ” which opened up the vast treasures of the iron
mine.

It is to mineral coal, however, that we are indebted for by far the
greater portion of man’s progress in the industrial arts of the present
century. The use of gaseous fuel on an extensive scale is of very re-
cent origin. It is true the Chinese have used natural gas in a very
crude way in connection with salt produection, but this was so limited
that it is of little interest, except from an historical standpoint.

Another form of fuel, which is now utilized to a considerable extent,
is crude oil, which has the advantage of being easily transported either
by pipe line or by freight. We then have fuel in the solid, liquid or
gaseous form. If we examine these fuels from an analytical standpoint we
find that they are all composed of carbon and hydrogen united in differ-
ent proportions. KEvery one who has witnessed the combustion of coal,
wood, oil or gas has noticed at times a black deposit of soot on objects in
contact with the flame. This black deposit consists of nearly pure car-
bon, which is one of the main constituents of all the fuels mentioned
above. '

The other constituent-—hydrogen—when in the pure stateis a very light,
colorless, odorless and invisible gas. It may, however, combine with
carbon to form a solid, a liquid or a gas, as we have seen.

There is another element in nature which is necessary to combustion,
which exists in the free state in the atmosphere. This is oxygen, and
it must be present in sufficient quantity if perfect combustion is to be se-
cured.

When combustion is taking place, or as we usually termn it, ‘“ the fire is
burning,”’ the oxygen from the atmosphere is quietly uniting with the car-
bon and hydrogen of the fuel. When it unites with the carbon it formsan
invisible gas called carbonic acid, which is the same gas that forms the
bubbles that rise from a glass of snda-water when it is just drawn from
the fountain.

The hydrogen of the fuel unites with the oxygen of the air to form
water, which, of course, passes up the flue in the form of steam. In very
cold weather the steam can be seen issuing from the chimney tops.

There is besides oxygen in the atmosphere another gas termed nitrogen
which constitutes about four-fifths of its volume. This gas takes no
part in combustion, but merely passes through the fire unchanged. It
is evident, however, that a much larger volume of air is required to
burn a given quantity of gas than would be necessary if the atmosphere
consisted entirely of oxygen. It has been found that a given weight

/
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of hydrogen requires 8 times its weight of oxygen to burn it. A given
weight of carbon requires 23 times its weight of oxygen in order to burn
it to carbonic acid gas. We thus see that a given weight of fuel requires
a weight of oxygen equal to 8 times the weight of hydrogen it contains
plus 2% times the weight of the carbon it contains.

Or since the atmosphere is only about 23 per cent. by weight oxygen,
we find that it would require about forty-four times as much air. Let H
equal the weight of hydrogen, and C equal the weight of carbon in any
given fuel, and W the weight of the air required for its combustion.
Then

w44 (%—FSH).

In order to obtain the value of W it is only necessary to analyze the
" fuel and the weight of the air necessary to burn a given weight of it can
then be computed from the above equation.

The first step in the analysis of a gas should be to obtain its specific
gravity or the weight of a given volume, as compared with that of an
equal volume of air.

This is best accomplished by weighing a given volume of each in a
thin glass globe, and comparing the weights thus obtained. The weight
of a given volume of air has been accurately determined, and thus the
weight of a given volume of gas can be closely ascertained. It is
evident that the sum of the weights of the constituents of the gas as
shown by the analyses should equal the weight of the gas, which was
taken for experiment. The composition of natural gas by weight has
been found by analysis to be substantially as follows:

Carbon ..o i e s 70.25
Hydrogen. . ...o.eoi i e e e 21.45
Sulphuretted hydrogen.... ...t 17
Carbonic acid.. ... ..o i e .02
Nitrogen (by difference)...........coco i 7.93

Otal .ot e e e e 100.00

It would be interesting from a scientific standpoint to determine, if
possible, the nature and composition of the mixed hydro-carbons which
compose the combustible portion of the gas, but practically it is only
necessary to know the weight of the carbon and hydrogen, in order to
gain an accurate knowledge of its heating power.

It may be added, however, that as much as 85 per cent. of natural
gas consists of marsh gas, which is composed of seventy-five parts by
weight carbon and twenty five parts of hydrogen.

It is evident, however, that the hydrocarbons can not consist entirely
of marsh gas, as the carbon and hydrogen are not in the proper propor-
tions, as shown by the following analyses.
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COMPOSITION OF THE HYDROCARBONS IN NATURAL GAS.

Analysis Made in 1894. Analysis Made in 1896.

The analyses indicate that the gas is nearly or quite constant in its
composition, Substituting the values given in the complete analysis in

the formula, we find that W—4.4 (5?4-171.6):1,579.3 Ibs., the

weight of air necessary to burn 100 pounds of natural gas.

Since the specific gravity of natural gas is .634, the volume of air
required to burn 100 cubic feet of the gas is 1,001.27, or almost exactly
ten times the volume of the gas consumed. In practice, however, it is
advisable to use a little more air than is called for by the formula, in -
order to insure perfect combustion. If, however, the mixture can be
made perfect it is not advisable to admit too much air, as all surplus air
tends to carry away heat which might otherwise be utilized. A good
method of regulating the ‘“ quality” of a gas flame is to adjust the air
supply at the mixer in such a manner that there is just a slight white
tip occasionally visible at the end of the flame, and then turn on enough
air to cause this to disappear. It is not the purpose of this article to
treat of the utilization of heat, but it will perhaps be in ‘order to say
something of the subject as it is of such great importance.

The appliances in most common use in the utilization of natural gas
are: 1. Stoves. 2. Furnaces. 3. Grates. 4. Boilers.

The burner in a stove used for heating should be set as near the bot-
tom of the stove as possible, and the flame of the gas should issue hori-
zontally so that the tip should just reach the iron of the stove. This
arrangement carries the hot gases upward in close contact with the inte-
rior wall of the stove, and thus enables the heat to penetrate the iron
and pass into the room. There should also be a damper in the stove pipe
to prevent too rapid escape of the hot gases from the stove.

The furnace is perhaps the most economical appliance for the utiliza-
tion of heat for warming rooms, It is, moreover, when properly con-
structed, healthful and pleasant. But if not properly constructed, or if
proper attention be not given to it, it may become the source of great
annoyance and even danger to health, Placed as it usually is, in the
basement, it renders certain the introduction of all the burnt gas, result-
ing from leakage, into the rooms above.

The carbonic acid and steam tbus finding their way into the rooms are
comparatively harmless; but there s another gas called carbonous oxide
which is often produced from  smothered” combustion that is extremely
poisonous. It is not advisable to sit or stand near a furnace register if
there is the slightest odor of ‘‘ burnt gas’’ perceptible, as the carbonous
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oxide here forms the highest per cent. of the air in the room. The rem-
edy for the above is to have the furnace thoroughly inspected by a com-
petent person who will see:

1. That the chimney draft is olear.

2. That the burner is clean.

3. That the air and gas are admitted in the proper proportions
through the mixer.

4. That the pipes admitting air to the registers are tight.

Carbonous oxide is odorless and invisible, but its presence is manifest¢d
by causing a dizzy sensation often accompanied by headache.

The heat supplied to & room is of two kinds:

1. That supplied by direct radiation or radiant heat.

2. Heat by convection or that supplied directly from the stove to the
-air of the room. When we approach a very hot stove or an open fire we
feel the effect of the direct radiation. This form of heat can pass readily
through a vacuum, and does not depend upon air for conveying it from
-one object to another.

The stove heats both by direct radiation and by convection.

The furnace heats by convection only; as the air acts as a carrier for
all the heat it supplies to the rooms. The grate or open fire, if built into
the chimney, supplies heat by direct radiation only. It is a pleasant fire,
but a very wasteful one. In very cold weather it is almost impossible to
warm a room of any considerable size by a grate.

There are two reasons for this:

1. The heat being radiant can only warm the room by directly radiat-
ing against the floor, walls and furniture, and as its intensity diminishes
with the square of the distance the amount of heat supplied to the room
is limited to a small area very near the fire.

2. The draft created in the flue is strong in cold weather and the
cold air rushes into the room at every crack and crevice, thus robbing
the room of a great deal of heat. The best that can be said for the grate
is that it is a cheerful fire and insures good ventilation if properly con-
structed. The remark that Benjamin Franklin satirically made of the
old-fashioned fire-place can be applied with equal force to the modern
grate: ‘It is the thing to use if one wishes to obtain the least amount of
heat from the greatest amount of fuel.”” There is some hope just now,
however, that a stove will come into use which will have all the cheerful-
ness of the grate and an economy equal to the best stove. Whether a
stove, furnace or grate is used it should have sufficient radiating surface
to allow the heat to pass so rapidly into the room that the temperature
of the gases in the stove pipe shall be reduced as far as possible before
they pass out into the air. Notwithstanding the fact that considerable
quantities of steam are carried out through the chimney it is not neces-

gary that +tha tamnoarafiire nf thoaoa cdacae chnonld hae abhave +ha hatlin o
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point of water. The writer has tested the temperature of these gases, by
inserting a thermometer in the stove pipe, and in some cases found it to
be as low as 90° Centigrade, and there were no signs of condensation.

It should be remembered that air heated to this temperature may
carry as much as one-third of an ounce of water to the cubic foot without
precipitating any moisture. It should be added that the test referred to
above was made on a stove pipe about thirty feet in length, just before it
entered the flue. The gases when they leave the stove are much hotter
than boiling water, but if the stove pipe is long they give up a great
deal of heat before reaching the flue. When possible it is a good plan
to place a drum in the room directly above the stove and allow hot gases
to go through it before entering the flue. '

In order to utilize the gas to the best advantage it is then necessarry:
1. To burn it perfectly. 2. To reduce the temperature of the burned
gases to the lowest possible degree consistent with a perfect draft. If the
precautions in setting the burner and properly regulating the air supply
and draft are carefully observed there will be no difficulty in securing
nearly perfect eombustion.

Tt should be remembered, however, that imperfect combustion is
almost certain to result in the formation of carbonous oxide, which is
extremely poisonous. The draft should be properly looked after when
the stove is put in place, and eare should be taken that the stove pipe
should not extend far enough into the chimney to interfere with the -
draft, as this will produce ¢‘ smothered combustion,”” and noxious gases
are almost certain to escape into the room in large quantities. The
steam boiler is used in producing steam for heat or power. When for
the former purpose the pressure is usually low, and ‘‘stack temperature’’
can be reduced to quite a low point without interfering with the boiler
pressure. It is evident, however, that if steam is to be generated, the
temperature of the stack gases must be above the boiling point of water.

This form of heating is economical and healthful if but little ventila-
tion is required. For crowded rooms, however, it should not be used
unless extra ventilation is provided from a separate source. When steam
is used for power purposes the stack gases must, of course, be hotter than
if it is to be used for heating; since the pressure is higher in the boiler
and its temperature correspondingly higher.

It is possible, however, to obtain good service from a steam boiler, and
yet keep the temperature of the stack gases surprisingly near to that of
the boiler.

In some experiments made by the writer it was found possible to keep
the temperature of the stack gases as low as 330° Farenheit, and at the
same time carry a pressure of 95 pounds in the boiler. The temperature
of the stack gases in this case was only about 10° F. above that of the
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water in the boiler. The boiler readily gave steam to its rated capacity
under the above tests.

The main trouble in keeping down the stack temperature is a'desire on
the part of the owner to force the combustion and get as much steam as
poseible from the boiler. This is poor economy, as it not only results in
imperfeet combustion and requires vastly more gas, but materially short-
ens the life of the boiler. Care should also be taken that no soot shall
be deposited either on the boiler or in the flues. It is a well-known fact
that carbon, in the form of a light, flaky soot, is a very poor conductor of
heat, and even a slight deposit of it will materially lessen the efficiency
of the boiler. The writer bas found that a slight deposit of soot may re-
duce the evaporation from 10 to 20 per cent., under given conditions, ac-
cording to the thickness of the deposit.

Owing to the lack of space the gas engine can not be given the credit
it deserves in this article. It may be stated, however, that all who have
used it thus far testify to its great economy.

GAS COMPANIES,

The following list of natural gas companies, with a fow exceptions, was
compiled by the county assessors of the various counties. While every
effort has been made to make the list as reliable as possible, doubtless
mistakes will be found. As a general rule wells owned by individuals
for. their own use are not included in the list.

LIST OF NATURAL GAS COMPANIES.

COMPANY, PrEs. or SECY, P. 0. ADDRESS.

ALLEN COUNTY.
Ft. Wayne Natural Gas Co-...veevernersrmrarcrercennnss| Henry C. Paul....ccovcccrrrenne Ft. Wayne.
BLACKFORD COUNTY.

Bailey Natural Gas Co ..

.| 8. A. Mills Hartford City.

Blackford County Natural Gas Co . .| Montpelier.
Blackford and Grant County Natural Gas Co. Hartford City.
Citizens’ Natural Gas Co ..| Amer Boid. .| Montpelier.
E. C. Storms Natural Gas Co.. .| E. C. Storms. .| Roll.
Hartford City Glass Co..eeeeenr oene .| R. Hagany .| Hartford City.
Hartford City Natural Gas and 0il Co. .| John Lenox .. .| Hartford City.
Jones & Dowell Gas Well.... . J.H.Dowell.. .| Hartford City.
Linbark Gas and 0il Co ... C. Whitson .| Dunkirk.
Marion Creek Natural Gas .| Marion Cree .| Priam.
Millgrove Natural Gas Co. Theo.Fugua. Millgrove.

. Montpelier.

Montpelier Natural Gas, 0
Peck lI\Ia,tural Gas Co...
Peoples’ Natural Gas Co -
Renner Natural Gas Co .
Smith Natural Gas Co....
Trenton Natural Gas Co ...
‘Walnut Street Natural Gas Co....

BOONE COUNTY.

.| Hartford City.
Hartford City.
Hartford City.
Hartford City.
Priam.

Hartford City.

H. H. Robbins..
J. E. Green....
Hiram Smith ..
Tom Armstrong..

Big Spring Natural Gas Co...
Ehza ethw}le l\{atural G

..| Big Springs,
Ellzabeth ill

e.
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LIST OF NATURAL GAS COMPANIES—Continued.

CoMPANY, Pres. or Sgcy. P. 0. AppRAss,
CLINTON COUNTY.
Terhune & Kirkland Natural Gas €o -ccecvvvevere] G M KULZ oevvveericnnecrennnnns Kirkland.
DECATUR COUNTY.
Benj. Jenkins Gas Co ....... . Ben{a.mm Jenkins 8t. Paul.
Bracken &Hnmllton Gas Wm,. Bracken Greensburg.
Citizens’ Gag George Ewing.. Greensburg.
Consumers’ Natura] Gas Co. George M. Kline St. Paul.
Fourth Ward Natural Gas Co «.| Putt Ewing . 3reensbhurg.
Greensburg Natural Gas, 011 and Water Con...| Charles Portgr.. | Greensbhurg.
Hamilton Natural Gas Co.. ..[ Brutus Hamilton Greenshurg.
Hollensby Natural Gns Co .. -| Jud Hollensby . Greenshurg.
Muddy Fork Natural Gas Co... ..| Hubert Eich... Greenshurg.
Slippery Na,tural Gas Well Co ..| Oliver Hunter.. Greenshurg.
Stevenson & Emmeret Gas Co .. -{ Thom, Stevenson Greensburg.
St. Paul Gas, 0il and Water Co . < E,L,Floyd .....ec.c St. Paul.
Thomas Healton Natural Gas Co. .) Thomas Healton St, Paul.
Newton Natural Gas Co Dallie Tilson .| Greensburg.
DELAWARE COUNTY,
Buck Creek Natural Gas Co A W.Ross . ... ...| Munecie.
Cammack Natural Gas and Mining Co.. .| W, F, McKinley .| Cammack.
Central Ooopemtwe Fuel, Gas and Light Co...| J. W. Ream -..... Muncis.
Citizens’ Cdoperative Natural Gas Co | C. 8. Watchtell .| Muncie.
Compromise Natural Gas Co... L.O. Swmgley New Burlington.
Cleveland Gas Co... DeSoto.
Cooperative Gas nght and Fuel Co LT ( Yorktown.
Cioperative Fuel and Gas Light Co.. 4 J. B .| Gaston.
Cioperative Natural Gas Co .. O J.M. Daleville.
Cowan Exploring and Gas Co. | W.H. Neff ..... .- | Cowan. :
Cross Roads Natural Gas Co.... | W. L. .| Cross Roads.
Delaware Natural Gas snd Mining Co .. 4 D.AB .| Albany.
DeSoto Natural Gas and Mining Co .| Eli Ogle ......... ..| DeSoto.
Eaton Mining and Gas Co ... . C. K. .| Eaton.
Economy Natural Gas Co .. .| F.J. Claypool .. .| Munecie,
Farmers’ Non-transferable Gas Co.. .| A.D.Gray...... ...| Muneie,
Farmers’ Natural Gas and Petroleum 0il Co.| M. C. Rateliff .. .| Yorktown.
Farmers’ Natural Gas and Qil C D. A.Funkhouser -| Cross Roads.
Yarmers’ Natural Gas and 0il Co .| Newton Weaver Albany.
Forest Park Gas Co_... - W_H. Reed ..... Muncie.
Granville Citizens’ Natural Gas Co - | L. W. Dayis Granville.
Gaston Gas and Mining Co - .| L. F. Miller . ...| Gaston.
Greenstreet Gas Co-.... | G A. Buckles .| Albany.
Harrison Tp. Natural Gas Co .. .| 8. H. Jackson ... .| Stout.
Jake’s Creek Valley Gas Co - . H.J. MeClellan. ... Muncie.
Manufacturers’ Fuel Gas Co.... .| Bert Whitely ...| Muncie.
Manufacturers’ Natural Gas Co .| Frank Ball .| Muncie.
Maple Grove Natural Gas Co .| R. L. Brent ... Eaton.
Manufacturers’ Cioperative Natural Gas L.N. Dixon .. Daleville.
Mt. Pleasant Natural Gas and Oil Co «-..ier| Henty Slagel Daleville.
Muncie Coperative Gag Co .. .| John C. Eiler Muncie.
New Burlington Natural Gas Co- .| J. B. Jackson New Burlington.
Niles Natural Gas Co -......... | D.B. Moore Dunkirk,
No Name Natural Gas Co..... | W.T. Clark Cowan.
North Muncie Farmers’ Natura .| J.L.Powers Muncie.
Oakville Natural Gas Co.. JH Qakville.
Pikes’ Peak Natural Gas Co. . Daleville.
Reed Station Natural Gas Co - Reod Station.
Richmond Farmers’ Natural G Muncie.
Ross & Fullheart Gas Co Muncie.
Royerton Natural Gas C Royerton.
Selma Natural Gas Co... Selma.
Sugar Creek Natural Gas Selma.
The Choperative Fuel and Gas Albany.
The Mutual Nataral Gas Co . Gaston.
The Petroleum, Natural Gas and Explo R, Stafford Albany.
Walker Natural Gas and Oil Co.. -.... Dillow . Gilman.
Wa.shmgton Tp. Farmers’ Cooperative erreneeranonngiaes
Fuel and Gas Light Co sesennes J.W. Lambert. Gaston.
York Prmrlehatuml Gas and Minine On. T S Bnoklas PN SRR
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/ o
LIST OF NATURAL GAS COMPANIES—Continued.

CoMPARY,

PRES. Or SECY.

P. 0. ADDRESS.

FAYETTE COUNTY.

Connersville Natural Gas Co

GRANT COUNTY.

Arcana Gas Co
Barren Creek Gas Co.
Cart Creek Gas Co
Citizens’ Gas Co
Citizens’ Gas Co
Citizens’ Gas Co ..
Citizens’ Gas Co...
Deer Creek Mining
Dry Fork Gas Co
Fairmount Minin
Fowler Gas Co...
Farmington Min
Hackleman Mmmg Co
Haw Run Gas Co
Herbst Natural G
Jadden Gas Co ..
Joneshoro Minin
Lake Branch Mining
Landesville Gas Co ...
Michaels’ Natural Gas
Mississinewa Mining Co
New Cumberland Mining and G-
North Marion Gas Co..
Peoples’ Gas Co..eeunenn
Pipe Creek Nntural Gas Co.
Roseburg Natural Gas Co...
Swayzee Mining Co
Sweetser Mining Co
Triumph Gas Co........
Sweetser Natural Gas Co.
The Upland Mining Co . .
West Marion Citizens’ Gag Co.reveirsrerannnnn

HANCOCK COUNTY.

California Natural Gas Co......ouveieimeecveraninnns
Charlottesville Natural Gas Co
Citizens” Natural Gas Co.
Cleveland Natural Gas Co .
Cushman Natural Gas Co
Don’s Natural Gas Co
Farmers’ Natural Gas Co
Fortville Natural Gas Co
Gilboa Natural Gas Co.....
Greenfield Natural Gas Co.. ..
Hagkett Ford Natural Gas Co
Independence Natural Gas Co..
Maxwell Natural Gas
MecCordsville Naturﬂ.l Gns Co
Mohawk Natural Gas Co...
Morristown Natural Gas Co
Mutual Natural Gas Co
Nameless Creek Natural Gas Co..
National Natural Gas Co-vrvnneee
Pigeon Roost Natural Gas Co
Pleasant Hill Natural Gas Co
Scrabbletown Natural Gas Co
Strmgtowu Natural Gas Co...
Sugar Creek Natural Gas Co..
5 Hannah Natural Gas Co
Vernon Natural Gas Co
Westerngrove Natural Gas Co
Westland Natural Gas Co ..
Wilkinson Natural Gas Co..
Willow Branch Natural Gas

.| Michael Cory.... .
.| James
.| Jos. W.F

| M. Drukemiller .
| Geo. Willia,mson

J.
-.| Frank W Chase..
.| Jacob Bugher ..

| John D. Cory.

EHSZ O S

C.E.J.McFarland .........

Timothy Foreh
W. W.Sandess
Robert L. Smit
James F. Gabby..
Geo. B, Winchel.
F. Gabby
arley.....
John Reed

Jonathan Mills...

Ismah Manden.
. Cushinan

o’ﬁ
U

VanLa.mngha,m
J.E. Snm
an

. Steele......
. MceDonald..
. Cooper.....
Vanderbark

ezwmo.“?ﬁ'z'g ’.::1

Connersville.

.| Joshua Strange ... ...| Arcana.
John H. Caskey . .| Fairmount.
0.J.Simmons. Jalapa.
Will C. Jay ...... .| Gas (gity.

«{ E.E. Carpenter . .| Fairmount.
B.F. Thompson. .| Swayzee.
Chas. B. Coffin. Marion.

C. E.Carey -.. Hackleman.

Con. L. Shugar arion.

C. R.Small Fairmount.

J.8. Fowler . Fowler.

Cary Carroll Farmington.
i Goodwin. Marion.

Abraham Sm Roseburg.

T.d. Thompso Herbst.

Isaiah Wall . Jadden.

R, M. Johnso Jonesboro.

Upland.

Landesville.
Michaels.
Marion

\| New Cumberl nd.

Marion.

-.| Marion.
.| Roseburg.
.| Roseburg.

Swayzee.

.| Sweetser.

.| Fairmount.
.| Sweetser.
.| Upland.

.| Marion.

Maxwell.

Charlottesville.

Greenfield.

.| Cleveland.

.| Fortville.

.| Fortville.

.| MeCordsville.

Fortville,

| Cleveland.

Greenfield.
Carthage.
Greenfield.
Maxwell.

| MeCordsville.

Mohawk.

\| Morristown.
.| Greenfield.

Cleveland.

- Greenfield.

.| Charlottesville.
.| Greenfield

.| Wilkinson.

.| Greenfield.

Greenfield.

.| MeCordsville.
.1 Fortyille.

.| Westland.

-l Westland.

.| Wilkinson.

Willow.
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LIST OF NATURXL GAS COMPANIES—Continued.

.
COMPANY.

HAMILTON COUNTY.

Atlanta Natural Gas Co...
Bakers’ Corner Natural Gas Co...
Bethlehem Natural Gasand Oil Co .
Big Springs Natural Gas Co.........
Buffalo Corner Natural Ga.s Co
Carmel Natural Gas Co ..
Central Gas Co ..

Cicero Natural Gas Co -
Citizens’ Natural Gas Go...
Citizens’ Natural Gas and 0il Co
Clay Center Natural Gas Co...
Clarksville Natural Gas Co ..
County Line Gas and Uil Co-..
Eagletown Pioneer Gas Co, .
Eureka Natural Gas and 0il Co
Fall Creek Township Natural
Farmer’s Natural Gas Co ..
Yederal Hill Natural Gag C
Fisher’s Switch Natural Gas
Hortonville Natural Gas Co...
John Harrison Natural Gas Co
Keck Natural Gas Co...
Little Eagle Natural GasCo..

Noblesyille Gas and Improvement Co..

Nora Natural Gas Co...
Northwestern Natural Gas Co
Olio Natural Gas and 0il Co .....
Pleasant Valley Natural Gas Co..
Pop]ar Ridge Natural Gas Co-..
Sheridan Natural Gas Co -
Slabtown Natural Gas Co-..
Spicewood Natural Gas Co..
Stoney Creek Natural Gas Co
Stoney Creek Natural Gas Co
Strawtown Natural Gas Co ..
Tile Factory Corner Natural (
Westfield Gas and Milling Co
White River Natural Gas Co.....

HENRY COUNTY.

Cadiz Natural Gas Co
Central Natural Gas Co
Citizens’ Natural Gas Co.
Citizens’ Natural Gas Co.
Dunreith Natural Gas Co
Enterprise Natural Gas C
Farmers’ Free Gas Co.....
Farmers’ Natural Gas Co
Farmers’ Natural Gas Co .
Gronendyke Gas Co .........
Homney Creek Natural Gas Co
Kennard Natural Gas Co -.....
Knightstown Natural Gas Co
Mechanicsburg Natural Gas C
Montgomery Creek Natural Ga
Moreland Natural G&s (07 YR
Ogden Natural Gas C -
Painters Plain Natural Gas Co

Spiceland Natural Gas Co ........
Stone Quarry Natural Gra,s Co...
Sulphur Springs Natural Gas Co
Walnut Level Natural Gas Co.
Welcome Natural Gas Co

HOWARD COUNTY.

Plttsbu l%h Plate Glass Co
Flabby Natural Gag Co «ewe
Greentown Natural Gas Co
Howard Natural Gas, Oil,
Line Co

i)

Liberty Natural Gas Co wevene

Mannfartunrare! Pina 1.1

en

q;imNgmrmgmcqu

(=]
=gl

T

Gus B

==

Calvin Keesllng

=
"6

J.

A.J.Daniels ..
Thomas B, Dee

J.

A.
- J.
.{ Cyrus Vanmeter

. S
Jacob Good .

- Samuel Bowers -
Edward Lewis

®
iy

-
@
)

v =

=S

el
g
]
w
(=]
5

PrES. oR SECY.

.M. W'hlstler

.B. Fou

. L. chk-u
.T.
T
.G

Bllllngs
y, Sowers
Small.

M.

m. Z. Colling..
.T.Ho
D

. Elliott ..
n Passwater
Faussett......
. ¥ Brunson
A.Stephen
Brooks.

.M. Jobnson .

AL Aldred

.Keesling
B. Modlin....
B. Shepherd
A. Moffette

. Bogue «u
'J. Trlght

. Chisnell
. Phares
. A. Covalt ..
. K. Saul ..
E. Leeson

P. 0. AbprEss,

.| Atlanta.

Bakers’ Corner.
Cicero.

.| Big Springs.

Arcadia.

.| Carmel.

.| Westfield.
.| Cicero.

..| Atlanta.
..| Jolietville.
.| Carmel.

Clarkyille,
Fortville.
Eaglotown.
Eagletown.
Fishers” Switch.
Arcadia,
Noblesville.
Fishers’ Switeh.
Hortonville.

..; Noblesville.
..| Omega.

.| Eagletown.
-{ Noblesville.

Nora.

Zionsville.

lio.

"| Fortville.

Carmel.

-] Sheridan.

Waugh.

"'| Sheridan.

Noblesville.
Clarksville.

Strawtown.

Noblesville.
Westfield

.| Strawtown.

.| Cadiz.

| Cadiz.

.| Knightstown.
..| Middletown.
../ Dunreith.

.| New Castle.
.| Mt. Summitt.
.| Middletown.
.| Spiceland.

Middletown.
Honey Creek.
Kennard.
Knightstown,
Mechanicsburg,
Greensboro.
Moreland.

..| Ogden.

. Mlddletown

..| Spiceland.

..| Greeunsbhoro.

.| Sulphur Springs.

Cadiz.

. Knightstown.

Kokomo,

..| Plevua.
.| Greentown.

-] Sycamore.

Plevnn

Py M,
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LIST OF NATURAL GAS COMPANIES-—Continued.

CoMPANY

.

Pges, or Sroy,

P. Q. ApbrEss.

HUNTINGTON COUNTY.

Huntington Light and ¥uel Co

‘Warren Natural Gas Co

JAY COUNTY.

Citizens’ Natural Gas and Oil Co...
Dunkirk Natural Gas and 0il Co -

Pennville Natural Gas and Qil Co
Portland Natural Gas and 0il Co.
Red Key Natural Gas €o.e.coveennes
Richmond Natural Gas and Oil Co

MADISON COUNTY.

Adams Township Natural Gas and 0il Co
Alexandria Mining and Exploring Co .
Alfont Natural Gas and 0il Co
Anderson Fuel and Supplg 0
o

Bear Creek Natural Gas
Canal Natural Gag Co...
Citizens’ Natural Gas C

Citizens’ Natural Gas and Mining Co

Citizeng’ Natural Gas Co
County Line Gas Co....cconvne

County Line Natural Gas and Oil Co.
Depauw Plate Glass Co ..........

Dyars Creek Gas and 0il Co
Elwood Natural Gas and Oi
Fall Creck Gas Co...

Farmers’ Mutual Natural Gas Co
Fosters Branch Natural Gas Co
Green Township Natural Gas Co.

Gilman Natural Gas Co......

Jacobs Natural Gas Co....cce..oveee

Lapel Natural Gas and Qil

Markelville Natural Gas and Oi

Mendon Natural Gas Co .....
Pendleton Natural Gas Co..

Perkinsville Natural Gas an

Philips Land and Gas Co ..
Pleasant Valley Natural G

1Co

Co ..

Riverside Natural Gas Co--....

Ryan Valley Natural Gas and Oil Co.
Seatterfield Natural Gas and 0il Co

Spring Valley Natural Gas
Summitville Mining Co......

Vietory Natural Gas and Oil Co.
West Alexandria Natural Gas Co ...

MARION COUNTY.

Congumers’ Gas Trust Co ...

IndianapolisandBroad RuépleNatural GasCo. R.C. ig]
0

Indianapolis Natural G

Manufacturers’ Natural Gas Co
United States Encaustic Tile Natura

MIAMT COUNTY.

Amboy Natural Gas Co...cvueisrennines
Citizens’ (as and Pipe Line Co

North Grove Natural Gas C

West Xenia Real Estate,Gag and Pi

Quevansens

Xenia Natural Gas and Pipe Line

¥.D.Townsend Huntington.
C. H. Good.... arren.
J. L. Fulton Portland.
.| C. W.Smalley - .| Dunkirk.
.| Samuel Masgon .| Pennville.
.| J. G. Crowell.. ... .{ Portland.
.| J.D.8, Neeley - .| Lima, Ohio.
Edgar Fishback.... Redkey.
.| Markelville.
Alexandria.
Alfont.
Anderson,
Perkinsville.
Alexandria.
Anderson.
Bert Carpenter .. Elwo.d.
Cyrus Spears... .| Summitville.
................ . Pendleton.
Ingalls.
ol J. .| Alexandria.
| 6. B, Carpenter . .{ Lapel.
.. W. G, Curtis -..... .{ Elwood.
W, W Williams. .| Pendleton.
. .| Summitville.
. J A .Anderson - .{ Pendleton.
. .| Pendleton.
. Gilman.
.| Frank Mosely . .| Markelville.
.| Pendleton.
J. R. Woodard. .| Lapel.
.| Markelville,
Mendon.
Pendleton.
Perkinsville,
Alexandria.
Pendleton.

.| Liba Darlmgton.

Bement Lyman ...

J. R, Pearson...

............. Aa,ron Mlchu,els

.| Alexandria.

Perkinsville,

.| Anderson.
.| Pendleton.

-1 0. E. Gordon -. .| Summitville.

.| T. M. Moore .. .| Summitville.
S.C. Dalrymple .{ Alexandria.

.| Indianapolis.

Indianapolis.
Indianapolis.
Indianapolis.

.| Indianapolis.

Amboy.

.| Peru.
.| Peru.
.} Converse.
.| Converse.
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LIST OF NATURAL GAS COMPANIES—Continued.

CoMPANY, Pres. or SkCY. P. O. AppRESS.
RANDOLPH COUNTY.
Citizens’ Natural Gas Co 1. C. Mills Parker.
Hastern Indiana Oil and Gas Co.. -.| Ed. Goodrich. ...| Union City.
Elkborn Natural Gag Cg....... .{ John Nixon. ... ...} Farmland.
Farmland Natural Gas Co... J. H.Thornhurgh - Farmland.
Green Townsghi Nutnml Gas Co Jacob Life Shedville.
Lynn Natural Gas Co.. . 8. Blair.. Lynn.
Parker Natural Gas C L. 4. Botkin Parker.
Rock 0il Co... R E.F. Kitselm Winchester.
Windsor Natural G Milo Davidson Windsor.
Ridgeville Natural Gas Co. v ereraenes .| Ridgeville.
RUSH COUNTY.
Big Four Natural Gas Co Carthage.
Carthage Natural Gas Co... Carthage.
Citizens’ Natural Gag Co... Manilla.
Cream Ridge Natural Gas Co. Carthage.
Farmers’ Natural Gas Co...... -t Mays.
Five Points Natuaral Gas Co.. Sexton.
Hack!eman Natural Gas Co.. .| Mays.
Homer Natural Gag Co. ..{ Homer,
J.B. Kirkpatrick Natural Gas Co.. .. | Sexton.
Manilla Natural Gas Co.-eeeoeeen ..| Manilla.
Mays Station Natural Gas Co -} Mays.
People’s Natural Gas Co... .Q.T Rushville.
Riverside Natural Gas Co.. John Whlte Rushville.
Rushville Natural Gas Co Wm,J. Hen Rushville.
Sexton Natural Gas Co... Sexton,
Walnut Ridge Natural Ga Carthage.
Walnut Street Natural Gas Co Carthage.
W.L. Walker Natural Gas Co.. Carthage.
SHEL®Y COUNTY.
Citizeus Natural Gas Co Shelbyville.
Fountaintown Natural Gas Co.- .| Fountaintown.,
Morristown Natural Gas Co..... .| Morristown.
Southern Indiana Natural Gas Co. ..| Shelbyville.
Waldron Natural Gas Co .| Waldron.
TIPPECANOE COUNTY.
Lafayette Natural Gas and 0il Co.ecaiacrenes Lafayette.
TIPTON COUNTY.
Citizens’ Natural Gas Co Tipton.
Citizens’ Natural Gas Co ‘Windfall,
Lutz Natural Gas Co... Goldsmith.
Tipton Line and Imp o . Tieton.
Tipton Light, Heat and Power Co Tipton.
Vanhrigle Natural Gas Groomsville.

Windfall Natural Gas, 011 and Mmmg Co ..
WABASH COUNTY.
LaFontaine Natural Gas and 0il Co-
Somerset Natural Gas Co....
‘Wabash Fuel Co
WAYNE COUNTY.

Hagerstown Natural Gag Co..ecveeree.
Richmond Natural Gas Co...-eecne.

MISCELLANEOUS.

Central Contract & Finance Co
Indiana Natural Gas and Oil

.| J. M. Hartley.

Logansport & Wabash Valley Natural Gas Co-

E. G. Hibbard.

8. 1. Murdock ...

"| Wabash.

| Windfall.

LaFontaine.
Wabash.

.| Hagerstown.
.| Riehmond.

Lima, Ohio.

.| Chicago, Ill.

Lafayette.
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OFrFICE OF INsPECTOR OF MINES,
Braziv, INp., Jan. 16, 1895,

W. 8. Blatehley, State Geologist :

DEear Sir—I herewith trapsmit to you, as required by law, my annual
reprt as Inspector of Mines for the State of Indiana. It embraces all
matters required by law to be reported, as fully as possible with the
material furnished in the reports furnished by operators and from the
personal investigation of myself and assistants.

Respectfully,

ROBERT FISHER,
Inspector of Mines.



REPORT OF STATE INSPECTOR OF MINES.

In compliance with law I submit the following. report of the work of
this office for the calendar year 1895, being the sixteenth anpual report
since the original organization of the Department in 1879 and the fifth
made to the Department of Geology and Natural History.

The statistical tables contained herein are not as full and satisfactory
as I should have been pleased to make them. There are several reasons
for this, of which I may mention the following:

1. While the Inspector is required to collect and tabulate certain
statistical facts no means are provided by which he is to obtain them.
While 90 per cent. of the operators make regular and satisfactory
reports a few pay no attention whatever to requests from this office for
the information and others give only partial and unsatisfactory reports.

2. As stated by my predecessor in his Jast annuul report he aban-
doned the attempt last year to collect such information and it was begun
anew by him on Januax_‘y,"l of this year. Operators having dropped
out of the habit of making regular reports did not resume it readily.

3. The fact of a change having occurred in the occupancy of the
office after the commencement of the year caused some confusion in
receiving mail addressed to my predecessor and intended for the office.

4. In preparing forms for reports, after taking possession of the office
I made quite a number of changes in the blanks and in the information
asked for. With the exceptions of the first of the above reasons the
others will not exist during the current year and I hope to make my
next annual report more satisfactory in this respect.

Several changes have been made in the personpel of the office during
the year. About the beginning of the present year Mr. M. Comiskey
having resigued the position of Assistant Inspector of Mines, Mr. B.
Martin, Jr., was appointed to that position by my predecessor, Thomas
McQuade, and served as such until March 15. Immediately on
receiving my certificate of appointment on March 11, 1895, I ap-
pointed Wm. McCloud, of Linton, Greene County, as my Assistant. He
qualified according to law, and we assumed the duties of the office on
March 15, 1895. Mr. McCloud served in this position until December
1, when his resignation, which had been tendered on November 10,
took effect, and James Epperson, also of Linton, was appointed to succeed
him, and is still performing the duties of the position.
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On taking possession of the office I found that there was no available
compilation of the mining laws of the State in a convenient form for
ready reference, and we spent some time in arranging them for our use,
having them typewritten.- So many requests were received for copies of
the mining laws that I found it expedient to have them printed. As
the expense fund of the office was not sufficient to justify me in assum-
ing the cost of publication I had 125 copies hound with blanks for a
record of the air measurements in mines required by law to be kept, and
furpished the books to mine bosses at a price that will pay for printing
and postage, if the books are all ‘paid for.

EXAMINATION OF MINES,

About April 1st, myself and assistant, began a tour of inspection of
the mines of the State, Mr. McCloud taking the southern district as de-
fined by my predecessor, viz., the counties of Sullivan, Greene, Knox,
Daviess, Perry, Pike, Vanderburgh and Warrick, while I inspected
those mines in Owen, Clay, Vigo, Parke, Vermillion and Fountain, to
which the mining law applies. So far as I have been able to learn dur-
ing the year the counties of Dubois, Martin, Spencer and Gibson, in the
southern part of the State, and Warren in the northern are without
mines employing more than ten men. As there was nothing in the office
showing the condition of the mines of the State, later than the report
of the inspector for 1893, as published in the eighteenth annual report
of the State Geologist, we labored under considerable disadvantage in
our first inspection. Added to this the dullpess of the coal business and
unsettled conditions in wage questions threw many mines idle, and gave
us very little opportunity to lcarn the actual conditions existing in them
during their active operation. The result was that, in some cases, de-
fects were allowed to pass unnoticed, and on our second vigit their con-
dition was very disappointing. This was espeeially true of impure air
arising from the interruption of the current by the opening of trap
doors for the passage of mules and coal cars in the operation of the mines,
and from the use of impure oil by men employed in the mine. This is
adulterated by being mixed with coal oil, an evil which I notice at
greater length in another portion of this report. =~ While mine bosses
and officials were uniformly courteous, and in nearly all cases were
ready to make the changes and improvements to which their attention
was directly called, they generally seem to be very slow to discover the
need of them, or are disinclined to make the necessary outlay to remedy
them without outside pressure. In another part of this report I give
a short description of the mines visited and the conditions in which they
were found on each visit.
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By the statistical tables given it will De seen that the number of
mines in the State employing ten or more men is 106; the men em-
ployed in and about the mines, 7,885; mules used in the mines em-
braced in the report, 679; the total amount. of eoal of all kinds pro-
duced by such mines, 4,202,084 tons, to which is added an estimated amount
produced by small mines of 110,000 tons, making a total of 4,312,084
tons. The estimated capital invested in the coal business in the State,
exclusive of coal lands, is $1,852,500.

This shows an increase of production amounting to 664,851 tous, and
is exceeded by only the years 1892 and*1893, in the history of eoal pro-
duction of the State. The large increase from last year is accounted for
by the comparative absence of labor troubles during the year.

LABOR DIFFICULTIES AND CONDITION OF THE COAL TRADE.

During the months of January and February, as will be seen by ref-
erence to the table of the output of coal for the year by months, the
mives were in active operation in all the coal producing counties, and
were fairly well employed duaring March and April. As it had been
customary for several years to arrange the yearly wage scale to take ef-
fect on May 1, the large falling off during May is to be partially attrib-
uted to the fact that stocks had been increased in anticipation of a more
or less serious stoppage of the miues about that time. By mutual con-
cessions this was avuided over the greater part of the State. On the
failure of a conference of operators and miners to formulate a national
scale of prices to be paid for miving in the various loca’ities, the Na-
tional officers of the United Mine Workers’ Organizition recommended
that each mining district endeavor to make a scale agreeable to itself
rather than to repeat the attempt of 1894 10 bring about a suspension of
work in all the coal fie]ld« of the country for the enforcement o' a na-
tional scale of prices The condition of the coal trade at that time
seemed to be such, that while a temporary reduction from last year’s
prices was inevitable, the upward tendeucy of all kinds of busine:s gave
promise that, within what is known as the scale year, . e., before May 1,
1896, prices would certainly advance to a degree that would justify even
a higher price for mining than was then in force. The miners aud oper-
ators of the Block Coal District met by eommittees, and on April 27,
1895, arrived at an agreement by the terms of which the standard price
for mining was to be the same as for 1894-5, but that in certain con-
tingencies the miners were to accept a reduction of not to exceed b cents
per ton, and work was continued at this rate until June 15, when, by
agreement, the price per ton of screened coal was reduced to 65 cents
and other work in and about the mines in the same proportion. This
rate cantinued until October 1, when the standard price of 70 cents per
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ton was restored. As far as I have been able to learn no troubles of
any consequence have occurred between operators and miners at any of
the block coal mines during the year. Since November 1st nearly all the
mines have been running full time, and the year closes with excellent
promise for the immediate future.

The final settlement of a price for mining was not so easily nor speed-
ily arrived at in the Brruminous DisTRICT, from a complication of causes.
The price paid during the scale year of 1894-5 in this district was based
on the payment of gixty cents per ton for screened coal, but at some
places all coal taken out of the mine is weighed before being screened
(as is required by statute), and in others some is weighed in that way and
some after being screened. A good deal of dissatisfaction existed among
the miners over this state of affairs, and an effort was made to arrange a
scale based on the price to be paid for ‘‘ mine run’’ or unscreened coal,
The operators objected to making the change at that time. One of their
number, Joseph Martin, Superintendent of the Parke County Coal Com-
pany, had been fined in the Parke Circuit Court for violation of the statute
requiring coal to be weighed before screening, and had appealed the case to
the Supreme Court, and they desired to wait for a final decision of that case
before making the necessary changes in their arrangements for handling
coal, so that they could comply with the statute. '

The condition of the coal trade noted above made the miners averse to
entering into a contract fixing the price for a year at any figure, and they
were unalterably opposed to a reduction, even temporarily, below the
sixty cent rate. The price was finally fixed at that rate to continue until
July 15th, and work was continued under this agreemnent everywhere in
the district except at the mines in Vermillion County. The operators
there claimed that the nature of the competition they encountered would
not permit them to pay this price, and demanded a reduction to fifiy-five
cents per ton. The miners refused to accept and a strike ensued, which
lasted, with slight interruptions, until about Novembey 1st, and was
finully ended by the defeat of the miners and the refusal of the operators
to treat with, or in any way recognize, the miners’ organization. The
price being paid there now is fifty-five cents.

At the expiration of the agreement on July 15th, thé operators tried
to secure a reduction of five cents per ton, finally offering to compromise
by restoring it on October 1st. This was rejected by the miners, result-
ing in a strike at all the bituminous mines, from the B. & 0. 8 W, Rail-
road northward except a few in Sullivan County which continued to pay
the sixty cent rate. After several unsuccessful attempts to get those
operators to join in a refusal to pay that rate the difficulty was finally
adjusted by the operators conceding the demands made by the miners,
and work was resumed at the old rate with the exception above noted.
Qi shnt tima thara have hean aome local troubles at the mines of the
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Brazil Block Coal Company at Coxville, the Jackson Hill Coal Company
at Eagle P. O. and Cabel & Co. at Washington, which accounts for the
reduced production of coal at those mines as shown in the tables given.
At present all difficulties are adjusted except that at Washington, where
the end is not in sight.

As far as T have been able to learn, no difficulties between operators
and miners occurred in the southern part of the coal fields during the
year, and there was no special cause operating to reduce the production
of coal in that region, except the extreme low water in the Ohio River.
It is a cause for congratulation that so little time has been lost during
the year from differences between miners and operators in the State, and
that the present feeling existing between them is a promise of an equitable
adjusment of any differences that may arise in the future.

STATISTICAL TABLES.

In the following tables I have endeavored to give as full a showing of
the condition of the coal business of the State during the past year asis pos-
sible with the material that I have been able to collect. Inthe table show-
ing the aggregate yearly production of each mine (No. 3) I have noted
those mines from which reports were not regularly received. This will
show to some extent the difficulties in preparing reliable tables in the
time that could be given to the work between the close of the year and
the date of submitting this report. The tables given are as follows:

1. The yearly production of coal each year since the organization of
the department of Mine Inspector for the State of Indiana.

2. The total production of coal in the State for the year 1895, by
months.

3. A table showing the number of mines in each county employing

- more than ten men, with an estimate of the capital invested, and the
total amount of coal produced and men employed and animals used, as
shown by reports furnished this office.

4. A table showing the mine bosses in charge of each mine, with
their post-office addresses.

5. A table showing the names and addresses of persons and com-
panies operating mines in the State, as far as the same have been
obtained by this office, with names of mines classified as new, old,
suspended and abandoned.

The amounts given for each year previous to 1894 are taken from the
reports of the mine inspectors. The amounts for the years 1894 and
1895 are taken from reports made to this office, except that for such
mines a8 are not reported I have been compelled to make an estimate.
In doing so I have tried to make my estimates conservative. The total
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for the current year shows a gratifying increase over that for last year,
which is to be attributed to the comparative absence of labor troubles, as
noticed in another part of this report.

From Table No. 2 it will be noticed that during the months of May
and June the production was greatly reduced, and that the production
for July, August and September would indicate that about one-half the
capacity of the mines was produced. This is fully equal to the average
production in other years, and is as much as can be reasonably expected
during those three months.

From Table No. 3 it can be seen where the falling off was most notie-
able. In connection with the statute requiring all coal to be weighed
and credited to miners before being screened, and the suit now pending
in the Supreme Court involving its validity, it will be interesting to note
the small proportion of * mine run’’ or unscreened coal reported. It
may be, however, that some reported as screened, and slack or nut, is
weighed to the miner as it comes from the mine, and is reported as it is
sent to market. How far this is true I have no means of knowing at
present.

Tables 4 and 5 may be found useful to others, but are inserted
principally because of their convenience in the work of this office.

During the last half of the year [ attempted to collect statistics of the
wages paid different classes of employes, and the distribution of coal, but
the reports sent in are not sufficiently numerous to make a tabulation of
them profitable.

I find also that the returns of the amount of money expended in im-
provements are very unsatisfactory. Some mine owners do not like to
furnish the information asked for, as they seem to think that it may be
used to their disadvantage. The total cost of improvements reported
during the year is $35,885.80, but many valuable and costly improve-
ment have been made, to my knowledge, which do not appear in the
reports made to this office. I do not tabulate those received, as I can
conceive of no good results that would come from their publication. In
another part of this report I summarize some of the more important im-
provements made during the year. Ido not give the monthly reports
in full, as I think few persons would be sufficiently interested in them to
consider them worth perusal, and all that can be learned from them will
be found in the tables given herewith.
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TABLE No. 1.

Table showing the yearly production of coal for the State of Indiana from
1879 to 1895, inclusive.

YEar. Toxs. CAPITAL. INgPEOTOR.
Oct., 1879, to Oct., 1880.... 1,996,490 $1,135,562 Richards,
1881.... 1,771,536 1,442,210 Wilson.
|l TR Wilson.
2,560,000 1,600,000 Wilson,
Est. 2,260,000 1,750,000 Wilson.,
,375,000 1,850,000 MeQuade.
Est. 3,000,000 1,975,000 [ coccrverrerennranrecennninsarans
3,140,979 [ voovviiirii i i MecQuade.
3,676,002 2,081,000 |-
3,819,600 New. 185,000 uade.
4,494,811 No est. uade.
. 4,358,897 No est. uade,
1894. 3,440,353 No eat. uade.
1895..... 4,312,084 1,852,500 isher.

*No Report on file,

TABLE No. 2.

Table showing the number of mines, men employed, mules employed and esti-
mated amount of coal produced and capital invested in the coal business
in the State of Indiana, by counties:

. Pro- :
Mines.| Men. | Mules. duction. Capital.

Clay 32 3,076 180 1,334,436 700,000
Daviess.- 5 3 48 183,842 125,000
Fountain .. 3 80 8 20,687 27,000
6 692 59 336,740 175,000

3 60 4 25,895 37,500

1 22 3 5,706 10,000

14 1,213 108 585,941 300,000

2 - 60 8 16,819 23,000

4 484 40 227,033 115,000

Sullivan. i1 720 87 433,204 275,000
Vanderburgh 6 300 3B 167,185 116,000
Vermillion ... 5 200 34 76,4 115,000
ViBO - eoeeene 11 544 53 532,094 200,000
‘Warrick ... 3 62 12 67,748 45,000
106 7,885 679 4,202,084 1,852,500

The estimate of capital above given does not include investments in
coal Jands.
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TABLE No. 3.

Table showing the amount of coal produc-ed in the State during the year 1895,
by months :

534,173

January ...
February .. . 443,186
March..... . 338,887
April 332,999
May 133,914
June 190,293
July..... 239,800
August...... 248,060
September 258,158
October ... 437,275
November..... 539,812
December... 505,527
Total... 4,202,084
Small mines—estimate... llO ,000
L6383 7 P g O S O O VPPN 4,31

The estimate for small mines is made on the basis of reports from
thirty-five of that class located in different parts of the State, and the
names of persons operating mines furnished me, but who have not re-
ported their output. '

TABLE No. 4.

List of Mine Bosses.

MixNE. Boss. ATDDRESS.
CLAY COUNTY.
Brazil B. C. .| John Bolin «.ee| Brazil.
Brazil B. C. Co. 3 Wm. Conroy-.... .| Brazil.
Brazil B. C. Co., Gart. No.5 Andrew Gilmore --| Cardonia.
Brazil B. C. Co., Gart. No.6 .| John Mushett ..... ...| Brazil.
Brazil B. C. Co., Gart, No. 8 .. | Robt. J. Wallace .| Diamond.
Brazil B. C. Co., Ga.rt No.10.........| James Donehay.. .| Braazil.
Brier Hill........... .| Robt. Bennie -. Clay City.
Harrison, No. 2 Thos. Faulds .| Clay City.
Gladstone...... Henry Schlatter - | Bragil.
Pratt... .| H. W, Jenkins --| Perth.
Crawford, No. 2 Walter Knox .| Asherville,
Crawford, No. 5. Wm. Penze.... Hoosierville.
World’s Fair John Scott..... Knightsville.
N Thomas Mc Perth.
Ellsworth Ti bltts Turner.
H. B. Ehrlich Brazil.
Jacob Ehrlich Turner.
8.J. Wilton .. Carbon.
Thomas Dalton Carbon.
Nickel Plat ...| John Cox, Sr - | Brazil.
.o ...| Moses Marks.. .| Cardonia.
Mo[ntosh ‘No.2 [ Wwm. L. Wallace ..| Braail.
Monarch .. .. | James King ...... ..| Brazil.
Nellie.... .| David J. Evans ..| Brazil,
Fairview .. .| Wm.J. Price .. ..| Cardonia.
San Pedro ‘Ed. Somers.... ..| Staunton.
Gartside .. James Cuthbertson.. ..] Cardonia.
Louise - Wm. Parker .| Center Point.
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TABLE No. 4—Continued.

MINE. Bosa. ADDRESS.

Daviess Counry.

Cable, No. 4 4 A.Xocher ......... Washington.
Cable, No. 9 .| Gus Wellinger... Washington,
Montgomer; .| George B Brown Montgomery.
Mutual .| M. Cahill Cannelburgh.
WALSOD ceevennrenriosnnercermesnnensssossennsanes| coorsssrsnennnnnn. Washington,

AW ST e .| Raglesville.

Founrain Counry.
Silverwood.

Silverwood.
.| Silverwood.

Indiana Bituminous, No.2 Steward Shirkie
Shipman J.N. Dexter
.| J.8. Tiley ...

GREENE COUNTY.

Island, No.1 ...| 8. C. Risher Linton.
Isla.nd No. 2 Virgil Robertson Linton.
Isl and Valle ennel .. Linton.
Fluhart .. James B. Pal) Linton.
South Linton . Joseph Ferry.. Linton.
Summit ...... . .| Frank Lockha: Linton.

Bicknell w.] R. M. Freeman .| Bicknell.
Prospect Hill . .| Joseph Drovetta, ! Vincennes.
Edwardsport .... - ....| Richard Geade .. .| Edwardsport.

GIBSON COUNTY.

Franciseo e e cninennens J. W. Robbs
Oakland City «oooeeivevnreneininniiirees Fred Cotterill ..

..| Franeisco,
.} Oakland City.

OWEN COUNTY.
Lancaster, No. 4 cevvicicennniicniinns James F. Andrews ...ccovveveveviinrennns Woodside.

PARKE COUNTY.

Cox,y NOuSircccrnnrinerrrecsevsanreesen sneres George A.Davis.... Coxville.
Otter Creek J.D. Lewis..... Carhon.

Brazil.
Braazil.

| Wm. Spears .
.} John bchlatter

Cra.wford No.1
I. McIntosh, No. I..

Mecca,, No. 1 ..... James Skene.. Mecea.
Mecea, No ..| Morgan Roberts Mecca.
Parke, No.6 1. H. Valentine . Rosedale.
Parke,No.: .| Wm. Gatt .. 0dd.
Parke,No.8. . Geor%letch Rosedale.
Parke, No, 10 : 1lhams Rosedale.
Super]or, No.1 | C.E Diamond.
Superior, No. 2. John Chesterﬁeld Brazil,
Lyford, No.1.. | J.C Ma.rtm Lyford.
Lyford, No.2 .| Lyford.
PERRY COUNTY.
Cannelton o) George W, Briges .. Cannelton.
Troy seeee- .{ Bergenroth Bros roy.-
PIEE COUNTY.
Hartwell cooveeierinres voveeereriereesvneseenns Thomas Small... Augusta.
Ayrshire - . John Jennings .. Ayrshire.
BIACKDUID rrvevevvirenseaee erees tveecvunss | seceonrnniiienensaonnnn |
Littles Andrew Dodds ... Littles.

SPENCER COUNTY.
Schafer ...

Linecoln City.

..| Henry Schafer
Gentryville.

J.Romine

Romine.
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MiNE. Boss. ADDRESS.
SULLIVAN COUNTY. ’
Bush Creek - ...| H. W. Robertson ... Farnsworth.
Dugger Cooperatlve ../ R. W.Evans.... . Dugger.
Buni reen ...| Harry Conkel . .| Farnsworth.
Star Clty ..| John MBCloud. ..| Shelburn.
Dugger.. . . A.Butler .. .| Dugger.
Jumbeo . B, Bvans .. .| Eagle.
Currysville - | €. ¢. Hall Shelburn.
Phenix, No. 1 .| Wm. F. Brown ... . Alum Cave.
Olad Pittsburg . | John MecAnally . .| Hymera.
Shelburn.ooirasnrn vovmerioseveessoena veeee] Thomas Thomas ... .| Shelburn.
VANDERBURGH COUNTY.
Diamond... Wm. Horst .| Evansville.
Union w.oevvvens .| Piug Schultheis .| Evansville.
First Avenue ...| Louis M. Gaisser. ..| Evansville.
Ingleside «..cc.. .{ John O’Dell ... .| Evansville.
Sunnyside, No.1 Henry Baetz. .1 Evansville.
Sunnyside, No.2..eoremruierinneiiivresannns
VEBMILLION COUNTY.
Hazel Creek, No.1 .| Dexter Vannest . Clinton.
Fern Hill .. F. P. Christy..... Clinton
Indiana Bitu Stewart Shirkie, Clinton
Torrey, No. 4 W. H. Robertson .... .| Voorhees.
vIGO COUNTY.

Diamond... Charles Nash... Coal Bluff,
Peerless.. G. R. Anthony. Fontanet.
Star .- Thomas Gregor; Fontanet.
Union Jas. Johnson ... Fontanet.

i C. R, McGran Fontanet.

Ed Davis ... Fontanet.

Star
Lauder...

Peter And:

J. L. D
John W, Alvis..
Wm. Grey ..

...| George Archbold
.| Wm. Wooley -ccveevreereeeines

Terre Haute.

Seeleyville.

....| Newburg.
.| Boonville.
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TABLE No.
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0.

Table showing names and addresses of operators of mines employing more than

ten men, with the names of the mines, showing new mines opened

~ during the year and those suspended and abandoned.

CLAY COUNTY.

Owxer. Apprzas.
Brazil Block Coal Co Brazil, Ind
Brazil Block Cosl Co .. ..] Brazil, Ind.

Brazil Block Coal Co .
Brazil Block Cosl Co ..
Braszil Block Coal Co ..
Brazil Biock Coal Co .
Brazil Block Coal Co .
Brazil Brick and Plpe Co
Briar Block Coal Co......
Chicago and Indiana Co
Clay County Coal Co
Coal Bluff Mining C
Crawford Coal Co.
Crawford Coal Co
D. H. Davis Coal Co
Diamond Block Coal Co
Eureka Block Coal Co...
Eureka Block Coal Co...
Goucher, McAdoo & Co..
Jackson Coal Mining Co...
Jackson Coal Mining Co -
C. Ebrlich Mining Co ...
C. Ehrlich Mining Co
P. Ehrlich comvveeeinens
1. McIntosh & Co....
Qtter Creek Coal Co
Otter Creek Coal Co ..
Watson, Little & Co ..
Henry K, Weaver, A%t
Zeller & Sigler C. an
Zeller & Sieler C. and M Co
Zeller & S1gler C and M Co
s. Bomers - crernane

...| Brazil, Ind.
...| Brazil, Ind.
...| Brazil, Ind.
..| Brasil, Ind.

Brazil, Ind .
.| Clay Clty, Ind

...| Knightsville, Ind
.| Chieago, Il.........

- Turner, Ind...

...| Brazil. Ind....
.| Brasil, Ind

Cabel & Co .

Cabel & Co

G
Mutual Mining Co..
Washington Coal Co -
Wa,shmuton Coal Co
Abe Sto
J. M. Wlnklepleck

Washmgton,
.| Odon,
.{ Odon, Ind

Brazil, Ind

Terre Haute, In
‘Brazil, Tnd ...
Terre Haute
Brazil, Ing.

Terre Haute Ind
Terre Haute, Ind
Brazil, Ind....
Brazil, Ind
Braml. Ind

Turner, Ind...
Turner, Ind...

Brazil, Ind
Brauzil, Ind
Chicago, INl. .
Knightsville,
Knightsville, Ind
Knightsville, Ind.
Staunton, Ind

DAVIESS COUNTY.

.| Brazil Block, No

,No.2.
.| Crawford, No 5.
- Diamond ,N0.3A

..| BEureka, No
.| Bureka. No

.| San Pedro

Do

Gartsherrie, No. 4...
Gartsherrie, No. 5 .
Brazil Bloek,No 6..
Brazil Block, N

Braazil Block No. 10.
.and P. Co

Briar Hill.

Harrison .

Gladstone

Prait .

Crawford

World’s Fair ..

i T

Monarch
Brazil ..-......
Nickel Plate .
Fortner .......
Fxcelsior.
Superior,..
McIntosh No.2
Fairview ...

Nellie

Qartside

Columbia .

;|8
=]
2|

Mixz. . ER-
Elg | 2|2
@ —_ = <~
Z|lo|mi«
.| Brazil Block, No. 1.

Washington, Ind
Washington, Ind
Washington, Ind
Washington, Ind
Montgomery, Ind
Cannelburg. Ind
Washington, Ing
n

Ind

.| Cabel, No. 4

"..| Wilson’ 8, No.2
. Stoy,...............
Winklepleek ...

Cabel No. T
Cabel No.9
Maple Valle,
Montgomery .
Mutual

Wilson’s, No 1.

FOUNTAIN COUNTY.

Indiana Bituminous Coal Co..

Indiana Bltummous Coa.l Co..
. Sturm .

Terre Haute, Ind......
Terre Haute,Ind
Silverwood, Ind ...

Shipman..
Sllverwood, No 2 1
Sturm ... .
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GIBSON COUNTY.

L=l
2| g
. 2| e
OWNER. ADDRESS. MiNE. A gl
. B E-S-
o (B |52
Z|lo|lm|<
Fred Cotterill.... .| Oakiand City, Ind -] Oakland ...
Robbs ...| Francisco, Ind .........] Franeisco
Maule Coal Co. Princeton, Ind Princeton...

GREENE COUNTY.

Island Coal Co .| Indianapolis, Ind..... Island,No. L..cccorrrincs[nnane b P DO
Island Coal Co ....... Indiana olls,Ind Island No.2... W1

Island Valley Coal Co.. Linton, Ind...... ...) Island Valley 1
Linton_Coal Co.. Lmton, Ind ..| Fluhart.......... 1]

South Linton Co&l Co Linton, Ind... ..| South Lmton 1/
Summit Coal Co - - . Bloomﬁeld Todoown Summit,... reenrennnes 1

ENOX COUNTY.

| Bicknell -icceseeeeennnss]
..| Edwardsport .
.} Prospect Hill ....

Bicknell Coal Co. .| Bioknell, Ind
Hoffman Edwardsp t ‘Goal Co. Vincennes, Ind.
Prospeet Hill Coal Convrirennns Vincennes, Ind...

OWEN COUNTY.

Woodside, Ind .........| Lanecaster, No.3 ... .|.....]oei s 1

Lancaster Coal Co-..
.| Woodside, Ind .c..ccess Lancaster, No. 4 ...... 1) eefeeduunnns

Lanecaster Coal Co...

PARKE COUNTY.

Brazil Block Coal Co Brazil, Ind . Cox, No.3 1
Brazil Block Coal Co Brazﬂ Ind Otter Creck 1
Chwago, I11. Lyford, No 1

CQalumet Coal Co -

Calumet Coal Co... Chicago, I11.

Crawford Coal Co Brazil. Ind . Crawford, No. 1. 1

I. Melntosh & Co_-. Brazil, Ind - Melntogh, No 1. 1|
Otter Creek Coal Co ... »| Brazil, Ind . Mecea, No. 1 14
Otter Creek Coal Co ... Brn,ml, Ind . Mecca. No.2 11.
Parke County Coal Co ..| Rosedale, Ind. Parke, No. 6 11..
Parke County Coal Co ..| Rosedale,Ind. Parke, No.7. 1
Parke County Coal Co .-| Rosedale,Ind Parke, No.8.. 11..
Parke County Coal Co..- | Rosedale, In d . arke,No

Superior Bleck Coal Go -........] Brazil, Ind . J Raperior, No.1 .. 11
Superior Block Coal Co -........ Bmzll Ind . Superior, No. 2 ......... 1

PERRY COUNTY.

American Cannel Conl Co ...... Cannelton, Ind......... Cannelton ) PSS (O
Bergenroth Bros... wwseeneend Troy, Ind . roy (L FRROUN ISR
PIKE COUNTY.

Cabel & Kaufman Coal Co...... Wa.shm‘ftou Ind ...... Hartwell

D.In EL ................ Oakland City, Ind Ayrshire N
S. W. Little Coal Co- Evansville, Ind......... Blackburn
S.W. Little Coal Co- .| Evansville, Ind,........ Littles .....
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SULLIVAN COUNTY.

OWNER,

ADDRESS,

Dugger Cosperative Coal Co
Ind. & Chicago Coal Co ..
Hancock & Conkel ...
Jackson Hill Coal Co ...
New Pittsburgh C, and C. Co
New Currysville Coal Co
Shelburn Mining Co.......
Harder-Hafer Mining Co
Watson, Little & Co.ovvenennnn

..| Dugger, Ind _.
.| Farnsworth, Tnd

. Shelburn, Ind ..
.| Shelburn, Ind .

Dugger, Ind .

Eagle, Ind ........
Alum Cave, Ind
Shelburn, Ind .

Chicago, ill

-| Bush Creel ..

<3
S| g
Mixk. . g3
Blm| 51 3
o 12| B2
Zlolmid
CoBperative e covreferus
ugger ..
Bunker Hill

. Phoemx,Nos 1and2
.{ Currysville .. .

Shel
Star ..

urn

VANDERBURGH COUNTY.

Diamond Coal Co.. ...

Evansville Union Coal C
First Avenue Coal Co
John Ingle Coal Co
Sunnyside Coal and
Sunnyside Coal and Coke Co..

Evansville, Ind
Evansville, Ind
Evansville, Ind
Evansv1lle, Ind
Evensville, Ind
Evansville, Ind..

.| Diamond ...

Union ....
First Ave
Ingleside
Sunnysid
Unity

b e e et

VERMILLION COUNTY.

Indiana Bituminous Coal Co.

Hazel Creek Coal Co...o.ovcvnneee
Hamilton, Vannest & Co-
Torrey Coal Co -reeeeme

MeClelland, Eastman & Co ..

. Clinton, Ind

Terre Haute, Ind......
Clinton, Ind...

Voorhees, Ind - .
.| Clinton,  £Y: DR

...| Fern Hill ..
.| Hazel Creelk -
.| Torrey, No.4..

Indm,rlm. Bltumlnous
o

Buckeye ...........

VIGO COUNTY.

Coal Bluff Mi
Coal Bluff M
Coal Bluff v

V

ning €Co vvevrrnes
ning Co ..
ning Co ..
ning Co ..
ning Co ..
ining Co .
Ed Davig Mining Co
J. Ehrlich .
Ehrman Coal Co..
Grant Coal Co ....
Parke County Coa
Vigo Coal Co...

Vigo County Coal €

.| Terre Haute,
.| Terre Haute, Ind......
.) Terre Haute, Ind...... S
.| Terre Haute,Ind

.| Fontanet, I
. Seeleywlfe, Ind ..
.| Terre Ha,ute,Ind
.| Burnett, Ind

Seeleyville,In

Terre Haute, Ind......

.| Terre Haute, Ind......

Ind......

Rosedale, Ind
Chicago, Ill...

Diamond, No,1.........

Diamond, No.2
Hercules.....

John Archbold.
Gough & Kelly-.
Howard-Jennings Co ..
Clemens Vogt Coal Co..
Lauder-Wooley Coal Co...

..| Bvansville, Ind.........
Boonville, Ind
Chandlers, Ind ...
Evansville, Ind........
..| Evansgville, Ind.........

| Chandler

Lauder




REPORT OF STATE INSPECTOR OF MINES, 425
RECAPITULATION.
0k 3%
Tle 2Tl e
CoUNTY. . g3 CounTy. . sl
A HAEIHE!
z |8 @< z (3| &=
5(2 || 3| Pike v do1] el
3] 5| 2| Srencer ..
Fountain . 0 7 O I Sullivan .. 1|7
Gibson . d 01101 1 Vanderburgh ] B
Greene - N . 5 Vermllllon 11 41.
Knox . 1 Vigo ... | 4] 6
Qwen 1 Warrick .. 1] 2
Parke 1 —
Perry Totals ... 218112 8
TABLE No. 6.

Table showing the amount of coal produced during the year 1895, by counties,

by mines employing 10 or more men.

Spencer
Sullivan ..
Vanderburgh.
Vermillion.
Vig0er-ceen
Warrick 69,905

Totalecorcerireencersrrracs 4,202,084

In addition to the above,I estimate the amount of coal
of all kinds produced by mines employing less than ten
(10) men at 110,000 tons. This estimation is based upon
reports received from 35 of such mines.

TABLE No. 7.

Table showing the total amount of coal produced each month during the

year 1895.

January 534,173
February 443,186
March... 338,887

April 332,

May. 133,914

June 190,203

July 239 800
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TABLE No. 8.
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Table showing the total output of each kind of coal at each mine in the State
Jor the year 1895.%
CLAY COUNTY.
'_c' 0
. E : 8 :
INES. 3 2 24 =
I S B
= 7] @ = =
American Beauty 35,877
Brazil Deeember estlmate ,199
Briar Hill 11,181
Briar Hl“ Block 26,165
Columbia.. 19,854
Crawford, No.2 47,163
Crawford, 5 - 21,586
Dmmond 77425
Eureka, No 45,083
Eureka, \ o. 75,795
Execelsior .. ,138
Fortner... S
Tairview .. 42507
Gladstoune .. 53,923
Gartside - 49,682
Gart., No. 1 31,238
Gart., No 41,747
Gart., No. 4 18,068
Gart., No. 120,693
Gart., No 36,015
Gart,, No. 8 72,132
Gart., No.9... ,191
Gart., No.10.. 3,981
Harrison, No. 2... 34,796
Louise, December estimate 46,366
Meclntosh, No. 31,224
Nellie...ovvrriens. 17,318
Nickle Plate, December estimate . 72,929
Prath e 59,373
San Pedro 215 45,941 23,704 69,735
Superior Bituminous 249 20,628 17,902 38,530
World’s Fair ... -ceeee. 85 11, 692 3,410 . 15,1()‘)
TTORALS rvarooss —eeeseosseesoseesctemssreensommasssssosss| ccermomeoene| 885715 | 234,072 | 72,095 } 1,334,436
DAVIESS COUNTY.
Cabel, NO. 4 worremmienssresences 123 31,0%
Cabel, No.9 .. 39,675
Mutual, December estim 10,680
Montgomery 47,290 71,454
Montgomer; 7,690 11,458
Wilson . 10,179 19,—158
TOLALS - cnrvesecemeresssorenes 51,900 | 24,301 ’ 96,961 ’ 183,842
FOUNTAIN COUNTY.
Sllverwood,estlmﬂfn 7,500
Sturm, estimate.cmeeececeresen - 0,000
SRIPIIBN «escerrensonarercsserecrersenes 7,202 1,275 |... 8,677
T wo02 | 1275 |... 26.177




REPORT OF STATE IN:PLCTOR OF MINES.

GREENE COUNTY,

427

3 g
. g M H —_
Mines. E' § -§ é’ g
a &% 74 = =
Fluhart, December Estimate ... 49,621
Island Valley.. 159 17,112 8,607 6,395 \
Island, No. 1, Apr11 10 DDO0OMBOT BSEIRLE. | -vrces-errreee e e vsrne et svsee s oovmn 35,999
Island, No. 2 April to December Estunate R I e . 100,000
Summit... . - 7,163 30,304 16,897 904,364
South Lmtonu 16,844 . 8,807 | ... 25,651
TOLRIS wovrevon s rneeereoecresanes casseres cvsumen oo 81,119 | 47,718 | 23,282 | 336,740
KNOX COUNTY.
Bieknell cer te . ateearaecsemssamsstatmeses s inamass 146 3,933 4,902 565 15,400
Prospect Hill..cccoers vommee coivieiicomacm cr s 247 3,804 2,269 1,497 74660
TORLS +ovvemeee wemeens oreeremne cee enoamess e \ . \ 17| 7am 2082 | 923,060
OWEN COUNTY.
Lancaster, No. 3..... 855 1,239 .38 1,624
Lanecaster, No. 4.. 3,723 1,169 4,892
Totals .... 4,962 1,554 |oeuvieevennns 6,516
Crawford, No. Lo e o 42,624
Cox, No.3..ceeee 57537
MeIntosh, No. 1 50,240
Mecca,\o 1. 39,006
Mecea, No. : 11,379
Parke, No. 6 93,230
Parke, No.7 23,771
Parke, Vo 46,565
Parke 10,391
Ot tresic.. 6,830
Superior, No 1 82,770
Superior, No 923
Wabash, No. 1 Deeember Estlmnte 75,802
TOLAIS wvvemneersnsinenrerrseerssnricsraesasresessasoranes |sesesssvesanees 569,258
Camelton....coueen. 4.51 9,341
Bergenroth .478 6,478
TORRIS wreestemmnnereemmeoseesssresssmsserssemeseesiosoncs ’ ............... I 2,88¢ | 1,006 11,999 ‘ 15,819
PIKE COUNTY.
Ayrshire..... 202 ' 54,398 | 38,86 36,3’838 1 129,771
Hartwell.. 176 4,029 4,780 12,3 21,192
Little’s 180 ‘ 9,887 26,972 32,652 69,511
Totals ... ’ 68,314 | 70,617 ( 81,543 | 220,474
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SPENCER COUNTY.
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ROTNITIE S rervevmrercerrrorersscressescssnersassersasonnn:aosan [ TSI FOUTPRUOTIRO FOPRRRRIOUN 183
H. Schafer’s. eiserimemreessesssessinarssions 9% 1,240 605 T 2,620
Totals 1,240 605 75 2,803

SULLIVAN COUNTY.
Alum Cave ... 216 5,526 9,878 90,233 105,637
Bunker Hill 157 9,420 5,200 1,674 16,294
Currysville 229 10,964 4,991 9,728 25,683
Dugger, Dec 57,931
Dug er Co-0p., June to De ,184
........ 110,320
Old Plttsburg 38,631
Shelburn, No. 1 3,699 26,490
Shelburn, No.2. 991 991
Star CILY o ierertertruniinnnieaisesnsaesisioorn eesesnne 5,392 61,556
Bush Creek.. 3,817 5,090
TTOLALB v covnereereeneernnscesosssaionnannerarensonesnsnnes ] eassisrsonenes 189,321 78,236 123,135 453,807
VANDERBURGH COUNTY.
Diamond .. 281 17,555
First Avenue,July to Deaember Esti 25,414
Ingleside, December Estimate.. 87,776
Sunnymde, No.1 K 57,417
Sunnyside, No. 2 ............... . 6,870 6,870
Union ....... 258 7,948 3,140 3,349 14,437
TTORALS wevervemeerersonmrsssssssssssssassssssssssssesssssssfoerecssssenns| 35,181 | 10,848 | 41,250 | 209,469
VERMILLION COUNTY

Forn Hillooveereries ovomeisssnsnsssesasssssnsssenssonens 132 | 53818 | 21,707 906 76,431
Hazel Creek, Aug.to December Estimate... 49,621
Indiana Bltummous.M&r to Dec. Estimate 13,236 13,236
Torrey, No. 15 44,399 191,626
60,842 22,622 58,541 191,626
Diamond, No.1.......... 9,003
Diamond, No. 2. 4,499
Grant oo cvenennes 80,806
Hercules 28,678
Nickel Plate, December Estlm&te.--- 170,484
17,297
5,636
39,707
,091
27,044
Vigo... 39,928
Ray, Dec 42,476
Parke, No. 10. 10,403
Totals 29,875 558,152
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WARRICK COUNTY.
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NEW DEVELOPMENTS MADE DURING THE YEAR.

While quite a number of new mines have been opened during the
year all except one have been in fields which have been partially developed
heretofore. The shaft of the Maule Coal Co. at Princeton is an excep-
tion, however. After considerable difficulty on account of the soft strata
which were encountered in the shaft, this company finally reached a vein
of fine bituminous coal at a depth. of 440 feet. It proved to be 6-ft.
10-in. in thickness and of excellent quality. The records of drill holes
for gas wellg indicate that the same vein underlies a large territory in
the neighborhood of the city of Princeton. The Maule Company pro-
poses to equip their shaft with first-claes hoisting machinery, and a
mining machine plant. The Yoch mining machine, driven by com-
pressed air, will be used. Another shaft will be sunk during the coming
summer and the prospects are bright for a large development in this
field in the near future. _

The development of the lower vein at Clinton and Geneva will tend
to largely increase the output of coal from Vermillion County in the
near future. Watson, Little & Co. have recently reached coal in a test
shaft at Williamstown, Clay County, on the line which seems to divide
the bituminous from the block coal fields and report the vein a good
quality of bituminous with some of the properties of the block coal.

MINING MACHINERY.

My attention has been so fully occupied with other duties that I have
been unable to give the question of mining by machinery in this State
the attention it demands and consequently can not give the details of
this branch of mining. During the year electric mining plants have
been installed at the Brazil Block Coal Company’s Mines, No. 1, in the
city of Brazil and No. 8 on the line between Clay and Parke counties, in
range 7. These are the only machines being used in the block coal field
and it was so late in the year before their use passed the experimental
stage that I have not data sufficient to base any predictions as to the
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extent to which they will probably be adopted in this field. At the close
of the year there are at No. 1, 12 Morgan-Gardner machines, the power
for which is furnished by two 75 Kilowatt dynamos, and at No. 8, 5
Independent and 10 Morgan-Gardner machines, driven by two 100
Kilowatt dynamos. The intention is to use machines at the latter mine
ooly in the bottom vein, all work in the upper vein being done by pick
minerz,

In the bituminous field ‘machines are used in the following mines, the
power employed being compressed air:

In Parke County, at Mecca, No. 1, Parke County Coal Company’s
Mines, Nos. 6,7 and 8, and the Calumet Coal Company’s Mine, No. 1, at
Lyford

In Vermillion County, at the Torrey Coal Mine No. 4.

In Vigo County, at the Star and Peerless Mines of the Coal Bluff
Mining Company ; the Grant Mine and Parke County Coal Company’s
No. 10 Mine. '

In Sullivan County, at Pheenix, Jumbo, Currysville, Shelburn and
Dugger.

In Greene County at Island Nos. 1 and 2.

In Vanderburgh at Sunnyside mines Nos. 1 and 2.

In Warrick County at the Lauder Wooley mine.

Electric mining machines are in use at the Old Pittsburgh and Star
mines in Sullivan County.

Rope haulage systems are in use at mines No. 6 and No. 8 of the Parke
County Coal Co., in Parke County, Nos. 8 and 10 of the Brazil Block
Coal Co., in Clay County, Island No. 1 and No. 2, in Greene Co., and
the Ingleside mine in Vanderburgh County, and two electric motors are
jn use at the Old Pittsburgh mine in Sullivan Co.

MINES GENERATING FIRE DAMP.

There are but few mines in the State which generate light carburetted
bydrogen (C H,) in sufficient quantity to render the air explosive.
By reference to the table of Causes of Accidents it will be seen that but
two accidents have occurred from this cause during the year. Both of
the injured men have brought suit for damages, and I content myself
bere with the statement made in the list of serious accidents. However,
without special reference to those cases, I will say that I have learned in
my inquiries that where this gas is found it is not unusual for miners,
after the proper marks have been made by the ““ fire boss” to indicate its
presence in their places, to attempt to “ brush” the gas out themselves
rather than lose time from work while waiting for the proper official to
get around to do it. Aside from the lack of experience of miners gener-
allv with this cas. this is a dangerous practice from the fact that a naked
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light must be used in the work, and there is no means of learning when
the place is clear without carrying that light into the place where the gas
had been standing, when there is danger of an explosion if the work has
not been properly done. Serious explosions have also occurred by
“brushing” the gas back upon a naked light which had been left at a
presumably safe distance from the point where the gas had been found
lodged. The only safe rule is that no person should enter a working
place where gas has been detected until it has been cleared by the proper
person, and shown to be so by the safety lamp.

The following are the mines in which this gas has been found in dan-
gerous quantities :

Mecca, No. 1, in Parke County.

MeclIntosh, No. 1, in Parke County. Lower vein.

Lyford, No. 1, in Parke County. ‘

Gladstone, in Clay County.

Shelburn, in Sullivan County.

Currysville, in Sullivan County.

Howard-Jennings, in Warrick County.

OIL USED FOR ILLUMINATING PURPOSES,

One of the most difficult matters to deal with which is to be found in
the mines of Indiana to-day is the inferior quality of the oil used for
illuminating purposes. In several instances, on the first examination of
mines, they being idle at the time, were found, when measured by the
anemometer, to have sufficient ventilation in all parts for the number of
men reported to be employed. On a subsequent visit, when the men
were at work, with fully as good a current going the air was found loaded
with a sickly smelling, heavy smoke, coming from the lamps used by
persons at work in the mine. The impurities causing this smoke are
principally the carbons of mineral oils used in adulterating the animal or
vegetable oils which should be used. My observation is that this smoke
is very difficult to move by any current that it is possible to produce in
mines, especially where it accumulates in a dip or swamp, so that simply
increasing the amount of air circulating in the mine would not remedy
the evil. This question has engaged the attention of Mine Inspectors in
the several States for years past, and some of them have succeeded in
bhaving laws passed making it a penal offense to use in the mines oils
which have been so adulterated. I give berewith a copy of the Ohio
statute on this subject, as amended, and would urge upon the Legislature
of this State the passage of a similar law, with a penalty sufficient to
insure compliance with its provisions.

OHIO PURE OIL LAW.

“Only a pure animal or vegetable oil, or other oil as free from smoke as
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rosin, and which shall, on inspection comply with the following test,
shall be used for illuminating purposes in the mines of thié state: All
such oil must be tested at 60° Fahrenheit. The speciﬁc,éravity of the
oil must not exceed 24° Tagliabue. The test of the oil must be made in
a8 glass jar one and five-tenths inches in diameter by seven inches in
depth. If the oil to be tested is below 45° Fahrenheit in temperature it
must be heated until it reaches about 80° Fahrenheit; and should the oil
be above 45° and below 60° Fahrenheit it must be raised to a temperature
of about 70° Fahrenheit, when, after being well shaken, it should be
allowed to cool gradually to a temperature of 60° Fahrenheit, before
finally being tested. In testing the gravity of the oil, the Tagliebue
hydrometer must be, when possible, read from below, and the last line
which appears under the surface of the oil shall be regarded as the true
reading. In case the oil under test should be opaque or turbid, one-half
of the capillary attraction shall be deemed and taken to be the true
reading. Where the oil is tested under difficult circumstances, an al-
lowance of one-half degree may be made for possible error in parallax
before condemning the oil for use in the mine. All il sold to be used
for illuminating purposes in the mines of this State shall be cortained in
barrels or packages, branded conspicuously with the name of the dealer,
the specific gravity of the oil, and the date of shipment.”’

In this conneoction I desire to say that my predecessor has in several of
his annual reports called attention to this evil and recommended the
passage of a law to prevent the sale and use of adulterated oil in the
mines of the State. In the last Legislature a bill for such an act was in-
troduged into the House of Representatives by Mr. O’Brien, of Clay
County, and referred to the Committee on Mines and Mining. This
committee was composed of members who, with one exception, had no
personal experience in coal mines, and they could not believe that miners
or other employes in mines would deliberately injure their health for the
sake of saving a few cents per month in the cost of illuminating oil.

I will also say that from the time I took possession of my office
until the present, I have had more complaints of this matter, and re-
quests from both miners and operators to assist in securing the use of
pure oil than of all other evils affecting the working of the mines.
Beveral miners have told me that the use of impure 0il has driven them
to abandon work in the mines entirely on account of its effect upon their
lungs, already affected with asthmatic troubles. After talking with one
of these I visited a mine where his brother was at work and found him
working in a cloud of smoke so thick as to make his light have the
appearance of a blood red danger signal, all coming from the lamps of
himself and his son. On remonstrating with him on using such oil and
referring to his brother’s case his reply was that it was no use for one
to use good oil while others were using cheap oil. I then called his at-
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tention to the fact that the air was coming to him fresh from the fan and
that if he had good oil, smoke from others would not trouble him. He said :
¢ Ay, but this place winna last long, then I may ha’ to go on the air
ahint the oother.” Compulsion by law is the only way to influence such
men and they are numerous in the mines. While mine officials profess
to be very anxious to have pure oil used by employes I have seen some
of the worst 0il I have met in the mines, being used by the mine bosses
and drivers. A few mine bosses have taken the matter in hand and
shown that where they are in earnest, even in the absence of a penal law,
a reform can be effected. But there are so few of these, that the general
result is unsatisfactory, and the passage of a law similar to that of Ohio
seems to be the only adequate remedy.

MINES EXAMINED.

. I give below a brief deseription of the condition of mines visited during
the year, by myself and assistants,

CLAY COUNTY.

No. 1 MINE.

Owned by Brazil Block Coal Company. Located in the northwest
part of the city of Brazil. Isa new mine and has been more or less out
of proper condition during the year. The company have been experi-
menting here with electric mining machinery and the changes necessary
in putting in, first the experimental plant, and afterwards the permanent
plant have prevented the proper arrangement and development of the
mine. It is now equipped with machines in successful operation, the
first in the Block Coal field, and is in fair condition as regards ventilation.
The escape shaft has been practically useless since it was finished on
account of an accumulation of water in the road to it, but that has been
lately removed. During the year an air and escape shaft has been sunk
and a twelve-foot fan ereeted at this mine.

COLUMBIA MINE.

Zeller & Bigler Coal and Mining Co., located one-half mile southwest
of Knightsville. The top vein, bad roof, wet roads, air courses in bad
shape, and several doors broken down. Air bad in nearly all working
places, though a good current was in nearly every case carried up to
where working began. Thie is an old mine and work is a long way from
the shaft. On a second visit I found the condition greatly improved and
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ag the pillars are being drawn I think there will be little difficulty ‘with
air during the remaining time the sbaft will be worked. It will probably
be abandoned during 1896.

CRAWFORD No. 2 MINE.

Located at Center Point, Ind. I found this mine idle on both of my
visits. It is & new mine and is in excellent condition as far as I was able
to discover under the circumstances.

DIAMOND No. 3 MINE.

This mine was idle on my first visit. It is a new mine owned by the
Dijamond Coal Company, of Chicago, Ill., situated on the N. W. quarter
of Sec. 7, T. 13, R. 7. No recommendations were found necessary on
my second visit, as the mine was in good condition.

BRIAR HILL MINE,

Briar Block Coal Company, Clay City. On my first visit, April 4th, I
found the whole air current being sent around all the workings. A
large part of the air course was badly choked and the ventilation of
the mine very bad, and I suggested that the air be split by opening a
certain door in the mine so that about three-fourths of the air would be
allowed to pass to working places without passing through the obstructed
air course. On a visit made shortly afterward to see if this and other
suggestions had been complied with, I found that it had not, and that
pillars were being removed which would make it impossible, and the
mine was in very little better condition than on my first visit. I opened
the door myself and ordered the work stopped on the pillar. The de-
sired effect was produced and I have heard no complaint of the air from
there since. This is one of the few instances, since I took charge of the
work, in which I have to complain of the refusal of mine officials to take
my advice.

AMERICAN BEAUTY,

Owned by Zeller & Sigler Coal and Mining Company. Situated on
Center Point Branch of the Vandalia Railroad, one mile east of Ashers-
ville. On my first visit the mine was idle, but I found the air courses in
bad condition. = On the second visit the mine was in fair condition. It
will probably be finished during the present season.

No. 6 MINE.

Brazil Block Coal Company, located on the Brazil Division of the C. &
E. I R. R,, three miles north of Brazil. I found this mine idle on my
first visit, May 10th, but in apparently good condition. Shortly after



REPORT OF STATE INSPECTOR OF MINES, 435

complaints reached me, and on a second visit I found that the working
force had been greatly increased and there was not air enough for the
men then in the mine. Several improvements were suggested which
were carried out, and on a third visit I found the mine in good condition.
No complaints have reached me from there since that time. Pillars are
being drawn preparatory to abandoning this mine, and it will probably
‘be finished during the present season.

EUREKA No.1 MINE.

On my first visit I found this mine idle and in apparently good con.
.dition. On a subsequent visit I found a good deal of air escaping and
smoke banging in a number of places. The upper vein had also been
.opened and was not properly ventilated. I spent nearly two days with
the mine boss on this visit and found that the mine was in such a con-
.dition that a large amount of time would be necessary to place it in
proper condition for work. The mine boss knew what was necessary and
how to do it.

EUREKA No. 2 MINE.

Just east of Carbon. When first inspected ventilation was very poor
-on account of the small space available for a down-cast; on my recom-
mendation this was enlarged to double its size and partitions between the
-down-casts and up-casts were repaired. On my second visit I found the
mine in good condition. ‘

EXCELSIOR MINE.

Located northwest of Perth one mile. There are two veins worked in
this shaft, and it is well ventilated in both. Some dangerous roof is
found in the top vein, but with this exception the mine is in excellent
.condition. By a break in the roof this mine was flooded by water from
the abandoned works in a vein overlying the two now being operated.
Though all the men employed were at work at the time, and the water
nearly reached the roof in places, by good management on the part of
H B. Ehrlich, Superintendent, all were gotten out without injury. The
water is being pumped out and the mine is nearly ready for operation
again.

FORTNER MINE,

-One mile southwest of Turner, is a bituminous mine. The vein is
nearly seven feet high and lies very near the surface, in numerous places
not over eight feet of strata overlying the coal. There are so many
-openings that a complete system of ventilation for the mine is impossible.
However, on my visit to the mine on November 28 I found there was
.good air in all parts of it from natural ventilation, and the company



436 REPORT OF STATE GEOLOGIST.

have two fans on the premises ready to be put into immediate use if neces-
sary. In other respects the mine is in excellent condition, It is owned
by C. Ehrlich. ElL Tibbits is the mine boss.

FAIRVIEW MINE,

Located four miles northwest of Brazil. At the time of my first visit
this mine was idle, making some repairs in the bottom vein. As far as
could be learned under the circumstances the mine was in good condi-
tion. On the two subsequent visits I found the mine idle, and did not
make another ingpection,

GART. No. 3.

Located two miles northwest of Harmony. Preparatlons had been
made to abandon this mine, when it was determined to work another
piece of coal by the same opening. On my first visit I found it very
poorly ventilated, and suggested quite a number of improvements.
These were made and the bottom vein workings were put in a fair con-
dition. A tunnel was driven from the bottom to the top vein, and on
my second visit I found the air very poor in that part of the mine, but
preparations were being made which I thought would remedy that, and
since the completion of the improvements I have heard no complaint.

GART. No. 4.

This mine was in good condition on my first inspection, all the work
being done upon pillars, and since that time the mine has been worked
out and abandoned.

GART. No. 5.

Located in the town of Cardonia. It is one of the largest mines in
the State, employing about 3560 men when running to its full capacity.
This mine is well laid out, and the only objection I can find with the
way it is conducted is that break-throughs are not closed up as quickly
as they should be, which makes the air very poor near the faces of the
entry. On my last visit I found less reason to complain of this, and the
mine was in good shape in every way.

- GLADSTONE MINE.

Located on the line between Clay and Vigo counties one-half mile
north of the ¢ Big Four’’ Railroad. ~ Some trouble is experienced in
this mine from fire damp, but the ventilation is kept in such condition
that there has been no accident from this cause since January, when
Joseph Debouille was severely burned.
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HARRISON No. 2 MINE.

Located four miles north of Clay City. Was working only one side
when inspected April 30th. It was in fair econdition with respect to
safety and ventilation. The second inspection of the mine was made by
Mr. MoCloud in July, who reported favorably of its condition.

GARTSIDE MINE.

Located one mile north of Knightsville. On my first visit April 30th
I found that no work was being done in the mine, except in drawing
pillars preparatory to abandonment, and the mine was in as good con-
dition as possible for that work to be done. I am informed that the
mine will be abandoned during January of this year.

LOUISE MINE.

This mine was visited twice during the year and found in fair condition
on both occasions. It is worked on the single entry plan and the doors
used in directing the ventilation are frequently allowed to stand open.
I recommended that additional trappers be employed and the doors more
earefully attended. When this is done the mine will be in good con-
dition.

McINTOSH No. 2.

This is a new mine situated one mile east of Brazil. During the year
an escape shaft has been sunk, covers and safety catches put upon the
cages, and safety gates at the top of the shaft. On the oecasion of my
last visit, November 28th, the mine was in fair condition. Another split
in the air current is necessary, which the superintendent promises to
make soon.

NELLIE MINE.

Located one mile south east of Brazil. Was visited twice during the
year. - The first visit, April 25th, the east side was not being worked at
all and there were but few men on the west. On account of water lying
in the air course the current was very weak in places. I recommended
that the water be taken out which had been done before my next visit,
and conditions there materially improved, though nearly the same thing
existed on the east side as were on the west at my first visit. By the
opening of a new air course this trouble has been largely done away with
and the mine is now in fair condition.

NICKLE PLATE MINE.

Located one mile south of Benwood. Several improvements in the
way of stoppings and air courses have been made at this mine during
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the year and on my last visit I found it in fair condition with the ex-
ception of a few places in the top vein, which was just being started, it
having been unworked for some time. I recommended that the air
course leading to it be cleaned out and two breakthroughs made, which
Mr. Cox, the mine boss, promised to have attended to immediately.

OTTER CREEK MINE.

This mine was not working the bottom vein at the time of either of my
two visits, the workings in the top vein were in excellent condition.

PRATT MINE,

One mile west of Perth, was found in a satisfactory condition on each
of my two visits, though the mine boss was pushing some further im-
provements in the way of shortening his air current to secure better
results. _

SUPERIOR MINE.

A new mine one-half mile west of Turner, in a seven foot vein of bitum-
inous coal, began taking out coal in January 1895, during the year has
sank an escape shaft, placed covers and safety catches on his cages and
safety gates on the shaft. The shaft was sunk on a fault which threw
the coal down about eighteen feet, consequently only one side of the
mine is being worked. Owned and superintended by P. Ebrlich.

'WORLD’S FAIR MINE,

One mile northeast of Brazil, was found in good condition on the oc-
casion of both of my visits.

BRAZIL MINE.

Situated one mile north of the World’s Fair mine. Works three veins,
was idle during the greater part of the year. When examined October
27, shortly after having begun work, was found in fair condition. The
strata between the top and the second vein are very weak and there are
several falls through which the air escapes between the two veins. In
gpite of this the mine is well ventilated, and in a safe condition, with the
exception of the middle vein where the roof will require to be constantly,
watched.

CRAWFORD No. 5 MINE.

This mine is worked out and abandoned, as is also No. 9 of the Brazil
Block Coal Company. Brazil Block Coal Company’s No. 10 mine was
not in operation during the year until the latter part of November and I
have not had an opportunity to visit it since operations were resumed.
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OWEN COUNTY. —

Lancaster Mine, No. 8, was finally abandoned during the summer of
1895, and No. 4 has been opened up and is in good condition for a new
mine, though all the provisions of the law have not been complied with
at the date of our last visit.

PARKE COUNTY.
COX No. 3 MINE.

Near Coxville, Indiana. This is a bituminous mine owned by the
Brazil Block Coal Company. This mine has been idle a good deal during
the year on account of differences between miners and operators. I did
not have an opportunity to examine it while it was in operation. As far
as I could discover from the examination when the men were not at work
the mine is in fair condition as regards ventilation, but there is some very
dangerous reoof in the mine which requires constant watching. Some
accidents happened in spite of the utmost care, used on part of the mine
boss and the superintendent.

CRAWFORD No. 1 MINE.

Two miles northeast of Carbon. This mine was shut down during the
greater part of the summer and after operations were resumed it worked
so irregularly that I was not able to make a proper inspection of it during
the year, but have been informed that the mine is in good condition.

LYFORD No. 1 MINE.

On my first visit to this mine I found that it was shut down for repairs
and I could not get down. On my second visit I found the mine in a
bad shape, but the owners were at work trying to improve the condition
by cleaning out air courses, improving brattices and stoppings, and were
building au over cast on the north side of the mine. These improve-
ments will materially better the existing conditions. The slate overlying
the coal is very hard to keep up with timbers and gives a great deal of
extra work in mining the eoal, besides the constant danger attending it,
and great care is necessary to prevent accidents from that cause. The
Lyford Mining Company has recently disposed of its holdings of coal
property to the Calumet Coal Company, of Chicago, Ill., who are pre-
paring to develop the same more fully than has heretofore been done,
making the improvements noted above in No. 1 Mine, and are preparing
to entirely remodel the No. 2 shaft, which has been idle for some years.
This promises to be a more important point in coal mining than it has
hoan haratafaore.
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McINTOSH No.1 MINE,

Owned by I. MoIntosh & Co., was sunk to the bottom vein during the
summer. A good quality of coal was found, of fair height and with a
good top. The mine developed some fire damp, and one serious accident
occurred during the year from an explosion of the same. Since that
time the proper precautions have been taken to prevent explosions and
no further damage has been done from that cause. The top vein work-
ings of this mine are in a very dangerous and poorly ventilated condition
and are being worked solely with a view to their further abandonment,
which will probably be accomplished early in the present year.

MECCA Nos. 1 AND 2 MINES.

These mines are now owned and operated by the Otter Creek Coal Co.,
of Brazil, Ind. No. 1 was found in splendid condition when inspected
on April 18th. No. 2 is being finished preparatory to abandonment.

PARKE No. 6 MINE.

This mine was visited several times, I having made two regular in-
spections and being called there twice on account of accidents resulting
in death, which are noted in their proper place in this report. On my
first visit I found insufficent air on the north entries on the east side of
the shaft, and also on the fifth north on the west side. I suggested
several improvements in air courses and doors and on my last visit found
the conditions materially improved and the mine in good condition.

PARKE No.8 MINE.

On my first visit to this mine I found it in fair condition, with the ex-
ception that breaktbroughs were not closed properly as the workings ad-
vanced, which caused the air to be dull near the faces of the entries.
On my second visit I found the air very bad in several of the entries on
the north side of the mine, and suggested changes to be made which I
thought would improve conditions there. On a third visit I found that
they were working toward making the changes suggested and that in the
meantime temporary measures have been taken to improve tbe faulty
conditions, with fair success, and the mine was in a passable condition.

PARKE No. 9 MINE.

This mine was worked out and abandoned durivg the year.

SUPERIOR No.1 MINE.

This mine has given me more trouble than any other during the year,
and I have found it necessary to make four visits for the purpose of hav,
ing my suggestions complied with, looking to the betfer ventilatinn ~f 41~



REPORT OF STATE INSPECTOR OF MINES, 441

mine. On my last visit, however, I found that the mine had been given
a thorough overhauling and was in fair condition. Owing to the char-
acter of the roof of this mine it is very difficult to keep the air courses
and entries open and in a safe condition, and it can only be done by con-
stant watchfulness.

SUPERIOR No. 2 MINE.

Is a new mine sunk during the year and is only fairly opened up. It
18 located about half a mile southwest of No. 1 mine, and promises to be
a good mine, as it is well laid out and the coal is proving of good quality.
Ventilated by a twelve-foot fan, and is fully equipped with all appliances
and safeguards required by law.

PARKE No. 7 MINE.

From a combination of causes I have been unable to inspect this mine
during the year, but I have been reliably informed that preparations are
being made to abandon it. For quite a good portion of the year it was
not in operation, and when it was, other duties kept me so busy that I
eould not conveniently visit it, but hope to do so soon

FOUNTAIN COUNTY.

SHIPMAN MINE.

This mine worked only a few months during the year and was finally
transferred to the Indiana Bituminous Coal Company, during the month
of November. I did not inspect it during the year, and have no record
that my predecessor did. It was suspended at the time of both of my
visits to Fountain County.

SILVERWOOD MINE.

This is a new mine situated about a mile and a half northwest of Silver-
wood, shaft sixty-five feet deep, into a good vein of bituminous coal.
Though not fully equipped when I visited it, it was in a fair condition as
to safety and ventilation.

STURM MINE.

Owned by M. Sturm, Silverwood, Ind. This is a small mine, employ-
ing from twelve to fifteen men. The underground pillars are being
drawn and the mine will soon be abandoned. On my first visit I ordered
safety gates put upon the top of the shaft, and suggested that the rope
being used was too light for the work required of it. On my second visit,
a month later, I found that gates had been erected as suggested, and was
informed that a new rope had been ordered. This mine may be run ona
small scale for some time before being entirely abandoned, as the under-
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DAVIESS COUNTY.

BUCKEYE MINE.

Located near Cannelburgh, This mine has not been in operation for
some time. At the time of my visit, they were making arrangements to
take the water out preparatory to starting the mine.

MONTGOMERY No. 1 MINE.

Located at Montgomery, operated by the Daviess County Coal Co.
The coal is three feet eight inches thick, worked by shaft. When in-
spected December 19, it was in bad condition. Insome parts of the mine
the ventilation was bad, due to badly closed breakthroughs. Several
changes were ordered which the company agreed to do at once. They
employ eighty-five men at this mine.

MONTGOMERY No. 2 MINE.

Located at Montgomery, operated by Daviess Counfy Coal Co. The
coal is three feet eight inches thick, operated by shaft.’” When last in-
spected was in good condition. This mine employs fifty miners.

MUTUAL MINE,

Located at Clark Station. Operated by shaft, one hundred feet deep.
The coal is partly cannel and partly bituminous, the cannel being three
feet and bituminous one and one-half feet thick. This place was inspected
on December 18, and found in good condition.

No. 4 MINE.

Owned by Cable & Kaufman Co. Located two miles south of Wash-
ington. This mine has been idle for two months. When last inspected
was in good condition.

No. 9 MINE.

Owned by Cable & Kaufman Co. ILocated two miles south-west of
Washington. This miue was inspected on April 7. Ventilation was
found very bad, due to damp coming from old workings. The same were
ordered brattieed off from the new workings.

8TOYS' MINE.

Located at Raglesville. Owned and operated by Abrabam Stoy & Son.
‘The mine is situated two miles from the E. & R. R. R. The coal is three
feet thick and of excellent quality. It is operated by shaft fifty feet deep.
Thev employ twenty-three miners at this mine.
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WINKLEPLECK MINE.

Owned and operated by Jonas Winklepleck. Located near Raglesville,
two miles from the E. & R. R. R. Operated by shaft fifty feet deep.
The coal is three feet thick and of excellent quality. I inspected this.
mine December 3, and ordered several changes made to place the mine in
compliance with the law. This mine employs twenty-four miners.

WILSON'S MINE.

Located near Washington, Indiana. Operated by Washington Coal
Co. The coal is six feet thick, of a good quality. This mine is nearly
worked out, and they are drawing the pillars on nearly all the entries.
This place is operated by shaft sixty-four feet deep. When last inspected.
was in fair condition.

GREENE COUNTY.

FLUHART MINE,

Operated by Linton Coal and Mining Company. Located one and
one-half miles southwest of Linton, and operated by shaft seventy-two
feet deep. The coal is five feet thick, of good quality. This mine was.
inspected March 25, when the air courses were badly filled with slate and
water. The necessary changes were ordered made to place the mine in
compliance with the law.

ISLAND VALLEY MINE.

Located two miles southeast of Linton, on the I. & V. Railway. The
coal is five feet thick, of excellent quality for steam and domestic use.
Operated by shaft fifty-two feet deep. The output at this place is about.
three hundred tons daily. When last inspected the mine was in good
condition. Fifty men are employed at this mine.

ISLAND No.1 MINE.

Owned by Island Coal Company. Located one and one-balf miles
south of Linton. Operated by sbhaft sixty-six feet deep. This mine has
lately been equipped as a machine mine, and they also have the latest
improved machinery for hauling and screening the coal. The coal is five
feet thick, of excellent quality for steam and domestic use. They em-
ploy one hundred men. When last inspected was in good condition.

ISLAND No.2 MINE.

Located at Linton, owned by Island Coal Company, operated by shaft
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State. They run twenty-two Harrison machines. The capacity at this
place is one thousand tons daily. The coal is five feet thick and of ex-
cellent quality. They have lately put in rope haulage. One hundred
and twenty-five to fifty persons are employed. In good condition when
inspected.

SUMMIT MINE,

Located one mile west of Linton, on the I. & V. Branch R. R.,
operated by shaft ninety-five feet deep. The coal is five and a half feet
thick, of good quality. This mine was inspected December 1st, the ven-
tilation was found bad, due to badly stopped break-throughs. The
necegsary repairs were ordered and on my return two weeks later I found
the mine in good condition. This mine employs 150 men.

SOUTH LINTON MINE.

Located one mile south of Linton, on a branch of the I. & V. R. R,
operated by the South Linton Coal Company. The coal is five feet thick,
of good quality, operated by a shaft eighty-one feet deep. They have
lately put down & manway. When last inspected this mine was in ex-
cellent condition. This place has a daily capacity of 400 tons.

TEMPLETON’S MINE.

Located three-fourths of a mile southwest of Linton. This mine is
operated by shaft, the coal is five and a half feet thick and of excellent
quality. At present they employ less than ten men, but are putting in
machinery preparatory to opening & large mine.

KNOX COUNTY.
BICKNELL MINE.

Located at Bicknell, Ind. Operated by the Bicknell Coal Company.
The -coal is four feet three inches thick, and of good quality. It is
worked by a shaft ninety-seven feet deep. They employ forty-five miners
at this mine, and when last inspected it was found in good condition.

EDWARDSPORT MINE.

Operated by the Hoffman-Edwardsport Coal Company. "This is a new
mine, having been opened within the past year. The coal is four and
ope half feet thick and of good quality; operated by a slope. This
place was inspected December 16th, and found in good condition. They

.
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PROSPECT HILL MINE.

Located at Vincennes, Ind. Owned by Frank Clark, operated by a
shaft 835 feet deep. The coal is three feet thick, of fair quality. It is
underlaid with fire-clay of a very soft nature which heaves so that it is
hard to keep roadways and air courses open, making it a very expensive
coal to work. I ingpected this mine on December 17th, and found the
general condition of the mine bad.

PIKE COUNTY.
AYRSHIRE MINE.

Operated by David Ingle, Oakland City. This mine is located at
Ayrshire, six miles east of Oakland, it is operated by a shaft twenty feet
deep. The coal is five feet thick and of excellent quality. They employ
about 150 miners. When last inspected the mine was in fair condition,
except ventilation, which was bad, due to badly stopped break-throughs
and use of curtains instead of doors. I reeommended putting in doors
and fixing up the break-throughs, which they readily agreed to do. I
think the next inspection will find the mine in good condition.

|
BLACKBURN MINE,

Owned and operated by 8. W, Little. Located at Blackburn Station
and operated by a slope. The coal is seven feet thick with censiderable
sulphur. The company has lately put in the latest improved machinery
for handling and screening the coal. They employ twenty-seven miners.
When last inspected the mine was in fair condition.

-

HARTWELL MINE.

Owned and operated by Cable & Kaufman, Washington, Ind. Man-
aged by Thomas Small. This mine is located near Augusta, on a branch
of the Air Line R. R. It was inspected on Dec. 21st, and found in ex-
cellent condition. The coal is four feet thick. When the mine was in-
spected they were working sixty-nine miners and two mules in the mine,
and five men on the outside.

LITTLE'S MINE.

Owned and operated by S. W. Little Co., Evansville, Indiana. Lo-
cated at Little Star, on the Evansville & Indianapolis R. R. The coal
is six and a half feet thieck, of fair quality, operated by a shaft eighty-six

feet deep. They employ sixty-five miners. I inspected this mine De-
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VERMILLION COUNTY.
FERN HILL MINE.

Located near Clinton. Was idle on my first visit. On my second
visit, Aug. 19th, the mine was in good condition in all respects.

INDIANA BITUMINOUS No. 1 MINE.

Northwest of Clinton. This mine has been remodeled during the
year and fitted with patent self dumping cages, new boilers and a twelve-
foot fan, also a new eighty thousand pounds capacity track scales.
These repairs were under way on my first visit and I did not inspect the
mine. When inspected, Aug. 19th, the mine was in good condition.

TOREY No. 4 MINE.

On my first visit this mine was being sunk to the bottom vein, and no-
work was being done in the upper vein. On my second visit the mine
was just starting, after a strike, and was in bad shape in the upper vein
works. Very little work has been done in openiog the bottom vein
which is the same coal that is being mined at Lyford, in Parke County.
- This mine is located at Geneva, Vermillion County.

HAZEL CREEK No, I MINE.

This mine is being worked by a compapy of miners who have it leased
from the Hazel Creek Coal Co. When dxamined it was in fair condition
with the exception of one part of the mine where about eight men were-
at work. The air was very bad there, anfd I gave the mine boss ten days
to remedy it or cease work there. I havp siuce learned that that part of"
the mine was abandoned. There is nothing but pillar work left in the
mine, but it may be run on a small scale[during the whole of the present.
year. .

VIGO COUNTY.

GRANT MINE.

Located near the town of Grant, on the C. & E. . R. R. When ex-
amined this mine needed a good deal of jmprovement, as the road to the
escape shaft had been allowed to fall in and the shaft was not available
to the use of the men. The air in some [parts of the mine was also bad,
and I instructed the Superintendent t¢ make the necessary improve-
ments. He has since reported that this |has been done, though I have
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VIGO MINE.

One mile west of Foleyville.. Is 8 new mine operated by slope. It
is in good condition in all respects, well aired and safe. A safety spring
was recommended on the top of the slope to prevent cars running back.
On my second visit I found that one had been placed there.

RAY MINE.

At Seeleyville, Ind. Is a new mine opened by shaft. Is fitted with
gelf-dumping cages, and is aired by a twelve-foot fan. An escape shaft
is being sunk at this mine, and is nearly completed at this writing.
When this is done the mine will be in excellent condition in all re-
speets. -

VICTOR MINE,

Southeast of Fontanet, was found in good condition, except that the roof
is dangerous. However, it was well timbered and all possible care taken
to prevent accidents. This mine is nearly worked out, and will probably
be abandoned during the year.

UNION MINE.

North of Fontanet, is a new shaft, fitted with selfdumping cages. 1
found all the conditions of the law complied with at this mine. The
roof is very bad in some places, but proper care has heen taken to pre-
vent accidents, and none were reported from this cause during the year.

STAR MINE.

Just south of Fontanet. I found this mine in excellent condition, in
all respects. They are now engaged in drawing pillars preparatory to
abandoning the miue and it will probably be completed during 1896.

PEERLESS MINE.

Located one-half mile north of the Coal Bluff crossing, on the C. & E.
I R. R. This mine has run so irregularly during the year, that I have
been unable to visit it when it was at work. When inspected it was in
fair condition and I considered no recommendations necessary.

NICKLE PLATE MINE.

Located one mile southwest of the Vigo mine. The coal lies nearly
on a level with the valley and is brought to daylight by mules. The
mine is aired by two fans, and was in good condition when inspected,
except that breakthroughs were not being well closed, however there was
plenty of air ip the mine to keep it well ventilated, in spite of the waste.
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HERCULES MINE.

This mine was worked out and abandoned during the year.

DIAMOND MINE No. 1.

This mine did not resume operation after the stoppage on May 1st. It
has been definitely abandoned. The machinery has been moved to
Diamond No. 2 near Grant, which has been opened since that time.

EAGLE MINE.

Located just west of the Vigo mine. Opened by a slope. When first
examined this mine was in a very bad condition for air, but on my
recommendation a fan was erected and on subsequent examination the
mine was found in good condition.

SULLIVAN COUNTY.

SHELBURN MINE.

Located in the town of Shelburn. This mine was examined by Mr.
McCloud who reports it in bad condition, dirt being allowed to accumu-
late in the air courses, and the road to the escape shaft being badly filled
up. It has recently passed into the hands of C. C. Heisen, Chicago, who
has made a great many improvements on the outside of the mine during
the year, and I hope that the inside condition will be bettered soon.

OLD PITTSBURGH MINE.

Located at Hymera. Was in fair condition when examined, except
that the roof was bad in places, and the air having to travel through old
works, was not as good as it should have been. Electric machines are
used in this mine, and the coal is brought to the bottom of the shaft by
two electric motors. There has been several changes in superintendents
during the year so that it has been impossible to have improvements
made systematically, and on a later visit, the air courses were found in
very bad condition,

JUMBO MINE,

Located at Jackson Hill, is in fair condition only. The mine has been
opened up extensively and proper attention has not been given to the air
courses, 8o that the air is bad in some parts of the mine. I have recom-
mended that the air be split on each side of the shaft, and the superin-
tendent has promised to complv with this.
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STAR MINE.

Located at Grammercy Park. This mine was found in fair condition
on all visits made during the year, as it is nearly new, with good roof and
bottom. Mr. McCloud resigned the position of Assistant State Mine
Inspector to take charge of this mine, and reports from there lately indi-
cale that conditions have considerably improved.

CURRYSVILLE MINE.

One mile north of Shelburn on the E. & T. H. R. R. Is in poor con-
dition ; the main shaft in several places has given way and it needs a
recurbing. The air is very poor at the head of the workings.

PHOENIX MINE,

Located at Alum Cave, on the line between Clay and Sullivan counties.
Some repairs were needed here on the first visit. On the second visit
the mine was found in fair condition, while there is still room for improve-
ment.

BUSH CREEK MINE.

TLocated four miles east of Sullivan on I. &St. L. R. R. Owned by
Watson, Little Coal Co. Operated by shaft one hundred and six feet
deep. This is a new mine, having been opened within the last two years.
The coal is five feet three inches thick, of good quality. When last in-
spected the mine was in good condition. They employ thirty-three
men,

HANCOCK MINE,

Located at Farnsworth on I. & St. L. R. R. Owned by Hancock &
Conklin.  Operated by shaft seventy-three feet deep. When last in-
spected this mine was in excellent condition. The coal is four and a
half feet thick, of good quality. They employ forty men in the mine.

LYONTON MINE.

Owned by Lyonton Coal Co. Operated by shaft forty-five feet deep.
The coal is five feet in thickness of good quality. This mine has been
idle for several months.

DUGGER MINE.

Located at Dugger on the I. & S. R. R. and I. & V. Coal Branch.
When first visited, Mr. McCloud reported the mine in a bad shape. The

mine nchanced hands durine the summer and is now beiho onerated hv
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the Indiana & Chicago Coal Co. After taking possession of the mine
they spent nearly three months in making repairs underground, and
when last visited it was found to be in a fair condition.

DUGGER COOPERATIVE MINE,

Located one mile west of Dugger. Is operated on a small scale by a
joint stock company. Mr. McCloud, on his first visit, ordered that an
escape way be provided at this mine. Some work was done towards this
but on our last visit nothing was being done toward completing it. We
found that less than ten men were being employed under ground and
that, consequently, the law did not compel the company to make the
opening. The ventilation was fair and the condition of the mine in other
respects good.

Several mines reported from Sullivan county last year by my prede-
cessor are now employing less than ten men and have not been inspected

_nor required to report to this office since my term began. Myself and
assistants found our time so fully employed in inspecting and recom-
mending improvements in the larger mines of the State and seeing that
our recommendations were complied with there that we were compelled
to entirely neglect those to which the law does not apply, and may have
omitted some mines employing between ten and fifteen men. How-
ever, during the present year we shall attempt to visit, at least once, all
mines in the State, and be able to report fully on their condition, pro-
duction and the number of men employed in them. In another part of
this report I give an estimate of the amount of coal produced by mines of
this class, based on the best data | have been able to obtain in the time
at my disposal, which shows this to be a very important industry in
itself. :

VANDERBURGH COUNTY.

DIAMOND MINE.

Was inspected twice and found in fair condition ou both occasions. In
common with all mines in Vanderburgh County this mine has a good roof
and the ground is dry. During the summer the outside work of the shaft
bas all been rebuilt and made new aud the mine is in good condition.

FIRST AVENUE MINE.

This mine was visited twice during the year, and on my second visit I
found that several improvements had been made during the year, by
cleaning out the air course, bratticing break-throughs, and hanging new
daora in the mine puattine it in a fair condition.
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SUNNYSIDE MINE.

Was visited twice during the year. Between my two visits the main
air course had been cleaned out and three patent doors hung, which, with
other needed improvements, has brought the air to a good condition. In
other respects the mine is all that is to be desired.

UNION MINE.

This mine is operated by the Evansville Union Coal Mining Company,
which is composed entirely of perscns working in and about the mines.
The mine was found in bad condition on my first visit, it having very
poor arrangements for ventilation and no escape shaft. Curtains were
used in place of trap doors and the signal law of the State was not being
complied with. I recommended the necessary change and that an escape
shaft be sunk immediately. This was started and sunk about 100 feet,
and on my second visit work in it had been abandoned for some time. I
ordered that all men except ten be taken out of the mine unless work
was immediately resumed on the escape shaft. After trying this for
some days they decided to push the work on the escape shaft and are
doing so at the end of the year.

INGLESIDE MINE,

Operated by John Ingle & Co. This is the oldest mine in the State.
The main entry being driven a mile from the bottom of the shaft, an
endless rope is used for drawing coal in the main entry, a distance of
1,300 yards. The mine was found in gnod condition on both of my
visits, except that the air courses required cleaning in some places. On
my second visit I found that this had been done and the mine was in
good condition in all respects.

PERRY COUNTY.
CANNELTON MINE

Located three miles northeast of the city of Cannelton. Is operated
by a drift. This mine was found in good condition when inspected in
April. It was idle during the latter part of the year and was not visited
again.  Work was resumed on December 10.

TROY MINE,

Is located at Troy on the Ohio River. Is ventilated by a furnace,
which at times is not properly cared for, causing the air to be bad in the
mine. If it should be attended to sufficient air would be provided, and
the mine would be in good condition. This mine was visited but once
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WARRICK COUNTY.

STAR MINE.

Located at Newburgh. Was inspected twice and found in good con-
dition on both occasions.

LAUDER MINE.

Located at Boonville. Mine machines are used in this mine, it is well
ventilated, has a good roof and is in good condition in all respects.

HOWARD JENNINGS MINE.

This is a new mine located near Chandlers on the L., E. & St. L. R. R.
When visited on September 9, it was not fully equipped but the persons
in charge promised to comply with the law in all respects, as soon ag
possible. Some fire damp has been found in this mine.

LIST OF ACCIDENTS—FATAL.

January 11, 1895. Diamond mine, Diamond Block Coal Co. Walter
Hays, fall of rock; killed.

January 12, 1895 Gart. No. 3 mine, B. B. C. Co. J. W. Elliott, fall
of rock in room ; died same evening. )
January 16, 1895. Gart. No. 4 mine, Clay county. George Smallcombe,

killed by falling slate.

January 25, 1895. Prospect Hill mine, Knox county. J. Todd, killed
by falling down shaft.

- Febroary 2, 1895 Ingleside mine, Vanderburgh county. Robt. Love,
injured by premature blast; died a week later. No report made to
this office until in April. '

March 14, 1895. Star mine, Warrick county. Patrick McGuire, killed
by premature blast.

March 25, 1895. Parke No 6 mine, Parke county. Otis Jackson, killed
by fall of slate.

March 26, 1895. Peerless mine, Vigo county. Richard Richards,
caught by cage; died from injury.

May 21, 1895. Excelsior mine, Clay county. Dominie Gelwey, ignited
keg of powder in his room and died next day.

Jupe 17, 1895. Jackson Hill mine, Sullivan county. Michael Crynes
and James Sity, killed by falling slate in working place.

August 12, 1895. Harrison mine, Clay county. Josiah Wells, killed by
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September 17, 1895, Island No. 1 mine, Greene county. Patrick Du-
gan, killed by mine cars.

October 7, 1895. Brazil mine, Clay county. Joseph Brown, killed;
caught by ascending cage.

October 28, 1895. Prospect Hill mine, Knox county. Bernard Clements,
killed by falling slate while timbering.

December 10, 1895. Cox No. 3 mine, Parke county. John Hokin,
killed by a fall of slate in a room.

December 10, 1895, Cox No. 3 mine, Parke county. J. Davie, hurt
by same fall ; died two days later.

December 10, 1895. Parke No. 6 mine, Parke county. Ed. Opendorf,
killed ; fell in front of loaded trip.

December 17, 1895. Union mine, Vanderburgh county. Carl Muller,
injured in air shaft; died two days later; supposed to have fallen in
a fit,

- December —, 1835. Vigo mine, Vigo county. Marion Hayne, killed
by a loaded mine car.

I have learned of three deaths by accident in the small mines in the
State during the year, but have been unable to learn the names of the
injured parties or the dates of the accidents.

After writing the above I learned that one of the parties killed in small
mines was Ernest Lester, at Carlisle shaft, by pushing a car into the
shaft, December 23, 1895,

LIST OF ACCIDENTS — SERIOUS.

January 2, 1895. Gough mine, Warrick county. Jos. Cullen, hip dis-
located.

January 11, 1895. Diamond mine, Diamond Block Coal Company.
Michael McGragian, fall of rock ; leg broken.

January 14, 1895. Gladstone mine, Clay county. Jos. Deboulle, badly
burned by explosion of fire damp.

February 19, 1895. Hancock & Conklin mine, Sullivan county. R. C.
Carty; draw slate fell, not timbered ; leg broken.

February 22, 1895. Gart. No. 1 mine, B. B. C. Co. Sam. Batchelor*
pushed block from in front of empty car, which ran against him;
leg broken. ‘

March 12, 1895. Gart. No. 3 mine, Clay county. John Sims, fall of
slate ; injured in the back.

March 14, 1895. Superior mine, Clay county. Wm. Cushner, lost a
finger.

March 25, 1895. Parke No. 6 mine, Parke county. Thos. Gibson, by
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March 29, 1895. Nickel Plate mine, Vigo county. James Feathers,
fall of coal, mining off shot; leg broken.

March 30, 1895. Diamond mine, Clay county. Corsetto Farnio, fell in
a fit; broke his nose.

May 24, 1895. Gart No. 4 mine, Clay county Andrew Hamilton,
fall of coal; leg broken.

May —, 1895. Buckeye mine, Greene county. T. G. Morgan, fall of
slate ; foot injured.

May 28, 1895. Phoenix mine, Sullivan county. E. H. Bisby, falling
from elevator frame ; arm broken.

May —, 1895. Grant mine, Vigo county. Joe Neace, by falling slate;
leg broken.

June 22, 1895. Pratt mine, Clay county. Levi Evans, fell down drop
shaft; ankle and hip broken.

June 29, 1895 Hurrison No. 2 mine, Clay county. George Everet,
fall of slate in room; back injured.

July 1, 1895. Phoenix No. 2 mine, Sullivan county George Miller,
fall of coal; back fractured.

July 11, 1895. Ray mine, Vigo county. Two men hurt, one by falling
slate, one by shot through pillar.

July 8, 1895. Fairview mine, Clay county. John Baird, by falling
slate ; leg broken. o

July 18, 1895. Gart No. 3 mine, Clay county. Willis Hice, bhand
crushed by falling coal,

July 30, 1895. Lyford No. 1 mine, Parke county. Joe Caravelle, fall
of slate; leg broken.

August 13, 1895. Nellie mine, Clay county. Ire Hadley, by falling
slate ; arm broken.

August 19, 1895. No. 4 mine, Daviess county. George Sutherland,
hurt in the back by draw slate.

August 19, 1895, No. 3 Gart mine, Clay county. Dan. Mooney, finger
taken off by mine car. .

September —, 1895. Nickel Plate mine, Vigo county. A. J. King,
falling slate; injury not stated.

September —, 1895, Currysville mine, Sullivan county. A. N. Colo-
hean, injured in the back by falling slate.

September 9, 1895 Briar Hill mine, Clay county. Chas. Miller, leg
bruised by mine car.

October 2, 1895. Island No. -2 mine, Greene county. Ed. Sherwood
and Al. Greenwood, injured by falling coal.

October 9, 1895. Pratt mine, Clay county. Edward David, fall of
coal ; leg broken in two places.

October 9, 1895. Hazel Creek No. 2 mine, Ve;‘million county. John
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October 9, 1895. Hazel Creek No. 2, Vermillion county. John
Crumby, arm broken. 7

October 9, 1895. MclIntosh No. 1, Parke county. Wm, James, seri-
ously burned by explosion of gas.

November 11, 1895. Silverwood No. 2, Fountain county. Elsnor
Vickrey, fell off cage; leg broken,

November 28, 1895. B. B. C. Co., No. 8 Mine, Clay county. George
Crynock, falling slate while mining; collar bone broken.

November 13, 1895. McIntosh No. 1 mine, Parke county. Henry

‘ Prulheire, leg mashed between mine cars. )

November —, 1895. Brazil mine, Clay county. Adam Metz, foot
mashed by falling stone on entry.

November —, 1895. Brazil mine, Clay county. Lue Haliger, hand
mashed by falling coal.

December 30, 1895. Island No. 2 mine, Greene county. Wesley
Brooks, leg broken by a shot.

December 3, 1895. Cox No. 3 mine, Parke county. James Yadan,
fall of slate in room; thigh broken.

December 12, 1895. Brazil Block No. 8 mine, Clay county. Charles
Sims, head bruised by felling slate while loading coal.

December 23, 1895. Pratt mine, Clay county. John Farley, hurt by
fall of slate. ‘

December 23, 1895. Pratt mine, Clay county. Charles Riggs, hurt by
mine car; also a mule killed.

December 2, 1895. Brazil Block No. 1 mine, Clay county. Ed. Mur-
ray, lost a finger by mine car jumping track.

December 17, 1895. Gart. No. 3 mine, Clay county. David Waugh,
badly strained by ascending cage; head caught on bunting.

December —, 1895. Gart. No. 5 mine, Clay county. Charles Simons,
leg broken by mine car.

December 10, 1895. Bicknell mine, Knox county. Ade Vincent, seri-
‘ously hurt by falling coal.

December 18, 1895. Crawford No. 1 mine, Parke county William
Moore, leg broken by falling slate and timbers.

December —, 1895. Jumbo miae, Sullivan county. John Pope, hand
mashed by railroad cars.

December —, 1895. Ingleside mine, Vanderburgh county. A miner,
name not given, arm broken by a shot in coal.

December 16, 1895. Union mine, Vigo county. Ed Skoworgo, driver,
crughed by mine cars.
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LIST OF ACCIDENTS—MINOR.

February 18, 1895. Parke No. 10 mine, Parke county. Thos. Bingham
and Alf Watkins injured on cage; engine got away from engineer.
Bingham bruised about head, arm and leg; Watklns ankle joint
hurt.

February 22, 1895. World’s Fair mine, Clay county. dJoseph Beadlln,
leg hurt by falling slate,

March 11, 1895. Dugger mine, Sullivan county. George Schofield,
hurt slightly, falling slate. ‘

April 23, 1895. Vigo mine, Vigo county. D. Hornady, foot crushed
by coal falling off cars. o

May 23, 1895. No. 1 mine, B. B. C. Co., Clay county. Neal Watts,
coal fell, hand injured ; off two weeks.

May 23, 1895. Same place. Fred. Phelps, draw s]ate fell.

March 29, 1895. Vigo mine, Vigo county. Steve Lovas and George
Spoors burned by explosion of powder, making cartridges.

June, 1895. No. 1 mine, B. B. C. Co., Clay county. Michael Rau,
foot burt, fall of coal; off ten days.

June 17, 1895. Phenix mine, Sullivan county. James Lindsey, leg
bruised by mine car Jumplng track.

June 17, 1895. Victor mine, Vigo county. Jeff. King, hurt by mine
cars,

June 18, 1895. No. 4 mine, Daviess county. George Wetzel, back hurt.

June 24, 1895, Summit mine, Greene county. Nathan Holman, fall
of slate in room, hip hurt. »

June 24, 1895. Same place. George Wise, hurt by falling coal.

July 24, 1895, No. 8 mine, Clay county. Harmon Wax, leg bruised,
falling slate in room.

July 24, 1895, Same place. Thos. Trump, foot crushed, falling coal.

July 26, 1895. Harrison mine, Clay county. George Ramsdell, slightly
hurt by falling slate.

July 26, 1895. Nickel Plate mine, Clay county. Henry Atkins, shot;
not serious.

August —, 1895. Crawford No. 1 mine, Parke county. Wm. Bucholtz,
foot hurt by mine car.

* August —, 1895, Nickel Plate mine, Clay county. Michael Navin,
hurt by falling slate.

August 15, 1895. Same place, James Stott, hand mashed by falling
slate.

August 15, 1895. Same place, A. Nicodemus, hurt by falling slate.

August 15, 1895. Excelsior mine, Clay county. W. C. Conner,

bruised by falling slate.
Aeuna 10 1Q0K Na B mine R R O O~ Mav ontin fr Wri An.
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September 6, 1895. Star Mine, Sullivan county. Jos. Krakowsky,
masghed two fingers; how not stated.

September 13, 1895. Lauder Wooley mine, Warrick county. A. H.
Cochran, back injured by falling slate.

September 24, 1895. Pratt mine, Clay county. John Jones, fall of
slate; knee hurt. ,

September —, 1895. B. B. C. Co. No. 1 mine. Sam Genet, foot hurt
by draw slate.

September 24, 1895. Gart No. 3 mine, Clay county. Robert Pimer-
man, lost two fingers by railroad cars.

October 11, 1895. Victor mine, Vigo county David Gwinn, ankle
bru1sed while handling slate. |

October 21, 1895. Dugger mine, Sullivan county. Wm. Headley,
slightly hurt by mine cars.

October —, 1895. Parke No. 6 mine, Parke county, Wm. T. Carroll,
back hurt by falling slate.

October 24, 1895. B. B. C. Co., No. 8 mine, Clay county. Hugh
Haggerty, fingers mashed, railroad cars.

October 26, 1895. Summit mine, Greene county. Tim Pool, ankle
bruised by mine cars.

October 24, 1896. Nickel Plate mine, Vigo county. Robert Cuthbert-
son and Wm. Cuthbertson, slightly injured by draw slate.

November 2, 1895. Phenix mine, Sullivan county. Tom Griffith, head
cut by falling coal.

November 8, 1895. Same place. Lloyd Nugers, hip bruised by mine car.

November 9, 1895. B. B. C. Co., No. 1 mine, Clay county. James
Shields, leg injured ; fall of slate in room.

November 11, 1895. Same place, Wm. Patrick, arm injured by min-
ing machine.

November 14, 1895. Keen Davis, hand bruised while handling coal.

November 16, 1895. M. Stoupo, hand bruised by revolving screen.

November 20, 1895. Parke No. 8 mine, Parke county. . Fred Wimmer,
foot mashed by falling coal.

November 23, 1895. Union mine, Vanderburgh county. Theodore
Perasat, foot mashed between mine cars.

November 27, 1895. Crawford No. 1 mine, Parke county. William
Bucholtz, Sr. Knee hurt by falling coal.

November 28, 1895. Gart. No. 3 mine, Clay county, Wm. Travis,
finger broken.

December 3, 1895. Cox No. 3 mine, Parke county. West Carroll, leg
hurt by falling coal.

December 3, 1895. Nickel Plate mine, Clay County. James Phillips,
shghtly injured by falling coal.
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December —, 1895. Brazil mine, Clay county. Bert McAllister and
John McGuire each had a band mashed with falling coal.

December 17, 1895, Nellie mine, Clay county. Wm. Ball, leg hurt by
falling coal. ’

December 23. Briar Hill mine, Clay county. James Blakely, slightly
hurt by falling coal. '

December 18, Island No. 1 mine, Greene county. Dora Benjiman,
wrist hurt by mine car.

December 3. Summit mine, Greene county. Nick Woods, hurt by
falling coal.

December 19. Summit mine, Greene county. Wm. Brown, caught by
a mine car. :

December 8. Dugger mine, Sullivan county. Jasper A. Cumbaugh
and W. U. Somers, hurt by delayed shot.

December 20. Parke No. 8 mine, Parke county. Frank O’Donnel,
back bruised by falling slate.

December 11. Phenix mine, Sullivan county. James Anderson, ankle
sprained by a mine car.

December 17. Phenix mine, Sullivan county. dJoe Drake, ankle
sprained by a car.

December 17. Phenix mine, Sullivan county. James Wilson, finger
mashed on right hand by a car.



REPORT OF STATE INSPECTOR OF MINES. 459

Table showing the causes of accidents occurring during the year

CAUSE. Fatal. |Serious.| Minor. | Total.

Fallof roof.............c.co0 0 SO 12 21 20 653
Fallofcoal........... ...t 9 14 23
Byminecars ..........coiiiiii, 3 8 13 24
By explosionofgas ................o o]l 2 |l 2
By explosion of blasts .................... 2 4 3 9
By cagesinshaft. ............. ... ... ... 2 2 2 6
Byrailroad cars ........... ... i 1 2 3
Miscellaneous................ooooiiiint 1 5 8 14
Felldownshaft .......................... 3 ) O 4
Totals. ..oovivvn i 23 53 62 138

Table showing the number of accidents in each county during the year.

CouNTy. Fatal. |Serious.| Minor. | Total.
Clay ..o 6 24 28 58
Daviess . ..o it e e 1 1 2
Fountain .........ccoiiiiitineniienenenci|onnnnnn. 1 |....... 1
[ 5 2 =Y=) 1 L= 1 PP PP 1 5 6 11
KNoX i i e 2 1 |........ 3
L ORI PO S P I
Parke 4 6 8 18
Perry . ... e
Pike oot e i ) A N P 1
Sullivan. .............. e 3 5 11 19
Vanderburgh .......... ... ..o 2 1 1 4
Vermillion ......coov oo 2 | 2
VIO oot e 2 6 6 14
Warrick. ... 2 1 1 4
Totals. .ovreeiinr i i ceeieneans 23 53 62 138

It will be seen from the above table that falls of roof and coal are re-
sponsible for more than half the accidents happening in the State. In a
large majority of cases accidents from these canses are to be attributed to
the carlessness either of the person injured or that of the person whose
duty it is to see that travelling ways in the mines are made safe.

There are some exceptions to this rule, as an examination will not
always discover defects in the roof of the mine, however carefully it may
be made. Still it can not be toe strongly urged upon those charged with
the duty of making this examination, and the persons who are to incur
the danger, that a frequent and careful examination of the roof and coal
in the travelling ways and at the working places is absolutely necessary
to render the work of the mine employe even comparatively safe. The
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three fatal injuries resulting from mine cars during the year were of such
a character that the persons injured were largely responsible for the acci-
dents. Two of them were of drivers who were riding upon the front end
" of the cars, so that they could be near their mules, which is a very com-
mon practice in the mines, though the law expressly forbids any person
from riding upon a loaded car. This is treated as implying an excep-
tion in the case of drivers and persons in charge of cars where haulage
systems are employed, and indeed it appears that this exception is neces-
sary. The most that the Inspector can do in such cases is to recommend
that extraordinary care be taken to prevent accidents, by the persons
whose duty requires them to occupy such places.

Of the accidents noted as having been caused by the explosion of blasts,
all but two were caused by persons becoming impatient of waiting for
their shots to explode after having been lighted, and in returning to see
what was wrong the explosion took place while they were in range of
coal thrown from the shot. These could have been prevented by allow-
ing the proper time to elapse before returning to see whether the fuse
had died out. Of the two exceptions, one was caused by a shot blowing
through a pillar and the other occurred while a missed shot was being
drilled out. Accidents of the first kind can be prevented by pillars be-
ing left at proper thickness, as would be done if the mine was properly
surveyed, aod their occurrence is the fault of the persons in charge of
the mine. Death from falling down the shaft might have been prevented
by compliance with the law requiring safety-gates to be placed upon the
top of the shaft. One of them occurred ata mine where less than ten
men were employed, and to which the Mining Law does not apply, and
the others were caused by gates being left open. T found a great deal of
reason 1o complain of this when I first began my inspection, but during
the last few months of the year I inspected but one miue where the gates
are not kept closed, except when in actual use.
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Pror. W. 8. BLATCHLEY,
State Geologist of Indiana.

Sir—In accordance with the atatutes providing for the appointment of
a State Supervisor of Oil Inspection and Deputy Supervisors of Mineral
Oils and other substances, and to regulate the sale of the same for illum-
inating purposes, I herewith submit my fourth annual report for the in-
spection of illuminating oils for the period commeneing November 1,
1893, and up to and including October 31, 1894.

NELSON J. HYDE.
State Supervisor of Oil Inspection.
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The total number of barrels of oil inspected from November 1, 1893,
to and including October 31, 1894, amounted to 246,444. Of this
number 246,060 barrels were approved, and 384 were rejected. Deduct-
ing the number of barrels rejected, there remained 246,060 barrels for
consumption in Indiana, showing a small increase over the preceding
year, and a decrease of nearly 500 barrels of rejected oil, which speaks
well for the efficiency of the Supervisors and our inspection law, and
also shows that manufacturers have begun to realize that it does not pay
to ship oil into Indiana that does not come up to the legal requirements
of our inspection law. As to the general working of the law, it is grati-
fying to be able to report that there have been no deliberate and intended
violations of it. All dealers seem anxious and willing to assist the In-
spectors in enforcing the law. Nearly all refineries now in Ohio, Penn-
sylvania and other states, inspect their oil before shipping, which saves
them a great deal of trouble and expense in having .it returned to
them as rejected oil should the same not be approved. I have had
printed a large number of copies of our law and mailed to all refiners
who ship oil into the State with the advice to be sure that oil shipped by
them into Indiana would meet the requirements of our law, for it would
certainly be rejected if not up to the legal test. In nearly every
instance they have cheerfully complied with the request thanking me for
copies of the law, which enabled them to know just what the law was on
inspection. That the methods adopted for the enforcement of the law,
and the security of life and property have been successful, is fairly shown
by the fact that there was not a single explosion of oil in the State during
the past year, nor a life lost, nor a fire, or accident traceable to illur-
inating oil. Some accidents have occurred from the use of gasoline in
several parts of the State, but until some restrictions are placed upon this
most dangerous fluid, the Inspector is powerless to prevent it. I would
again suggest that you call the attention of the Legislature to take some
action to prohibit the sale of low grades of gasoline, naptha, etc., and
thus secure to the people of the State greater safety, both in life and
property. The authors of the present law evidently sought to so arrange
its provisions that no unsafe oil could be legally used whilst the require-
ments were made such that an excess of cost to the consumer was to be
avoided. The minimum of accidents, and the cheap prices of oil show
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that the results sought have been obtained, so far as illuminating oils are
concerned, and I believe if the attention of our law makers were called
to the defect of our law, in not having gasoliue under proper restrictions,
they would hasten to remedy the defect.

It is the concurrent testimony of every careful investigator that our
present requirements of 120° flash test was wisely fixed, and that any
change would not be for the best interest of the people. The tendency
of all recent changes made in other States have been in the direction of
the Indiana law, with an amendment, placing gasoline, naptha and all
other light fluids under proper restrictions, and having all such fluids
branded by the Inspectors as rejected” for illuminating purposes.

I believe in most parts, that the law is a good one, and if strictly en-
forced will be the means of giving to the people a safe, and at the same
time the most economical light that can be procured.

In conclusion it affords me great pleasure to repeat that I have every
reason to believe that the law is being properly enforced, and I am
gratified to know that the law is accomplishing all that was intended
by its enactment, and the consumer is fully compensated by its existence
and enforcement in the saving of life and property. .

The following tables will show the number of barrels approved, the
number rejected, with total inspections each month by stations and place
of manufacture. Respectfully submitted,

NEewsox J. Hybpg,
State Supervisor of Oil Inspection.

The following table will show total inspections for year and by months :

Number of barrels approved ............. ..o, e 246,060
Number of barrels rejected ............ i il 384
Total inspections for year..... ... .. .. . i i _216,444

TABLE SHOWING INSPECTION BY MONTHS.

MonTa. Approved. | Rejected. Total.

November 30,157 |....... ... 30,1567
December 29,329 7 29,336
January ...l 28,500 (............ . 28,590
February 23,016 120 23,136
March ... 19,861 |............ 19,861
April oo 15,644 |............ 15,544
May ... 16,077 130 15,207
JUne. ... 14,082 ... ... 11,082
July ..o 11,890 ... ........ 11,890
Aungust. ... ... ... ol 14,153 127 14,280
September............... 18,150 |............ 18,150
October ........ ... oo i 29,211 ...l 29,211

Total ................ooiiiat, 246,060 384 246,444
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TABLE SHOWING PLACE OF MANUFACTURE.

Lima, Ohio ......ouni i e i e e 136,771
Cleveland, Ohio ... ..cooveiii i e 10,729
Toledo, Ohio. ... oo 4,148
Findlay, Ohio.... ... .o i i i e 845
Cincinnatl, OhIo . ...\ .viviiit et e e e, 732
Whiting, Ind ... ..o 66,880
Oil City, Pa ... o i e e 13,221
Pittsburgh, Pa . ... .. 3,963
Reno, Pa ... e e 1,737
Titusville, Pa................ U 2,604
Franklin, Pa. ..o i e 1,730
Bear Creek, Pa. ... ... i 1,260
Washington, Pa.......o.iir i i it e 676
Freedom, Pa....... ... it i e 354
Warren, Pa. . ououini i s 122
Parkersburg, W. Va ... ... i i e 632
St. Louis, Mo ... e 40

Total........ e e e e e e e e 246,444

Ohio oo e e e ... 153,225
Indiana ... ..o e e e 66,880
Penmsylvania ... e 25,667
West Virginia. ... oo it e 632
WISCOMSII & . ettt e i i i e it e e 40

TOtAL. e e et e e e e 246,444
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TABLE SHOWING INSPECTIONS BY STATIONS.
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STATIONS. Approved. | Rejected. Total.
Evansville.................... ... ... 18,100 132 18,232
Vincennes.................c.ocoiieal 8,712 [............ 8,712
New Albany..................... ... 3,267 [............ 3,267
Jeffersonville. ............ ... ool .et 1,726 [............ 1,725
Madison .........coviiiii it 3,420 (............ 3,420
Brookville...............coo il f 1450 ...l 1,450
Aurora. ... ..o 2,870 |........... 2,370
Greensburgh ............... ... ... 644 ... ... .. ... 644
Shelbyville. .........cc.ovviiiiin... 549 ...l 549
Columbus .............ooo il 2,040 |.........L. 2,040
Rushville................. B T 427
Union City ....... oot ii ot 2,106 |............ 2,106
Richmondy. ........................... 6,210 |............ 6,210
Muncie ..ot 2,940 ..., 2,940
Indianapolis ......................... 59,406 252 59,668
Terre Haute...................... 0. 11,326 |............ 11,326
Crawfordsville ........................ 4258 |........... 4,258
Brazil.... ..o 1,140 |...... ... 1,140
Lafayette ............c.ccoviivinuan, 12,143 |............ 12,143
Kokomo ..........ocovvul... e 2,185 ...l 2,185
Logansport . ......veveniieieiiiie 9,329 |..... ... 9,329
Delphi ... 1,495 |............ 1,495
Rochester .......... ... ...l 979 ... 979
Whiting . ....... .o 4,768 ... 4,768
Hammond.................. o 4,629 |[............ 4,629
Valparaiso .....ooveuiiiin i L4775 |l 1,475
Peru......... ..., 5,043 f............ 5,943
Marion ........c.coiiiiiiiii i 2,986 ............ 2,986
Huntington ............... ... ... .. 2,671 |............ 2,671
Ft. Wayne . ......c.ooveiieninn... 13,854 |............ 13,854
SouthBend............coociviiaL. 7,148 | oLl 7,148
Elkhart ....ooviiiiiiiiiieiiiinns 7,369 ... .. 7,369
Goshen .......... ... il 2,629 ... 2,629
Laporte ...........coooviviii e, 2,249 (... L 2,249
Michigan City ..........c.cocovii. 2,156 |............ 2,156
Warsaw ..ttt e 155 ...l 155
Louisville ..., 7,031 |............ 7,031
Cincinnati...........coviiviieiinenan 6,004 (............ 6,004
Toledo . ....cooveii i 664 |............ 664
Lima ............... e 11,441 |.......... .. 11,441
Mansfield e 2,928 ... 2,923
Cleveland ...t 3,744 ... ... 3,744

) R 24,060 384 246,444

The following is a complete report of inspections from November 1,
1894, up to and including February 28, 1895, the end of my official

term:

Number barrels approved . ..... ..ot
Number barrels rejected .............ociviiiie i,

30—GEOLOGY.

122,008
362

122,365
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INSPECTION BY MONTHS,

Approved. Rejected. Total.
November . ........cooiii i, 30,686 ...... 30,686
December......... ... ..l 35,513 132 35,645
Jannary . ... 31,567 230 31,797
February ... 24699 ... 24,699
Total..........covii i 121,003 362 122,365
THE FOLLOWING TABLE SHOWS PLACE OF MANUKFACTURE.
Barrels.
Whiting, Ind .......... ... 34,200
Lima, Ohio ... oo i e e e e 64,881
Cleveland, Ohio ... ... ... i i i e et 6,863
Toledo, Ohio. . ... ..o i e e e et e e 2,898
Findlay, Ohio.. ... ... e e © 603
OILCity, Pa. ...t e e e e e 6,165
Pittsburgh, Pa . ... oo e e 1,572
Franklin, Pa. . ... ... e 950
Reno, Pa .. ..o e 1,340
Washington, Pa ........... .. 952
Titusville, Pa .. ..ot e e 809
Warren, Pa . .. .u e e e e 457
Bear Creek, Pa....... .. i e 60
Rossville, Pa. ..., ..ce it i it e 25
St. Lowis, MO .. .vit i i e i 90
Parkersburg, W. Va ... ..o e . 500
TOMAL . -+« e e et e e e e 122,365
INSPECTION BY STATIONS.
Evansville.................. 8,789 | Delphi ..................... 690
Vincennes .......o.vvvvennn.. 4,186 || Rochester. .................. ) 504
New Albany ................ 1,426 || Whiting . ... .....covovennn... 3,190
Jeffersonville ............... 700 || Hammond .................. 2,303
Louisville ............... ... 2,747 || Valparaiso ................. 838
Madison...........coevivnnn 1,689 | Peru ..., 2,854
AUrora.......cooevvniinnenn. 1,184 (| Marion...........ccovevnn.. 1,809
Brookville.................. 690 || Huntington. ................ 1,377
Greensburg ................. 495 (| Fort Wayne ................ 5,447
Shelbyville . .............0 720 || South Bend ................. 3,431
Columbus .................. 1,368 || Warsaw .................... 662
Danville ...t 396 || Laporte .................... 916
Rushville................... 576 || Elkhart ............... ..., 3,560
Union City .......ooviiiiit. 1,245 || Goshen................ .. ... 1,299
Muncie.......... ..ol 1,010 || Michigan City .............. 1,047
Richmond ........ ... 2,880 (| Cincinnati, Ohio ............ 2,025
Indianapolis................ 27,827 || Mansfield, Ohio............. 707
Crawfordsville .............. 2,105 || Cleveland, Ohio............. 2,394
Brazil .............coiiin 1,180 || Lima, Ohio ................. 7,014
Terre Haute ................ 5,670 || Toledo, Ohio................ 775
Lafayette.................. 7,300 —_—
Kokomo ............... PR 1,150 Total................... 122,365
Logansport ................. 4,240
Respectfully submitted, NEeLson J. HyDE,

State Supervisor of Oils.
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Room 92, StaTE HoOUSE,

|
OFFICE OF STATE SUPERVISOR OF OIL INSPECTION,
Inprawaroris, INp., January 13, 1846.

Pror. W. S. BLaTCcHLEY,
State Geologist of Indiana:

Sir—In compliance with an act passed February 25, 1891, I herewith
submit to you my first report as State Supervisor of Oil Inspection. ~The
report embraces the period between March first (1st), 1895, the begin-
ning of my official term, and December thirty-first (31st), 1895, in-
clusive.

Respectfully,
C. F. Haww.
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Having been appointed to the office of State Supervisor of Oil In-
spection on March 1, 1895, I assumed the duties, after complying with
the requirements of the law, and soon thereafter the following deputies
were appointed as my assistants in the various parts of the State:

Viele, Walter......... Evansville. Magee, Wm. H ....... Lafayette,
Weems, Robert F .. ... Vincennes. Davidson, James G. ... Whiting.
Dorsey, C. B.......... New Albany. Johnston, John M..... Logansport.
Bowman, M. J........ Madison. Daly, W. F........... Peru.

Mills, L. B........... New Maysville. [Sebring, W. D........ Portland.
Shirk, B.F........... Muncig. Thorward, Theo. ...... Fort Wayne.
Boltz, J.H........... Winchester. Schutt, M. A.......... Michigan City.
Dorsey, W. C......... Terre Haute. Derr, Walter.......... South Bend.
Carr, W. C............ Crawfordsville. |Cornell, J. B.......... Goshen.

During the ten months of my administration .of the office 43,706
barrels of oil were inspected by myself, and 152,694 by my deputies and
assistants. Of this number 551 barrels were rejected. The standard
test for all illuminating oils in Indiana is gravity test, Beaume’s hydro-
meter, not below 46° nor higher than 50°. The said oils shall bear a
flash test not below 120° Fahrenheit, and a fire test not below 140°
Falrenheit. This test is as high, if not higher, than that required by
any other State in the Unirn. Much of the oil that was rejected would
very likely have passed the inspection in other States, but it would not
stand the test required by law in Indiana.

While the law concerning the inspection of oils has been generally
obeyed, there have been a few intended violations of it. Two parties who
persisted in selling uninspected oil in Vermillion and Fountain counties
were arrested and fined $50.00 and costs each. At the present writing
warrants are out for two additional violators of the law in the same sec-
tion of the State. The uninspected oil sold was shipped into Indiana
from Danville, Ill., and the Deputy Inspector in the Eighth District was
not notified by the persons to whom it was consigned.

It is the duty of all Deputy Inspectors to prosecute any and all violators
of the law and any failure to do so renders them at once liable to be re-
moved, and at the same time fined in a sum not to exceed $500.

On account of the high test required and rigid inspection of the oil
sold in the State no accident resulting from the use of illuminating oils
has come to my notice, during my term of office. Some complaints have
been made that the oil at present sold has a tendency to smoke the chim-
neys, but this is doubtless due to faults in the burner and wick used
rather than in the oil itself.
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The following table will show the total inspections for the ten months
covered by this report, also the number of barrels inspected by the month.

Number of barrels approved........... ...l 196,400

Number of barrelsrejected.............ocooi i, 551

Total inspections forten months . ................ ... ... ..., 196,951

TABLE SHOWING INSPECTIONS BY MONTHS.
MonTHs. Approved. | Rejected. Total.
March ..o 20,936 123 21,059
April ..o 17,228 |............ 17,228
MAY oo 11,036 |.oooviiii.. 11,036
JUDC .+ e 10,369 |.ooooeeninns 10,369
July ..o 10,760 |............ 10,760
Aungust. ... i 14,567 |............ 14,567
September............. ... ... 19,620 ............ 19,520
October ..........ovvviiiiii . 27,469 428 27,897
November................... ool 32,004 |............ 32,904
December ..................i 3,611 |............ 31,611
Total ..., 196,400 561 196,951
TABLE SHOWING INSPECTIONS BY STATIONS.
STATIONS. Approved. | Rejected. Total.

Evansville . ............ ... .. ... ... 14,487 |...... ... 14,487
Vincennes...................... .00 T3 | 7,153
New Albany ..................... ..., 3,267 ... 3,267
Jeffersonville. ............ ... ... ... 1,801 ... 1,801
Madison ..., 2,276 ... 2,276
Brookville ....... ... ... o il 1,676 |............ 1,675
Aurora ... oo 1,308 |...... ... 1,308
Greensbhurg. ............. ...l 842 ... 842
Rushville ... ... 1,450 |...... ... 1,450
Shelbyville. ........... ... ... 893 ... 893
Columbus ......... ..., 1,443 |........ ... 1,443
Danville . ............. ... o il 976 |...... ... 976
Union City................... oo 1,020 ...l 1,020
Richmond................. ... ..o 3,960 |............ 3,960
Muncie ........... ... it 1,448 ... ... 1,448
Indianapolis ......................... 43,706 551 44,257
Terre Haute.......... ... .. ... ... 10,249 |............ 10,249
Brazil «.....oovoiiiiei 2013 {......... . 2,013
Crawfordsville........................ 2,801 |............ 2,801
Lafayette ...........ccoiiviiiiiinannn 13,286 |............ 13,286
KOKOMO « - e s ooe oo 1,748 | 1,743
Logansport.......... ..o iiiiinn... 6,020 |............ 6,920
Delphi. v, e, 1,265 |oooooiiiill. 1,265
Rochester ............... ... ... 488 |...o........ 488
WRItIDG ..o v 5,087 |............ 5,087
Hammond ..................... ... 234 3,234
Valparaiso . ........... ...l 1,060 ............ 1.060
North Manchester .................... 719 1.l 719
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TABLE SHOWING INSPECTIONS BY STATIONS—Continued. '

STATIONS, Approved. | Rejected. Total.
Peru......oooiiii i 4,479 ...l 4,479
Marion .. .ovviviiinn i L 1,573 ...l 1,573
Huntington ..........coovviiiiiiain 1,616 ............ 1,616
Portland ......... ...t 120 |l 120
Ft. Wayne ........... ..ot 9410 |............ 9,410
South Bend .......................... 6,024 ........ ... 6,024
Michigan City ................... ..., 1,623 |.......... .. 1,623
Elkbart ... ...l 4,046 |............ 4,046
Laporte .......cooviiiiiii i 1,738 (... 1,738
Warsaw . ... 1,072 |l 1,072
Goshen .......... ... il 1,851 |............ 1,851
Touisville, Ky................oo o0 3,910 [............ 3,910
Cincinnati, Ohio .. .................... 3,806 |............ - 3,806
Toledo, Ohio ..........cooiiiiit. 1,654 |............ 1,554
Lima, Ohio .......................... 10,679 {............ 10,679
Mansfield, Ohio. ...................... ;% S N 745
Cleveland, Ohio ...................... 4456 |............ 4,456
Hamilton, Ohio ...................... 1,128 ...l 1,128

Total ........coiiiiiiiiennn 196,400 551 196,951

TABLE SHOWING PLACE OF MANUFACTURE.

Whiting, Ind . ... ..o 57,805
Lima, Ohio .. ... e e et e 104,584
Toledo, Ohio. ...t i e it e et 5,110
Pittsburgh, Pa....... ... ... 4,084
Frankling Pa. ..o 148
Cleveland, OBio .. ...t i i e e 11,751
Findlay, Ohio. ... ..o o e 1,082
Ol City, Pa. ..o e 5,259
Washingion, Pa.......ooo e 4,273
Titusville, Pa.... ..o e e 1,545
Reno, Pa ... . s 513
Bear Creek, Pa. ... ... i e e 120
St. Louwis, Mo «. i e e e s 135
Chicago, T1L. ... . i e 14
Buffalo, N. Y .o e 123
Welker, OBIo oottt e i e e e e 345
Marcus Hook, Pa. . ...t i e 60



REPORT OF STATE SUPERVISOR OF OILS. 471

TABLE SHOWING STATES WHERE OIL WAS MANUFACTURED.

ORIO « . oot et e 122,872
Indiama. ... .o e e e e 57,805
Pennsylvania .......... o e 16,002
MESBOMIT. ¢ ot vttt e ettt e e e e 135
New YOrk . ..o e e 123
THHROIS oottt e e e e e e e e 14

Total. .o e e e 196,951

How much of the oil refined at Whiting, Ind., and Lima, O., is made
from the crude petroleum produced in Indiana I have not been able to
ascertain. The development of the petroleum industry in this State has
continued to steadily advance, and during the year 1895 nearly three
thousand new wells were put down, more than three-fourths of which
proved productive.

Oil found in Ohio and Indiana comes from the Trenton limestone. It
contains more sulphur and nitrogen than does the shale oil of Pennsyl-
vania. For this reason it is of a darker color, higher specific gravity, and
possesses a more rank and disagreeable odor. These properties diminish
the commercial value of the Ohio and Indiana product to a considerable
extent. During the oil boom in April, 1895, the highest point touched
by the Pennsylvania oil was $2.70 per barrel, while the highest reached
by the Ohio oil was $1.24; the Indiana product being about 10 cents
less than the Ohio, though for no known reason, as the oil fields of the
two States are doubtless continuous and the product essentially the same.

The following table shows the number of wells completed by months
in Indiana during the year 1895, with the average daily production of
each, and the number which proved dry; also, the number of welis
being drilled and the rigs up on December 31, 1895:

NUMBER OF WELLS COMPLETED BY MONTHS IN 1895.

1 Qm
g |22 | & .
MONTHS. B &4 2 5| 5
=2 Bo = = B
G o o v B
B Z B a <t
January ... 222 3,150 99 201 137
Februar 1m 425 72 156 111
March 235 3,09 83 187 131
April 2 4,163 76 223 343
May.. 311 5,014 86 289
June 240 | 4,730 59 250 314
July ... 262 | 5,235 57 282 326
August 2361 4,750 50 212 239
Sentember ... vt e s sreaeies 272 | 5,220 57 284 144
October ... . 204 | 3,600 42 222 135
November .. 150. il - 175 81
December ..-voereneene eirseresiarassiaeeas seassesnnans savenens 152 | 2,306 39 158 62

TOtAL creeemniererns crresnns wosaeerssonnrrisissnsanans sases susons 2,711; | 46,342 54 | 2,638 2,368
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WELLS COMPLETED IN ADAMS COUNTY IN 1895, BY MONTHS.

\ ‘I’E:
g 182 | » . .
Ond - w
MONTHS. W2 | &F | 92 i 5
s | BS | T = %
D -
B & E & z
JADUALY wvresnsnariermrveessmmansnsnnns 21 600 4 18 18
February 19 400 3 19 16
March «eoenee 24 440 4 20 17
April 32 505 5 21 37
AY ceve-verers 43 710 7 36 38
June 39 800 5 31 27
5B 1oz 4
ugust ......
September 36 710 6 39 16
October...... 26 385 5 30 13
November 12 180 1 16 7
Dcecember 11 110 2 12 10
TOtAl ceuererer merssnns covinssarensirssversases sovans 328 | 6,210 51 308 258
WELLS COMPLETED IN BLACKFORD COUNTY IN 1895, BY MONTHS.
. Sg
= - A
o - & -
MONTHS. =3 &4 2 8 5
BE B 3| BB
E Z B =) &
January ... 10 100 5 5 5
February . 5 20 3 3 8
March .. 12 330 3 16 9
April. 14 450 4 17 21
May... 16| 50 5| 19 23
June.. 13 500 4 16 21
July .. 17 670 3 21 22
August.. 21 700 2 16 8
Septemb U 605 4 21 12
October u 230 3 9 18
Novemb 13 205 2 12 11
December 12 140 3 9 5
Tgml 165 ‘ 4,454 { a1 } 164 163
WELLS COMPLETED IN GRANT COUNTY IN 1895, BY MONTHS.
f S
E 1= 2| .| .
og S & o
MONTHS. -2 &g = i S
=2 -3} = = =
=2 2 = = 8
B |z | B | & | B
January ... 28 350 12 21 8
February . 21 310 13 n 5
arch .. 16 206 9 13 6
April. 15 135 8 12 32
ay... 27| 315 9 2 29
June .. 12 210 4 16 31
T TR
ugus
September 31 645 7 19 1
ctober 20 620 2 27 21
November 20 340 4 21 12
December.......... .. 23 305 5 22 8
Totalceeerranreesrunes St A 251 4,040 84 210 208
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1
) =™
== .
LB E| s s
o
MONTHS. 2‘;3, g P E B
3 | 58| @ | £ | B
= Z E a &
January 6 150 3 5 6
February 7 125 3 6 7
March .. 6 60 3 5 3
April...... 7 200 2 8 13
ay 10 235 3 13 17
June -.... 6 120 3 16 19
July ... 5 120 2 15 18
August 3 60 [coviresenns 8 16
Septembe 6 75 2 6 9
October 7 105 2 4 8
November 2 10 J...... 3 4
December. 6 100 2 4 5
TOLAL ceoassiviiierecnsnen srvsasrssesvresvasssonsecanisieossassesnesnanes 71 1,360 25 93 125
= !
WELLS COMPLETED IN JAY COUNTY IN 1895, BY MONTHS.
. S
TR |
E. | 2| 2| 4 .
MONTHS. % &% | R g ﬂ S
= %52 | %
] =] © = X
Y 27 | B | A ‘ &
JADUATY croectetrramumestsnsionntioncssonesraeiisinnsesressaassasss sosasens 36 8'0 6 35 32
February . 530 5 26 23
March .. 41 610 6 31 24
April.. 46 707 6 35 44
May.... 57 05 9 47 51
Juno .. 46 810 7 40 60
July - 51 940 9 51 7
August 810 8 38 42
September 51 905 9 46 21
October ....... 410 10 31 12
November 19 220 6 26 6
December 21 210 6 22 8
TOLAL +everercvrrerernissineeesrrtasrnnesnscssissssenmirensnres seserasnnnes 468 | 7,897 8 428 393
WELLS COMPLETED IN WELLS COUNTY IN 18%, BY MONTHS.
q &
g 22 | &
Ss |22 &5 | 8 &
MONTHS. oS | &4 > ki 5
B Z E A &
JADUATY o cvenniierieirineissnmisissesiarenriinesssssnisnnisans sotnisoens 58 | 1,060 7 56 4
February . 51 4 5 44 3
March ... 67 | 1,120 6 62 43
April . 80 1,863 7 87 P9
BY +ree 97 2,130 11 9% 101
June 83 ( 1,845 \ 10 94 102
July oo 104 | 27160 9| 103 90
August 98 | 2,040 11 86 84
September 103 | 2,160 13 126 62
ctober 8] 1910 13 96 44
Novembe 71| 1,605 9 81 32
December 62 | 1,410 7 60 21
TOEAL o ves st s sensrs oo sssrsssnms seesss s oo | 963 | 20,243 l 108 | oo 762
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WELLS COMPLETED IN ALL ADDITIONAL COUNTIES IN INDIANA IN WHICH
DRILLING FOR OIL WAS DONE IN 1805, BY MONTHS.

TR
S . =y & @ .
MONTHS, % | £4 | R g 5
E‘; 3 g = 5 w
G oy G [ =
E g | = & E
. | .
January ... . 66 | - 50 62 61 24
February . . . . 44 100 40 48 21
March 69 330 52 1 29
April. 62 3 44 43 97
ay 61 215 42 52 86
June. 41 45 26 37 54
July - 35 310 24 62
August.. 24 200 19 22 40
September... 21 120 16 27 13
Qctober ...... 30 9 22 19
November ... 13 5 12 16
December n 17 30 14 29 6
Total ! 465 ‘ 2138 | 360 | 444 459

In conclusion, I will say that in my opinion the luw regulating the in-
spection of oil is accomplishing all that its originators intended. It has
resulted in a much better grade of oil being furnished to the consumers
than was done before its enactment. As a result the loss of life and
property due to explosions bas been reduced to a minimum. All of this
has been brought about without cost to the tax-payers of the State, as
the expense of inspection is wholly borne by the oil companies.

Respectfully submitted,
C. F. HALL.




THE CRAWFISHES OF THE STATE OF INDIANA.

BY W. P. HAY, M. 8.

Pror. W. 8. BLATCHLEY,
Indianapolis, Ind.:

DEaRr Sir—I herewith present to you my report on the crawfishes of
the State of Indiana In the following pages I have brought together a
set of descriptions taken from Indiana types of-the species which occur
within the limits of the State. Keeping constantly in mind the needs of
the teacher and student, I have made my descriptions full and at the
same time as simple as the subject would permit. As a further aid in
identification I have prepared tor each species a set of camera lucida
drawings to show the characteristic features. The analytical key will also
be found of the greatest assistance to the worker. Along with the descrip--
tions I have for each species mentioned the various points in our State in
which it has been taken. Until the distribution of the crawfishes is more
thoroughly worked up it would hardly be safe to expressin general terms
the extent of country over which a species is to be found.

I have also added in most cases a few notes regarding the habits.
Comparatively few observations have been made in this line and I regret
exceedingly that that part of my paper bhas been curtailed. Throughout
my work I have had constantly at my hand the works of Drs. Hagen and
Faxon on the crawfishes of North America, and I have used them freely
whenever I have had occasion to do so.

To Dr. Faxon, I wish to express my thanks for his suggestions regard-
ing the new spevies herein described.

To the following gentlemen I am very much indebted for the loan of
specimens and other favors, without which it would have been almost
impossible to have completed my work: Prof. B. M. Davis, Butler Col-
lege; Dr. C. H. Eigenmann, Indiana State University; Prof. A. C.
Yoder, Vincennes High School; Prof. J. T. Scovell, Terre Haute High
School ; Dr. O. P. Hay, Field Columbian Museum ; Prof. W. W, Wright,
Oberlin College, Ohio; Prof. B. W. Evermann, U. 8. Fish Commission ;
Dr. G. Brown Goode, Director, and Mr. J. E. Benedict, Asgsistant
Curator, Department of Marine Invertebrates, U. S. National Museum.

WasaiNgTON, D. C., December, 1895.



INTRODUCTION.

The genus Cambarus.—This genus, which was proposed by Erichson in |
1846 to contain certain peculiar crawfishes of the American continent,
forms one division of the family Astacide, a family which is very closely
related to the Homaride, or lobsters, and from which they are distinguished
by the fact that the segment bearing the hindmost pair of walking legs
is not immovably fused to the one preceding it, but is capable of motion
back and forth. . }

The crawfishes then may be briefly described as long-tailed, ten-legged
crustaceans (contrasted with the crabs) having the anterior portion of the
body covered with a shell or carapace, which ends in front in a prominent
beak or rostrum, and which is divided near the middle by a transverse
groove, cervical groove. The first pair of walking legs is much enlarged,
end in pincers and serve as organs of offense and defense. The second
and third pairs of walking legs are much smaller, but likewise end in pin-
cers. The foucth and fifth pairs are not so provided and the latter pair
of legs are borne on a segment which is not fused with the one in front.
The family is divided into two groups or sub-families.

1. The Astacine, which includes those crawfishes having the first pair
of abdominal appendages in the male modified to form sexual organs.
This group is divided into two genera, Cambarus and Astacus, both of
which are found, so far as known, only in the northern hemisphere.

2. The Parastacine, including those crawfishes in which the first pair
of abdominal appendages in both sexes is entirely wanting. This group is
divided, at present, intosix genera, Astacoides, Cheraps, Engaeus, Parane-
phrops, Astacopsis and Parastacus, all of which are found south of the
equator and which probably never range far north of it.

In North America both genera of the Astacinae are found. Astacus,
however, occurs only west of the Rocky Mountains and in the Yellow-
stone River, while all the species to the eastward belong to the genus
Cambarus. Cambarus is distinguishable from Astacus by the following
characters: (1) the last body segment is not provided with a gill;
(2) in the male one or two pairs of thoracic legs bear on the lower
surface of the third segment a strong re-curved projection or hook,
and the first pair of abdominal appendages end in two distinct
branches; (3) in the female there is on the lower surface of the
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body, between the fourth and fifth pairs of walking legs, a peculiar irreg-
ularly conical elevation with a depressed and deeply furrowed apex—the
annulus ventralis.

The number of described species of Cambarus is at present sixty-one;
the only form which occurs beyond the limits of the North American
continent being C. typhlobius Jos., a blind species from the caves of
Carniola, in Austria. Of the genus Astacus only fourteen species are
known from Europe, Asia and North. America together.

In habits there is a greater variation among the species of crawfishes
than is generally supposed. Some inhabit only streams of pure running
water, others are to be looked for in lakes and standing pools, and others
visit the streams only during the spawning season. Some species lead a
roving life ; others spend most of their time hiding under stopes or other
objects in the water; others dig burrows into the banks of the stream
and from these tunnels sally forth to catch some unfortunate animal as it
passes by three of our species, at least, dig complicated burrows, often
some distance from the water, and erect over the holes a carefully con-
structed chimney.

The food of these animals probably varies to almost as great an extent
as their habits, but concerning this bat little is known. Some forms are
undoubtedly carnivorous, while for others the evidence, which, however,
is scant, points toward a diet that is very largely vegetable.

Specific Characters. In the genus Cambarus the variations among the
individuals are frequently perplexing; they are greater than among most
animals.

A crawfish apparently grows indefinitely, and with the increase in age
come more or less marked changes, not only in size but in the form and
proportions of the parts. In species which in the adult condition are
smooth the young are very apt to show spines on the rostrum or sides. of
the carapace. In species which bear spines the older individuals are
often better provided with these means of defense than the young

Accidental variations are always to be looked for. As is well known,
a crawfish is able to reproduce lost appendages, and as appendages are
very easily lost it is no unusual thing to find the large claw on one side
very unlike its mate on the other side, or to find one antenna long and
slender, while the other is a mere stump, These variations will never be
misleading unless they happen to be exactly alike on the two sides, a
thing which sometimes occurs. :

Between the two sexes there is a difference which extends to almost all
parts of the body. The female has a wider abdomen bearing stronger
swimmerets, usually a less developed armature, and weaker and smaller
claws. The amount of these sexual differences is variable, however,
owing to the fact that for each species there are two forms of the male;
of which one is more highly developed, better armed and fitted for
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gsexual union with the female. The other is apparently sterile and bears
a close resemblance to the opposite sex. In a paper * On the so-called
Dimorphism in the Genus Cambarus’’ (Amer. Jour. Sci., xxvii, Jan.
1884), Dr. Faxon calls attention to the discovery that these two forms
are simply phases in the life of the same individual; that during the
pairing season the characteristics of the ‘‘first form’’ are assumed, and
after a completion of the sexual union, a moult brings the animal into the
““second form,” another moult being necessary before the animal is again
capable of reproduction.

For dividing the genus into subordinate groups various characters have
been drawn into service, the most satisfactory, however, are those em-
ployed by Dr. Faxon, viz., the number of hooked legs in conjunction with
the character of the first abdominal appendages of the male. As will be
seen, for the successful ideatification of any species, specimens of the

- female alone will be of little value. Buch a method is open to criticism,
but it is the only one which seems to be a natural one, and, after all, the
difficulties are more imaginary than real.

The following analytical key will facilitate the identification of the fif-
teen species known to occur in Indiana:
1. Tuird segment of third and fourth pairs of legs of males hooked.
a. Kyes well developed. C. blandingii acutus (p. 481).
b. Eyes atrophied.
1. Carapace and rostrum with spines.  C. pellucidus (p. 482).
2. Carapace and rostrum smooth.
C. pellucidus testii (p. 484).
2. Third segment of only the third pair of legs of male hooked.
A. First pair of abdominal appendages of the male claviform, the
outer part truncate anc terminated by three small teeth,
inner part ending in a slender spine.  C. gracilis (p. 486).
B. First pair of abdominal appendages of the male ending in two
thick falciform teeth, the larger of which is formed by the
outer part of the appendage, the smaller by the inner part.
1. Areola linear or obliterated in the middle.
a. Anterior border of the carapace with a projecting angle

below the eye. C. diogenes (p. 489).

b. Anterior border of the carapace without a projecting
suborbital angle. C. argillicola (p. 492).

2. Areola moderately wide. C. bartonii (p. 487).

C. First pair of abdominal appendages of the male furciform, end-
ing in two nearly straight branches.
1. Rostrum without lateral spines. C. immunis (p. 501).




Fic. 1. Dorsal view of Cumbarus rusticus, male. 1, eye; 2, antennule; 3, antenna; 10, chela; 11, second pair of walking
legs; 14, fifth pair of walking legs; XV-XX, segments of the abdomen; a, acumen of rostrum; ab, abdomen; a.s., antennal
scale; ar, areola; c. g., cervical groove; ¢, carpus; I, lateral lobe of tail fin; L s, lateral spine; m, meros; m.f., movable finger;
o. f., outer finger; p, post orbital spine; ¢ proximal, ¢/, distal segnents of telson; th, thorax covered by the carapace.
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2. Rostrum with lateral spines.
a. Rostrum with a median longitudinal ridge above.
" C. propinguus (p. 497).
b. Rostrum without such a ridge.
1. First pair of abdominal appendages very long and deeply
cleft, reaching the base of the chelipeds when the ab-
domen is flexed. C. putnami (p. 504).
2. First pair of abdominal appendages shorter, not reaching
.the base of the chelipeds.
a. Sides of the rostrum concave.
1. Incurvation decided. - C. rusticus (p. 503).
2. Incurvation slight. C. indianensis (p. 494).
b. Sides of the rostrum not concave. .
1. Rami of the first abdominal appendages strongly re-
curved near the tips.
C. immunis spinirostris (p. 502).
2. Rami of the first abdominal appendages nearly
straight.
a. Bami long and slender. C. virilis (p. 499).
b. Rami short and thick. C. sloanii (p. 495).
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CAMBARUS BLANDINGII AcUTUS (Girard).

Cambarus acutus Girard, Proc. Acad. Nat. Sci., Phila., VI, 91, 1852,

Cambarus acutus Hagen, Ill. Cat. Mus. Comp. Zosl. No. III, p. 35.

Cambarus blandingii var. acuta Faxon, Mem. Mus. Comp. Zoél. X, No.
4, 1885, p. 20.

5

Fic. 2. Cumbarus blandingli acutus.—1, carapace from above; 2, carapace
from side; 3, antennal scale; 4, first abdominal appendage, male, F. 1;
5, first abdominal appendage, male, F. II; 6, anmulus ventralis.

Male, Form I.—Rostrum triangular, broad at the base, with sharp,
raised and convex marging; acumen short, lateral teeth small; post or-
bital spine small, ridges grooved externally, nearly parallel in front, but
strongly converging behind. Carapace oval, not flattened; nearly smooth
about the base of the rostrum, otherwise strongly tuberculate. Cervical
groove rather deep, sinuate, broken on the sides and ending above the
small branchiostegal spine. Areola rather narrow. Abdomen shorter
than the cephalothorax, well arched, and with nearly parallel sides.
Telson with the posterior border sinuate, proximal segment bispinose on
each side. Tail fin when extended equal in width to length of abdomen,.
Antennz slender, shorter than the body ; scale slightly longer than the
rostrum, widest near the middle, truncate at apex, with a short, terminal
spine, border inflated Epistoma triangular and densely fringed with
hairs.  Third maxillipeds, hairy below, within and without. Chelipeds
glender; meros, in perfect specimens, surpassing the tip of the rostrum;

31—GEoLOGY.
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chelw slender, rounded and heavily granulate or squamous, internal mar-
gin strongly dentate; fingers slender, external one nearly straight, in-
ternal one sinuate. Carpus long, nearly flat above, inner surface with
several strong spines. Meros slender, a ridge of small blunt spines above
and an irregular double line of larger spines below. Third and fourth
pairs of legs hooked, the hooks on the third pair being the largest and
strongest. [First pair of abdominal appendages short, straight and thick,
apex plainly bifid ; external part the strongest, bearing, at the extremity,
two curved, acute, horny spines and a pencil of hairs; internal portion
ending in two slender spines.

Male, Form IL.—Similar in general to Form I, but with smaller
hooks on the third and fourth pairs of legs.: The first abdominal append-
ages have an articulation near the base, apical teeth un both the internal
and external portions small and blunt, and the pencil of hairs almost gone.

Female.—8imilar, but with shorter chele and smoother carapace.
Annulus ventralis much wider than long, with a deep longitudinal fissure
dividing it, the sides of the fissure near the middle being raised into & prom-
inent elevation or tubercle on each side, and the tubercle of one side
often overhanging that of the other. ‘

Measurements of male, Form I—Length, 93 mm.; carapace, 49 mm.;
abdomen, 44 mm.; rostrum to cervical groove, 31.5 mm.; rostrum, 12
mm.; breadth of rostrum, 7 mm.; areola, 2 mm.; carapace, 23 mm.; sec-
ond abdominal segment, 19 mm,

Indiana Localities—Wheatland and Vincennes, Knox county; Turkey
Lake, Kosciusko county; Lake Maxinkuckee, Marshall county; Kanka-
kee River, Lake county; Terre Haute, Vigo county.

T Cambarus-blandingii acutus is to be looked for in almost any character
of surroundings. Usually, however, they occur in running water where
there is an abundant supply of vegetation.

-Camsarus PELLUCIDUS (Tellkampf).

Astacus pellucidus Tellkampf, Arch. Anvat. Physiol. u. Wissensch.
Med., 1844, p. 383.

Cambarus pellueidus Hagen, Ill. Cat. Mus. Comp. Zodl., No. III, p.
55, 1870.

Cambarus pellucidus Faxon, Mem. Mus. Comp. Zodl., X, No. 4, p.
40, 1885.

Cambarus pellucidus Hay, Proc. U. S. Nat. Mus., Vol. XVI, pp.
283-286, 1893. :
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Fia. 8. Coambarus pellucidus.—1 and 2, carapace from above and side; 3,
antennal scale; 4, first abdominal appendage male, F. I; 5, same, F. II; 6,
annulus ventralis.

Male, Form I.—Rostrum broad, smooth, and with a shallow foveola at
the base; margins raised and somewhat converging; rostral spines well
developed, slightly turned outward; acumen usually very long and
slender. Postorbital spines acute, the ridges very low. Carapace cylin-
drical, smooth above, granulate on the sides; lateral spines numerous
and directed obliquely outwards; areola long, sides nearly parallel.
Abdomen with nearly parallel sides, pleural angles obtuse; telson taper-
ing slightly to the evenly rounded extremity, proximal segment bi-spinose
on each side. Eyes atrophied, appearing as small white lumps hidden be-
neath the rostrum. Antenns longer than the body, scale about as long
as the rostrum, widest near the end. Epistoma short and broad, the
margins straight and swollen. Third maxillipeds hairy within  Cheli-
peds slender and long, the distal end of the meros reaching the tip of
the rostrum. Iand slender, covered with granulations which on the
inner border are larger and tooth-like ; movable finger nearly straight, the
tip strongly incurved. Carpus long, only slightly grooved above, the
inner surface bearing several small spines, Meros with a longitudinal
band of spines on both upper and lower surfaces. Hooks on the third
and fourth pairs of legs very strong and tooth-like, those on the third
legs strongest. First pair of abdominal appendages short, straight and
twisted at the apex, inner ramus bearing on its apex a small outwardly
directed tooth, which, as well as the tip of the outer ramus, is brown and
corneous,
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Male, Form Il.—Very similar, the hooks on the third and fourth pairs
of legs are not so strong, the first abdominal appendages have a smaller
apical tooth and the tips of the rami are not corneous.

Female.—More slender, with. weaker chele.  Annulus ventralis an
elliptical papilla crossed by a narrow, longitudinal line, which on the
posterior face gives off a small oblique branch on each side.

Measurements of male, Form I—Length, 68 mm.; carapace, 32
mm, ; abdomen, 36 mm.; rostrum to cervical groove, 19.5 mm.; ros-
trum, 8.5 mm. ; breadth of rostrum, 4 mm. ; carapace, 12 mm. ; areola,
2 mm. ; 2d abdominal segment, 11 5 mm.

Color in life a translucent creamy white, the stomach showing through
as a bluish spot in front of the cervical groove.

Indiana Localities.—Shiloh Cave, Down’s Cave, Dunnihue’s Cave, Con-
nelly’s Cave, Donelson’s Cave, Lawrence county; cave at Clifty, Bar-
tholomew county; cave near Paoli, and in Lost River, Orange county ;
Wyandotte Cave, Wildcat Cave, small cave near Wyandotte, and Ma-
rengo Cave (?), Crawford county; ‘‘caves in Harrison county;’’ caves
near Madison, Jefferson county.

Cambarus pellucidus was first described from specimens from the Mam-
moth Cave of Kentucky. It wasdiscovered to occur in Wyandotte Cave
by Prof. E. D. Cope, in 1871, and in 1872 he described it as a new
species and genus Orconectes inermis, establishing the new genus to con-
tain all the blind crawfishes.

The generic differentiation met with no acceptance, and the form
““ inermis” is now hardly recognized even as a variety of pellucidus. The
species is extremely variable in such points as the length of the rostrum
and the arrangement of spines  This variation I have found most marked
in specimens taken from the caves of Lawrence and Monroe counties.
In Shiloh Cave, near Bedford, I have collected a series of between forty
and fifty specimens. Awmong them I find individuals which agree almost
perfectly with specimens from Mammoth Cave, and other individuals
which are almost entirely destitute of spines. From the caves of Monroe
county comes a peculiar form which is entirely without spines on the car-
apace. So constant is this feature and so different is the appearance of
these specimens that I have separated them as a subspecies.

CamMBARUS PELLUCIDUS TESTII Hay

Combaorus pellucidus Packard. Monograph Cave Animals of N. A.,
Mem. Nat. Acad. Sci. Vol. IX, No. 9, p. 16, 1888.

Cambarus pellucidus Faxon. Notes on N. A. Crayfishes, Proc. U. S.
Nat. Museum, Vol. XII, p. 621, 1890.

Cambarus pellucidus testii Hay. . Proc. U. 8. Nat. Museum, Vol. XVI,
pp- 283-286, 1893.
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1 ; ;
Fi16. 4. Cambarus pellucidus testii.—1, carapace from above; 2, antennal scale;
3, annulus ventralis,

Differs from C. pellueidus in the great reduction of the spines. Instead
of being rough and very spiny, as the typical specimens from Mammoth
Cave are described as being, they are entirely smooth. The lateral rostral
spines are wholly gone, the post-orbital ridges are smooth and rounded at
the end, and the lateral spines of the carapace are at best represented by
a few low, smooth tubercles.

The rostrum is shortened still more than in Prof. Cope’s inermis, and
instead of being ‘‘ deeply sinuated to form the acumen,” runs to a point
in a gradual curve, very much resembling in this respect C. acuminatus.

The portion of the carapace in front of the cervical groove is shorter
than in the average of specimens from Shiloh Cave, and conspicuously
shorter than in specimens from Mammoth Cave. In respect to the hooks
on the legs of the males I find the species variable. In none do I find
hooks on both legs of the fourth pair; generally they are wholly wanting,
but in some there is a small tubercle on one leg, which is missing from
the other The hooks on the third pair of legs are of a slightly different
form from those of specimens from Shiloh or Wyandotte. They are
shorter, blunter, and not curved.

The first abdominal appendages of the males do not differ in any respect
from those of the typical C. pellucidus. T ——

In the female the annulus ventralis shows marked differences from the
typical forms.

The antennal scale, also, is different in form, and especially in length.

Indiana Localities—Mayfield’s and Truett’s Caves, Monroe county.
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CAMBARUS GRACILIS Bundy.

Cambarus gracilis Bundy, Bull. TI. Mus. Nat. Hist., No. 1, p. 5, 1876.
Cambarus gracilis Faxon, Mem. Mus. Comp. Zodl., Vol. X., No. 4,
p. 56, 1885,

g

Fia. 5. Cambarus gracilis—1 and 2, carapace from above and side; 3, antennal
scale; 4, first abdominal appendage, male F. I; 6, annulus ventralis.

\I\xw I.—Rostrum of moderate length, decurved, much hol-
ov ith a small foveola at base; margins prominent, converging
slightly to near the tip, where they suddenly turn inward to form the
short acumen, sides of the acumen slightly concave. Post-orbital ridges
grooved on outer face. without spines in front, and slightly inflated at
the posterior ends. Cephalothorax long and compressed. Carapace
nearly smooth above, granulate on the sides, a small projecting angle
just below the eye. Cervical groove markedly sinuate, broken on the
gides; no lateral or branchiostegal spine; areola linear, with a small an-
terior and a larger posterior triangular space. Abdomen sbhorter than
the cephalothorax; pleural angles truncate; telson short; proximal
segment uni- or bi-spinose on each side, distal segment rounded; inner
blade of swimmeret with a short curved ridge on the inner margin, the
main longitudinal rib not reacbing the distal end of the blade. Anten-
nx slender, about as long as distance from cervical groove to end of
telson ; scale small, about as long as rostrum, widest beyond the middle;
terminal spine acute. Epistoma triangular, sides straight or convex,
anterior angle truncate or dentate. Inner face of third maxillipeds fur-
nished with long hairs. Chelipeds stout and rather short; chel® swollen
and covered with punctations; inner margin serrate; fingers somewhat
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flattened and decurved; movable finger sinuate, serrate on external
margin near the base and bearing one or more strong tubercles on the
internal margin, tip incurved, acute and corneous; outer finger nearly
straight, with a large tooth on the internal margin near the base; tip
acute and corneous. Carpus triangular, with a large tooth and two or
three small tubercles on the inner face and several strong teeth below,
. furrow on upper surface deep and broad. Meros with a few spines above
near the distal end, lower surface ‘with two rows of small spines. The
two distal joints of the second, fourth, and fifth legs bairy. Third pair
of legs hooked. Sternum hairy. First pair of abdominal appendages
rather long (reaching to the base of the third pair of legs), twisted, in-
ternal portion short, terminated by a long, slender spine and bearing a
prominent tuft of hair near the middle; external portion of appendage
notched at the apex; posterior portion prolonged into a flattened, corne-
ous, tooth-like process; anterior portion acute and tooth-like. Between
these two elevations are two slender teeth.

Male, Form II.—Not known.

Female.—Very similar to the male. Annulus ventralis movable, com-
posed of two interlocked falciform pieces, highest on the outer margins.
Openings of oviducts surrounded by long hairs,

Measurements of male, Form I.—Length, 62; carapace, 32.5; ab-
domen, 29.5; rostrum to cervical groove, 19; rostrum, 6. Breadth—
carapace, 14; rostrum, 4.25; second abdominal segment, 12.

Cambarus gracilis, as far as I have heen able to learn, has never been

- taken in Indiana, and, therefore, ought possibly to be excluded from this
list. I have lately, however, received a specimen of this species from
the neighborhood of Chicago, and I think there can be no doubt of its
occurrence in the prairie region in the western portion of our State. In
its babits it is a burrower, coming forth probably only during the breed-
ing season, in the early spring, when it frequents the water courses.

CaMBARUS BARTONII (Fabricius).

(?) Astacus bartonii Fabricius, Suppl. Entomolog. Systemat., p. 407,
1798. : '
Cambarus bartonis Hagen, Ill. Cat. Mus. Comp. Zoél., No. III, p. 75,
1870.
Cambarus bartonii Faxon, Mem. Mus. Comp. Zoél,, Vol. X, No. 4,
p. 59, 1885.
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F1e. 6. Cambarus bartonii.—1 and 2, carapace from above and from the side;
3, antennal scale; 4, first abdominal appendages, male, F. I; 5, same, F. IT;
6, annulus ventralis.

Male, Form I.-—Rostrum short, broad, and little excavated ; margins
low, converging ; acumen short, with concave sides and brown, upturned
horny tip. Post-orbital ridges low, short, grooved on outer face. Cara-
pace much flattened above and quite smooth, slightly granulate on the
sides, this most warked in front; lateral spines very minute, branchioste-
gal spine small; lateral line sinuous, not broken on the sides; areola
narrow, anterior triangular space almost obsolete. Abdomen broad,
about as long as carapace, telson tapering, proximal segment bispinose
on each side, distal segment rather elliptical than rounded. Antennz
stout, shorter than the body; scale small, about as long as the rostrum,
widest near the truncate tip; terminal spine small. Epistoma semi-
circular with a projecting median tooth. Third pair of maxillipeds
hairy on the inner face. Chelse strong, swollen and thickly punctate
above inner border of the band with a series of blunt serrations; movable
finger squamoso-tuberculate on external border and with a prominent
smooth rib above, tip incurved, brown and horny; outer finger stout,
tip mmcurved and horny, also with a smooth rib above and with a nearly
straight, denticulated inner border; tips of both fingers decurved. Car-
pus strong, deeply furrowed above, with a strong spine on the inner face
and with two or more blunt tubercles on the distal end below. Second
pair of legs quite hairy on the two or three terminal segments. Third
pair of legs hooked. Fourth pair of legs with a rounded kuob on the
basal segment inside. First pair of abdominal appendages short, strong, -
twisted and consisting of two hook-like pieces one above the other; the
upper hook, formed by the outer brauch of the appendage is long, thin
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and horny; the lower hook, formed by the inner branch of the ap-
pendage, is short, thick, and bears at its extremity a small outwardly
directed tooth. '

Male, Form II.—Similar; first abdominal appendages.with an articula-
tion at the base, the terminal hooks are shorter, blunt and swollen.

Female.—Chel® smaller and weaker; annulus ventralis wider than
long, anterior wall not present, posterior wall raised into a strong, sharp,
transverse ridge ; longitudinal fissure wide in front, but narrowing behind
where it crosses the ridge.

Measurements of male, Form IL—Length, 71.5; carapace, 35;
abdomen, 36.5; rostfum, 6; rostrum to cervical groove, 20.5. Breadth,
carapace, 18; rostrum, 4.5; areola, 1; 2d abdominal segment, 17.

Indiana Localities.—Fall Creek, Indianapolis, Irvington, Marion
county; Bloomington, Clear Creek, May’s Cave, Monroe county;
Down’s Cave, Coonelly’s Cave, Lawrence county; cave near Paoli,
Orange county; New Albany, Jefferson county.

As is seen, this species is frequently found in caves in company with
the true cave crawfish, C. pellucidus. In fact the largest and best de-
veloped specimens I have ever taken have been in the limestone caves of
Southern Indiana. It is to be looked for, however, in almost any spring
or stream of clear rupning water where it hides under stones'or digs
short burrows into the banks. That this habit of living in cold water is
not a fixed one, is shown by the fact that Dr. Faxon mentions specimens
taken from a spring in Clarke county, Va., the temperature of whose
water is 67°F.

The Indiana types differ from individuals from the Eastern United
States in having a narrower areola, less spiny carpus, and shorter and
broader rostrum.

CaMBARUS DIOGENES Girard.

Cambarus diogenes Girard, Proc. Acad. Nat. Sci. Phila., No. VI, p. 88,
1852.

Cambarus obesus Hagen, Ill. Cat. Mus. Comp. Zodl., No. III, p. 81,
1870.

Cambarus diogenes Faxon, Mem. Mus. Comp. Zodl., Vol. X, No. 1V,
p- 71, 1885.
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F1e. 7. Cumbarus diogenes.—1 and 2, carapace from above and from the
side; 3, antennal scale; 4, first abdominal appendage, male, F. I; 5, same,
F. 1I; 6, annulus ventralis.

Male, Form I.—Rostrum short, broad, well excavated, down-curved,
and without lateral spines; acumen short and triangular, its margins con-
cave and the terminal spine turned abruptly upward. Post-orbital ridges
low, grooved externally, swollen posteriorly, and without spines. Cephal-
othorax compressed, much contracted behind. Carapace smooth above,
very lightly granulate on the sides; anterior border with a projecting
angle just below the eye; cervical groove deep and sinuate, no lateral or
branchiostegal spines. Areola linear, with a small anterior and a larger,
poorly defined triangular area bebind. First abdominal segment very
narrow, second wider, about equal to carapace. Abdomen shorter than
cephalothorax, pleural angles rounded; telson narrow, rounded behind,
proximal segment bispinose on each side.  Antennz slender, shorter than
the body, scale small, shorter than the rostrum, broadest at the middle.
Epistoma triangular, the margins convex, as long as wide. Third max-
illipeds with long hairs on inner face. Chelipeds large and strong,
chele swollen and heavily punctate, inner margin of the hand tubercu-
late. External finger flattened on outer margin and with a row of dots
along the inner margin close to the cutting edge, tip corneous and slightly
incurved, cutting edge with a few tubercles; movable finger tuberculate
at the base on both inner and outer margins, tip corneous and strongly
incurved. Carpus short and thick, deeply furrowed above, with a small
~ blunt spine on the inner surface and two small spines beneath. Meros

thick and strong, with two small, blunt spines above and a double row of
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small spines below. Distal joints (2) of second, fourth and fifth walk-
ing legs hairy. Third pair ot legs hooked. First pair of abdominal ap-
pendages thick and short, ending in two recurved, falciform, teeth placed
one above the other; the lower is large, strong and turned upward at the
tip; it is formed by the inner part ot the appendage; the upper tooth is
thin and corneous.

Male, Form II.—Very similar, chele possibly a little smaller in pro-
portion; first abdominal appendages with the teeth nearly equal in size,
and blunt

Female.—Similar, but with shorter antennz, weaker chele, and
broader and longer abdomen. Annulus ventralis about as long as wide,
consisting of two interlocked irregularly crescentic portions which are
raised around the margins into a prominent, rounded rldge Openings of
oviduets surrounded by a fringe of bair.

Measurements of male, Form L —Iength, 110; carapace, 57; abdo-
men, 53 ; rostrum, 11; tip of rostrum to cervical groove, 32; chela, 51.5.
Breadth, carapace, 26; rostrum, 8; 2d abdominal segment, 20; chela,
22 areola, 0.

Color, a translucent, dark olive green, lighter and slightly flesh-tinted
on the sides, margins of abdomen, rostrum and ends of chelae, red.

Indiana Localities.—Long I.ake, Noble county; Kokomo, Howard
county; Mechanicsburg, Henry county; Kankakee River, Riverside;
Irvington, Marion county; Greencastle, Putnam county; North Salem,
Hendricks county ; Bloomington, Monroe county. '

Cambarus diogenes will, in all probability, be found to occur in abun-
dance in almost all portions of the State. It is a burrowing species, and
with the next, C. argillicola, makes known its presence by raising above
its burrows a chimney-like structure of mud pellets. The subterranean
tunnels may sometimes be found to extend for several feet, and as the
animal frequently excavates them at some distance from the water, they
must reach a depth great enough to supply moisture sufficient for the
needs of the animal. During the dry months of the summer, however,
they seem to lie at the end of their burrows in a sort of stupor. I have
seen them fall from the sides of an excavation apparently lifeless, but
capable of reviving if put into water. In the early spring, when they
come forth to breed, is the only season when they are a noticeable mem-
ber of our fresh-water fauna. They move about chiefly at night, though
I have frequently taken numbers of them from ditches and small
streams on bright, sunny days. Of a lot of thirty-five specimens col-
lected on the evening of April 2, 1892, twenty-nine were males and six
were females. At this date they were in copulation. KEggs were laid
from April 18th to 30th. I have frequently found females bearing well .
grown young in the small streame, and therefore do not think that the
habit of burrowing is adopted as a protection to the young generation
but rather to furnish a retreat during the dry summer months.
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CAMBARUS ARGIILICOLA Faxon.

Cambarus argillicola Faxon, Proc. Amer. Acad. Arts and Seci., Voi.
XX, pp. 115-116, 1884,
Cambarus argillicola Faxon, Mem. Mus. Comp. Zodl., Vol. X, No. 4,

N
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Fra. 8. Cambarus argillicole.—1 and 2, carapace from above and from the
side; 3, antennal scale; 4, first abdominal appendages, male, I*. I; 5, same, I, 1I;
6, annulus ventralis,

1
|

Male, Form I.—Rostrum short, broad, decurved, and well excavated,
foveolate at base, edges raised, slightly converging toward the tip and
then suddenly turping inward to form the triangular acumen, lateral
teeth wanting. Postorbital ridges grooved externally and without spines.
Carapace compressed, nearly smooth above, slightly gravulate on the
sides, and without lateral or branchivstegal spines, front border of cara-
pace straight, no projecting angle below the eye. Cervical groove deep,
sinuate, and broken on the sides. Areola obliterated in the middle, an-
terior triangular space very small, posterior space larger. Abdomen
slender, about as long as the carapace, p'eural angles rounded ; proximal
segment of telson bispinose on each side, distal segment rounded. An-
tennwe shorter than the body, scale small, shorter than the rostrum,
broadest beyond the middle and |truncute at the tip, terminal spine very
small. Epistoma rounded or broadly triangular, with convex sides.
. Third maxillipeds hairy on inner and outer faces, the beard being ling and

abandant within and short aud gcant without. Chelewe large and strong;
hand inflated and nearly smooth, inner b.rder serrate, fingers flattened
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and thickly punctate. Upper surface of movable finger with prominent
ridge or rib bordered by a row of depressions; this finger, also, is cut
out at the base and does not meet its fellow except for about the distal
half of its length. Oater finger shorter than inner, not incurved, and
usually bearded at the base. Carpus strong, deeply furrowed above, a
large spine on inner surface and another on the lower surface near the
distal end. Meros with a few very small spines above, near the distal
end, and two rows of small tooth-like spines beneath. Two last segments
of second pair of legs hairy. Third pair of legs hooked. First abdom-
inal appendages consisting of two falciform teeth, of nearly equal length,
placed one above the other, lower tooth thick and strong, upper tooth,
formed by outer part of the appendage, thin, spatulate, and corneous.

Male, Form II.—Similar, but with weaker chele, which are almost
always bearded. Abdominal appendages thicker, and with short, blunt
teeth

Female.—Similar. Annulus ventralis with anterior border depressed
to a level with the thoracic sterna, irregularly oval, consisting of a cir-
cular swollen ridge surrounding a deep depression, broken posteriorly by
a narrow fissure.

Measurements of male, Form I.-—Length, 71; carapace, 36.5; ab-
domen, 34.5; rostrum, 7; tip of rostrum to cervical groove, 23.
Breadth, carapace, 17; rostrum, 5; areola, 0; second abdominal seg-
ment, 14,

Indiana Localities.—Irvington, Marion county ; Bloomington, Monroe
county; Wheatland, Knox county; New Albany, Jefferson county.

Cambarus arqillicols is a small species resembling and very closely
related to C. diogenes. Like its relative, it is a burrower, and builds
mud chimneys over its holes. I have taken females with young as early
as April 2. .

As to the probable extent of this species in our State, it would be pos-
sible to say only this much: Dr Faxon’s description was written from
specimen’s taken in Detroit, Mich., and [ have received from Prof. A. A.
Wright specimens from Oberlin, Ohio; so it would appear that the local-
ities given by no means represent its distribution.
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CAMBARUS INDIANENSIS 8P. NOV.

Cambarus affinis var. Faxon, Proc. U. 8. Nat. Mus. XII, p. 628, 1890.

J ‘

4

Fig. 9.. Cambarus indianensis.—1 and 2, carapace from above and from the
side; 3, antennal scale; 4, first abdominal appendage, male, F. 1; 6, annulus ven-
tralis.

<
e

Male, Form [.—Rostrum long, straight and well excavated, lateral
spines acute and turned slightly outward. Acumen slender, sides con-
cave, tip acute. Post-orbital ridges with a strong, acute spine. Carapace
cylindrical, nearly smooth above, slightly punctate, sides slightly granu-
late, lateral spine prominent and acute, branchiostegal spine nearly obso-
lete. Cervical grove sinuate and broken on the sides. Areola wide.
Abdomen a little shorter than the cephalothorax, pleural angles obtuse;
telson tapering, rounded behind, proximal segment bispinose on each
side. Eyes large and prominent. Antennz shorter than the body, scale
large, as long as rostrum, widest about the middle and curving gradually
to the acute, somewhat.outwardly directed terminal spine, basal joint of
antennz with a small acute spine. Third maxillipeds hairy on inner
face. Chelipeds rather slender, chele rounded and smooth, very lightly
punctate; fingers rounded, inner finger sinuate, outer finger slightly
bearded at base, tips of both fingers in-curved. Carpus nearly smooth
above, with a small internal and a still smaller inferior spine. Meros
with two small spines above at the distal end and three or four similar
ones on the inferior margin. Two distal segments of the second, fourth
and fifth pairs of legs hairy. Third pair of legs hooked. First pair of
abdominal appendages of medium length, terminating in two nearly
straight, slightly diverging rami of nearly equal length, the outer ramus
being slightly thicker than the inner.
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Male, Form II.—-Not known.

Female.—Similar to male except that the fingers are shorter and the
beard on the hands is somewbat denser. Annulus ventralis small, hardly
raised above the level of the thoracic sterna, wider than long, anterior
wall faintly bi-tuberculate, longitudinal fissure narrow, posterior wall
poorly defined, median depression shallow. /

" Measurements of male, Form I.—Length, 45.5; carapace, 22.5;
abdomen, 23 ; rostrum, 7; rostrum to cervical groove, 15.5. Breadth—
carapace, 10.5; rostrum, 3; areola, 2; second abdominal segment, 9.

Indiana Localities.—Patoka River, Patoka, Gibson county; Hunting-
burg, Dubois county.

Concerning the habits of this species I have been able to ascertsin
nothing. It probably is a form which frequents open waters much after
the fashion of its close relative C. affinis, of the East, of which Dr. Faxon
was at first inclined to regard this a variety.

CaMBARUS 8LOANII Bundy.

Cambarus sloanii Bundy, Bull. Ills. Mus. Nat. Hist., No. 1, p. 24,
1876.
Cambarus -sloanit Faxon, Mem. Mus. Comp. Zoél., X, No. 4, 1885.
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Fic. 10, Cambarus sloanit.—1 and 2, carapace from above and from the side;
3, antennal scale; 4, first abdominal appendage, male, F. I; 5, same, F. II; 6,
annulus ventralis.

==

Male, Form I.—Rostrum long, wide, well excavated and with nearly
parallel margins; lateral teeth usually prominent, but sometimes, in
large individuals, almost obsolete; acumen long and slender. Post-
orbital ridges short, spine small or wanting. Carapace cylindrical, slightly
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flattened above, lightly granulate on the sides, lateral spine small but
acute, front border of carapace notched just above the very small branchi-
ostegal apine. Cervical groove very slightly or not at all sinuate, broken
on the sides. Areola wide. Abdomen about as long as cephalothorax,
pleural angles obtuse, basal segment of telson bispinose on each side,
distal segment short and rounded. Antenns slender, a little shorter
than the body, scale a little longer than the rostrum, widest be-
yond the middle and curving gradually to the strong apical tooth.
Epistoma triangular, notched in front and with raised comvex mar-
gins, Third maxillipeds hairy on inner face. Chels® short and thick,
inner border with a double row of blunt teeth; outer finger fur-
rowed above near the outer and inner margins, inner finger serrate on
external (non-opposable) margin, opposable margins of both fingers beset
with blunt teeth and touching only at their tips. Carpus with one large
internal spine. Third pair of legs hooked. First pair of abdominal ap-
pendages thick, composed of two branches which are of nearly equal
length and slightly twisted upon one another, free tips of these branches
short, acute and horny, tip of outer branch turned outwards, tip of inner
branch turned inwards; alarge inwardly projecting knob at base of ap-
pendage.

Male, Form II.—Chele smaller, hooks on third pair of legs almost
obsolete, first abdominal appendages thicker, free tips shorter and not
horny, sometimes with an articulation pear the base and without the
large inwardly projecting knob.

Female.—Similar to male, Form II. Annulus ventralis oval, anterior
border depressed, posterior border elevated and tuberculate, tubercle
divided by a narrow longitudinal fissure.

Measurements of male, Form I.—Length, 55.5; carapace, 28; ab-
domen, 27.5; rostrum, 8; rostrum to cervical groove, 18.5; antennsz,
51. Breadth—carapace, 14; rostrum, 3.5; areola, 2; second abdomi-
nal segment, 11.5.

Indiana Localities. —New Albany, Floyd county; Madison, Jefferson
county ; Marengo, Crawford county. ‘

This species is apparently quite abundant in southern Indiana, fre-
quenting the muddy banks of running streams. Dr. Sloan, for whom
the species was named, has made observations on its habits, as follows:
¢« He comnences on the bank of the stream, burrows below the bed, and
has an opening two or more feet out in the stream, where he sits watching
for anything that may turn up, with a safe retreat.”
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CAMBARUS PROPINQUUS Girard..

Cambarus propinquus Girard, Proc. Acad. Nat. Sci. Phila., VL., 88,
1852.

Cambarus propinquus Hagen, Ill. Cat. Mus. Comp. Zosl., No. IIL, p.
67, 1870.

Cambarus propinguus Faxon, Mem. Mus. Comp. Zoél., X. No. IV.,

p. 91, 1885.
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Fra. 11.  Cambarus propinquus.—1 and 2, carapace from above and from the

side; 3, antennal scale; 4, first abdominal appendages, male, F. 1; 5, same, F.
IT; 6, annulus ventralis.

Male, Form I.—Rostrum long, narrow, well excavated, and with nearly
parallel raised margins, acumen long, slender, and with concave sides,
terminal spine acute, lateral teeth small. Just between the lateral teeth
on the upper surface is a low longitudinal ridge. Post-orbital ridges short,
grooved on the outer face, spine short and acute. Carapace cylindrical,
smooth and punctate above, lightly granulate on the sides, lateral spines
small. Cervical groove deep, hardly sinuate, broken on the sides, and
ending just above the very minute branchiostegal spine. Areola broad
and smooth. Abdomen strong, longer than carapace, pleural angles
obtuse, telson tapering, proximal segment bispinose on each side, distal
segment rounded behind. Antennz stout, much shorter than the body,
scale slightly longer than the rostrum, broadest near the middle and
thence curving gradually to the acute terminal spine. Epistoma about
as broad as long, sides convex and raised. Third pair of maxillipeds
with inner face hairy. Chelx rather short, rounded, slightly tuberculate
on inner margin, nearly smooth above, movable finger sinuate, tips of

32— GEOLOGY.
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fingers incurved, brown and horny, outer finger sometimes slightly
bearded at base. Carpus with a short, shallow furrow above, and with
one strong spine on inner surface and another at the distal end beneath,
Meros with one or two spines on the upper surface at the distal end and
with two spines on lower surface. Distal joints of all the smaller legs
more or less hairy. Third pair of legs hooked. First pair of abdominal
appendages short and twisted, reaching nearly to the base of the second
pair of legs, free tips rather long, slender and acute, tip of internal branch
somewhat spatulate.

Male, Form II.—Similar to Form I, but with weaker chelz and less
carinated rostrum. First pair of abdominal appendages shorter, the
branches swollen, the free tips short and blunt.

Female.—With shorter chelipeds. Rostrum sometimes without median
carina. Annulus ventralis ovoid, anterior margin bi-tuberculate, posterior
margin with a single low, median tubercle crossed by a narrow sinuous
fissure, median depression crescentic, narrow and deep.

Measurements of male, Form I.—Length, 44; carapace, 21.5; abdo-
men, 22.5; rostrum, 6; rostrum to cervical groove, 14; antenns, 33.
Breadth—carapace, 11; rostrum, 3; areola, 2; second abdominal seg-
ment, 9.5.

Indiana Localities.—Delphi, Carroll county; Elkhart River, Noble
county; Indianapolis, Irvington, Millersville, Marion county; Michigan
City, Laporte county; Lake Maxinkuckee and Twin Lakes, Marshall
county ; Turkey Lake, Kosciusko county ; Waterloo (Indian Lake), De-
Kalb county; Turman Creek, Sullivan county; Laftayette, Tippecance
eounty ; Clear Creek, Monroe county ; Switz City, Greene county; Brook-
ville, Franklin county; Salt Creek, Brown county. This is probably the
most abundant species in our State. It is usually found in large numbers
in the smaller streams hiding under stones, concealed in short burrows
along the banks, or resting quietly on the bottom. I have been unable to
obtain- collections from the eastern counties of the State where possibly
this species runs into the variety sanbornii Fax, which is distinguished from
the typical form by the non-carinated rostrum, less deeply bifid abdomi-
nal appendages, pubescent chelw and an inferior median anterior gpine on
the carpus. This variety has been collected in Carter county, Kentucky,
and at Oberlin, Ohio, where, I am told by Mr, Lewis McCormick, it is,
by far the most abundant species.
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Camearus VIRILIS Hagen.

Cambarus virilis Hagen, Ill. Cat. Mus. Comp. Zosl., No. III, p. 63,
1870.
Cambarus virilis Faxon, Mem. Mus. Comp, Zoél., X, No. 4, p. 96, 1885.

m : 4 5

Fia. 12.  Cambarus virilis. 1 and 2, carapace from above and from the side;
3, antennal scale; 4, first abdominal appendages, male, F. I; 5, same, F. II;
6, annulus ventralis.

Male, Form I.—Rostrum broad, long, well-excavated, and with raised
converging margins; lateral teeth prominent and acute; acumen slender,
sides concave, terminal spine sharp. Post-orbital ridges grooved on outer
face, slightly swollen behind, and with an acute spine in front. Cara-
pace cylindrical, smooth and thickly punctated above, granulate on the
gides ; lateral spine well developed, branchiostegal spine small; cervical
groove deep, sinuate, broken on the sides; areola of moderate width,
narrowest near the anterior end, strongly converging behind. Abdomen
broad, as long as the cephalothorax; telson tapering; proximal segment
bispinose on each side; distal segment short; posterior margin variable,
rounded, straight or sinuate. Antenns shorter than the body, scale as
long as the rostrum, internal border rounded, widest about the middle;
apical spine small. Third pair of maxillipeds hairy on the inver face.
Chelipeds short and strong; chele broad and rather flattened; inner
border of the hand and the movable finger biseriately tuberculate; both
fingers strongly punctate above and with a pretty well defined smooth
ridge; inner margin of outer finger straight, provided with strong
tubercles and bearded; movable finger notched at the base. Carpus
longer than wide, not very deeply furrowed above, with a strong spine
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on the inner surface and two'slightly smaller beneath. Meros with two
small spines above near the distal end and a double row of acute spines
on the lower border. Third pair of legs hooked. First pair of ab-.
dominal appendages very long, reaching to the base of the chelipeds,
deeply bifid, the branches slender and slightly curved backward; the
outer branch the longer, inner branch spatulate at the tip, which may
be acute or blunt. o

Male, Form II.—Similar, but with smaller and weaker chelwe; first
pair of abdominal appendages usually articulated at the base, apex di-
vided for but a short distance, branches cylindrical, blunt and nearly
straight. '

Female.—Similar. Annulus ventralis large, oval; anterior wall
narrow, broken by the longitudinal fissure; posterior wall thick, ele-
vated, crossed by a narrow, sinuous longitudinal fissure; median de-
pression transverse, deep.

Measurements of male, Form I.—Length, 68; carapace, 33; ab-
domen, 35; rostrum, 8; rostrum to cervical groove, 21. Breadth—
carapace, 16 5; rostrum, 5; areola, 1; second abdominal segment, 14.5.

Indiana Localities.—Elkhant River, Goshen, Elkhart county; Twin
Lakee, Lima, Lagrange county; Rome City, Noble county; Lake
Michigan, Michigan City, La[iorte county; Long Lake, Noble county;
Turkey Lake, Kosciusko county; Shelby, Lake county.

This species seems to be confined, in its distribution in Indiana, to the
lakes and streams of the northern portion of the State. Here it is ex-
tremely abundant .and attains a large size. I have seen specimens
120 mm. in length, and Professor W. F. Bundy records a length of
165 mm. In the lake regions of Wisconsin and Minnesota this species
is said to be used extensively as food.
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CamMBarUs MMUNIS Hagen.

Cambarus immunis Hagen, Tll. Cat. Mus. Comp. Zosl , No. III, p. 71,

1870,

"~ Cambarus immunis Faxon, Mem. Mus. Comp. Zoél., X No 4, p. 99,
1885.

| @ 6
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Fra. 13.  Cambarus immunis.—1 and 2, carapace from above and from theside ;
3, antennal scale; 4, first abdominal appendages, male, F. I, 5, same, I'. II;
6, anuulus ventralis,

Male, Form I.—Rostrum broad, long, well excavated, decurved, and
with raised converging sides, usually with indications of a foveola at base;
lateral teeth absent, acumen triangular with concave sides. Post-orbital
ridges grooved on their outer faces, and without spines. Carapace smooth
above, densely punctate, granulate on the sides, lateral spine present
but very small, branchiostegal spine very small or wanting; cervical
groove slightly sinuate, broken on the sides, areola narrow in the
middle, anterior triangular space small, posterior space very large.
Abdomen wide, longer than the body, pleural angles rounded; proximal
segment of telson bispinose on each side, posterior border of distal seg-
ment slightly concave. Antennz slender, shorter than the body, scale
conslderably longer than the rostrum, widest at the middle, truncate at
the end, apical spine small. Epistoma triangular, notched in fr.nt, and
with a minute median tooth, sides convex and raised. Third maxilli-
peds hairy on both inner and outer faces. Chele of medium size,
variable in form, usually rather slender; internal border of hand and
movable finger serrate, upper surface of both fingers with a smooth rib
bordered on each side by a line of depressions, outer finger usually
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bearded at base on inner border, movable finger usually excised at base
inside and provided with a prominent tooth. Carpus deeply furrowed
above, provided with several strong spines along the inner and lower
aspects of the distal border. Meros with two weak spines above and a
double row of stronger ones beneath. Recond pair of legs with dense
tufts of hair on the inner side near their extremities. Third pair of
legs hooked. First pair of abdominal appendages reaching to base of
second pair of legs, falciform, twisted, and deeply bifid, external branch
the longer, its tip slender and acute, tip of inner branch flattened and spatu-
late; on a level with the base of the inner branch there is, on the outer
side, a projecting shoulder.

Male, Form II.—Chel® smaller and weaker; First abdominal ap-
pendages slender and less deeply divided, branches thick, blunt and
less curved. Second pair of legs less hairy.

Female.—Similar to male, Form II; annulus ventralis ovoid, wider than
long, depression lying far to one side, irregular (sigmoid) in form, walls
raised and inflated, posterior wall crossed by a narrow fissure.

Measurements of male, Form I.—Length, 63; carapace, 30; abdo-
men, 33; rostrum, 7; rostrum to cervical groove, 19.5; antennz, 51.
Breadth, carapace, 16; rostrum, 4.5; areola, 1; second abdominal som-
ite, 14 5. :

Indiana Localities: White River, Fall Creek, Irvington, Marion
County; Long Lake, Kendallville, Noble county ; Wabash River, Posey
county; Twin Lakes, Marshall county.

~ This species is a mud lover, being found in great
numbers in muddy ponds in the early spring. I
have always found them in the greatest abund-
ance in ponds which become perfectly dry dur-
ing the summer months, but where the crawfish
go during this time I have never been able to
ascertain. Doubtless great numbers of them are
eaten by birds and other animals, and great num-
bers of them perish, yet by the next spring they
are as abundant as ever, and of about the same
size. )

From Prof. J. T. Scovell, of Terre Haute, I
have received specimens which clearly belong
to Cambarus vmmunis spinirostris Faxon, which

7 differs from the typical form in the following

Fio. 13a characters: The l‘OStl‘llH-.l with 'small but acute

Carapace of Combarus \BteTal teeth;  post-orbital spines developed;
P . .

immunis spinirostris.  lateral spines strong and acute; areola wider

and slightly shorter in proportion to the anterior segment of the cara-

pace; abdomen longer in proportion to carapace; antenns longer than
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the body. In the second-formn -males the tufts of hair on the second
pair of legs are not at all developed, but in a large male of Form I they
are very conspicuous. The first abdominal appendages of the males of
both forms and the annulus ventralis of the female are like those parts
in the typical form.

Indiana Locality—Streams of Vigo county.

CamBarus RusTICUS Girard.

Cambarug rusticus Girard, Proc. Acad. Nat. Sci. Phila., VI, p. 88,
1852,

~ Cumbarus rusticus Hagen, 11l. Cat. Mus. Comp. Zoél., No. III, p. 71,
1870.

Cambarus rusticus Faxon, Mem. Mus. Comp. -Zool., X, No. 4, p. 108,
1885.

g N

Fig. 14. Combarus rusticus.—1 and 2, carapace from above and from the side;
3, antennal scale; 4, first abdominal appendages male, F. I; 5, same, F. 1T ; 6, an-
nulus ventralis.

Male, Form I.-—Rostrum long, narrow, concave on sides and deeply
excavated, margins raised, divergent at the base; acumen slender, ter-
minal spine acute, upturned, brown and horny ; lateral spines acute, up-
turned, brown and horny. Post-orbital ridges short, grooved on outer
face, spines short. Carapace flattened above, smooth and punctate, granu-
late on the sides; lateral spine small, branchiostegal spine wanting;
cervical groove deep, sinuate, broken on the sides; areola wide. Ab-
domen strong, as long as cephalothorax, pleural angles obtuse, telson



504 REPORT OF STATE GEOLOGIST.

wide, basal segment bispinose on each side, distal segment rounded be-
hind. Antenns about as long as the body, scale as long as rostrum,
widest beyond the middle. Epistoma triangular, sides convex, apex
blunt.  Third pair of maxillipeds hairy on inner face. Chelz large and
strong, inner border of hand and movable finger tuberculate, fingers and
hand ornamented with lines of dots, fingers gaping at base, outer finger
sometimes slightly bearded, movable finger sinuate, the tip incurved.
Carpus strong, furrow on upper surface shallow, spine on inner surface
small but strong, usually two strong spines beneath. Meros with
two small spines above and two stronger, and sometimes several smaller
ones beneath. Third pair of legs hooked. First pair of abdominal
appendages long, twisted, deeply split and with slender branches; inner
branch shorter than outer and not as sjender.

Male, Form II.—Similar; first pair of abdominal appendages thicker,
split for only a short distance and not slender and acute.

Female.—Very similar ; annulus ventralis oval, bi-tuberculate in front,
median depression deep, posterior wall raised into a tubercle which is
divided by a very narrow sinuous fissure.

Measurements of male, Form IL—Length, 67; carapace, 34; ab-
domen, 33; rostrum, 9; rostrum to cervical groove, 22.5. Breadth,
carapace, 18; rostrum, 4.5; areola, 2.5; second abdominal segment, 15.

Indiana Localities.—Waterloo, Dekalb county; Brookville, Franklin
county; White River, and Irvington, Marion county; Ohio River,
Jefferson county.

This species has very much the same habits as C. propinguus and the
two are often found in company. C. rusticus, however, is much less com-
mon. [t may be instantly recognized by the coneave sides of the rostrum.

CamMBaRrUs rurNaMI Faxon.

Cambarus putnami Faxon, Proc. Amer. Acad. Arts and Sci., XX, p.

131, 1884.
Cambarus putnami Faxon, Mem. Mus. Comp. Zosl., X, No. 4, p.

118, 1885.
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Fie. 156, Cambarus putnami.—1 and 2, carapace from above and from the
gide; 3, antennal scale; 4, first abdominal appendage, male, F. I; 5, same, F. II;
6, annulus ventralis.

Male, Form I.—Rostrum broad, well excavated, margins raised, nearly
parallel in front, diverging behind ; acumen long, slender, with concave
gides, and terminated by an upturned, dark brown, horny spine; lateral
spines strong, dark brown, horny. Post-orbital ridges short, grooved on
outer face, swollen behind, terminated in front by a short, acute spine.
Carapace somewhat flattened above, everywhere punctate, smooth or
very lightly granulate on the sides, lateral spine small, branchiostegal
spine minute or wanting; cervical groove deep, broad, broken on the
sides; areola of moderate width, punctate. Abdomen as long as the
thorax, pleura punctate, angles obtuse ; sides of telson sinuous, proximal
segment bispinose on each side, distal segment rounded behind. Anten-
nz slender, about as long as the body. Epistoma notched in front, sides
convex and raised. Third pair of maxillipeds lightly bearded on the
inner face. Chelipeds large and streng, chele large, external border
convex, outer finger slender, inner finger sinuate, fingers gaping widely
at the bage, they and the hand thickly and deeply punctate above and
below. Carpus strong, broadly furrowed above, with a strong spine on
the inner face and two blunt spines on the lower surface. Meros with
two small spines above, near the distal end, and one or two large blunt
ones beneath. Third pair of legs hooked. First pair of abdominal ap-
pendages long and twisted, reaching to the base of the second pair of
legs, deeply bifid, the branches slender; the outer branch is curved
around to the inside and is the longer, the inner branch is curved toward
the middle line, the tip is flattened and. somewhat spatulate, base of the
appendage with a projecting knob on the inner side.
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Male, Form II.—Chelx smaller; first pair of abdominal appendages
articulated near the base, bifid only half as far as in form I, branches
thicker, base without a projecting angle.

Female.—Chele shorter and wider, outer finger bearded within at the
base. Annulus ventralis large, anterior wall bi-tuberculate, posterior
wall raised and crossed by a narrow fissure, central depression transverse,
deep.

Megsurements of male, Form I.—Length, 102; carapace, 50; ab-
domen, 52; rostrum, 13; rostrum to cervical groove, 32. Breadth, of
carapace, 27; rostrum, 6.5; arco's, 2; second abdominal segment, 22.

Indiana Localities.—Bradford, 1Iarrison county (?); Brookville,
Franklin county. ‘

In the Indiana State Museum there are two very large specimens of
this crawfish for which no locality-is given; it is probable however, that
they are from our State. In my pwn collection there is a small second-
form male, collected between Paoli, Orange county, ‘and Wyandotte
Cave, whlch I refer with some doubt to this species.
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