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: INTRODUCTION.

It gives me pleasure to be able to note the continued
prosperity and rapid extension of our mining and man-
ufacturing industries. Districts that were but yesterday
covered by a primeval forest, or only broken here and
there by the quiet pursuits of the husbandman, have been
awakened by the whistle of the locomotive and the puffs of
the stationary engine; coal-Legrimed miners throng the
strects of mining villages of a year’s growth, and the work
of mining and shipping coal is pushed forward with an
energy and zeal that is unprecedented in the West, and far
outstripping the hopes of the most sangunine utilitarian.

The number of mines in the block coal region have greatly
increased in all the counties, and it is gratifying to know that
the demand for coal is still greatly in excess of the supply.

The benefits derived from this invaluable fossil fuel are
not confined alone to the limits of the coal field, but by
" means of ‘the numerous railroads which penetrate its domain,
all parts of the State, as well as the leading cities of the
neighboring States—Chicago, St. Louis, Cincinnati and
Louisville—have their manufactures stimulated by this
most valuable of all minerals.

At the present rate of progress of mining in Indiana, a
few more years will develop an endless chain of mines over
the entire area of the coal field from Warren county on the
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north to the Ohio river on the south, with a belt of blast
furnaces girdling the zone of block or iron-smelting coal.

The old iron furnaces are all in blast and making good
yields of iron. Arrangements are being made to build a
new furnace to be placed beside the Brazil furnace, which is
to be blown by the machinery originally designed to run
two stacks. Another is to be built at Terre Haute by the
Vigo Iron Company, and one has already been built at
Shoals, in Martin county, which will use, principally, the
native ore referred to in my Report of 1870. This ore
occurs in great abundance in Martin county, and the semi-
block coal found in Sampson Hill, a short distance southeast
of Shoals, will supply it with fuel.

It is also highly satisfactory to know that, by making
known the extent and economical value of the minerals, the
Survey has had the effect to stimulate mining and manufac-
turing interests wherever it has been carried. I might fur-
ther illustrate this by citing the increased activity in mining
operations which it has brought about in Daviess county. At
Washington, in this county, mines have been in operation
since the opening of the Ohio & Mississippi Railroad in
1856, and the business had grown to fair proportions, but I
think it may be said, without fear of exaggeration, that coal
mining has received an impetus and operations in that line
have tncreased with a rapidity heretofore unknown. Lands
which were rated at fifty and one hundred dollars per acre
have advanced to two and three hundred dollars per acre,
and capital from various parts of the country has been turned
to this county for profitable investment. Instead of having
their mining operations restricted to one seam—the “ Wash-
ington coal’— the Survey has pointed out the existence of
not less than eight distinct seams, five of which are, locally,
of workable thickness.

The following named counties have been surveyed in
detail: Perry, Dubois, Pike, Parke, Dearborn, Ohio and
Switzerland, and a preliminary ‘examination has been made
in Wabash, White, Jasper, Howard, Huntington, Miami,
Cass, Carroll, Clark, Harrison and Crawford counties.
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In the prosecution of the work I have been assisted by
Prof. John Collett, Dr. G. M. Levette, Prof. R. B. Warder
and Prof. Barnabas C. Hobbs.*

Considerable attention has been given to the analysis of
coals and other minerals, in order to be able to make known
their true commercial importance and to point out the vari-
ous uses to which they may be applied.

T take this opportunity, also, to acknowledge my obliga-
tions to the following named railroads for favors extended to
me in the way of annual passes and for uniform courtesies
tending to promote the interests of the Survey :

Indianapolis, Peru & Chicago Railway.
Pittsburg, Cincinnati & St. Louis Railway.
Indianapolis, Cincinnati & Lafayette Railroad.
Jeffersonville, Madison & Indianapolis Railroad.
Indianapolis & Vincennes Railway.

St. Louis, Vandalia, Terre Haute & Indianapolis Railroad.
Indianapolis & St. Louis Railroad.

Cincinnati & Terre Haute Railway.

Evansville & Crawfordsville Railroad.
Louisville, New Albany & Chicago Railroad.
Fort Wayne, Jackson & Saginaw Railroad.
Illinois Central Railroad.

* Prof. Hobbs was employed at the request of the Commissioners of
Parke county, and a special appropriation was made in that county to pay
for his services, as I was not willing, having already made a general report
on this county, to spend further time and money there before visiting
counties which had as yet received no attention.






Since the publication of the second volume of my Report
on the Geology of Indiana there has been a very great
increase in mining operations over the entire area of the coal
field, especially along the lines of railroads.

The repatation of the “block coal ”’ for smelting iron ores
continues to be fully sustained by its exccllent behavior in
the blast furnaces that are using it. By making changes at
the Brazil Furnace, such as replacing the circle and belly
pipes with others of much greater capacity, and putting up
gas flues fifty inches in diameter, lined up with fire brick,
the yield of this farnace has been increased by four hun-
dred tons per month. She went into blast in October, and
during the first thirty days has made one thousand and eight
tons of foundry iron especially suited for the manufucture
of Bessemer steel. These important improvements were
brought about by E. C. Garlick, one of the managers of
the furnace.

Mr. Hicks, the intelligent founder, assures me that the
furnace now ‘runs with the utmost regularity and he finds no
difficulty in making a uniform grade of grey pig.

The Brazil Furnace is sixty-one feet high, fourteen feet
across the boshes and is closed at the top. I take pleasure
in calling attention to the immense success of this furnace
from the fact that it has had a reputation of behaving very
badly, and it is to be hoped that it will now not only win an -
enviable name, but lead the way to still further improve-
ments in furnaces using block coal for fuel. The want of
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water which has been experienced at this furnace during the
last two seasons of unusual drouth has now been completely
obviated by conveying it in cast iron pipes buried beneath
the frost line from Otter creek to the furnace.

An account of the new furnace which has just been com-~
pleted by the Southern Indiana Coal and Iron Manufactur-
ing Company, on the Ohio & Mississippi Railroad near
Shoals, in Martin county, Indiana, B. F. Devol, President,
and Salem P. Town, Secretary, is given in the following let-
ter received from Cyvrus Mendenhall, late of the Kenton
Furnace, Newport, Kentucky, and now a member of this
new company :

SHoaLs, IND., Nov. 12, 1872,

E. T. Cox, State Geologist:

Sir—Yours of 31st ult. has been referred to me for a
reply. I regret that it has been out of my power to do so
“earlier. -

Our blast furnace is, in size, thirteen feet across the boshes,
fifty feet high, with close top like the Kenton Furnace of
Newport, and has complete arrangements for heating the
boilers and hot blast with the waste gases. The shaft is
supported on pillars and has an iron casing lined with fire
brick. The furnace is blown with six tuyeres. We have
two hot-air stoves of most approved construction. The
machinery is all horizontal ; steam cylinders twenty-eight
inches in diameter and eight feet stroke, with a heavy fly-
wheel twenty-two feet in diameter. Blowing cylinder sixty
inches diameter with the same stroke as steam cylinder,
which works it by direct action. The engine is regarded as
a very good one and has a bit of history connected with it.
It was captured by the United States authorities from a
blockade runner in the Gulf of Mexico, during the late
‘war.

The engine house is of frame, twenty-five by seventy-five
feet, and contains, besides the blowing machinery, a separate
engine which draws our supply of water from Beaver creek
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and distributes the same over the works, including the fill-
ing of a tank on top of the elevator that supplies a water-
balance for hoisting stock to the top of the tunnel of the
furnace. Frame stock house, seventy-two by seventy-five
feet, calculated to accommodate a second furnace.

Our furnace is now finished, except attachments of pipes
" to and about tuyeres, etc., and we have fire in it to-day to
warm up, and expect to “blow in” next week. We are
receiving iron ores from Iron Mountain and Iron Ridge,
Missouri, and from our own mine on Webster’s Hill, on the
east side of the township, with which we are connected by a
side-track from the Ohio & Mississippi Railroad. This bank
of ore is over forty-two feet in thickness where it has been
opened or uncovered, and the deposit seems to extend around
the hill. You are acquainted with the character of the ore
and we think it rather improves as we blast into it.

The Sampson Hill coal seam is forty inches thick; we
have penenetrated it with two entries, about one hundred
and twenty yards each, and find the coal of remarkable
purity. We are also driving an entry on seam A, at the
foot of the hill near the county road, on southeast quarter of
section 32, same township; this seam is not so thick as the
Sampson Hill, but of very similar character.

A visit from you would be most welcome, and we would
take pleasure in giving you such additional information. as
obtained by recent work in this vicinity.

Yours truly,

CYRUS MENDENHALL.

The rapid increase in the demand for Indiana block coal
in Chicago, St. Louis, Cinciunati, Louisville and Indiana-
polis, without mentioning the numerous cities of less popu-
lation but large consumers of the fossil. fuel, and the con-
sumption on the varions railroad lines already constructed,
points very clearly to a necessity for more roads from the
large manufacturing centers to the coal field, which will not
only give additional facilities for opening mines, but, by
increasing competition in freights, have the two-fold ten-
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" dency to lessen its cost as well as to secure a more steady sup-
ply. With a view to accomplishing this end, a number of
railroad lines have been proposed. On some of them work
has been commenced, and others are in part completed.

- Of the projected roads that will traverse the coal field, I
desire to make brief mention and note their progress toward
completion : .

The Indiana North & South Railway, E. B. Thomas,
President.—The northern division of this road is.designed
to run from Bloomfield, in Greene county, through Brazil
and Carbon, in Clay county, Rockville, in Parke county,
and Attica, in Fountain county, to Oxford, in Benton county,
on the road running from Lafayette to Chicago via Kanka-
kee, where connection will, for the present, be made with
Chicago. This road has been graded from Brazil to within
a few miles of Rockville, and is completed and running from
Veedershurg, at the crossing of the Indianapolis, Blooming-
ton & Western Railway, to Attica, on the Toledo, Wabash
& Western Railway.

Along this completed line, in Fountain county, several
shafts have been sunk and adits run to the block coal seam
I, and mining operations have been commenced, and villages
have sprung into existence like magic. The mines at Kirk-
land station are new, but the work of driving entries has
proceeded so far that they are enabled to deliver four to five
car loads of coal per day. Two miles above Veedersburg,
a side-track is being laid to Lucas & Co.’s mine, and one
and a half miles south of the crossing, Spears & Co. have
opened a mine by running an adit on the scam, and are
hauling considerable coal to the railroad.

The existence of this seam has also been proved by a bore
at Veedersburg.

Joseph E. Young, of the Chicago, Danville & Vincennes
Railroad, has organized a branch road from Young’s station,
.on the main line, to run through Covington, in Fountain
.county, thence south down the valleys of Coal creck and
‘Wabash river to Montezuma, in Parke county, thenoe up
the Raccoon valley and across the table land to Brazil. The
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rails have becn laid on the division south of Covington to
8noddy’s Mill on Coal creek, and, keeping pace with the
progress of the road, extensive mining operations have been
instituted at that point by Messrs. Phelps & Co. and Messrs.
McClelland & Co., and the business of mining is already one
of great importance to the community.

At Silver Island, a few miles south of Snoddy’s mill, on
property owned by Norbourn Thomas, is the Silver Island
Mine. This coal is a semi-block, and now finds its way to
market by the Wabash & FErie Canal. When it is reached
by the railroad it will, on account of its excellence, prove a
valuable acquisition to the trade.

The Evansville, Terre Haute & Chicago Railway,
running from Terre Haute, Indiana, to Danville, Illinois,
has been completed, ballasted and equipped, as predicted in
my last report. During the month of March, 1872, they
trapsported fourteen hundred and ten car loads of coal, and
have averaged twelve hundred and eleven car loads, of
twelve tons each, every month since the completion of the
road. This company have arranged for an extension of
their road north, from Danville to Gilman, on the Illinois
Central Railroad, a distance of forty-eight miles. This
extension will be built with easy grades, and laid with steel
rails, with an especial view to carrying coals at the lowest
possible rates from the Indiana coal field to Chicago. This
route, with its connections, will be a short and direct one,
and in co-operation with the Illinois Central Railroad, will
have excellent facilities for the transportation of freight and
passengers from the Wabush Valley to the great Northwest.,
Coal mines have been opened along the line of this railroad
in the routhern part of Vermillion county, Indiana, and at
the Horsc-shoe, on Little Verumillion ereek, southwest of
Eugene, on the line of the proposed Toledo & St. Louis
Railway.

Hough & Co., at Clinton, work their mine by an adit,
and elevate the coal to the dump-house by horse power.
The scam ranges from fonr feet cight inches to five feet two
inches, and will average five feet in thickness. It burns to

.
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a white ash, without clinker, and makes a satisfactory steam
and locomotive fuel. :

J. W. Walker, near Clinton, has about one hundred and
twenty acres of coal land. His mine is worked by an adit,
and the coal elevated to the dump-house by steam power.
The present product of this mine is seventy-five tonsa day,
with a present capacity of one hundred and eighty tons a
day ; average thickness of seam, five feet six inches. The
whole product proves acceptable in the Chicago market for
locomotive, steam and household purposes.

Aquilla Nebeker has opened the same seam, one and three
quarter miles north of the above named mincs, by an adit,
but wagons the coal two-thirds of a mile. The seam here
is five feet thick ; and he is mining thirty-six tons per day.
The upper part of the seam is caking coal, while the lower
part is laminated, and contains from two to four inches of
block coal, as noted by Professor F. H. Bradley, in his
Report on Vermillion County, 1869, page 164. It is
worthy of note, here, that this seam, which is referable to
L in the general section of Indiana coals, is divided into
two members by a parting of fire clay. While the upper
part is caking, the lower part contains more or less block
coal. At the Leatherman, Mill Bank and Firman mines,
the entire lower member, twenty to thirty inches thick, is
& true block coal, and at the Leatherman mine in particular,
where it has been well opened, the walls exhibit the ziézag
notches peculiar to block coal mines in Indiana. '

At Clinton Locks, Fitch & Co. are putting down a switch
‘to the old mines, once worked on an extensive scale,: for
shipment by canal. The seam is from five feet six in?hea
to six feet thick. The mine will be in operation by the 1st
of January, 1873. They expect to- raise fifty tons per day,
and have plans for the enlargement of their works™ this
coming summer, which will greatly increase the capacif;'y of
the mine. - '

On the line of the Evansville, Terre Haute & Chicago
Railroad, at Hillsdale, in Vermillion county, Burns, Porter
& Co. have made a test of the fire clay underlying the . coal
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which outcrops at that place. Bricks manufactured by
hand were placed in the bridge-wall of a puddling furnace
along with the justly cclebrated Mt. Savage fire brick, and
withstood this trying test during a period of more than
seven weeks, in astate of perfect preservation ; after which
time they were no longer noticed, as the wall appeared to
be sound. It may be well to say that the average duration
of time which the best known fire brick stand in a similar
situation, is nine wecks, and consequently we may fairly
expect from this deposit, an article of fire brick, which will
successfully compete with the best brands in the market.
This clay has the rare and desirable yuality of drying with-
out cracking or warping, and with but little shrinkage. A
crucial test was made in the hottest fire possible with a
common furnace, to glaze or melt it, but without success, which
appears to indicate that it is nearly free from alkali and
other objectionable substances. These tests, with brick
rudely made by hand, are deemed so satisfactory that the
proprietors felt justified in beginning  operations for manu-
facturing fire brick, etc., on a large scale. They have
visited fire brick factories in the Kastern States and pur-
chased machinery of the latest and best models to be found

_including a fire clay grinding mill, which has a roller that
weighs four thousand pounds, ,and is capable of reducing
a quantity of clay sufficient to make four thousand bricks
per day. This mill and other machinery is driven by a
twenty-four horse power engine. The company have just
fairly commenced manufacturing, and hope to be able to
supply a moderate demand during the coming autumn and
winter. By next spring they expect to be able to mect the
wants of the market. ,

At the same point, Montgomery & Co., formerly con-
nected with a similar enterprise at Brazil, have erected first
class buildings, which are admirably adapted to this branch
of manufacture, together with a kiln that has a capacity to
burn twenty-five thousand bricks. They have also purchased
a set of roller-grinders for the reduction of the clay, to be

\
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driven by steam, and expect soon to be in successful opera-
_tion. Thorouglhi tests of the clay, which proved eminently
satisfactory, have also been made.

H. B. Hammond, President of the Indiana & Illinois
Central Railroad, assures me that he will have the Illinois
division of this road, from Decatur to Montezumna, on the:
‘Wabash river, completed and the cars running by the 1st
of January, 1873, and that the Indiana division, through
Parke, Hendricks and Marion counties to Indianopolis, will
be speedily placed under contract, and completed some time
during the coming year. ‘

If the subsidies heretofore pledged to thisroad in Indiana,
are made good, he expects to build it'on the surveyed line;
but otherwise, the most desirablc and least expensive route
will be selected ; taking, of course, special care to cross the
coal field in such a manner as will secure the best locations
for coal mining operations. A direct road from the valu-
able coal field of Vermillion and Parke counties to Indian-
opolis and the important cities of Illinois, reached by the
western division and its connections, mustadd very greatly
to the commercial prosperity of the country. The enter-
prise has been so long on hand that faith iu its completion
has becn almiost lost ; yet it is to be hoped, that with the
cheering prospect now before us, one more effort will be
made by the citizens along the line to have the road located
where it will subserve the best interests of the counties
through which it is to pass.

The Loganport, Crawfordsville & Southwestern Railway,
under the management of John Lee, has heen completed
since the publication of the last Report, and reaches the coal
along the valley of Sand creck, in Parke county. The
changes wrought by this railroad through the hitherto quiet
and beautiful agricultural district of Sand creek is indeed
marvelous. Numerous mines have been opened and are in
-active operation. The village of Nyesville, four miles
from Rockville and filled with a large mining population,
usurps the site of a recent field of corn, and the plow has
been exchanged for the miner’s pick.
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A branch road, one and three-quarter miles in length,
reaches the Sand Creek Company’s mines. Two seams, K
and I, are workable on the property of this company, which
comprises an area of six hundred acres. These two seams
are separated by fifteen to twenty feet of shale and sandstone.
The lower seam, 3 ft. 9 in. thick, is good block coal. The
upper seam, K, four and a half feet thick, is an excellent
quality of caking coal, and is the principal seam mined at
this time, as it can be worked by adits at a convenient hight
above the railroad track to give room for “dump-houses,”
where the coal is screened and delivered into the cars. The
following section exhibits the position of the seams of coal at
these mines:

SECTION AT SAND CREEK COAL MINES.
Bracs. rr. In,
8 80il and Clay.
’
26 Drift.
30 Sandy Shale, with suome Flags.
L] Limestone,
73.6 P [} Bituminous Shale.
N ¢ | ¢ ok
3 Fire Clay.
18.0 1B Bluish argillaceous Shale.
39 . 9 | COAL I
| . 1 Fire Cluy.
1no | 10 Shale and Sandstons.
110 1 Sand Cr.

This company commenced operations last winter and have
now two mines with separate “ Head works” arranged in the
most approved manner for economizing labor in screening,
loading and weighing. The entries and rooms in the mine
first opened are now sufficiently extended to permit them to

G. R—2
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take out two hundred and forty tons of coal a day, but the
delivery, at the time of my visit, only reached one hundred
and forty-four tons, on acoount of a scarcity of miners. The
new mine will soon be ready for delivering coal. The de-
mand for this coal for locomotive and general uses is far in
advance of the supply, and it has a high reputation in the
market. It is a bituminous ceal that may be classed as semi-
caking from the fact that it agglutinates in burning less than
the fatty caking coal of seam L. The color varies from dull
black to glossy jet, and the fracture, from cubical to con-
choidal, according to the part of the seam from which the
specimen is taken.

A proximate analysis of an average specimen from the new
mine shows it to be remarkably rich in hydro-carbon.

SAND CREEK COAL.

Specific gravity, 1.296; a cubic foot weighs 81.00 1bs.
Ash, light brown, - 4.50-
Coke, - - 50,00 { Fixed Carbon, - - 4550

Volatile matter, 50.00{33?’“?"” aen
, :
100.00 100.00-

Products obtained by ultimate analysis from 100 parts of
coal:

Carbon, - - - - - - - 7638
Ash, - - - - - - - 4.711
Hydrogen, - - - - - - 471
Oxygen, - - - - - - 1232
Nitrogen, - - - - - - 188
100.00

Taking 8080 as the heat unit for the combustion of one
part of pure carbon to carbonic acid; and 34,462 as the heat
unit tor the combustion of one part of hydrogen, which is
according to the very accurate determinations of Faver and
Stlberman, we are enabled, by the aid of thke above analysis:
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of the Sand Creek coal, to calculate its calorific power as
compared with the combustion of an equal weight of carbon.
These heat units refer to no particular weight, but simply
indicate that a grain, or a pound, or a ton will raise the tem-
perature of as many grains, pounds or tons of water from 4°
to 5° of Centigrade.

And since the calorific power of hydrogen (34,462) is to
the calorific power of carbon (8080), as 1to 4.265, we have
merely to multiply the percentage of available hydrogen by
4.265 and add the product to the percentage of carbon in
order to determine ita relative calorific power. The tota]
amount of hydrogen found in the coal from the Sand Creek
Company’s new mine is 4.71 per cent.; of this amount 1.64
per cent. is required to saturate the oxygen (12.32 per cent.),
giving 13.86 per cent. of combined water. We have then
3.17 per cent. of available hydrogen, which, multiplied by
4.265, gives 8990 as its relative calorific power compared
to the combustion of pure carbon to carbonic acid. The
heat unit is found by multiplying the carbon of the fuel by
8080 and the available hydrogen by 34,462. For example:
In 100 parts of the sample of coal analyzed from the Sand
Creek Company’s new mine there are .7638 parts of carbon
and .0317 parts of available hydrogen, then .7638 C. X
8080 + .0317 H. X 34,462 — 7208 heat units of the coal.

By dividing the heat units (7208) by 100 (the number of
degrees, Centigrade, between the freezing and boiling points),
we will have 72.08 as the number of pounds of water one
pound of the coal will raise from the freezing to the hoiling
* point ; and since it requires 5.5 times more heat to convert
water into steam than to raise its temperature from 0° to
100° Centigrade, we will find by dividing 72.08 by 6.5 that
it will convert 13.10 pounds of water into steam.

Mr. I. Lowthian Bell* considers 11,000 to be the heat unit
of the volatile hydrocarbons given off in-the combustion of
coal. This number I find to be as nearly correct as possi-
ble when- tested in caleulating the calorific power of the Sand

®Chemical phenomena of irom smelting, page 306,
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creek from the proximate analysis given above; provided
the combined water, 13.86 per cent., is deducted from the
total amount of volatile matter as well as the hygroscopic
water determined by proximate analysis.

The percentage of solid carbon is .465, which, multiplied
by 8080, gives 3676.4 heat units. The total volatile matter
is .500, from this must be deducted .045 of hygroscopic
water and .138 of combined water, which will leave .317 of
hydrocarbons, this multiplied by 11,000 gives 3487 hydro-
carbon calories.

The .3487 heat units of hydrocarbon added to the 3676
heat units of the solid carbon, gives 7163 as the heat units
of the coal.

The ultimate analysis of an average specimen of coal
taken from the old mine belonging to the Sand Creek Coal
Company indicates for this coal a still higher calorific power ;
the elementary constituents in 100 parts are :

Ash, white, - - - - - - 319
Carbon, - - - - - - 77.03
Hydrogen, - - - - - - 5.60
Oxygen, - - - - - - 1264
Nitrogen, - - - - - - 154
100.00
It gave less ash and a larger percentage of carbon and
hydrogen.
Calculated as before :
Carbon, - - - J1703X 8080=6224

Available hydrogen, - - .0402X34462=1385

Gives heat units==7609

A pound of coal will raise 76.09 pounds of water from the
freezing to the boiling point.

The proximate analysis of this coal was not made, conse-
quently no comparison can be given of the two modes of
calculation.
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At the end of this Report a table will be found showing
the calorific power of all the coals which the time allotted
to chemical work has enabled us to make.

The Sand creek coal has a deservedly high reputation for
steam and household use, and commands in the Chicago and
Indianapolis markets as good a price as the block coal.

The other mines on Sand creek which are working this
seam are: Parke Coal Company, Campbell’s mine, and
Kyle’s mine.

Coal K is found uver a large area of Parke county; it is
the coal mined by Beard on section 25, town 15, range 6 and
by Nevin on section 31, town 15, range 6 in the south part
of the county. '

The proximate analysis of Beard’s coal}given below,
shows it to be fully equal to the Sand Creek coal:

BEARD’S COAL.

Specific gravity, 1.191; one cubic foot weighs 74.43.
Ash, white, - - - 1,00
Coke, - - 43.50 { Fixed carbon, - -  48.50
Water, - - - - 8.00

Volatile matter, 50'50{Gas, - - - - 4250

Coke lamellar, brilliant, not swollen.

The details of the geology of this county will be found in
the able report of Prof. Barnabas C. Hobbs.

The Indianapolis & St. Louis Railroad Company have sur-
veyed a route for a branch road, which leaves the main line
a short distance east of Carbon, in Clay county, and passing
half a mile north of that town, continues westward and re-
turns to the main track at Lodi, about eight miles from the
starting point.

A shaft has been sunk and quite a number of mining enter-
prises have already been started along this proposed road
which traverses a good district for coal.

The enterprising managers of the St. Louis, Vandalia,
Terre Haute & Indianapolis Railrond are pushing their
branches still farther south, and some of the heaviest mining
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operations in the county are now carried on in this part of
the block coal field. This road, with its fine equipment of
cars and numerous branches that traverse the block coal
field, is hauling nearly all the coal that is at present mined
in this county for market.

A portion of the western division of the proposed railroad
from Cincinnati to Terre Haute has been finished, and trains
are running from Terre Haute to Middlebury, in Clay coun-
ty. Mines have been commenced along the road to work
the seams of caking coal over which it passes. The present
terminus does not reach quite far enough east to strike the
zone of block coal. ,

An organization has been recently formed, which com-
prises some of the leading business men of Indianapolis, to
build a railroad to the block coal field in the southeastern
part of Clay and western part of Owen counties, te be known
as the Indianapolis Block Coal & Western Railway. The
termini are Indianapolis and a point at or near Merom, on
the Wabash river, in Sullivan county, Indiana.

If this road is built, it will afford facilities for extensive
mining and manufacturing operations along the line, and
prove of incalculable benefit to the country through which
it passes, as well as to the city of Indianapolis.

A number of railroads are projected to run across the
coal field in the southern part of the State.

The New Albany & St. Louis Air Line Railway hasa por-
tion of the track completed and the cars running over it.

I am also informed that the greater part of the road-bed
in this State is finished ready for the iron, and that through
the untiring energy of the President, Mr. Bradley, and the
Secretary, Mr. Lyman, work is pushed forward with great
rapidity all along the line.

Coal mines are already opened, and their numbers will
rapidly increase along the road when it is completed to the
great coal markets that it is designed to reach.

The Cincinnati & Rockport Railroad, which is to run from
Rockport, on the Ohio river, in Spencer county, to Mitchell,
in Lawrence county, Ind., and from thence, by connections
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with the Ohio & Mississippi Railroad, to Cincinnati, Ohio,
is being built. The greater part of the grading has been
finished in Spencer county, and it is expected that the road-
bed will soon be ready for the iron as far north as Jasper, in
Dubois county.

This road runs through the block coal field in the north
part of Spencer and in Dubois counties, and will open up
facilities for the establishment of blast furnaces in this part
of the measures, as iron ores may be brought to Rockport
by boats on the Ohio river.

A branch of the Cincinnati & Rockport Railroad is pro-
Jjected to run from Mitchell across the coal fields in Dubois,
Pike, Gibson and Posey counties, and terminate at Mt. Ver-
pon on the Ohio river, in the latter county.

The Evansville & Sandusky Railroad is projected to run
from Evansville, in Vanderburg county, through the coal *
field in Warrick county, and a portion of Spencer and
Dubois counties ; thence to Seymour, at the crossing of the
Jeffersonville, Madison & Indianapolis Railroad and the
Ohio & Mississippi Railroad. The road-bed, I am informed,
has been completed on this line from Evansville to Boone-
ville, in Warrick county, and there is reason to believe that
the road will be speedily finished to Seymour. It connects
Evansville with the block coal field by the most direct route,
and will insure to her flourishing manufacturers a supply of
excellent fuel.

Evansville is favorably situated for obtaining iron ore by
water transportation, at very low rates, from Missouri and
the large deposits in the region bordering the Cumberland
river in Kentucky. This, together with the ready access
which the above road will secure to the block coal, gives
them facilities for manufacturing iron that are not surpassed
by any location in the State. The large rail rolling mill
which is being built this year will prove but the beginning
of her success in that direction, and open the road for the
erection of blast furnaces.

The Indiana Mineral Railway is projected to run from a
point on the Ohio river at or near the mouth of Anderson
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creek, northward through Jasper, in Dubois county, to Black
Oak Station, on the Ohio & Mississippi Railroad, in Daviess
ocounty, thence continuing north to Bloomfield, in Greene
county, where it will cennect with the proposed Indiana
North & South Railway. 4

Mr. John Alexander, of Philadelphia, the President of
this road, is making every possible exertion to have it built.

It is the intention of the officess of this road to locate it
near the center of the block coal zone, with a view of mak-
ing the coal available for iron manufactures that are to be
established at the terminus on the Ohio river. I am not
aware that any grading has yet been done on this road.

Before dismissing the subject of railroads, which so mate-
rially aid in the development of the country, it may be well
in this connection {0 muke a few remarks in reference to the
Wabash & Erie Canal. The lower part of this canal, from
Montezuma, in Parke county, to Evansville, on the Ohio
river, which is now without water and abandoned, runs
through the very heart of the coal measures as well as one
of the finest agricultural districts in the State. There is
" also in places along this portion of the canal large quantities
of excellent timber.

If, in view of these facts, the owners of the canal would
go to work and put it into good order it would eventually be
one of the best investments in the State. When first made,
the country through which it passed was for a great part of
the distance almost a wilderness with but little commerce.
It now teems with an agricultural, manufacturing and min-
ing population that will furnish all the commerce that can
be desired. Blast furnaces will be erected along its banks
and the supply of ores to feed their rapacious stomachs
can be brought by water transit from the large deposits of
Missouri and the Cumberland river districts; as also the
Lake Superior ores by its northern division. The valuable
coal which may be mined along its banks and loaded direet
from the shafts into boats will find its way to ready markets
both north and south. Indeed, there is not a more favora-
ble location to be found for a canal, and why the very part



OF INDIANA. 25

which is sure to be remunerative has been abandoned and
let go to ruin is difficult to understand. The fact of rail-
roads running by its side for a part of the way is not a good
and sufficient excuse for its abandonment. There is now,
and will be, business enough for all, and the policy which has
been pursued must be placed to the account of bad manage-
ment and want of foresight on the part of the directors.

Since the publication of my Report on Daviess county,
the Buckeye Cannel Coal Company have sunk a shaft at Bluck
Oak Station, on the Ohio & Mississippi Railroad, which, at
a depth of eighty feet, reached a seam of coal I, four feet
six inches thick. The upper part of this seam, two feet six
inches, is a hard, compact cannel coal, and the lower part
of the same, two feet, is a rich caking coal. The two qual-
ities of coal are not separated, as is usual, by shale or fire
clay, but are so firmly united that fragments of the under
part are often found attached to the cannel coal.
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The following is a section of the strata passed through by
their shaft :

BLACK OAK STATION.,
BPACE. Fr. 1IN,
18 80il and Clay.
39.
15 Quick Sand.*
[ Gray Shale.
. I BLOCK COAL K.
5 Hard Fire Clay.
16. 4 Sandstone.
7 Gray Shalcs.
T4 | 1 4| BLOCK COAL.
1 Fire Clay.
4 Sandstone,
15.
10 Black Slate.
CANNEL, 2 ft. 6 in.
4.6 - 4 6 | COAL I'{ CAKING, 2 ft. 0 in.
2. | 1 2 Fire Clay. .
TOTAL. 80 10

%A stream of water was encountered in this sand, which gaye them great troubls,
and materially increased the cost of sinking the shaft. The flow of water was estimated
at 1,000 barrels in 24 hours.

The Buckeye Cannel Coal Company have their mine in
full operation and the coal meets with general favor. While
the lower part brings the usual price of caking coal, the
upper part, which is cannel, commands two to three cents
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more per bushel and has a ready sale. The top seam of coal
K, of this shaft is block, but here the roof is not strong
enough to admit of its being worked, though on an adjoin-
ing property it has a good roof and is worked by an adit.

An exhaustive chemical analysis has been made of both
the cannel and caking coal mined by the Buckeye Cannel
Coal Company and the results are here given:

Cannel coal, proximate analysis :
Specific gravity, 1.229; one cubic foot weighs 76.87 lbs.

; Ash, white - - 6.00
- - 48. ) ’
Coke, 8.00 { Fixed carbon, - - 4200

= on § Hygroscopic Water, 3.50
20%6Gas, - - - 4850
Coke laminated, not swollen, lustreless. '

Ultimate analysis of the same:

Volatile matter,

Carbon, - - - - - - 71.10
Ash - - - - - - - 7865

Hydrogen, - - - - - - 6.06
Nitrogen, - - - - - - 145
Oxygen, - - - - - - 12.74
Sulphur, - - - - - - 10
100.00

The relative calorific power is 9029; carbon being 8080,
thus:
Available hydrogen, - 045X 4.265—=1919
Carbon, - - - .T1104+1919=9029

The heat units of the coal are 7294, thus:

.7110 carbon X 8080 heat units==¥5744 carbon heat units.
J045 available hydrogen X 34462=1550 hydrogen heat units.

1550 hydrogen heat units + 5744 carbon heat units =
7294 coal heat units.

Expressed in a manner that will be more generally under-
stood, it may be stated that the calculated or theoretical cal-
orific power of this coal indicates that one pound of coal will
raise the temperature of 72.94 pounds of water from the



28 GEOLOGICAL REPORT.

freezing to the boiling point, or one pound of coal will con-
vert into vapor 13.26 pounds of boiling water.

The heat units calculated from the proximate analyses are
in this instance somewhat greater than is shown by the ulti-
mate analyses, which may, in part, be owing to the fact that
the analyses were made from different specimens, and that
while one shows only six per cent. of ash, the sample taken
for ultimate analysis gave 7.65 per cent.

Tested for gas, one pound of this cannel coal gave 4.86
cubic feet which had an illuminating power equal to 25.2
sperm candles. In practice the yield will be much greater.

For the purpose of comparison, a sample of Youghiogheny
coal obtained from the Indianapolis Gas Works, and here
eonsidered the best gas coal to be had in the Pennsylvania
" field, was tested in the same manner, and the yield of illumi-
nating gas was 4.05 cubic feet to the pound of coal, with an
illuminating power of seventeen candles. In practice, at the
Gas Works, the Youghiogheny coal yields 4.34 cubic feet
per pound. The difference between the laboratory result,
4.5 cubic feet, and the practical yicld of gas in the gas
works, 4.34 cubic feet, furnishes a data by which to calcu-
late the quantity of gas which may be obtained from the
Daviess county cannel coal by distillation under similar con-
ditions.

The ratio of the two quantities is as 1. to 1.07; therefore
we have merely to multiply the number of cubic feet, 4.68,
obtained in the laboratory, by 1.07 to find the number of
cubic feet which the cannel coal will yield at the gas works,
thus:

4.68 X 1.07=5.2 cubic feet.

In practice then the cannel coal will furnish 5.2 cubie
feet of gas to the pound of coal, or 10400 cubic feet to the
ton of 2000 -pounds, and the Pittsburg coal 4.34 cubic feet
to the pound, or 8680 cubic fect tothe ton. The ratio of the
two quantities is as 1 to 1.2.

It is not only the increased quantity of gas which the
cannel coal yields that recommends it to the favorable con-
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sideration of the gas companies, but it likewise gives a gas
of very high illuminating power.

The illuminating power of a gas is ascertained by com-
paring the light which it will give in burning five cubic feet
per hour in a standard argand burper, with the light given
by a standard sperm candle, six to the pound and burning

one hundred and twenty grains of sperm per hour. Tested -

in this manner the gas from Pittsburg coal has an illuminat-
ing power of seventeen standard sperm candles, and that
from the Daviess county cannel coal 25.2 candles or as 1
to 1.5.

The value of gas in grains of sperm consumed is found
by multiplying the candle power by 120, the number of
grains of sperm consumed, and dividing the product by five,
the number of feet of gas burned.

25.2 X 120
——=605.
5
The value, then, of one cubic foot of gas from the cannel
coal is equal to the value of 605 grains of sperm.
Calculated for the Pittsburg coal we have:
17X120

5

One cubic foot of this gas is equal in value to 408 grains
of sperm. The relative value of the two gases in sperm,
the Pittsburgh taken as one, is 1 to 1.5.

To offset the deficiency in quantity and illuminating power
of the gas from the Pittsburg coal as compared with that from
the Daviess county cannel coal, we must bear in mind
that while the coke from the former coal is abundant and of
excellent quality, and the large surplus over what is required
for heating the retorts finds a ready sale in the market as a
fuel, the coke from the cannel coal is small in quantity and
<omparatively inefficient for fuel.

The comparisons given below of -the relative values of
the two cokes are made from the laboratory experiments;
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as the results obtained at the gas works are variable from
the fact that coke gains from twenty to twenty-five per cent.
in weight by being wet.

One hundred parts of Pittsburg coal distilled for gas,

gave:

ﬁff’ 7. "2 =67 per cent. of solid carbon.
One hundred parts of cannel coal gave:

2:11::!’ _- _- ?g: } =39.3 per cent. of solid carbon.

Rating Pittsburg coal as 1, the value of the respective
cokes is as 1. to 0.587. We may consider, therefore, that
the coke from the former is worth twice as much as that
from the latter, for heating purposes.

A table will be given, further along, showing the relative
value of all the coals which have been tested for gas, but I
desire, in this place, to make special note of the analyses
which have been made to determine the value of the coal
from seam L for gas purposes.

The coal from Washington, in Daviess county, has not
been tested in the laboratory ; buta practical test was made
at the Indianapolis Gas Works, and the yield was 4.16
cubic feet per pound. Being absent from the city at the
time this test was made, I had no opportunity of determin-~
ing its illuminating power; but Mr. Stacy, the intelligent
and obliging superintendent of the works, to whom I am
indebted for a multidude of favors,* informs me that it was

#The Indianapolis Gas Light & Coke Company, having remodeled
and greatly enlarged their buildings, have now the most complete gas
works in the West. Everything is being made new, and no expense has
been spared to procure machinery and apparatus of the most approved
character. They are also putting up and have nearly completed a minia-
ture gas works for testing coals for gas. Twenty pounds, or the one hun-
dredth part of a ton, is the capacity of the retort, ande this quantity will
be ample to enable them to determine the amount and illumineting, power
of the gas, and, in faet, the value of all the constituents of the coal. Such
an apparatus should be purchased by the State for the use of the survey,
as I do not feel at liberty to trespass upon the uniform courtesy which the
Gas Company and their agents have always shown to me when sesking
information which, in some.instances, it: might net be prudent to give if
governed by pecuniary interests.
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nearly equal to the Pittsburg, and the yield of coke was
very fair as to quantity and quality.

In the Pioneer shaft at Curryville in Sullivan county,
Indiana, which is owned by Smith, Beswick & Co., there are
two seams of caking cval, L and K, as given in the section of
this shaft by Prof. John Collett.*

The space between the two is forty-seven feet. The upper
seam, L, is 4 fi. 6 in. thick and the lower seam, K, is 6 ft. 2
in. thick.

Tested for illuminating gas, this lower seam gave, calcu-
lated for one pound of coal, first trial :

Gas, - - - - - 3.68 cubic feet

Coke, - - - - .575 pounds.
Carbonic acid and Sulphur, - 015 «
Water, - - - 02
Tar and ammoniacal liquor, - .070 «

Second trial of same coal gave:

Gas, - - - - - 3.61 cubic feet.
Coke, - - - - - .625 lbs.

Tar and ammoniacal liquor, - .0751bs.
Water, - - - - - 025 «
Carbonic acid and Sulphur, - .010 ¢

" The average yield of gas by the above analysis is 3.65
cubic feet per pound of ceal, which, multiplied by 1.07, the
ratio between the laboratory yield and the quantity obtained
by distillation at the gas-works gives:

3.65 X 1.07 = 3.90.

The gas value of this coal may then be fairly stated at 3.90
cubic feet to the pound. Mr. Stacy, Superintendent of the
Indianapolis Gas-works, made a trial of the same coal from
Sullivan county, probably from this seam, and he thought
the yield of gas was about four cubic feet to the pound of

Tixe illuminating power is equal to fifteen candles, which

*8ee Geological Rep. 1870, pp. 212-213,
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is two less than that of the Youghiogheny coal. The aver-
age yield of coke is sixty-five per cent. Ash in the coke 4.46
per cent., leaving 60.54 per cent. of solid carbon.

The value of the Standard shaft coal, for gas, compared
with the Youghiogheny, is:
Youghiogheny, - - -
Standard, - - -

As compared for illuminating power:

Youghiogheny, - - - 100} . )
Standard, - - - - - 88 Ratio of quality. '

lgg} Ratio of quantity.

Value of coke:
Youghiogheny, - - - - - 100
Standard, - - - - - - - 90

An exhaustive analysis has been made of another coal
from Sullivan county, belonging to Henry K. Wilson:

Specific gravity, 1.228 ; weight of one cubic foot, 76.75 1bs.

Ash, white, - - - .80
- - 2.40{ » White,
Coke, 5240\ Solid carbon, - -  51.60

Volatile Matter, . 47.60{ Water, - - - - 236
Gas, - - 4525

Coke puffed, brilliant and porous.
Ultimate Analysis: *

Ash,red, - - - - . . 1.66
Carbon, - - - - - - 409
Nitrogen, - - - - - 1.80
Oxygen, - - - - a- - 1146
Sulphur, - - - - - . 1.00
100.00

Calculated for calorific power:

Carbon .8409X8080—=6794.4 carbon heat units.

Available )
hydrogen } -0351X 34462=1209.6 hydrogen heat units.

6794.44-1209.6=8004. total heat units.
The calorific power is 8004 heat units.

*Made from another specimen of the coal.
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One pound of coal will raise 80 pounds of water from
the freezing to the boiling point, or convert 14.54 pounds of
boiling water into vapour.

The calorific power calculated from the results obtained
by the proximate analysis is a little less:

Solid carbon .516 X 8080—=4169 carbon heat units.
Hydracarbons. after de- 4
ducting hygroscopic and} 3237X11000=3560 heat units.
combined water.

4169-+3560="T729 total heat units.

Tested by either mode of calcnlation the calorific pov'm'
of this coal is very high.
Distilled for gas, one pound of coal gave:

Pure illnmipating gas, - - 3.95 cubic feet.
Coke, - - - - .675 pounds.
Ash, - - - - - 012 «
Ammoniacal liquor, - - 056 “
Candle power, - - - - 15.

Comparative yield of gas:!

Youghiogheny, - - - - - 100.
WﬂSOll y - - - - - - 98'.

Hluminating power :

Youghiogheny, - - - - - ' 100.
Wilson, - e T - - - 8

Value of coke:

Youghiogheny, - - - - - 100.

Wilson, - e~ - - - 97.

It will be apparent from the above that the Wilson coal,
for gas, approaches very closely to the best Youghiogheny
gas coal.

In order that our Western coals may be more fully
appreciated and their true value for gas understood by the
gas companies, I will give a few examples in the way of
drawing a comparison between the value of the English,

G. R—3
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the Indiana and the Youghiogheny gas coals, estimating the
latter at 100.

The English coal here cited is the average of forty-eight
samples of caking coals used at various gas works. ’

YOUGHOIGHENY. ENGLISH. ‘wion®
Yield of gas, - - - 100 106 98
Illuminating power, - 100 74 88
Value of coke, - - 100 95 97

Specimens of peat from St. Joseph county, Indiana, cut
from the bog in cubes, pressed and thoroughly air dried,
were obtained from Rev. W. Corby, of Notre Dame Col-
lege, where it is largely used as fuel, have also been tested
to determine its commercial value as fuel, compared with
wood ; and for gas, compared with Youghiogheny coal.

The proximate analysis gave:

' Ash, dirty yellow - 9.50
k. - - X ) Yy ’
Coke, - 36.001 Solid carbon, - -  26.50
. Water, - - - 850
Volatile Matter, 64.00 { Gas, T 55.50
Calculated for calorfiic power:

Solid carbon 2660X8080=2141 carbon heat units.

Hydrocarbon 5550—combintd water 3646=hydrocar-
bon 1905X11000=2095 heat units.
¥ 214142095=4236 total heat units for the peat. This,
in’calorific effect, will raise 42.36 poungls of water from the
freezing to the boiling point, or convert 7.7 pounds of boil-
ing water into vapor.

Air dried beech wood, as used for fuel, containsin 100

parts* : e
Carbon, - - - - - - 39.10
Hydrogen, - - - - - - 49
Oxygen, - - - - - - 36.00
Waterand Ash, - - - - - 2000

#*8ee Wagner’s Chemical Technology, page 704.
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Calculated for calorific power :

Carbon, - .39103<8080=31569 carbon heat units.
Available hydrogen, .004X11000=44 hydrogen heat units.
3159-+44=3203 total heat units.

This will raise 32.03 pounds of water from the freezing
to the boiling point and convert 5.8 pounds of boiling water
into vapor.

The relative evaporating value of the St. Joseph county
yt, well dried, and air-dried beech wood may be stated

100 pounds beech wood will evaporate 5.8 pounds water.

100 pounds peat will evaporate 7.7 pounds water.

Ratio of value:

Wood, - - - - - - 100.
Peat, - - - - - - 133

That is, the peat has, theoretically, about one-third more
evaporating power than the wood.

An example of peat given by Wagner* has 4033 "heat
units. The evaporative poweris7.3 pounds of water, which
is nearly the same as obtained from the St. Joseph peat.

A numbers of examples from the same authority—
‘Wagner—are here given for the sake of comparison. They
are according to Brix’s investigations.

WATER. UNDRIRD. DRIED,
Per cent. Per cent. Per cent.

Fir wood, - - 161 413 511
Elm, - - - - 147" 384  4.67
Birch, - % - 123 872 439
Oak, - - - 187 354 4.60
Red beech, - - 222 3.39  4.63
White beech, - - 12.6  3.62  4.28

That is to say, one pound of fir wood, containing 16.1
per cent. of water will evaporate 4.13 pounds of water.

The evaporating power of wood is only halfthat of caking
coal, and according to the above results, it is also less effec-
tive than the Notre Dame compressed peat.

®Wagner’s Chemical Technology, page 701.
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Peat is the carbonaceons product regulting from the
decomposition of plants which graw in shallow stagnant
water. The plants from which it is chiefly derived belong
to the family of mosses, The most abundant peat-forming
plapt is the sphagnum, which sends out new shoots and con-
tmues to grow at the surface of the water, while the older
parts are undergoing the transformation into peat. ,

The cost of cutting and prepgring peat for market, in this
country where labor commands such high wages, is very
great; but when the better kinds are properly pressed and
dried, it makes a very desirable fuel, and the time is not far
distant when it will be brought into more genera] use in the
northern part of the State, where there is no stone coal, and
wood is becoming scarce.

The results obtained, and given above, for the calorific
power of fuel, are based upon the complete conversion of its
combustible constituents into carbonic acid and water. As
this, however, is seldom, if ever, accomplished in practice,
and there is besides, a very great loss by radiation and from
the formation of soot, cinder, etc., the calorific power
obtained from fuel, in its practical application, is seldom
more, and in many instances very much less than one-half
of its theoretical value. The heat generated by the combus-
tion of carbon to carbonic acid is 8080, while the heat gen-
erated by the combnstion of twice the weight of carbon to
carbonic oxide is 4946, showing a loss of 3134 heat upits.*

The value of fuel depends very much on the amount of
volatilizable substances which it contadns, and coals which
have a large amount of hydro-carbons burn with a large
flame, and are considered the best for generating steam,
while the less gaseous coals are preferred for iron smelting.

The examples given by I. Lowthian Bell,} to show the
relative value of coke and raw coal for smelting iron in
blast furnaces, are defective. The estimate for the heat units
for the volatile matter of the coal, is too great. A deduc-

*Watt's Dictionary of Chemistry, Fuel.
tChemical Phenomena of the Blast Furnace, pp. 305, 306.
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tion of at least four-tenths should be made for the hygro-
scopic and combined water of the coal.

On the other hand, either the raw coal, of the Scotch fur-
naces cited, was of a character unsuited for the business, or
the furnaces and the blast were not arranged to secure &
favorable combustion of the coal.

A much better result is obtained from the use of raw
block-coal in Clay county, where only 4250 pounds of coal
are required to make a ton of iron, and I am fully of the
opinion that with properly constructed farnaces this quantity
may be materially reduced.

The elementary analyses of five block-coals, used for
smelting iron, are here subjoined :

Hydro-| Xitro- Sal-
Ash. |Oarbon. gen. gon. Oyygen phar.

Garlick & Collins’ Brasil Fur’ce, No. 1| 3.88 | 76.81 4.13 1.78 14.90 .50
o o No.2| 1.07 82,70 T 1.62 9.30 48

.8tar Mine, Planet Furnace, No. 1......| 2.74 80.74 5.61 1.67 8.60 .13
o "« No. 2...... 2.14 81.80 4.39 1.67 8.87 3

Clay Coal Compsny's Mine...............| 1.68 | 8468 4.10 1.356 7.09 50

The average of the two specimens analyzed from Garlick
& Collin’s mine will give:

Carbon, .7975X8080—=6444 carbon heat units.
Hydrogen, .0306 X 34462—=1054 hydrogen heat units.
6444--1064=6498 total coal heat units.

The average of the two specimens analyzed from the Star
Mine will give:
Carbon, .8120X8080=6560 carbon heat units.
Hydrogen, .05X34462=1723 hydrogen heat units,
6560-+1723—=8283 total coal heat units.

The practical evaporative effect of a coal may be taken as
equal to two-thirds of that which has been calculated from
its chemical composition.
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The following coals collected by Prof. John Collett, from
Dubois and Pike counties, have been proximately analyzed
and the results are given below, for an account of these
coal seams the reader is referred to Prof. Collett’s report in
this volume :

Northeast part of Dubois county, on Davidson creek,
near Ludlow, is Burnham’s coal A, one foot thick; oolor,
bright; fracture, conchoidal and splintery; composition in
100 parts:

BURNHAM’S COAL A.

Specific gravity, 1.306 ; one cublc foot will weigh 81.62
pounds. ,

) ) Ash, white, - - 3.50
Coke, 3 86.50 { Fixed carbon, - - 53.60
. . Water, - - 4.50
Volatile matter, 43.50 { Gas, B - - 39.00
100.00 100.00

Coke lamellar, brilliant, not puffed.

ELKIN’S COAL A.

Section 21, township 1 north, range 3; seam 11 inches
thick. Same seam as Burnham’s, in the same vicinity, and
is similar in appearance.

Specific gravity, 1.295; one cubic foot will weigh 80.93
pounds.

) ) Ash, brown, - - 4.00
Coke, 54.50 { Fixed carbon, - - 50.50
. Water, - - - 6.50
Volatile matter, 45.50 { Gas, - _ - - 389.00
100.00 100.00

Coke laiminate, dull, not]puffed.

HARBISON’S COAL A,

Is situated on the bank of White river, in section 26, town-
ship 1 north, range 5, about’ three miles east of Portersville;
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the seam is 18 inches thick, the upper four inches of which
is cannel, and the lower part semi-block. The analysis given
below is of the cannel part of the seam:

Specific gravity, 1.198; one cubic foot will weigh 74.87
pounds.

Ash, pink - - 10.00
k - - . y PIDK,
Coke, 3 50{ Fixed carbon, - - 2350

Volatile matter, 66.50{3::913- - ] - ) - ) 63(;3

100.00 ’ 100.00

Coke unchanged in shape, lustreless, compact.

This coal is remarkably rich in gas, showing almost as
much as is contained in the celebrated Boghead coal of Scot-
land, and although only four inches thick when seen at the
outcrop, may become of great value for gas works, as small
quantities can be used to enrich the gas of poorer coals.

. The proposed Indiana Mineral Railway is to run near this

property.

HAY’S COAL A.

Near Bretzville, on the line of the New Albany and St.
Louis Air Line Railway, on section 33, township 2 south,
range 3; the seam is three feet thick, a compact, splinty
cannel, color brilliant black, fracture conchoidal and splinty,
It is mined in large cubical blocks. This seam is not of
uniform quality, consequently analyses have been made of
portions of the top, middle and bottom of the seam.

Upper part, slaty cannel, three inches thick.

Specific gravity, 1.289; oue cubic foot will weigh 80.56
pounds.

. Ash, white - - 3.50
Coke, - 55‘°°{Fixed carbon, - - BL50
Water, - - - 4.50

Volatile matter, 45.00 { Gas, . . - 40.50

100.00 100.00
Coke much puffed, amorphous, vitreous.




40 GEOLOGICAL REPORT

Middle part, bright, slaty cannel, 2 ft. 4 in. thick. Spe-
cific gravity, 1.264; one cubic foot will weigh 79. lbs.

. Ash, white - - 3.00
ke, - - b2 » White,
Coke, 52.50 { Fized carbon, - - 49.50

Water, - - - 7.00
Gas, - - - - 4050

100.00 100.00

Coke, puffed, vitreous, lamellar.
Bottom part, laminated block coal, eight inches thick.
Specific gravity, 1.271; one cubic foot will weigh 79.43 1bs.

Ash, white, - -  2.00
k - 3. > ]
Coke, 53.50 { Fixed carbon, - - 61.50

Volatil {er’ LT e
olatile matter, 46.50 . - - - 40.00

100.00 100.00
Coke slightly puffed, vitreous, laminate. '
This coal is well adapted for general use, and may be used
in the manufacture of iron.

Volatile matter, 47.50{

KESLER’S COAL A.

Near St. Anthony, section 34, township 2 south, range 4,
on the New Albany & St. Louis Air Line Railway, 3 ft. 6 in.
to 4 ft. thick where epened. The general character of the
seam at this place is a semi-block ; analyses were made from
the upper, middle, and lower parts of the seam.

Upper part, slaty coal, 8 inches. Specific gravity, 1.333;
one cubic foot will weigh 83.31 Ibs.

Ash, blue - - 11.50
- 51. » Dlue,
51.50 { Fixed carbon, - - 40.00

. Water - - - 7.00
Volatile matter, 48-50{(}88’ ’ - - - 41.50

Coke, -

100.00 100.00
Coke puffed, amorphous, vitreous.
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Middle part, block, approaching cannel, 2 feet; specific
gravity, 1.268 ; one cubic foot will weigh 79.25 1bs.

e - - 49, {Ash,gray, C- - -850
Coke, 00 Fixed carbon, - - 40.50

Water, - - - - 6.00
Volatile matter, 51. 00{ e - - 4500
100.00 100.00

. Coke puffed, vitreous, amorphous.

Lower part, caking and rash coal, 1 ft. 6 in. Specific
gravity, 1.260; one cubic foot will weight 78.75 1bs.

Ash, brown - - 9.00

ke, - - 49. ' '
Coke, 49.50 Fixed carbon, - - 40.50
. Water, - - - 6.60
Volatile mattel', 50'50{ Gas’ - - - - 44.00
100.00 100.00

Coke puffed, lustreless, amorphous.

H. B. KITTAEN’S COAL A.

Three miles southeast of Ferdinand, in the edge of Bpen-
cer county, one foot ten inches thick ; worked by stripping ;
caking coal.

Specific gravity, 1.244; one cubic foot will weigh 77.75
poaads. Ash, wh 2,00

- - sh, white, - - .
Coke, 48.50 { Fixed carbon, - - 46.50

Water, - - - - 4.60
Volatile matter, 51 50{ ) . _ - 47.00

100.00 100.00
Coke much puffed, lustreless, laminate.

JOHN FEST’S COAL A.

One mile northeast of Henryville, on section 25, township
3 south, range 5, where seen, the seam is two feet six inches
to three feet thick ; caking coal; color, dull black; fracture
cubical.
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Specific gravity, 1.305 ; one cubic foot will weigh 81.56
pounds.

Coke, - - sasofpiniETh <t T 5.50

Fixed carbon, - - 48.00

. ‘Water - - 5.50
Volatile matter, 46.50 { Gas, T - - 41.00
100.00 100.00

Coke much puffed, vitreous, amorphous.
This coal is near the line of the Rockport and Cincinnati
Railway.

H. B. KATHMAN’S COAL A.

Two miles southeast of Ferdinand, on section 3, town-
ship 4 south, range 4;in the edge of Spencer county; one
foot ten inches thick ; worked by stripping; caking coal.

Upper part, laminate semi-block.

Specific gravity, 1.250 ; one cubic foot weighs 78.12 lbs.

- . Ash, white, - - 2.00
Coke, 47'50{Fixed carbon, - - 45.50
Water, - - 4.00
Gas, - - - 48.50

. 100.00 100.00
Coke slightly swollen, lustreless, laminate.
Lower part, cubical caking coal.
Specific gravity, 1.251 ; one cubic foot weighs 78.19 lbs.
COk e, - - 50.(» Ash, Whlw, - - 2-50

Volatile matter, 52.50 {

Fixed carbon, - - 47150

. ‘Water - - 5.00
Volatile mater, 50.00 { ’

’ Gas, - - - 45.00

100.00 100.00

Coke swollen, vitreous, laminate.

BRIDENBAUGH’S COAL K.
On section 27, township 1 north, range 5, two feet eight
inches thick; semi-caking coal; upper part laminated;
lower part cubical with calcite in the cleavage partings.
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Upper part:
Bpecific gravity, 1.273 ; one cubic foot weighs 79.56 lbs.
Ash, red, - - 4.00
ke, - - .
Cokee, 26.50 { Fixed carbon, - - 52.50
Water, - - 6.60
Volatile matter, 43. 50{ ) ) . 37.00
10000 100.00
Coke laminate, dull, not puffed. .
Middle part:
Specific gravity, 1.265 ; one cubic foot weighs 79.08 Ibs.
L Ash, light red, - - 3.50
Coke, 55.00 { Fixed carbon, - - 51.50

. Water, - - - 4.50
Volatile matte 45.00 ’
olatile n 4 {Gas, - - - - 40.50

100.00 100.00
Coke dull, laminate. :
Lower part:
Bpecific gravity, 1.246 ; one cubic foot weighs 77.87 1bs.
Ash, red - - - 350
ke, - - .00 ? )
Coke, 56 Fixed carbon, - -  52.50
. Water, - - - 500
Volatile matter, 4400{ Gas, i ) ) - 39.00
100.00 100.00

Coke laminate, dull, slightly puffed.

RUDOLPH’S COAL K.

On section 20, township 1 north, range 5, one mile west
of Portersville, seam three feet thick. Specific gravity,
1.361; one cubic foot weighs 78.81 lbs.

_ . Ash, red, - - - 400
Coke, 52:50 { Fixed carbon, - - 48.50

. Water, - - - - 5.50
Volatile matter, 47.50{ Gas, - - - - 42.00
100.00 100.00

Coke laminate, lustreless, not swollen.
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Only the upper part of this seam has been analysed, for
want of time. It is a bright, black caking coal, excellent
for steam and blacksmiths’ use.

JOE STEIN’S COAL.

On section 53, township 1 south, range 4, one and a half
miles south of the line of the Evansville & Sandusky Rail-
way ; seam reported two feet thick.

Specific gravity, 1.260; one cubic foot weighs 78.75 lbs.

. . - Ash, brown, - - 3.50
Coke, 52‘00{ Fized catbon, - - 48.50

. Water, - - - - 450
Volatile matter, 45.00{ Gos, - - - - 4350

~100.00 100.00
Coke swollen, laminate, lustreless.

MICHAEL WILSON’S COAL K.

One quarter of a mile north of Jasper; semi-block and
block ; three feet thick ; color, dull black. The middle part
of the seam is excellent coal.

Specific gravity, 1.416; one cubic foot weighs 88.50 1bs.

L Ash, white, - - - 2,60
Coke, 58.50 Fixed carbon, - - 53.00

Volatile matter, 44.50 { Witer, - - 4‘(1)23
100.00 : 100.00

Coke laminate, not swollen, vitreous.

The following analysis was made of another specimen
from the same mine:

Specific gravity, 1.286 ; one cubic foot will weigh 80.37
pounds.

Ash,red, - - - 500

- - 49, Yy
Coke, 9 50{ Fixed carbon, - - 44.50
. Water, - - - - 6.00
Volatile matter, 50.50 { Gas, - - - - 4450
100.00 100.00

Coke brilliant, laminate, slightly swollen.
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" ADAM SMITH’S COAL K?

Three and a half miles south of Jasper, on section 11,
township 2 south, range 5 ; the seam is from 3 ft. 6 in. to 4
feet thick.

Upper part, bright caking coal :

Specific gravity, 1.256 ; one cubic foot weighs 78.50 1bs.

Ash, white, - - 3.50
Coke, - - 47'00{ Fixed carbon, - - 4350
Water, - - - 7.00

Gas, - - - -46.00

100.00 100.00
Coke swollen, amorphous, vitreous.
Middle part, block coal :
Specific gravity, 1.385; one cubic foot weighs 83.43 lbs.

Volatile matter, 53.00{

‘ \ Coke, - - 51.50 { Ash, Whiw, - - - 2.50

Fixed carbon, - - 4900

. Water, - - - - 500,
la 48.50 ’ :
Volatile master, 48501 NS T T 43.00,

100.00 100.00

Coke not swollen, laminate, lustreless.

Lower part, semi-block coal :

Specific gravity, 1.261; one cubic foot weighs 78.81 1bs.
. Ash, gray, - - - 450
Coke, 4900 { Fixed carbon, - - 44.50
Water, - - - .5.50
Gas, - - - 45.50

100.00 100.00
Coke swollen, laminate, brilliant.
Taken altogether this is an excellent coal for manufactur-
ing and general use.
It is on the line of the ‘proposed railways through this
county.

Volatile matter, 51.00{

BRETZVILLE COAL A?

In the cut of the New Albany & St. Louis Air Line
Railway ; said to be three and a half feet thick:
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Specific gravity, 1.275; one cubic foot weighs 79.68 Ibs.
Coke, - - 52.50 { Ash, Whiw, - - 3.50

Fixed carbon, - - 49.00
" Volatile matter, 47.50{3;?81" . B - ) - ) - 43%
100.00 100.00

Coke laminated, vitreous, not swollen.

The cut where this coal shows was partly filled with
water, so that a good view could not be had of the seam, to
determine its actual thickness. It is a very good block
coal.

Analyses of coals from Pike county, collected by Prof.
John Collett, and referred to in his report:

THOS. CASE’S COAL L!

On section 19, township 1 north, range 6, near White
river, and one mile east of High Bank; color, bright; frac-
ture cubical ; contains seams of calcite in the cleavage part-
ings ; seam two feet thick. .

Specific gravity, 1.280; one cubic foot weighs 80. lbs.

Ash, fawn, - - - 400
ke, - - 49. { ; fawn,
Cokee, 50 Fixed Carbon, - - 4550

- - - 350
- - - 4100
Coke swollen, lustreless, amorphous,

Volatile matter, 50.50 {Water, -
Gas,

BENNETT’S COAL K.

On section 7, township 1 north, range 7, on Mud creek,
near White river, in the northern part of the county; the
seam [is six feet thick; dull black color; laminated, and
breaks into small cubes; it is a caking coal.

Specific gravity, 1.268; one cubic foot weighs 79.25 Ibs,

. Ash, brown, - - - 3.50
Coke, 49'00{Fixed carbon, - -  46.50
Water, - - - - 6.00
Gas, - - - 45.00
Coke swollen, laminate and vitreous.

Volatile matter, 51.00{
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ALEXANDER’S COAL N,

On section 33, township 1 north, range 8, one and a half
miles southwest of Petersburg; is a semi-caking coal ; the
seam is from 3 ft. 6 in. to 6 ft. thick, will average 4 feet.

Specific gravity, 1.234; one cubic foot weighs 80.25 1bs.

Ash, white, - - -  3.00
Coke, - 62.50 { Fixed carbon, - -  49.50
Water, - - - 6.00

la 47.50 {
Volatile matter, ) ) ) 41.50
100.00 100.00

No record was made of the appearance of the coke.

The following analysis was made of another specimen
from the same seam :

Specific gravity, 1.2569 ; one cubic foot weighs 78.69 lbs.

Coke, - - 5600 {Ash, white, - - - 4.00

Fixed carbon, - - 62,00
) Water, - - - - 800
Volatile matter, 44003 "7 | | 3600
100.00 100.00

Coke puffed, vitreous, amorphous.
This is an excellent steam and grate fuel ; burns without
clinker, and will probably prove to be a good gas coal.

OWNER UNKNOWN, COAL K.

On section 2, township 2 south, range 8, at the mouth of
Barren creek, two and a quarter miles west of Winslow;
caking coal ; color, dull black ; is four feet eight inches thick,
and contains some iron pyrites in the seams,

Specific gravity, 1.268 ; one cubic foot weighs 79.26 lbs.

R Ash, white, - - - 3.00
Coke, 5I'OO{Fixed carbon, - - 48.00

Water, - - - - 4.60
l )
Volatile matter, 49.00 { _ - - 4450

100.00 100.00
Coke much puffed, vitreous, amorphous.
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DR. POSEY’S COAL K.

Four miles northeast of Petersburg, on sections 12 and
13, township 1 north, range 8; it is ten feet thick and will
average about six feet; is a caking coal.

Upper part :
Specific gravity, 1.288 ; one cubic foot weighs 80.50 Ibs.

.. Agh, lead color, - - 5.50
Coke, 53.50 { Fixed catbon, - - 48.00

. Water, - - - - 650
Volatile matter, 46.50{ Gaz " - - - 4000

100.00 100.00
Coke slightly puffed, vitreous, amérphous.
Middle part.:
Speclﬁc gravity, 1.275; one cubic foot weighs 79.68 lbs.

Ash, fawn. - - - 4.00
Coke, - - 6200 leed carbon, - - 48.00

Volatile matter, 48.00{3;?“’ - - - - 100

- - - 41.00

100.00 100.00
Coke puffed, brilliant, amorphous.

Bottom part :

Specific gravity, 1.244 ; one cubic foot weighs 77.75 1bs.
. _ Ash, brown, - - 6.00
Coke, 5. 50{ Fixed carbon, - - 50.50
- - - 5.50
- - - 38.00

©100.00 . 100.00

Coke lamellar, brilliant, not puffed.

This is a good coal for steam and blacksmlthmg It con-
tains a large per centage of gas, and it is reported that it
was used at the Gas Works in Evansville, when the Wabash
and Erie Canal, which ran close by the mine, was in oper-
ation.

Volatile 'matter, 43.50 {g:ter’_
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SHANDY’S COAL K.
Upper part:
On section 13, township 1 north, range 8, near Dr,
Posey’s ; the seam is from 5 to 8 feet thick.
Specific gravity, 1.279; one cubic foot weighs 79.94 lbs,

. Ash, white, - - 5.00
Coke, 56°50{ Fixed carbon, - - 51.50

. Water, - - - 6.50
Volatile matter, 43.50{ Gas, - _ - - 37.00

100.00 100.00

Coke brilliant, lamellar, slightly swollen.
Lower part:
Specific gravity, 1.270; one cubic foot weighs 79.37 lbs,

. R Ash, white, - - 3.50
Coke, 52'50{ Fixed carbon, - - 49.00

. Wat - - - .
Volatile matter, 47.50{ Gax;’er . - - - 4(1;(5)3

100.00 100.00

Coke lustreless, amorphous, puffed.
This coal is similar in character and quality to Dr.
Posey’s.

DE BRULER’S COAL K.

On section 8, townehip 1 north, range 7, two miles north-
east of Dr. Posey’s, and five miles northeast of Petersburg;
this is a caking coal and the seam is from five to seven
feet thick.

Top part of the seam:

Specific gravity, 1.294; one cubic foot weighs 80.87 lbs,

o Ash,blue, - - - 500
Coke, 47‘°°{Fixed carbon, - -  42.00

. Water, - - - 8.00
Volatile matter, 53-00{(;“’ - - - 45.00

100.00 100.00
Coke very much puffed, lustreless.
G. R—4
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Middle part of seam :

Specific gravity, 1.271; oue cubic foot weighs 79.43 Ibs.

. _ Ash, brown, - - <« bb50
Coke, 50.00 { Fixed carbon, -~ - 44.50

Water, - - - - 6.00
QGas, - - - 4400

100.00 100.00
Coke puffed, lustreless.
Lower part of seam:
Specific gravity, 1.268; one cubic foot will weigh 79.25
pounds.

Coke, - - 53.50{

Volatile matter, 50.00{

Ash, blue, - - - 350
Fixed carbon, - - 50.00

. '“7 t - - - - .
Volatile matter, 46.50 { Ga::’er, _ . - 4?)&
100.00 100.00

Coke puffed and lustreless.
Good steam and blacksmith’s coal.

CROWE’S COAL L.

On section 10, township 1 north, range 7, three miles
north of Algiers; color, dull black; seam three and a half
to four feet ; caking coal with a cubical fracture.

Upper part of seam:

Specific gravity, 1.274; one cubic foot weighs 79.62 lbs.

Ash, fawn, - - - 3.0
Fixed carbon, - - 52.50
Water, - - - - 8.0
Gas, - - - 35.50

Coke, - - 56.00{

Volatile matter, 44.00{

100.00 100.00
Coke puffed, vitreous, amorphous.

Lower purt of seamn:
Specific gravity, 1.262; one cubic foot weighs 78.87 lbs.
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Coke, - - 56.40{

Ash, gray, - - - 850
Fixed carbon, - - 47.90
Water, - - - 850

Volatile matter, 43.60 { Gas, L 3510

100.00 100.00

Coke vitreous, swollen, puffed.

This is a good coal, has an excellent reputation wherever
known, stands exposure to the weather, and large quantities
have been shipped to southern points, by the river, from this
mine.

TURNER SMITH’S COAL N,

On section 4, township 1 south, range 8, two miles south-
west of Petersburg. The seam is 4 feet thick; is a caking
eoal with cubical fracture and contains seams of calcite in
the partings:

Bpeeific gravity, 1.279; one cubic foot weighs 79.93 Ibs.

Ash, white, - - 2.50
Coke, - - 86.00 { Fixed carbon, - - 53.50
- - 5.50

Water, -
Volatile matter, 4400{ - _ - 3850

100.00 | 100.00
Coke much puffed, vitreous, amorphous.

HAWTHORN & GLEASON’S COAL L.

In an old shaft sunk below the bed of White river at
High Bank, one and a half miles north of Petersburg, on
section 15, township 1 north, range 8; reported to be 8 fect
6 inches thick. The shaft has been abandoned and is now
full of water. The specimen analyzed was taken from a
bill where it had been exposed for several years; it is a
caking coal, and this specimen contains a large percentage
of ash.

Specific gravity,1.269 ; one cubic foot weighs 79.31 Ibs.
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.. Ash, gray, - - 14.00
Coke, 59.50 { Fixed carbon, - - 45.50

Water, - - - 8.50
Gas, - - - - 3200

100.00 100.00
Coke unchanged, dull, laminate.

Volatile matter, 40.50{

BARR’S COAL M.

On the bank of the Wabash and Erie Canal, four miles
south of Petersburg, on section 15, township 1 south, range
8; is a caking coal and the seam is 2 feet 6 inches thick.

Specific gravity, 1.260; one cubic foot weighs 78.75 Ibs.

. Ash, white, - - 3.50
Coke, 60.50 { Fixed carbon, - - 57.00
- - - 7.00

Wate
Volatile matter, 89.50{ ¥4 <= 0O

100.00 100.00

Coke puffed, vitreous.
This is a good strong coal for heating purposes.

FALL’S COAL N?

Near Centerville, on section 24, township 1, range 9; the
seam is 3 feet 10 inches thick ; the upper part, semi-block;
while the lower part is a chmce caking coal.

Upper part of seam :

Specific gravity, 1.274; one cubic foot weighs 79.62 lbs,

. Ash, fawn, - - - 5.00
Coke, '52'00{Fixed carbon, - - - 47.00

Water, - - - 5.50
Gas, - - - 42.50

100.00 " 100.00

Coke dull, laminate, slightly puffed.
Lower part of seam :

Specific gravity, 1.268 ; one cubic foot weighs 79.25 lbs.

Yolatile matter, 48.00{
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Ash, white, - - - 4.00
Fixed carbon, - - 5160
Water, - - - - 7.60
Gas, - - - - 3700

100.00 100.00
Coke vitreous, puffed, amorphous.

Coke, - - 55.50{

Volatile matter, 44.50{

DE TAR’S COAL A.

Two miles east of Pikesville, on section 28, township 2
south, range 6; the seam is from 2 to 3 feet thick, the upper
part of which is cannel, and the lower part a good article
of caking coal.

Upper part of seam:

Specific gravity, 1.444 ; one cubic foot weighs 80.25 Ibe.

o Ash,red, - - - 14.00
Coke, 55'50{Fixed carbon, - - 41.50

. Water, - - - 160
Volatile matter, 44.50 { Gas, - - - 37.00

100.00 100.00

Coke laminate, brilliant, not puffed.
Lower part of seam:

Specific gravity, 1.288; one cubic foot weighs 80.50 1bs.

Ash, dark red - - 5.00
k - - . ’ ’
Coke, 5450 { Fized carbon, - -  49.50

Water, - - -+ 5650

latile mat 4 !
Volatile matter, 45. 50{ . - - 40.00
100.00 100.00

Coke much puffed, gldssy, laminate.

BEE’S COAL K.

Two miles east of the new town of Arthur, on the New
Albany and St. Louis Air Line Railwn) ,on section 17, town-
nlnp 2 south, range 7 ; the seam is eighteen inches tlnck and
is a non-caking coal.
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Specific gravity, 1.269; one cubic foot weighs 79.31 lbs.

' . _ Ash, dark brown, - 14.00
Coke, 58.50 { Fixed carbon, - - 44.50
{Water, - - - -450

latil r, 41.5
Volatile matter 0 . - - 37.00

100.00 100.00
Co’.e compact, vitreous, laminate.

MOULTON’S COAL K.

One and a half miles northeast of Winslow, en section
28, township 1 south, range 7; this is a eaking coal, and the
seam is about 5 feet thick.

The upper part has a laminate structure, is rieh in gas,
and burns with a lnrge flame.

The middle part is more compact and glossy, and contains
some pyrites.

The lower part has a cubieal fracture.

Upper part of seam :
Specific gravity, 1.244; one cubic foot weighs 77.80 lbs.

. - Ash, lead color, - - 3.50
Coke, 5150 { Fixed carbon, - - 48.00
Water, - - - - 550

Volatile matter, 48.50 { Gas, . . - 43.00

100.00 ‘ 100.00
Coke much puffed, amorphous, lustreless.

Middle part of seam :
Bpecific gravity, 1.257; one cubic foot weighs 78.56 lbs.
. . Ash, dark red, - - 850
Coke, - 5900\ Fixed carbon, - - 5050
Water, - - - 450
Gas - - - -36.50

]

Volatile matter, 41.00{

100.00 100.00

Coke laminate, slightly swollen, lustrous.
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Lower part of seam :
Specific gravity, 1.2567 ; one cubic foot weighs 78.56 lbs.

- - Ash, white, - - 3.00
Coke, 52'50{Fixod carbon, - . - 49.50

Water, - - - 6.00
Volatile matter, 47.50 { Ges, . . - 41.50

100.00 100.00
Coke puffed, amorphous, lustreless.

THOMAS’ COAL K.

Helf & mile north of Winslew, on section 32, township 1
south, range 7; the seam is five feet thick, and is 3 caking
ceal similar in quality to the above.

Bpecific gravity, 1.280; one cubic foot weighs 80.00 lbs.

- - Ash, white, - - 4.00
Cokee, 6250 { Fized carbon, - - 48.50

Water, - - - - .00
swatter, A
Vetite awsofgmen < T T T o

100.00 100.00
Coke amorphous, puffed and lustreless.

WELLS & WHITMAN’S COAL L.

Onge and 2 half miles west of Winslow, on aection 38,
township 1 south, range 8, and on the south side of Patoks
river; the seam is five feet thick, and is a caking coal.

Upper part of geam :
Specific gravity, 1.294; one cubic foot weighs 80.87 lbs.
Coke, - - 56.00 { Ash, white, - - 240

Fixed carbon, . - 52.60
. Water - - - 8.00

1 . ¢
Nolstile matter, 45.00 { Gus, - - - - 3700
100.00 100.00

Coke slightly puffed, laminate, vitreous.

Middle part of seam:
Specific gravity, 1.278 ; one cubic foot weighs 79.87 lbs.
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. . Ash, white, - - 2.00
Coke, 52.50 { Fixed carbon, - - 5050

. Water, - - - 6.00
Volatile matter, 47.50} Gas, - . - -  41.50

100.00 ' 100.00
Coke puffed, vitreous, laminate.
Lower part of seam:
Bpecific gravity, 1.275 ; one cubic foot weighs 79.68 lbs.
. Ash, white, - - 2.50
Coke, 53001 Fixed carbon, - - 50.50

. Water, - - 5.00
Volatile matter, 47.00 { Gas, . . - 42.00

100.00 100.00

Coke pufled, vitreous, laminate.
This is altogether a most excellent coal and well adapted
for steam, manufacturing and household uses.

G. W. MASSEY’S COAL L.

On the south bank of Patoka river, two miles north of
the New Albany and St. Louis Air Line Railway, on sec-
tion 4, township 2 south, range 8; this is a caking coal aud
the seam ranges from 6 to 10 feet in thickness.

Upper part of seam:

Specific gravity, 1.268 ; one cubic foot weighs 79.25 1bs.

- . 5700 Ash, light gray, - - . 3.50
Coke, 57.00 { Fixed carbon, - - 5350

. Water, - - - 850
Volatile matter, 43.00 { Gas, - - - 34.50

100.00 100.00
Coke brilliant, compact, laminate.
Lower part of seam:
Specific gravity, 1.279 ; one cubic foot weighs 79.93 lbs.
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- - Ash, white, - - 1.50
Coke, 56.50 Fixed carbon, - - b5.00

Water, - - - 7.00

Volatile matter, 43.50{ Gas, - . - - 36.50

100.00 100.00
Coke brilliant, slightly puffed, laminate.
This is & good coal for general fuel and steam purposes.

THOMAS MARTIN’S COAL L.

1One and a balf miles north of the N. A, & St. L. A. L.
Ry., on section 9, township 2 south, range 8; the seam is
from 7 to 9 feet 6 inches thick, and is a caking coal.

Upper part of seam:
Specific gravity, 1.258 ; one cubic foot weighs 78.62 lbs.
.. Ash, gray, - - 3.50
Coke, 55.50 { Fixed carbon, - - 62.00
Water, - - - 7.60

Volatile matter, 44.50 { Gas, - - - - 3700

100.00 100.00
Coke, much puffed, vitreous, amorphous.
Middle part of seam :
Specific gravity, 1.269 ; one cubic foot weighs 79.31 lbs.
. Ash, light gray, - - 3.00
Coke, . 60.00 { Fixed carbon, - - 57.00
{ Water, - - - - 6.50
- - - 33.50

100.00 100.00
Coke puffed, vitreous, amorphous.
Lower part of seam:
Specific gravity, 1.275; one cubic foot weighs 79.68 lbs.

Volatile matter, 40.00

Ash, white, - - - 250
- - 57.50{ » White,
Coke Fixed carbon, - - 55.00
. Water - - - 17.50
2. ’ ’ )
Volatile matter, 42.50 { Gas, - ) . 3500
100.00 100.00

Coke puffed, vitreous, slightly laminate.
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This is a splendid, mammoth seam of coal, well adapted
fer steam and household uses.

P. 8. TEVAULTS COAL XK.

Three miles east of Pleasantville, on section 16, township
3 south, range 7; the seam is about 5 feet thick caking
coal and a very good fuel.

Specific gravity, 1.245; one cubic foot weighs 77.81 lbs.

Ash, white - - 3.00

k - - ] )
Coke, 52801 Fixed carbon, - - 49.50
Water, - « - 7.00

Volatile matter, 47.50{ Gas, - - - - 40.50

100.00 100.00
Coke much puffed, amorphous, lustreless.
The analyses of the following coals from Warrick county
will serve to show their relation to the coals of Dubois aad
Pike counties.

WOOD’S COAL K.

Two miles southeast of Holland, on seetion 19, township
4 seuth, range 5 ; this is a caking coal, and the seam is three
feet thick. It is a goed coal, contains a large percentage of
gas, burns with a large fame, and is considered excellent for
blacksmithing.

Specific gravity, 1.272; one eabic foot weighs 79.50 1bs.

. . Ash, white, - - 3.00
Ooke, 48'00{ Fixed carbon, - - 45.00

Water, - - - 460

Volatile matter, 52.00 { Gas, _ N - - 4750

100.00 ‘ 100.00
Coke much puffed, lustreless, amorphous.

INGHAM’S COAL K ?

Two miles north of Taylorsville, on section 5, township
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3 south, range 6 ; this is a block coal, and the seam is two
feet six inches thick.

Upper part of seam:

Specific gravity, 1.280; one cubic foot weighs 80. lbs.

.. Ash, white, - - 2.00
Coke, 51.00 { Fixed carbon, - - 4900

. Water, - - - 7.50
Volatile matter, 49.00{ Gas, - - - - 4150
100.00 100.00
Coke slightly puffed, laminate, vitreous.
Lower part of seam :
Specific gravity, 1.311; one cubic foot weighs 81.93 lbs.

. . Ash, white, - - 2.00
Coke, 52’50{ Fixed carbon, - = 5050

Water, - - - - 6.50
Volatile matter, 47 50{ - . - 41.00

100.00 100.00
Coke laminate, vitreous, not puffed. :
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PERRY COUNTY.

This county was organized in 1814, and named in honor
of the gallant Commodore Oliver Hazard Perry.*

It is bounded on the north by Dubois and Crawford coun-
ties, on the east by Crawford county and the Ohio river, on
the south by the Ohio river, and on the west by Spencer and
Dubois counties. i

It is divided into seven civil townships—Troy, Tobin,
Union, Leopold, Oil, Clark and Anderson.

The tortuous course of the Ohio river gives to this county
a river front of about fifty miles, and its interior is also well
supplied with water by the numerous rivulets which find
their way to that stream and to Anderson creek ; a large
tributary which flows along the western border of the county
in a southerly direction to its confluence with the Ohio.

The direction taken by the main water courses in this
county is, in a great measure, due to the character of the
rocky strata which gives prominence to its geology.

The hydrographic basin through which the Ohio river
winds its way to the great Mississippi river, crosses the out-
crop edges of the geological strata at nearly right angles to
their line of strike. Whenever, therefore, the stream encoun-
tered a stratum that offered more than ordinary resistance to
abrasion, the course of the river is turned from its main
direction and compelled to take a northerly or southerly one,
following very nearly, if not quite, along the line of strike

®*Indiana Gazetteer.
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until it reached a part which offered less resistance, or when
accumulating, it acquired sufficient force, broke through the
rocky barrier. The Wabash river, and White river with its
two principal branches—the East and West Forks—flow
across the State of Indiana from east to west, with northerly
and southerly bearings that conform very closely to those
taken by the Ohio. This indicates thas they cross the same
strata, and have the same geological difficulties to contend
with. The Wabash river, when it reached the heavy bedded
sandstone of the millstone grit series, on the western border
of the State, near Williamsport, in Warren county, turned
s course, and flowing in a southerly direction, along the
general outcrop lines of the catboniferous strata, cut its way
te its confluence with the Ohio, between bluffs of sandstene
which here and there present bold esearpments.

The directions taken by the Ohio river to overcome the
geological difficulties in its way may be compared to the
course taken by a ship when tacking to make way againet a
head wind.

This generalization regarding the infinence of the geolog-
jcal strata in directing the course of rivers is, at this time,
very crudely presented, but with the progress of the survey
¥ hope to bring forward an array of facts obtained by detail-
ed observations that will serve to more fully illustrate this
subjeet. g

If we look at the map, it will be scen that the Ohio river,
on reaching Perry county, turns in a southerly direction
and flows along the outcropping edges of the lower carboni-
ferous limestones with but little if any change in geological
levels, until a point is reached near Cloverport, where it
crosses the obscurely bassetting edges of the strata and cuts
its way in a northerly direction across the millstone grit,
which it first meets in great force near the mouth of Deer
creek, and that it is only when it reaches Troy that it has
found a geological level about 100 feet above the millstone
grit. From Troy, the course is southerly and again
approaches the outcropping line of the rocks and crosses
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the last barrier of millstone grit in Indiana at Rockport,
where it is represented by the ¢ Martha Washington Rock.”

The head waters of Anderson creek cross the strata
from east to west in a corresponding manner, and the main
body of the stream keeps along the strike line of the strata
to its meuth, and the Cannelton seam of coal may be found
by outcrops or shallow shafts from St. Meinrad’s, in the
edge of Bpencer county, to Troy. Deer creek follows the
same law, but its bed occupies a little lower geological level,
and the lower carboniferous limestone is seen along the
main stream and its eastern branches.

By far the greater portion of this county is broken, and
the hills, which are from two to four hundred feet in hight,
are often capped with massive sandstone, which gives rise to

icturesque and rugged scenery, but affords no great attrao-
#ion for the agriculturist. In the valleys, however, there
are small streams with narrow fertile borders and the exten-
sive bottoms along the Ohio river are unsurpaseed im
fertility.

The loeation of the seat of justice has been ehanged twice
since the organization of this county. It was first located
at Troy, on the Ohio river near the mouth of Anderson
ereck. From Troy it was removed to Rome, on the Ohio
river in Tobin tewnship, and finally found a resting place
at Cannelton, where,.in all probability, it will remain.

Canpelton is a flourishing town and has long been noted
for its mining and manufacturing enterprises. It was firs¢
Inid out in 1835, and very soon afterward was purchased by
the American Cannel Coal Company. This organization
with a capital of $500,000, purchased 7,000 acres of land
adjoining the town, most of which was underlaid with coal.
The object of this company was to avai! themselves of the
advantages which this location offered for procuring cheap
fuel at theé lowest possible rates, and to build up manufac-
tures on a large scale. To carry out these views and to
promote the growth of the town, large lots were laid out
for cotton and other mills; coal mines were opened and
railroads laid from thence to the river; and coal was furn-
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ished at a rental of one cent per bushel to manufacturers. -
Charters were obtained for the erection of two cotton mills,
but only one, the Cannelton Cotton Mill which is now in
successful operation, was built. As a reflex of the views
held by the American Cannel Coal Company I quote a para-
graph from the Indiana Gazetteer published in 1849, page 353.

*This enterprise is intended to be but the beginning of a
movement which may result in giving the control of the
pricegof cotton to the country where it is produced. It may,
100, operate as a check to over production by giving cotton
planters other means of investment besides lands and slaves,
and it may result in changing the character of the present
cotton manufacturing districts of the world, for the coal dis-
tricts in the vicinity and the fertile and healthy regions
around present opportunities for the increase of manufac-
tures to unlimited extent. The wealth of Indiana may
eventually be concentrated in this part of the State which
was so0 long overlooked by immigrants. The present im-
provements at Cannelton owe their origin to General Seth
Hunt, of “New Hampshire, a man of singular intelligence
and energy, who, in connection with Messrs Hobart, Wil-
liams and Russell, then wealthy capitalists of Boston, formed
the American Cannel Coal Company, purchased the lands
and made several entries to the coal strata.” * * ¥

The Cannelton Cotton Mill is built of grayish brown
sandstone, procured from the hills just back of the mills,
and is 272 feet long, 65 feet wide and four stories high.
In elegance of design and general appearance these mills are
unsurpassed, if equaled by any in the country. I was
shown through the building by Mr. James Lee, the intel-
ligent and courteous gentleman in charge of the engine,
which is placed-in a room as neat as a parlor and kept scru-
pulously clean. The mill contains 10,800 spindles, 372
looms, employs 375 hands, uses 13 bales of cotton ‘and turns
out 15,000 yards of standard brown sheeting per day. The
mill has recently been repaired and fitted up with the most
approved new machinery, purchased in England, at a cost of
about $100,000.
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The Hon. Hamilton Smith is at present,and has been for
many years, President and chief manager of the American
Cannel Coal Company’s business, and it is to this distin-
guished gentleman, more than to any other, that Cannelton
owes its mining and manufacturing prosperity. He is a
man of high intellectual culture ; the walls of his dwelling
are adorned with rare paintings, some of which are by the
“old masters” and of great value, and his library is proba-
bly the largest and most valuable in the State. He has
made Cannelton his home since its purchase, which through
him was accomplished for the Company, and with his family
and books for companions, he has given his time to the study
of the great work bofore him ; and as the result of his far-
seeing policy, probably nowhere in the country is coal mining
managed so completely to the satisfacton of the miner and
owner. The secret of the success which attends President
Smith’s management of these mines may be traced to the
fact that most of the employes have been induced to become
property owners. I was ‘informed that he had himself
made over four hundred and fifty-two free holders. Being
owners of homesteads they have a common interest in the
general prosperity of the country and the success of the
mining enterprises upon which they are dependent for the
means of supporting their families. For this reason, also,
they are generally sober, industrious men, who send their
children to school and accumulate wealth.

Belonging to the Cotten Mill Company there is a mill for
making cotten batting. Three bales of cotton are worked
daily into batting, and the engine does the double duty of
pumping water from the Ohio river to supply the cotton
mill.

The other important manufactures of Cannelton are
Clark Brothers’ extensive stoneware sewer pipe manufactory.
These pipes are from three to twenty-two inches in diameter.
The clay used in their manufacture is the bottom or fire-clay
immediately under the “top coal.” The seam is three to
gix feet thick and the clay is well adapted for the parpose.
The pipes are hard, close-grained, very strong, perfect in

G. B—5
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shape and free from cracks and flaws. Their kiln is one of
the largest in the country and they turn out about fifty
thousand dollars’ worth of pipes per year. About three
hundred and fifty bushels of coal are required to burn a kiln.
They employ about twenty hands. Close by this sewer pipe
manufactory is William Clark’s stoneware, fruit-jar and
milk-pan pottery. This ware is made of clay from the same-
seam worked by Clark Brothers, and by the aid of an inge-
nious machine which Mr. Clark has invented for washing-
the clay, he is enabled to make a superior article of milk-
pans. He burns about eighteen thousand crocks a month,
and the ware sells readily for eight and a half cents per gallonx
at the works.

A chair factory owned by Bunts & Smith, and a paper
hill owned by the Paper Mill Company, F. Sulzer, Presi-
dent, and Roan Clark Secretary, were built this year, and
were about ready to commence operations in November.

Besides the above named factories there are a numher of
lesser establishments which also'serve to point to the general
prosperity of the place. Of these I can not pass unnoticed
a small mill for crushing and pulverizing bones for fertiliz-
ing purposes. It is owned by Mr. Henry Hicks, and
though simple in its construction answers the purpose well
for which it was designed. It has three cast iron stamps,
each weighing about 350 pounds, that are raised and dropped
alternately upon the bones which are placed on an iron slab
forniing the bottom of a box under the stamps. The bones
dre by this means pulverized into a fine powder, and the
daily product of the mill is 500 pounds. Mr. Hicks pays
half a cent per pound for bones and sells the prepared dust
at two and a half cents. Forty pounds scattered over
an acre of ground, or a tablespoonfull to a hill of corn
i§ the usual quantity used for fertilization. The yield of
all kinds of graigs, grasses and root crops is materially
increased by the use of bone dust, and there is ready sale
for all that the mill can make.
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TELL CITY.

This flourishing young city, growing upon our southern
border with a rapidity that is truly remarkable, is situated
on the Ohio river, three miles below Cannelton, one hun-
dred and twenty-five miles below Louisville and seventy-
five miles above Evansville. The site was purchased in
1858 by the Swiss Colonization Society, a colony of generous
men who were attracted to the locality on account of the
coal which gave a surety of cheap fuel, and the fine oak,
poplar, walnut, hickory and other trees which weuld supply
timber for manufacturing purposes. They at once com-
menced to lay out the town and build houses where they
could enjoy freedom and reap the full benefit of their labor.
The principal streets are graded and Macadamized with
gravel and ferruginous clay, obtained from the hills near by.
This material cememts and makes a hard, durable road.
There are no drones in the town which is now said to con-
tain a population of about three thousand. And by perse-
vering industry, and encouraging and extending aid to
mechanics who settle among them, manufactures have been
built up which are now turning out many thousands of dol-
lars worth of goods that find a ready market in the towns
to the south and west.

The following are the most important manufactures:
Tell City Furniture Company, organized in 1859 on a
capital of ten thousand dollars, now represents a capital of
two hundred thousand dollars ; employs one hundred hands
and turns out a hundred thousand dollars worth of goods
annually. ' A

The Cabinet Makers’ Union was organized in 1868. They
employ eighty-five men, and turn out seventy-five thousand
dollars worth of furniture annually.

Coombs, Hartman & Company’s Chair Factory employs
gixty-five men, and makes annually seventy thousand dol-
lars worth of chairs. .

Chair Makers’ Union. This company employs twenty-
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five men, and makes thirty thousand dollars worth of chairs
annually.

Herman & Brothers. This firm commenced manufac-
turing their patent axle-wagons in 1866 on a very limited
capital, which by industry and the superiority of their work,
was very rapidly increased, so that now they are employing
thirty men and sell annually forty thousand dollars worth
of wagons. These wagons are held in high esteem and
meet with a ready sale in the Southern and Western States,

Lyon & Sedletsky, is a firm recently organized for the
purpose of erecting a furniture factory. The building and
machinery are nearly ready for operatlon, and they will
employ about seventy-five men.

Sylvester Raney, an enterprising young man, is erecting a
barrel and stave factory, which will be in operation by the
close of the year.

The Tell City Planing Mill Company have a large estab-
lishment and are doing a fine business.

Wildman & Obouisier have a foundry and machine shop,
. and also build engines. Their -business is lucrative and
growing.

Tell City Woollen Mills, owned by Michael Bettinger, is
manufacturing Bettinger’s “Gold Medal” Yarns. His
business averages about twenty-five thousand dollars a year.

Charles Steinauer & Co. have a merchant mill which is
turning out a large quantity of flour and mill feed.

Zines & Kappler’s foundry for stoves and all kinds of
castings is also doing a large amount of work.

F. Voelke has a large brewery and is shipping beer and
ale to all the towns on the river to the south.

Charles Becker has a brewery and is also making consid-
erable beer.

John Olrecht has an establishment for manufacturing
brush-blocks and brushes; his blocks are shipped to all
parts of the United States.

The Excelsior Saw Mill is owned by John Menninger,
and outs a large quantity of planke
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The shingle factory of Jacob Ruff is producing about
twelve thousand shingles. )

There is, also, here a distillery for making apple and
peach brandy.

Besides the above there are a number of manufactories of
less importance, but enough have been enumerated to show
the prosperous condition of the city, and illustrate its rapid
growth.

The city is also well supplied with merchants, who deal
in all the commodities required by the country, and to
facilitate trade Messrs. Whitton & Steiner have established
a banking house which is doing a fine business.

Facilities for education have not been neglected by these
busy people, for they have two large brick school houses
where the children receive instruction in both the German
and English languages.

The extent and marvelous growth of manufactures at this
point furnishes a striking example of what a frugal and in-
dustrious people may accomplish by aiding and encouraging
one another. All the manufacturing companies commenced
with small means but they have managed to increase their
business and accumulate fortunes.

The Swiss Colonization Society still offer to give town
lots and otherwise assist all worthy mechanics who desire to
start any branch of manufacturing business in their city.

Four miles below Tell City is the town of Troy, some-
what noted for its manufacture of Yellow or Troy ware.
Bome years ago a large company, consisting mostly of Eng-
lish capitalists, was organized to build extensive potteries at
Troy, under the impression that the clay under the so-called
“top seam ” of coal would answer to make the ordinary
white queensware ; but after erecting the necessary buildings
and large kilns they found that this clay was only suited for
making yellow ware, and the pottery was finally abandoned
and let go to ruin.

Two potteries have subsequently been started here and are
doing a very fair business by making the Yellow or Troy
ware. One of these potteries is owned by Samuel Wilson,
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and the other by B. Hincho. The former makes annually
about five thousand dollare worth of this ware and the latter
not quite so much. -

On Anderson creek, near Troy, there is a large establish-
ment for making sash, doors and blinds.

Leopold, Rono, Derby and Rome are small towns; the
former is in the interior of the county and settled principally
by French. The Catholic Church at this place is an impos-~
ing structure, built of gray sandstone quarried in the neigh-
borhood. Rono and Derby are thriving towns situated on
the Ohio river. Rome, also on the river, is seven miles
below Derby and has a fine location on the rich alluvial
“bottom,” but has decreased in population since the removal
of the county seat to Cannelton. There are no other towns
of any note in the county.

Between Cannelton and Tell City isa place called Fulton ;
there are no houses here, and the name is applied to an
abandoned coal mine, which is on a tract of land that was
given by the United States Government to Robert Fulton,
the inventor of the steamboat who, in company with Mr.
Livingston built, at Pittsburg, Pennsylvania, in 1812, the
first steamboat that ever floated on the Western rivers; it
was called the “ Orleans” and made her first trip from Pitts-
burg to New Orleans in fourteen days.

It is said that this boat, on her first trip down the Ohio
river, stopped at Fulton, and some coal from the mine was
taken on board, whether for fuel or as a matter of curiosity,
i8 not known.

It is proposed to erect at this place a monument in honor
of Fulton ; and it is to be hoped the project will be carried
out. The location is a proper one, for no where has the
invention of Fulton been more productive of beneficial
results, or is more fully appreciated than on the beautiful
Ohio. And a monument here would not only serve to
remind the pavigator of his obligations to genius, but will
also serve to illustrate the ingratitude of a Republic, which,
in possession of an almost boundless domain, could spare
only a few acres, where it was of little value, to reward one
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-of its greatest benefactors. For who can estimate the value
of Fulton’s invention to a country so bountifully supplied
with large, rivers, and where its application has been pro-
-ductive of such marvelous results in developing its resources.

GEOLNGY.

The geological formations of this county embrace a por-
tion of the lower carboniferous rocks, the greater part of
the coal measures; a ferruginous gravel and sand which has
by some been thought to belong to the tertiary; glacial drift,
and a few patches of quaternary on the highest points along
the Ohio river.

The following section will exhibit the sequence of the
.strata, leaving out the ferruginous gravel as its relative posi-
tion with the drift has not been ascertained :
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GENERAL SEOTION IN PNRRY COUNTY.

Sracn. ¥z, In,
5 Boil and clay.
10? Loess (local).
18, Drift (local).
83.0
] Sandstone and Shistose Sandstone.

36 S s 6 | COAL L.

? Fire clay.
5.0 ] Sandstone. -
15 Limestene.

26 IS 2 8 | OOAL K.

? Fire clay.

50.0 L ’ Sandy shale.

-6 | 6 [OOAL I
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GENERAL SECTION—Continued.

y
Sracs. ¥r. In.
0.8 » Baadstene.
1.0 1 COAL H,
1 Fire elay.
Heavy bedded gray sandstone.
.
e Cannelton buflding stone.
”
1.6 1 8 | COAL G. *‘Top Ooal.”
4 Fire clay. Potters’ clay.
“.e o Gray shale with ironstone.
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GENBRAL SECTION—Continued.
8racs. Fr. In.
[ ]
4.0 4 COAL F. Main “Cannejton seam."
L Fire clsy.
4 { Thin bedded sandstope and Schis-
1 tose sandstone,
0.0
16 8andy shale.
1.0 I COAL P?
Fire clay.
8haly sandstone,
Thick bedded sandstone,
b Lower building stone.
8.0
30 Sandy shale.
.6 | 8 | COAL B.
1 Fire clay.
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GENERAL SECTION—Continued.

8rack. Fr. In,
80 Congiomerate massive sandstone
50.0 to { with pebbles.
k(]
2.6 2 6 | COAL A.
— 3 Fire clay.
50
to Sandy shale and massive aandstons.
90
Greenish marly shales alternating
] with pentramital and Archime-
des imestone.
200.3
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GENERAL SECTION—Continued.
Sraon. 1 ¥r. Im.
(] Gray Arohimedes limestone.
.8 8 | Bituminous shale.
3 3 | Cear.
20 Sandstene.
100.0 0 Gray limestone.
Oh{o river at Rome.
$33.3 Total.
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8t. Louis Limestone. The gray limestone at the base of
the above column is the equivalent of the sub-carboniferous
member designated in the Missouri and Illinois Geological
Reports, as the St. Louis limestone. At St. Louis it con-
tains a number of beautiful and interesting fossils, among
which are Paleechinus mullipora.

This limestone may be seen along the banks of the Ohio
river and in the valley over a greater part of the county
east of Deer creek. The prevailing color is light gray with
occasional layers of fine grained lithographic stone; but the
Iatter generally contains too many crystals of calcite to be
made available for lithographic purposes. 8o far as my
examination went, this member contains but few fossils.

There are various reports of lead being found in this
limestone on Poison creek and it is possible that it may
contain isolated small pieces of galena; but no true veins of
galena are likely to be found in this county.

Every county, where hills and rocks prevail, has its
Indian tradition relating to the existence of rich mines of
lead and precious metals. When engaged on the survey in
Kentucky, I remember hearing the story of “Swift’s Silver
Mine” and its locstion from what was considered indis-
putable evidence in every county in the State from the Ohio
river on the west, to the Big Sandy river on the east, and it
is possible that I might have followed the tradition into
Virginia. Thus the poor lazy Indians who never worked
mines or engaged in the smelting of ores in all their lives,
are the will-o’-the-wisps which credulity have conjured up
to lead even some of the best informed citizens to search
after imaginary mines where enough silver may be had to
shoe all the horses in the country, or where lead ore exists
without limit. Indeed, it would be difficult to estimate the
amount of money and valuable time spent in these fruitless
searches. It becomes, therefore, one of the important duties
of the geologist to disabuse the public mind regarding the
faith to be placed in these traditional mines, as the knowl-
edge of what minerals are not to be found, puts a stop to
misdirected capital and enterprise. It is well to bear in
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mind that it is hazardous enough to work mines when a
portion of the mineral is all the time in view.

The lower carboniferous rocks are metaliferous in many
parts of the world, but most generally in localities where
metamorphism has played a prominent part and crystalline
rocks prevail. The gold bearing quartz veins of the Placer
mountain in New Mexico, traverse rocks of this age and
pass upward into quartzite sandstone which is referable, in
my opinion to the carboniferous. So, at the Organ moun-
tains in the southern part of the territory near Las Cruces,
the silver ore is found in veins cutting through the sub-
carboniferous limestone which is here crystalline and capped
with porphyry. The latter rises up in great columns
resembling organ pipes, and hence the name of the mounn-
tain.

In Crittenden and Livingston counties, Kentucky, and in
Hardin county, Illinois, there are in the St. Louis limestone
brdad veins of fluor spar, containing more or less lead.
These veins are very promising and a great deal of
money has been spent in their development, but, so far as I
can learn, without a compensating return. It is true, that
furnaces have been built and considerable lead ore mined
and smelted into pigs in Illinois, but this fact does not
settle the question of profit. This member is also the reposi-
tory in Kentucky and in Hardin county, Illinois, of hydra-
ted oxide of iron, in large beds or pockets.

Above the St. Louis limestone is an intercalated sandstone,
on which rests the Archimedes limestone of the Illinois
Reports, alternating with greenish marly shales. In places
the limestone is quite rich in charaotertstic fossils, Archim-
edrs, Pentramites, etc.

In the associated shales are occasional thin bands of clay
ironstone. A seam of coal from one to six inches thick, is
also found in this member in connection with a seam of
bituminous shale; it is not continnous, but may be seem
locally, from Leavenworth, in Crawford county, to Deer
creek. Near Rome and at other points, much time has been
lost and money epent in digging into this black shale with
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the hope that the coal would prove to be thick enough to
mine when followed a considerable distance into the hill.
I have never found or heard of a seam of coal, below seam
A of the above column, that was-over six to eight inches
thick, and as a rule, when a seam has acquired a roof of
solid slate or other rock, the thickness is just as likely to
diminish as increase by pursuing it to a greater distance from
the outcrop.

Above the Archimedes limestone is a massive sandstone
attaining in some places, including the sandy shales and flags,
a total thickness of one hundred feet or more. A portion of
this sandstone member, is in a solid bed forty to sixty feet
thick without seams; but occasionally you find the exposed
face roughenéd by lines of false bedding and irregular mark-
ings of oxide of fror which stand out in bold relief from the
weathered surface. The Hon. James Hardin, whose hospi-
tality I enjoyed while in this portion of the county, very
kindly drove me in his buggy to a locality near Rome where
this sandstone is seen in great force, and I obtained there the
following section, the measurements of which were taken
with the aneroid barometer.

Section of the rocks at Cedar Lick Hollow, one and a half
miles northwest of the residence of Hon. James Hardin, on
section 6, township 7 south, range 1 west:
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CEDAR LICK HOLLOW.
Bracs. ¥e. I,
4. Soil and covered.
60 Brown colored mas-
° sive sandstone,
 Chester sand-
stene.
",
30 Shaly sandstone,  J
© O ond “Pontramiial
limestone.
,Up-p:‘.AreM-
stone,
170,
70. Gny Arehimedes
limestons. J
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CEDAR LICK HOLLOW.—Continued.

8raox. rt. In.
U]:ser Archi-
2. Buff; sandstone. medes lime-.
ntone.
40. Gray limestone. ]
8t. Louis Jlime-|
Poy - [ stone. A
Covered to high wa-
40. ter of Ohio river.
344 Total.

This section extends from the high water mark of the
Ohio river to the top of the ridge, and represents 340 feet
of lower carboniferous strata, and, including a portion of
the St. Louis limestone group, all of the upper Archimedes
limestone and the greater part of what is called in the Illi-
nois Reports, the Chester sandstone group. .

The topography of the country where this succession of
strata prevails, is characterized by rugged hills and long
narrow ridges that are lined on one or both sides, near the
top, with cliffs of massive sandstone; and scattered over the
precipitous escarpments to the valley below, are immense
quadrangular blocks of sandstone that have broken loose
and fallen from the parent bed above. One of these blocks
measures 120 by 80 feet and is estimated to be 50 feet high.
Several large cedar trees are growing on the top of it. The -
washing away of the shales and the destruction of* the lower
part of the sandstone cliff by weathering has produced large

G. R—6
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cavities ; the so-called “ Rock Houses.” In oneof these “rock
houses” I saw several Indian graves that were walled with
stone. They are about four feet long and two feet wide.
From time to time they have been dug into, and it is said.
that a few arrow heads and stone axes have been taken out..
A quantity of flint flakes and a few fragments of human
bones were seen in the dirt. I believe that a careful search
in the bottom of this cave will bring to light, not only relics.
and human bones, but also the bones of quadrupeds and
other animals, some of which may prove to be new to
science. In a large sandstone rock which had fallen from
- above and which lies near the mouth of the cave but entirely
beyond the roof| there are two ovoid holes about two feet
apart. Their largest diameter at the mouth is eight inches,
shortest diameter six and a half inches, depth twenty-two-
inches, width at bottom about three inches. The top of the
rock, on the upper side, is about two and a half feet above
the ground. The direction of these holes is vertical, but,
from the position of the rock, they run diagonally across the
lines of bedding. At a rock house in the conglomerate
sandstone, in another part of the county, I saw similar holes
but paid little attention to them, supposing them to be “ pot.
holes,” that is holes formed by the abrading action of peb-
bles kept in motion by the action of running water. But
here the position of the rock and all the surroundings pre-
cluded the possibility of their having been produced by such
agencies, and these holes must be looked upon as the work of”
Indians; most likely of the “ Mound Builders.” To what
uses they were put is a matter of conjecture, but it is most
probable that they served as mortars in which to crush
acorns and roots for food. The long pestle-shaped stones,
which are not uncommon relics of the Mound Builders,
would find in these holes a mortar suited to their length.
Their great depth may result, in part at least, from the
gradual wearing away of the sandstone by the act of pound-
ing with a pestle made of much harder stone.*

© ®The long cylmdnenl atones called pestles or hammer stones are usually
of trap or greenstone and are very hard.
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This sandstone is also seen at the base of the hills and
exposed in the bank of the Ohio river, just above Rock
Island. In places it is suitable for building stone and may
be quarried in blocks of any required size.

Milistone Grit or Conglomerate.—These terms are applied
indiscriminately to a massive sandstone that is often charged
with quartz pebbles, and lies at the base of the coal measures.
The millstone grit is seen over the greater part of Perry
county and is here represented by sandy shales, flags, and a
massive sandstone containing quartz pebbles.

In many partsof the county, coal seam A, which underlies

this conglomerate sandstone, is from two to two and a half

feet thick and the quality is good. At Rock Island, just
above Cannelton, it is entirely absent or is only represented
by a few inches of coal as may be seen by the following
section, given by Joseph Lesley, Jr., in the report made by
the former State Geologist, Professor Richard Owen, (1859.
PP- 343, 344):
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SECTION OF, THE ROCKS NEAR THE MOUTH OF

DEAR CREEK.
SPACE, ¥r. In.
N
Thin bedded sandstone.
™
151, 4 Ferruginous sandstone.
Thick bedded sandstone.
70 Building stone.
1.6 1 6 | Top coal vein.
1
] s {Gny shales with thin bands of
4. nodular iron ore,
d 4. 4 Main Cannelton coal.
k ) Fire clay.
Shales and Bchistose sandstone
58. &3 with heavy band of kidney
iron ore.
1.1 1 1 | Lower coal vein,
4 Fire clay.
10 Shales.




PERRY OOUNTY.

SECTION OF THE ROCKS—Continued

.

Sracs. Fr. In,
o
- 40 Thick bedded sandstone.
d Thin bedded sandstone.
Coal stresk.
70 Massive sandstone & congl
125
e —
88 Probably sandstone.
Top of Subcarboniferous lime-
stone at mouth of Deer creek.
4T Total.
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Mr. Lesley made a topographical map of the country
around Cannelton which was not published, and I presume
it is lost, as I have not been able to find or learn anything
of it. This is to be regretted, as the work of so able a
topographist could not fail to be of practical as well as of
scientific value. )

The section given above shows at least 422 feet of coal
measures and millstone grit, and in this depth we have rep-
resented by massive standstones nearly the entire coal
measures of the State, with only one workable seam of coal ;
the main Cannelton coal, which is referable to F of my
classification. The sub-conglomerate coal A, is also wanting
in this section, but shows in the cliff a short distance to the
west, where it is only a few inches thick.

At Godfried Everard’s on sections 10 and 11, township 5
south, range 2, one and a quarter miles southwest of Leopold,
coal A is thirty inches thick and of very good quality. It
bas been mined on a small scale for smithing, and I was
told that it answered the purpose very well. It has a glossy
black color, but contains some seams of pyrites. The bitu-
minous brown shales over the coal contain a variety of fossil
plants, but in such a bad state of preservation that they
would not bear handling. The principal kinds noticed are:
Lepidodendron sp.?, Neuropteris Loschii, N. hirsuta, Sigil-
laria 8p.?, and some stems of plants.
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The section from the top of the hill to the coal is:

8racs. Tr. In. .
30 Covered.

101.0
70 Flags and mulvel conglomerate sand-

b stone with pebbles

-

Bituminous brown shales.

e || _© (oo

1 Fire clay.

30? Covered space to the foot ot ravine.

? Sub-carboniferous limestone.

134.6 Total.

A weathered specimen of coal obtained from the mouth
of the mine gave, on analysis:

EVERARD’S COAL A.

L Ashyred, - - - 150
Cokse, 5550\ Fixed carbon, - - 5400

. Water, - - - 7.50
Volatile matter, 44.50{ Gas, - - - 387.00

100.00 100.00
‘Coke pnffed, amorphous with metallic lustre.
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At Mrs. Foster’s on section 11, same town and range as-
above, we have the same suyccession of strata, and coal A
outcrops under a heavy cliff of conglomerate sandstone which
gppears on all sides of a deep ravine. This cliff contains a
number of caves, “rock houses,” which are similar in
appearance to those seen near Rome. At the mouth, they
are from three to ten feet high and the roof slopes back
until it reaches the floor. The depth seldom reaches twenty
feet. Here one is called the Saltpeter cave, and it is said that.
nitre has been extracted from the dirt which exists in limited
quantity on the bottom ; another is called the Indian Morter-
cave. Within the mouth of this cave is a large stone that.
has fallen from the roof in which there is a number of round
holes about six inches in diameter, one to two feet deep and .
tapering down to their bottom. At that time I could not.
conceive of any use to which such narrow deep holes could be
put, and notwithstanding the careful memorandum then
made that the rock containing them was situated too far
within the rock house for dropping water to reach it, and
that there was no evidence showing that any body of water-
had ever issued from the cave, still I was loth to believe
them artificial and left the spot fully persuaded that they
were produced in some unaccountable way by the action of
water. But I have now not the slightest doubt that they
are the work of the Aborigines. I picked up a flint arrow-
head at the mouth of this rock house, and it is possible that.
many interesting relics and bones of animals could be found
by digging up the bottom. In a field belonging to Mr.
Peter Fealy, which is on the ridge near by, flint flakes are
to be seen in great abundaunce, and Mr. Fealy says he finde
numbers of flint spear heads, arrow heads and stone axes
every spring when he plows the field. Indeed there is no
want of evidence to show that the rock houses formed the
abode of Indians, but whether Mound Builders or more
recent races, or both, is a question which can oply be satis-
factorily answered by more extended researches.

-The massive conglomerate sandstone in which the rock
houses occur, contains a few pebbles, and the exposed face is



PERRY COUNTY. 89

in many places at least forty feet thick and without a seam.
The coal which lies below it, though too thin to be of com-
mercial value, is found in most of the hills bordering on Deer
creek and Little Deer creek, and on the headwaters of An-
derson, and the Middle and Sulphur Forks of Anderson
creek. The sub-carboniferous limestone is exposed in many
of the ravines below it.

At Mr. Abraham Lusher’s, on section 7, town 4, range 2,
the sub-carboniferous limestone outcrops at the base of the
hill, and coal A is about thirty feet above it. It has been
dug into by Mr. Lusher, and it is said to be two feet thick.
The opening which had been made was filled up with wash-
ings from above, and I was unable to find any good speci-
mens for analysis in the debris.

In the shales under the coal seam there are bands of good
ironstone, but the extent of this ore could not be ascertained.
The pieces picked up were three to four inches thick.
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The following is a section of the rocks taken from the
creek at Mr. Lusher’s house to the top of the ridge:

Spaox. ‘ Fr. Ix.
Covered space, mostly sand-
200. 200 stone and ahales.
? ? COAL B. Thin.
40 40 Massive sandstene.
2 2.7 COAL A.
‘ 1 Fire clay.
30 Gray shales.
" .
40
Archimedes limestone.
Sulphur Fork.
213, Total.

This coal has also been dug into at the following places:

Cutter tract, section 20, township 4, range 2.
Wm. Lanman’s, section 31, township 4, range 2.
Holman, section 33, township 4, range 2.

A. Lusher’s, section 27, township 4, range 2.
Flamin’s, section 20, township 3, range 2.
Sproule & Bugger’s, section 21, township 3, range 2.
Unknown, section 2, township 4, range 2.
Platts’, section 24, township 3, range 3.

Mrs. Baird’s, section 12, township 4, range 3.

J. Lazenby,ysection 29, township 5, range 2.

F. Mack,;section 26, township 5, range 2.
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J. Pollock, section 26, township 6, range 2.

J. C. Shoemaker, section 22, township 4, range 2.

At Leopold, near the base of the conglomerate, on land
belonging to Henry Deville, sections 1 and 2, township 5,
range 2, and on John Morgan’s land, section 12, township
5, range 2, there are deposits of hydrated oxide of iron which
cover a considerable area on the sides of the hills, and it has
been proved, by shafts sunk into the beds, to be more than
five feet in depth. I have not yet had the time to make an
analysis of this ore, and, therefore, quote the one made by
Prof. Richard Owen.*

Water, - - - - - - 8.0

Insoluble silicates, - - - - - 16.0
Besquioxide of iron, - - - - 6956
Protoxide of iron, - - - - trace.
Alumina, - - - - - - 3.0
Lime, - - - - - - trace.
Magnesia, alkalies, and loss, - - - 3.6

100.0

From this analysis it will be seen that the ore contains
48.6 per cent. of iron, and 16. per cent. of silica. The ex-
periment of smelting similar ores is about to be made by
the blast furnace which has just been completed near Shoals,
in Martin county, Indiana; and should it prove successful—
and I have not the least doubt but that it will, especially if
the native ore is mixed with a portion of the specular ores
of Missouri—then there is no reason why this ore at Leo-
pold should not be sought after, and blast furnaces be erected
at the coal mines on the Ohio river for smelting it. This
ore is not only found in the hills about Leopold, but may
be seen at many other places in the county, some of which
are indicated on the map which accompanies this report.

The conglomerate sandstone member will, in places, fur-
nish good building stone. The Catholic church at Leopold,
which is quite a handsome edifice, is built of stone from this
series, and it gives promise of durability.

#Geological Reconnoissance of Indiana, 18569, page 183.
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‘We may, then, in Perry county, enumerate as the econom-
ical minerals of this epoch—coal, iron ore, and building stone.

Coal Measures: In Perry county the rocks of this epoch
are mostly massive sandstone, with a paucity of stonecoal
and argillaceous shale, and they represent by far the greater
portion of the entire measures of the State. The following
section will represent the character of the rocks, and show

the true place occupied by the “ Main Cannelton Seam.”

Section of the coal measures of Perry county, including
the millstone grit, made from outcrops on the Ohio river be-

tween Rock Island and the mouth of Anderson creek:

Sraoca. Fr. Ix.
30 Covered space.
57 ¥
12 Sandy shale.
15 Limestone.
2.8 ) 8 COAL K with six in. fire clay.
2 Fire clay.
50. 48 Sandy shale,
T — §_ COALL
Fire clay?
80, % Sandstone.
1. L 1 COAL H and fire clay.
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SECTION OF COAL MEASURES—Continued.

1.6

[

10

Shaly sandstone and massive
sandstone.

Building stone.

OOAL G. * Top coal.”
Fire clay used for pottery.

COAL F.
Fire olay.

Shales and sandstone.

COAL D?
Tire clay.
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SECTION OF COAL MEASURES—Continued.

Bracs. ¥r. In.
0 Massive sandstone,
89, Bullding stone.
bd Thin bedded sandstons.
0 o [ COAL B,
1 Fire elay.
n.
{ Oongomuto sandstone with
pebbles.
-
9 emmman 7 | ¢ | COALA.
I a— 2 Tire clay.
Sandy shales belonging to the
an.le { lower urbonlforo‘l:-.‘

It will be seen in the above column of the coal measures,
that I give to the “Main Cannelton Coal,” a position in the
series which corresponds to that of the third block coal
seam (F) at Brazil, in Clay county. It is 148 feet above
the conglomerate sandstone at Cannelton, and there are two
seams—B and D?—in the intervening space. The latter
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D S I S
seams are not known to be workable in this county; »ad the-
upper has been referred to D with some doubt, as there is,
here, no evidence by which its equivalency can be deter-
mined, except that of the space between it and B (90 feet),
which is sufficiently great to warrant the assumption that in
it, a seam of coal may occur at some locality.

Mr. Joseph Lesley, Jr., determined the general dip of the
strata at Cannelton with great care. He says:*

“5th. That the general dip of the strata is, as shown
upon the accompanying map,t N. 76}° W, its average fall
being 33 feet to the mile.

“6th. That this dip is not regular, but in long low waves.
These waves cause the leading peculiarity of this portion of
the coal field, and also have been the cause of much perplex-
ity and pecuniary loss to those who have undertaken to
develop the resources of this district, for the main coal vein

has always been found to become thin, and sometimes even -

to disappear upon the crest of these waves, thus reducing
very much the area of the workable ceal, and throwing it,
80 to speak, into pockets which are difficult to strike with-
out a previous careful geological and topographical survey ;
the eye of the practical miner, even trained as it may be,
not being so certain to detect these disturbances as a careful
examination by compass and level.

“In the tunnel north of Cannelton, this thinning out of
the coal vein can be plainly followed. A shaving off of the
coal vein would express this better, * * * The whole
four feet of coal, with its sulphur band, not being com-
pressed into a streak only, but just the upper bench of coal
disappears, then the sulphur’band, and finally the lower
bench of coal. * * * *

® Geological Reconnoissance of Indiana, by Prof. Richard Owen,
State Geologist, p. 346.

tAs no provision was made by the State to have this valuable topo-
graphical map published with the Report, the former State Geologist
had it framed and hung up in the Geological Room. During the late
war this room was used for other purposes, and the collection was
boxed up and carried to the cellar, and in this way the map was lost.
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“The strata decrease in thickness westward, even to en-
tire absence, as in the coal of the shales overlying the main
coal in the tunnel, where these measures are forty-six feet in
thickness, whilst at the old Fulton banks, two miles to the
westward, they have entirely disappeared, the roof of the
coal being formed of the so-called ‘Top Rock’ mentioned
in the section above. * % * %

“Besides these waves there is a fault running along the
south side of Caney Fork of Deer Creek, and in a direction
parallel to that of the general dip of the strata. At right '
angles to the fault, and running into i#, is another, not so
long, and showing itself on the east side of the valley of
‘Hayden Meadow.” These faults are occasioned by an up-
throw of the strata of the subcarboniferous limestone, which
along Caney Fork form the bluffs along that stream and dip
into the hills at an angle of 60° in a 8. 8. W. direction.”

I am inclined to think that the appearance of the sub-
carboniferous limestone on Caney Fork is attributable to a
strong wave in the strata, rather than to a fault. For here
we have almost, if not quite, lost the whole of the sandstone
member, which at the mouth of Deer Creek lies between the
subcarboniferous limestone and the conglomerate, and which
is, in places at least, one hundred feet thick. The cutting
action, referred to by Mr. Lesley, must have, therefore, had
full play here, previous to the deposition of the millstone

gnAt Rock Island lmne, two and a half miles northeast of
Cannelton, coal F is 147 feet above high water. Back of
the Catholic church, at Cannelton, it is 80 feet, and at Fulten
it is just at high water mark. At Tell City it is just below
the bed of the Ohio river, and at the old pottery it has been
reached by a shaft at a depth of forty feet below high water
mark. On the opposite side of the river at the Reverdy
mine, about half a mile above Hawsville, it is 185 feet
above high water; at the Trabue mine, one-third of a mile
below, it is 80 feet; at Hawsville 15 feet above, and at Haws’
mine, one mile below town, it is 70 feet below high water.
The difference of 65 feet in the level of coal F at Trabue’s
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mine and the mine a few yards from it, in the east edge of
Hawsville, and the difference of 70 feet between the mine
in the west edge of town and Haws’ mine, one mile below
town, has generally been considered due to faults. But, here
again, I must attribute these differences in level to the
waves of the strata which Mr. Lesley speaks of, for no evi-
dence of a break or the sliding of one stratum past another
could be seen. My examinations, however, have not been
as thorough as they should be, to fully settle this point,
which was due partly to the fact that, on both occasions when
X visited Perry county, I was in poor health and suffered,
most of the time, from a slight fever; and I can not too
fully express my obligations to Hon. Hamilton Smith
and his accomplished wife for the attention received from
them.

In 1856, while engaged on the Geological Survey of
Kentucky, under the direction of the late Dr. D. D.
Owen, I accompanied Prof. ‘Leo Lesquereux on a trip
through a portion of the coal field in western Kentucky,
and I well remember our surprise on finding at Haws’ mine
near Hawsville, the whole of the coal measure strata from
the “Anvil Rock” sandstone to the Conglomerate sandstone.
The main Cannelton coal, F, is just below the level of the
bed of the Ohio river at Haws’ mine, now abandoned ; as
it is said that, in driving an entry in the direction of the
river the water broke into the mine in such quantities as to
prevent its being worked. The ‘“head works” have been
destroyed, the railroad track, to the river, has been taken
up, and nothing remains now to mark the place of the mine,
except the slope which is nearly filled with water. Every-
thing, indeed, was so completely changed that great difficulty
was experienced in finding the old land marks; but being
aided in the search by Mr. Bunce, Superintendent of the
Hancock mines, and Mr. Evans, mining engineer of the
Amerioan Cannel Coal Company, we finally succeeded in:
finding the out-crop of the limestone coal K ; and the other
thin seams which lie above F, and in fact, to verify the
section which was made here many years ago by Prof.

G. R—17 '
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Lesquereux and myself. This section is here given for the
sake of comparison with those scen in Perry county.

SECTION AT HAWS' MINE, KY.

Spack. Fr. I,
8lope.
? Sandetone, *‘Anvil rock?
Sandy shale. \
6 Limecatone.
7.0 [ i | ( COAL K with 12 inches of
—_ e eeee cem—e—= | | five cluy purting.
60 ' :
60 Sandstone and shale.
COAL I,
y % 0 Sandstone and shale.
T4 eea— 1 © | coarm.
. P Sandstone.
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SECTION AT HAWS' MINE—Continued.

{ 8racs. ¥r. Ixn.
T e—— coare.
25 Hard bluish shale,
»
1B Black bituminous shale.
« r COAL ¥. ‘‘Haws’ coal.”
+ Fire clay.
219, Total.

The coal seam, four feet thick, at St. Meinrad’s in the
northern edge of Spencer County, is referable to F, and
- though not nearly so thick, this seam may be traced by nu-
merous outcrops along Anderson Creek to Troy, where it is
forty feet below high water mark, and has been reached by
a shaft.

On Windy Creek, hetween Tell City and Troy, coal F is
thirty inches thick, and it is mined by adits and by strip-
ping at a number of places, and the coal is wagoned to mar-
ket. But by far the most extensive mining operations in
this county are carried on by the American Cannel Coal
Company at Cannelton and at Rock Island mines, two and a
half miles above. The seam here ranges from three to four
and a half feet in thickness. They employ about 150 men
and mine about eight thousand bushels of coal per day. Six
banks are worked at Cannelton, three of which are reached
by railroads leading to the river, and from the other three
the coal is hauled in wagons.

The American Cannel Coal Company also owns the Han-
cock mines in Kentucky, four miles above Hawsville. All
these mines are worked by adit levels, and the coal sold to
steamboats is run to the river and dumped into barges. At
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the Hancock mines, which are two miles from the river, a
small locomotive is used to draw the coal. At Rock Island,
the grade of the road to the river is such that the cars are
run down by their own gravity, and the mules ride on a
platform attached behind the car and draw the empty train
back to the mine.

Clark Bros. lease their mines of the American Cannel
"~ Coal Company, and consume in their manufacturing opera—
tions about all the coal that is mined.

The Tell City Company have mines on their own pro-
perty, from which they obtain a portion of the coal con-
sumed in their extensive manufacturing establishments.

Mr. George Minto, a very intelligent mining engineer,
who spent a great many years in the employ of Mr.;Smith,
and superintended the opening of most of the mines at Can-
nelton, sunk a shaft near the Old Pottery at the upper end
of Troy, and at the depth of forty feet below the high, water
mark of the Ohio River, reached the Cannelton skam.
Headworks were erected and mining operations commended,
but I was told that the mine could not be made to pay and
it’ was finally abandoned. The shaft is now full of water,
which precluded the possibility of seeing the coall; but I wag'
informed that the seam was about three féet thick.

A most interesting section was' obtainéd at thid place,
exteniding from the coal at the bottom of the Mihto shaft to
the top of a big hill just back of it. This shaft; it_will be
séen by reference to the map, is in the direction of the strike
of the strata from Haw’s miné; one mile below Hawsville, in-
Kentucky, and very nearly on the general strike of the
strata as determined by Mr. Joseph Leslie’s survey. And'
the sections at each place correspond as nearly as could
be expected from measurements made with an® aneroid
barometer.
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SECTION AT MINTO’S SHAFT.

8racs. ¥r. In.
6 80il and clay.
10 . Loees ?
L n Coversd and shale.
Arenaceous limestone.
1B Limestone.
1 1 COAL K.
? Fire clay.
L 80 Sandy shale.
? OOAL I, thin.
? Fire clay.
Bandy shals and heavy bedded
30 sandstone.
. T | COAL H and fire clay.
Schistose, massive and shaly
90 sandstone.
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SECTION AT MINTO’S SHAFT—Continued.

8paca. Tr. In,

1.6 — 1 A COAL G. * Top coal.¥

] Fife clay used at pottories.
)
) 10 Shale.
| e e h
45.
% Sandstone.

l .
3 - 3 COAL F. Cannelton seam.

4 4 Fire clay.

Low water in Ohio river.

283.0 Total. '

Corresponding sections may be seen in the hills‘on Windy
Creek, northwest corner of section 20, township 6, range 3,
and in a high bill just west of Cannelton. On Windy
Creek, the limestone coal K, was at one time opened, and L
learned from Mr. George Minto, Jr., that it was, here, a
double seam :
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SECTION ON WINDY CREEK.

8racs. Fr. 1 1.
GRS 00 | coalL
2.10 _ [ 7w | Mirecley.
WEE | o
? | _ _Fire clay.
Total. l

From the sections already given, it will readily be seen
that the limestone and coal K, about 210 feet above the
main Cannelton coal F, furnishes as surea guide to the place
of the latter as the pebbiy sandstone which is below it.

Two miles beiow Troy, at the “ Mound” hill, in Spencer
county, and on land owned by Dr. Gage, there are three
seams of coal between low water and the top of the hill.
These seams were all opened by John Stephens, of Rock-
port, and his brother A. Stephens. Commencing at low
water, Mr. John Stevens . put a bore down sixty feet to a
seam of coal two and a-half feet thick, which is about the
place of the Cannelton seam. Mr. Stephens made the space
here, 181 feet between this ceam and the limestone coal. I
visited the locality with Mr. George Minto,and his son, and
found the old openings had filled up. We saw plenty of
large fragments of limestone scattered over the slope of the
hill, but were unable to make surc of its exact place. As
nearly as we could judge, however, I made its place, with
the aneroid barometer, 130 fect above low water, where Mr.
Stephens commenced his bore.  Now this limestone and the
subordinate coals, may be followed very nearly to Judge
Ingle’s mines at the city of Evansville, in Vanderburg
county, and is, therefore, a very reliable guide to the seams
which lie above and below it. The greatest depth of strata
from this limestone to the conglomerate sandstone in Perry
county, does not exceed 390 fect, and a slight wave in the
strata betweon Grand View, in Spencer county, and the
mouth of Cypress creek, in Warrick county, has brought to
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the surface the “Martha Washington” rock at Rockport,
which in my last Report was, I still thmk , correctly referred
to the conglomerate sandstone.

To make sure of this, we need only carry our observa-
tions a little farther to find the crop of subcarboniferous
limestone, a few miles south of Owensboro, Kentucky.

In order more fully to show the connection of the coal
seams in Perry county, with those at Newburg, in Warrick
county, I will give a section of the rocks at the latter place,
made from out-crops above, and from the shaft as far down
s seam I, and from thence down, from the record of a bore
made for oil by R. R. Roberts. This bore is at the mouth
of Cypress creek, a short distance up the river from the
Newburg shafts, and commenced in the fire-clay at the bot-
tom of seam I.

SECTION AT NEWBURG.

~

Braos. ¥r. Ix.
16. 16 Sandstone and shale.
£.6 m 2 [} COAL X.
LD 1 Fire clay.
] Limestone.
Place of Coal K.
22 Sandstone and shale.
Place of ocosl.
81.
. ]
Shale and sandstene.
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SECTION AT NEWBURG—Continued.

SrACR. ) 4 In
5. 5 COAL 1. Main Newburg seam.
3 6 Fire clay.
2 Blate.
1 6 | White sandstone.
23 Dark sandstone.
. [ Dark shale
7 Dark sandstene.
% Light sandstous.
<
1. L] 1 COAL 7.
1 Fireclay.
60 ‘White sandstone.
17 Black shale.
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SECTION AT NEWBURG—Continued.

Sracs. P, Ix.

L Gray slate.

L Reddish slate.

] Hard red rock.
172.6

87. Gray slate.

2 6 | White sandstone.
401. Total.

This section stops at about the top of the millstone grit -
and shows a wonderful thinning out of the lower coal seams.
Seam K is also absent, but there is a seam just above the
limestone which is generally considered its equivalent.
This is, however, in my opinion an error, as I have scen a
coal seam above and another below the limestone of this
horizon at quite a number of localities, and we have ouly to
go a few miles south-west of Newberg, at the first locks on
Green river, in Kentucky, to find this phenomena; and
here the main Newberg seam, five feet thick, is also found
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at about the same distance, eighty feet below the limestone.
In consideration of these facts I have referred the coal above
the limestone at Newberg to X, since it corresponds in posi-
tion to that seam seen below Maysville on White river, in
Daviess county.*

Since writing the above I have been informed by Prof.
Nutting that this coal has been found by a bore, between
Washington and White river, in Daviess county, and is at
this locality seven feet and ten inches thick. A company
i8 now engaged in sinking a shaft for the purpose of mining
it. Coal K is most generally a compound seam but when it
attains too great a thickness, one and sometimes two subor-
dinate seams unite with it, being separated merely by a part-
ing of fire-clay.

By the aid of the section given above we may, with a
considerable degree of certainty, correlate the coals of In-
diana with those of Western Kentucky and Southern Illi-
nois ; and I shall venture to do so provisionally, commencing
at the top with the sandstone, designated as the “Anvil
Rock” sandstone in the Kentucky Reports. It can hardly
be expected, however, from the nature of the basin in
which the coals have been formed, that an equivalency can
be established over so great an area, that will not require
correction after more extended researches have been made.
The coal strata do not, as was formerly supposed by many,
spread over the entire field, but they lie rather in lenticular-
shaped basins, formed either by an unequal resistance to
elevating forces or by abrasions previous to the formation
of the coal seams. We can not, thercfore, determine over
any very great arca, the depth of which a shaft will have to
be sunk in order to reach a given coal, by calculating the

rate of its depression from the angle of its dip at the crop;

nor can we expect to find the sean uniform in quality or
thickness at all points.

Indeed, these are questions that require the most thorough
research and study before they can be satisfactorily auswered.

*See Geological Report of Indiana, 1870, page 34.
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Section of coal seam in Kentucky from the “ anvil rock *>”
sandstone down to the conglomerate:

BSraex. Fr. Ix,
Sandstone; ‘‘Anvil Beck” of Ky.
. b survey. ’ ' 7
" 00AL X.
0o 3 Fire clay.
o 25 BSpace.
5.
1—18 Limestone.
1— % Black bituminous shale.
COAL K. (No.11ef Ky. Rep.)
Fire clay. 3
40.
‘ 3 Shale and shndstone.
b
25 | °—2 | o | 00ALJ.
- 1 Fire clay.
]
4
el
4060 Shale and sandstone.
5. ' 0—~5 COAL I. (No.$ Ky. Rep.)
) 4 Fire olay.
40—80 X Bhale and sandstene.
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SECTION OF COAL SEAM IN KENTUCKY—Continued.

Srace. ¥r. In.

Te NN 05 |_© | AL
Fire clay.

” 80—00 Bandstone and shale.

(> 00AL @.

4 Fire clay.
“. "0 Shales and sandstens.
| 00AL T.
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SECTION OF COAL SEAM IN KENTUCKY —Conticued. -

8Pick. Fr. In.

60—130 Sandstone and shale,

[ - 24 COAL D. (Casey's eoal.)

4 Fire clay.

184, 80—130 Sandstons.
K 6 | COAL B,
Fire clay,

0 Oonglomerates sapdstone,
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SECTION OF COAL SEAM IN KENTUCKY—Continued.

8rack. ¥r. In,

s SR °—: | ° |coaLa.

Fire clay.

763. Tetal.

According to the above section it will be seen that the
Cannelton coal F corresponds in position more nearly to the
four feet seam at Shotwell’s mine, near Caseyville, than it
does to Casey’s coal on Tradewater river in Kentucky, with
which it has’generally been correlated,

The" Cannelton seam of coal does not belong to that
variety’ of bituminous coal known as cannel, though there is
sometimes a thin layer of cannel coal found on top of the
the seam. It is mainly a semi-caking coal and has a part-
ing of sulphurous coal from a half inch to two inches glaick
and one foot from the top. The upper part has a dull vitre-
ous lustre and breaks with a conchoidal fracture. The
lower part is laminated and breaks into cubes. At the bot-
tom of the mine there is from one to two and a half feet of
slaty coal, and this rests on a thick bed of fireclay as shown
in the section at’page 93. The argillaceous shale forming
the immediate roof of this seam ocontains a few stems of
plants, and a fossil shell, Lingula umbonata.

An exhaustive analysis was made of coal from the differ-
ent parts of the seam collected from the Rock Island mine,
and the proximate analysis of samples from Clark’s, Hick’s
and McMahon’s mine, and also from the Hancock mines in
Kentucky.
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Analysis of coal from
ROCK ISLAND SEAM.

Upper twelve inches:
. . Ash, white, - - - 2.00
Coke, 5450 { Fixed carbon, - -  52.50
Water, - - - 4.50

Gas, - - - 4100

100.00 100.00

Coke puffed, vitreous, amorphous. Semi-caking coal, and
burns with a large flame.

Analysis of a specimen from the sulphurous coal parting :

. «n f Ash, red, - -  -1100
Coke, 69'50{ Fixed carbon, - - 58.00

Volatile matter, 45.50{

Volatle matter, 30.50{2}‘::?’» R 23:23
100.00 100.00

Coke not swollen, laminate, unchanged.

This parting contains a large portion of “clot,” resemb-
ling mineral charcoal ; it is a non-caking and free burning
coal, and has disseminated through it small pieces of pyrites.

Lower part of seam :

W . - Ash, white, - - 8.50
Coke, 58.50 { Fixed carbon, . - - 50.00
{ Water, - - 4.50

Volatile mater, 41.50 Gas, _ - - 37.00

100.00 100.00
Coke much swollen, vitreous, amorphous. Caking coal,
and burns with large flame.
Slaty coal at bottom of seam :
- Ash, lemon - - - 12.60
Coke, - - 6200 { Fixed carbon, - - 49.50
4.00

. . Water, - - - -
1 X !
Volatile matter, 38.00 { Gas, - _ - - 384.00

100.00 100.00
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Coke swollen, laminate, vitreous. Though containing a
farge amount of ash it will make a very good fuel for some
purposes. ‘

Analysis of a specimen of the so-called cannel coal, part
of the

ROCK ISLAND SEAXM:

Ash, white - - 6.00
- - 1. f ) ’
Coke, 51.50 | Fixed carbon, - - 4550

Volatile matter, 48.50{2;’;?"’ . ) - ) - ) - 4233

100.00 100.00
Coke slightly puffed, vitreous, laminate.

CANNELTON MINE AT CANNELTON,
Upper part:

. - Ash, white - - 4.00
- - 55.50] Ash, white, :
Coke, 55.5 \ Fixed carbon, - - b51.50

Volatile matter, 44.50 { g;;tcr, B . } .4?.(5)3
y - - - - 0

100.00 100.00
Coke much swollen, amorphous, lustreless.
Middle part:
- . Ash, brown, - - - 2.00
Coke, 50.50 { Fixed carbon, - - 48.50

. Water, - - - - 6.50
latile matter, 49.50 { g
Volatile matter, Gas, - - = - 4300

100.00 ~100.00
Coke puffed, laminate, vitreous.
Bottom part :

Ash, red - - - 3.60
Co - - 49.00 » Ted, .
ke, . 9 { Fixed carbon, 45.50

. Water, - - - - 6500
latile matte 51.00{ ) :
Volatile matter, Gas, - - - - 4600

100.00 100.00
Coke puffed, laminate, lustreless.
G. R—8
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CLARK BRO.’S MINES AT CANNELTON.

Upper part: .
Coke, - - 50560 { Ash, white, - - 2.00

Fixed carbon, - - 48.50

. Water, - - 7.00
Volatile matter, 49.50 { Gas, - ) - 4950
100.00 100.00

Coke puffed, amorphous, vitreous.

Middle part:
. Ash, white, - - - 3.60
Coke, 53.00 { Fixed carbon, - - 49.50
Water, - - - - 6.50

i 47.
Volatile matter, 47.00 { Gas, - . - - 40.50

100.00 100.00
Coke puffed, laminate, vitreous.

Bottom part:
o Ash, white, - - - 4.00
Coke, 52.80 { Fixed carbon, - -  48.50
- - - - 6.50

. ‘Water
tter 47.50{ s
Volatile matter, Gas, ) ) i 41.00

100.00 100.00
Coke not puffed, laminate, lustreless.

HANCOCK MINES,

in Kentucky, three miles above Hamilton.
Upper part :

Coke, _ - 53.00 Ash, blue, - - 3.50

Fixed carbon, - - 49.50
Water, - - " - 6.50

Volatile matter, 47 00{ Gas, - . . 40.50

——

100.00 100.00
Coke much puffed, amorphous, vitreous.
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Middle part:
Coke, - 080{ L en, - - 450
Volatile matter, 50.50{2;";“” R 42:3
100.00 100.00
Coke much puffed, vitreous, amorphous.
Bottom part :
s, - m{ihi
Volatile matter, 48.00{(‘:;:"’ ST 4‘1528
100.00 100.00

Coke vitreous, not puffed, laminate.
Slaty ‘coal beneath the seam :

o Ash, white, 24.00
Cokee, 60.60 { Fixed carbon, - - 36.50

. Water, - - - 8.60
Volatile matter, 39.50{ Gas, | - - - - 3100

100.00 100.00
Coke slaty, laminate, unchanged.
HECK’S COAL NEAR CANNELTON.
Top of seam :
. . Ash, blue, - - - 6.00
Coke, 55'50{ Fixed carbon, - - 49.50

. Water - - - 4.50
Volatil tter, 44.50 ’ y
Volatile matter, Gas, ) ) . 40.00

100.00 100.00
Coke puffed,’vitreous, amorphous.
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Bottom part of seam :
Ash, red,. - - 8.50
Coke, - - 53..50{ s red, -
© Fised carbon, - - 45.00
Water, - - - 3.50

Volatile matter, 46.50 { Gias, B - - 43.00

. 100.00 100.00
Coke puffed, laminate, lustreless.

MCMAHON’S COAL.

Upper part :
~ [ Ash, blue - - 4.00
Coke, - - b2 o{ » blue,
ok ”\ Fixed carbon, - - 4850
Woter - - - 6.00
1.t )
Volatile matter, 4 ‘30{ ) N - 4150
100.00 100.00
Coke not swollen, lustreless, laminate.
Lower part:

Ash, brown, - - - 550
Coke, - - 56'()O{Fixed carbon, - -  50.50

_ ) Water, - - - - 4.50
Volatile matter, 44.00{ Gas, - - . - 39.50

100.00 . 100.00
Coke not swollen, lustreless, laminate,

An ultimate analysis was made of a specimen from the
Rock Island coal taken from above the parting, and another,
of a mixture of equal parts of Nos. 1, 2 and 3 of the proxi-

mate analysis:

g g
% K & | 8
I3
AR AR AN
Q| = S|a | o
1Upper part 2. | 4.61 ] 79.24 | 1.15 | 12.80
*Mixture.ef ‘Noa. 1, 2and 3 0.5 | 4.45 | 715.40 95 | 9.70
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The theoretical cslorific power of the coal from the
upper part of this seam is:

7924 X 8080=6402.59 carbon calories.
.0319X34462=1110.33 hydrogen calories.
6402.5941110.33=7512.92 total heat units.

The heat units of the coal being 7513, in round numbers,
by dividing this by 100 the number of degrees between the
freezing and the boiling point by Centigrade thermometer,
we find 75.13 pounds as the quantity of water that a pound
of coal will raise from the freezing to the boiling point,
and by dividing the latter number by 5.5 we have 13.7 as
the number of pounds of boiling water that one pound of
coal will convert into steam.

From the elementary analysis of equal parts of the whole
seam we find its calorific power in the same manner, thus:

7540 X 8080—=6092.32 carbon heat units,
i

Available hydrogen, after deducting 0108 the amount
combined with the oxygen as water:

.0337X34462=1161.36 hydrogen heat units.
6092.32+1161.36=7253.68 coal heat units.

One pound of mixed coal will raise 72.53 pounds of
water from freezing to the boiling point, or will convert 13.
pounds of water from the boiling point into steam.

The late Professor Walter R. Johnson was employed by
the United States Government to test the relative calorifio
value of a number of coals, both of this country and of
Eunrope, and among them the Cannelton coal. These tests,
also, go to show that it has a high calorific power. The
Cannelton coal is used in the manufacture of gas for lighting
the cotton mill, but no account is kept of the quantity of
gas made from a given quantity of coal; and I was, there-
fore, unable from this source to ascertain its yield. The
quality of the gas, judged merely by the eye, on seeing it
burn at the factory, is very good, and no great trouble is
experienced in its manufacture,
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S mples from the upper, middle and lower parts of the .
seam, and from the slaty coal, and a mixture of equal parts
of all were tested in the laboratory for illuminating gas, and
the result is given in the following table :

s b1
a
RERERERE?
2 . We -~
g, s | 28 °§
BOCK ISLAND COAL. <5 15 g-;g ;"
8 2 °
PERBY COUNTY, INDIANA. -7 is 281 o4
ilai|g |88 505
&8| e |88 25| 8%
No.1. Top of S8eam 62.5 | 15.00 28 50 | 21.76 | 3.4
No. 2. Middle exclusive of the sulphamrous
band of seam 72.5 | 350 a5 ) 2475 | 3.50
No.3. Bot of seam 62.5 | 16.00 22.60 | 2.63
No. 1,2,3. Average of seam...... resersesesssene .| 62.0 | 12,560 25 50| 2475 | 38.18
No. 4. Coal Rash, below bottom of seam ...... 62.5 5.00 83.50 | .41

It will be borne in mind that the Youghiogheny coal
analyzed for comparison gave 4.05 cubic feet of gas to the
pound of coal, whereas, in practice at the Indianapolis Gas
Works they obtain 4.34 cubic feet on an average; the ratio
is as one to 1.07; calculated by this ratio the average of the
seam, without the shaly coal at the bottom, will at the
Gas Works, give 3.40 cubic feet of gas per pound of coal, or
a short ton will yield 6800 cubic feet of illuminating gas.
By selecting the best parts of the seam for gas the yield
would be 3.74 cubic feet per pound or 7480 cubic feet from
a ton of 2000 pounds. .

The coal rash, or shaly coal, at the bottom of the seam
will yield at the gas works 8.65 cubic feet to the pound, or
7200 cubic feet to the ton. This material, therefore, which
is now thrown away as worthless, or left in the mine, is
rich in gas, and from the low price at which it may be had,
can be brought into competition with some of the coals
which, though they yield more gas and a valuable coke, are
much higher priced.

Some parts of the Cannelton seam will make an excellent
coke. The value of the coke, from the average of the two
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best portions of the seam for gas, as compared to the
Youghiogheny coal, taking the latter as 100, will be—aver-
age coke from upper and middle parts of the seam, exclu-
sive of the sulphurous parting; Coke 67.5—Ash 6.0—=61.5
solid carbon. Solid carbon in the Youghiogheny 67.00;
ratio of value 100 to 92.

In the Indiana Agricaltaral Report dated 1856, but not
published until 1857, there is a communication bearing the
latter date, from the pen of Hon. Hamilton Smith, giving
a detailed and highly. interesting account of the mining and
«otton manufacturing interests of Cannelton at that time.
Believing that it would be well to republish a portion of
this communication, and on mentioning the subject to Mr.
Smith, he very kindly gave me permission to publish such
parts as I desired, and also to use the wood cuts which were
formerly employed to illustrate it :

“The Company which I represent are now acting under
the first charter granted by the Legislature of Indiana for
the mining of coals. This was obtained in the year 1837,
by a few New England capitalists, who immediately com-
menced operations under its very liberal provisions. With
-every promise of brilliant success, they expended a large
amount of money in lands, (then perfectly wild,) buildings,
drifts, shafts, boats, engineering, etc., and, when they were
ready to deliver coals to the passing steamboats, they ascer-
tained, to their cost, that the steamboat engineers were of
opinion that such fuel would not make steam. After eight
years of exertion, the Company were unable to extend their
sales over two hundred thousand bushels a year, although
they had the only coal mines opened below the Falls of the
Ohio. * Now, one of our packets requires a larger supply.

“ The early efforts to introduce the use of these coals to
markets below us, on the Ohio and Mississippi rivers, were
-attended with uninterrupted loss. Instead of dividends,
the stockholders were subject to yearly assessments. The
necessary expenditures exceeded all estimates, and no amount
of capital seemed sufficient to establish the Company on a
firm basis, and to make its stock yield an annual income.
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After the operations of nearly twenty years, and an invest-
ment of something over six hundred thousand dollars,
reckoning interest at six per cent., we are now just begin-
ning to make both ends meet, and to rely with reasonable
certainty on satisfactory dividends in the future. In the
last few years our coal lessees bave made very respectable
profits on their business. There was no necessity for their
purchase of more lands; they had no improvements to
make, no railroads to build, no experiments to try, and no
heavy taxes to pay on unproductive property.”

* * * * * * * *

“The value of our coals depends, of course, on their
extent, accessibility and relative qualities. Reference has
already been made to the difficulty of determining the first
point from the few isolated facts already known. It is
equally difficult now to determine the latter point. To be
sure, many specimens from different localities have already
been analyzed, and we can form an estimate of the char-
acter of the seams with somewhat more correctness than we
could the character of a house from a specimen brick.

“Our Cannelton seam very closely resembles the ¢Shef-
field seam’ in England, and near the city of Sheffield.
That is separated in working into six varieties and for
different uses. A portion of this seam produces a coking
coal of great richness, and ' particularly valuable for metal-
lurgical purposes. Other portions are very open burning,
and are utterly unsuitable for even the ordinary uses of the
blacksmith. The analysis of a specimen from cither por-
tion would give a very incorrect idea of the whole vein.

“The most extensive series of experimerts ever made on
American coals, were made by Professor W. R. Johnson,
and his report to the United States Senate, for a time, fixed
their relative values in public opinion. Unfortunately for
us there was but one specimen sent to him from the Illinois
coal measures, and that was a section of our Cannelton
geam, including the top coal and parting sulphur band,
which we never bring out of our mines. Of course the
results did not fairly indicate the quality of our coals.
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Under the disadvantageous trial, however, they proved
equal to the best English varieties and, in some important
qualities, were placed above the coals of Pennsylvania.”
* * * * * * * *
““The demand for our coal is increasing with great rapidity,
and this year it is very far beyond our means of supply.
When the changes are made below the falls of the Ohio, in
the means of transit, that have already taken place above
the falls; that is, when the steam tug and barges are sub-
stituted for the unwieldy flat boat, the coal depots from
Cairo to the Balize will demand from us a very large
quantity—perhaps twenty-five million of bushels a year—
while the river citics and towns and sugar mills on the
‘coast’ may call for an equal quantity. It is quite pos-
sible that the time is not very distant when coals will be
the largest item in our list of exports.
* * * * * * * *
“ We consider twelve bushels of our coals, properly used,
as equivalent to a'cord of the best beech wood for making
steam, and ten bushels as good as a cord of ordinary cotton
wood. The first is becoming more and more scarce on the
banks of the Ohio, and its value increases in the same pro-
portion, and either from the scarcity or other causes, the
price of cottonwood on the Mississippi river secems to be
steadily increasing. It now averages nearly or quite three
dollars per cord between Cairo and New Orleans.  This is
equal to thirty cents per bushel for the coal, which, when
we get fairly into the business and manage it with system
and economy, we shall be able to supply, at less than
an average of fifteen cents the bushel; and, besides, the
mineral fuel requires less labor, is less dangerous, takes
up less room, calls for fewer stoppages of the boat, and
makes steam with more regularity than wood. Alrcady the
insurance offices aure making a difference in their rates in
favor of the boats using coal. As I write, the steamer
Eclipse is lying before my door and taking on coal for her
downward trip—over 9,000 bushels. This will about run
her to New Orleans, and the saving in her fuel bill will
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amount at least to $1,250. The steamboats on the eastern
waters commenced the use of coals about 1834. Now no
other fuel is used by them, and such bas been the diminu-
tion of their running expenses that their rates of passage
and freight have been materially reduced, while the profits
- of running, even in competition with railroads, have been so
satisfactory that larger and better boats have taken the
places of the old. On our western rivers the same changes
may be expected; changes that are as beneficial to our agri-
cultural interests as to the merchant or the boat owner—
more so indeed, as the value of surplus produce chiefly
depends on the cost of taking it to market. If our farmers
can be advised of the bearing of all the facts connected
with this subject, they will aid us in obtaining a geological
survey of the State, and by enabling us to get our coals at a
cheaper rate, will secure cheaper freights for their surplus
provisions and breadstuffs; and this, allow me to say,
would be one of the very least benefits they would receive
from such a movement. Show the home man of enterprise,
and foreign capitalist, sure locations for developing with
profit, the coal and iron, and other mineral resources of the
State, and they will soon bring the mouths to the food, the
consumer to the producer, and make a market on the land
for the products of the land. Let it be understood that
the Indiana farmers are now paying a sum for transit
expenses on what they import, and on the exports they
make to pay for these imports, greater than would suffice to
manufacture their cloths and hardware, and the thousand
foreign commodities required by their convenience and
necessities, and they would soon cease to exchange the cheap
and bulky products of home labor for the costly and com-
pact products of foreign machinery and skill. No State in
the world, taking into view her rich and level soil, water
communications, equable climate and centrality of position,
has greater mineral attractions than Indiana. Very few
have as great. What we want is the certain knowledge of
the position, purity and quantity of these minerals; and
when other States are bringing their resources into notice,
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by the investigations and publications of men“of science, it
can hardly be expected that foreign manufacturers and
capitalists will take the cost and trouble of first explorations
off our hands. I feel entirely confident that the taxa-
bles of the county of Perry, would now be ten, if not
twenty fold, greater than they are now, had Dr. Owen’s
geological reconnoisance of 1837 been continued and
enlarged into a systematic and thorough survey. Other
counties would have witnessed the same results.

“ Since 1848, our coal has attracted a cash capital of nearly
a million of dollars, and a population of about four thou-
sand. The pay rolls of our mines and cotton mills now
reach two hundred and fifty thousand dollars a year for
labor alone. Could we have had an official endorsement of
the facts brought before the public by us, and thereby
avoided the imputation of interested statements, we might
have made far more successful draughts on foreign capital
and skill. Our experiment of manufacturing cotton, in a
first class western mill, has been, as a whole, eminently
successful. The increase of this branch of industry here
aud at other favorable points on the coal sections of the
State, is as certain as the fact that, in all the older countries,
manufacturing facilities, far inferior to ours, have invari-
ably attracted a dense and thrifty manufacturing population.
The question is merely one of time. I have not the present
leisure to discuss this, or to answer your second inquiry
more fully than to say that our cotton goods are equal

to any of their class made elsewhere; that our labor is, to .

say the least, as abundant, efficient and reliable as can be
found ; that we have an advantage in the convenience,
quality and cheapness of our material, over the New Eng-
land ills, and on the fixed capital employed, of about ten
per cent. per annum ; that our subsistence, power and heat
are cheaper than can be obtained in any manufacturing
district ; and that we need only a full set of cotton mills
and the home supplies of auxiliary work shops, which such
a set of mills would employ, to show a less cost of spinning
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and weaving the great staple of our country, than can be
shown in any cotton mills in Europe or America.

“To give greater usefulness to this paper, I add to the
foregoing general remarks a few of the details of finding,
opening and working our Indiana coal seams. There is
very little in foreign and eastern books on collieries and
coal mines that is of practical use to those whose sole objcct
is to find our coal with the least trouble, and then to work
it at the least cost. In the following observations and
diagrams, my design is to communicate such facts as our
experience here has shown to be most important to those
already engaged in or about entering upon the same busi-

ness.”
* *. * * * * * *

“ Examine all the out-crops in the vicinity, and take their
levels and distances with accuracy. If the facts spread on
the map indicate uniformity of the thickness, ¢ dip,” infe-
rior clays and superior slates, and sand rock strata, com-
mence the entry at the lowest convenient level, being carefal
to make the mouth of the entry so firm as to resist the land
slips above and on the sides. Too much care can not be
well taken in this respect. The entry should be timbered
thoroughly until the stratum of superincumbent slate or
stone has a thickness of eight or ten feet. It should be
driven double, about eight feet wide at the bottom and;
seven feet at the top, and about five feet in hight; the coal
pillar, separating its two parts, should be from ten to eigh-
teen feet in width. The direction, of course, should be up
the incline, and with the slip of the coal. By the way, on
this side of the coal field, its face and level is nearly coinci-
dent with the magnetic meridian, and the dip at right
angles west. To recure the easiest drainage and ventilation,
(for the choke and fire damp, like water, flow down hill,)
the entries and rooms should run eastwardly, or rather the
main entries should run directly east, and the rooms on
either side should run from 5° to 10° east of north and
south, which usually will give sufficient drainage. Where
it is impracticable to get at the coal from the west, the
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donble entry should be driven to the lowest attainable level
in the mine, and then at right angles, forming what is called
a ‘samp’ entry for purposes for drainage, and to which
the pipes of the force or lift pump should extend. Some-
timcs it will be most cconomical to sink a shaft or well at
this point, and pump up the water perpendicularly. The
drainuge arrangement being completed, the rooms should
be comnaenced at the furthest point of the entry, at a width
of cight feet, and widening out to five or six yards, depend-
ing on the character of the roof and the hardness of the
coal. These rooms should be worked eighty yards, and
with great regularity. Then another entry, and so on.
The width of the pillars should be the same as the width of
the rooms. There are two objects in commencing the
worxiog in the farthest end of the mine. First the drain-
age and ventilation is easier, and next, the pillar coal should
be taken cut as soon as practicable. If it stands over two
years, there is very considerable cost in clearing away the
follen fragments ‘of the roof, and, besides, the rooms soon
become choked up and filled with water and foul air.
Unless the miners (who work by the piece, and are very
much in the habit of chaunging their localities,) are watched
very closely, they will work the rooms irregularly, and
most to their immediate advantage. By neglect of this
<are, mines are often absolutcly ruined within the first year
or two. The proprietor should have a carefully prepared
map of the mine, and have it corrected every month or two
by actual measurcments. As we have no practical work on
this subject, and as the English works are not always to
be obtained, I give here a diagram of a mine properly
1aid off.

In our Western mincs, the.main entry has been usually
made suflicicutly high for an ordinary sized mule, the dwarf
mules only being worked in drawing the single cars through
the side entrics and rooms. When the seam is less than
three and one-bsif fect thick, the practice is to take up
bottom to give sufficient hight. The English practice is
avorth following herz.  Instead of making depth, which in
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most fire clays is difficult, they use low iron cars; and instead
of three by four inch wooden rail, they lay down a road
with the flat iron bar, turned up on its edge, and keyed into
sleepers placed about thirty inches apart. These can be
taken up and relaid with great readiness, and a boy can
push a twenty bushel car upon them with great ease to the
entry. The uninitiated will understand that these small
cars must be brought into the rooms and within easy reach
of the miner. The best size cars for our three to five feet
seams is five feet six inches long, three feet four inches wide,
and one foot eight inches high, holding twenty bushels; the
wheels ten inches in diameter, with flanges of one and one-
half inches. Instead of the old-fashioned trap at the
bottom of the car, we have adopted the tail-board, swing-
ing on top hinges and tipped on a cradle. See diagram
No. 3.

These cars are less expensive, are of less weight, and are
more easily managed than the old. When an outside road
is used, the cars of the most convenient size hold sixty
bushels; wheels two feet two inches in diameter, and, if the
road has curves of less than eight hundred feet radius, the
axles as well as the wheels should be made o as to revolve.
Perhaps the best guage for the road is four feet eight inches,
and certainly the best rail for a coal road that I have seen
is the T rail of twenty-six pounds to the yard, made by the
Louisville Rolling Mill Company.

When a regular descending grade of from thirty to sixty
feet to the mile can be obtained, there is great economy in
running a train of cars with a platform car, in which the
mules can ride down hill. Cars will run by gravitation, on
a good road, with a grade of about thirty-five feet to the
mile. Theoretically, about nineteen feet will answer; but
in cold weather, and when just starting, thirty to forty feet
is little enough. On a grade of fifty feet to the mile, two
mules will easily draw four empty sixty bushel cars and
their own platform. We regard a descending grade of from
thirty to sixty feet to the mile as more favorable than any
other, because the mules can do so much more work when
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pulling but in one way. Probably mule power is cheaper
than steam power, whatever may be the extent of the
delivery, when the road is not over two miles in length. It
is often an economical arrangement to use planes to get
from a lower to & higher elevation, the empty car being
drawn up by loaded cars, by use of drum, rope and brake.
An inclination of one foot in eight, or 7° 11’ is sufficient.
The form of the track on the plane, with a self-acting
switch, is given in plate number 4. Thirty thousand
bushels can be run over such a plane, of moderate length,
in twelve hours. When a plane is necessary at the mine, it
is better to draw up the large cars than to let down the bank
cars; and a turn-table should not be used, when the road can
be connected with the foot of the plane by a curve of over
40°. When coal is to be delivered into boats, and on a
river subject to rapid rise and fall, we find a plane and
slide, with a double track, decidedly the most convenient
and economical arrangement. This, I bhclieve, originated
here, and is still peculiar to the Ohio river mines in this coal
field.

It is equally appropriate to the Wabash and White
rivers, and I give the form in plate No. 6. The best
grade is one inch in five. All these fixtures at the river
should be made with great strength and accuracy. With a
proper drum-house, they will cost from $2,600 to $3,000,
and, in the long run, the best are the cheapest. The saving
of the labor of a single man, or the damage sustained by the
running off of a few cars, is more than equivalent to the
interest and decay of a well-made work. A section of the
double road and turnouts at the drum-house is given in Fig.
2, plate 4. Before leaving this branch of the subject, I
may state that iron car bodies are not as good as those made
of oak covered with sheet iron, where the coal, falling
from the chute will strike. The outside cars should be
discharged by a trap at the bottom.

‘When the probabilities of finding a good coal seam at a
depth of less than a hundred feet approach certainty, shaft-

G. R—9 ‘
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ing is far preferable to boring* If successful, the cost of
boring is saved, and besides, the evidence obtained by
boring is rarely satisfactory. When there are no such strong
probabilities, boring, as a far cheaper process, should be
resorted to. Plate No. 6 shows the manner in which
this is done, and the character of the tools used. The
screws can be obtained at any of the large cities, and any
country blacksmith can fit up the whole apparatus.

The English use iron rods, in four feet sections; in this
country, a few short sections, say one-half, one, two and
three feet, and the others eighteen feet, with ash rods care-
fully fastened into iron sockets, are preferred from their
cheapness and lightness. A little practice will enable ordi-
nary laborers to manage this apparatus. For the first fifty
or sixty feet, it is easiest to bore by hand ; at a lower depth,
use the spring pole. Unless a chisel should chance to break,
no great skill is demanded in the mere drilling and taking
up of the debris. Portions of this should be carefully
examined whenever the sound or feel of the rod indicates a
change of strata at its bottom. Here is the difficulty, and
one which very few understand. Any intelligent person,
who will take the trouble to pound up the different kinds of
sand rocks, slates and coal, and examine the particles separ-
ately with a magnifying glass, can very nearly approximate
the truth by making the same examination of the particles
brought up by the pump used with the rods. I would
advise such to trust to their own care and judgment, instead
of relying on any common miner. There are plenty of
these miners who understand the use of the rods, and who
will keep on boring as long as they get well paid. With
such a workman, a constant personal inspection may answer.
Where there is any doubt of the character of the particles
brought up, it would be well to send small parcels to some
experienced geologist. This can be done by mail with little

* In making experimental ;hafts, say four feet square, the air may
be kept pure by the use of a blacksmith’s bellows, and gum elastie
hose attached to its nozzle.
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trouble. Of course these particles should be well dried
before examination. There can be no mistake in distin-
guishing coal or coal shale from the rock. It is, however,
difficult to distinguish the coal from the shale lying imme-
diately upon the coal. Yet a close inspection with a good
glass will enable one to see the sharp and glossy fracture of
coal even in very fine pieces. Another obvious test is com-
bustion ; although some of the coal seams have a semi-com-
bustion shale, often six or eight inches thick, immediately
above the coal. It requires great experience to distinguish
the true coal slate. Thousands of dollars have been
expended in this vicinity in boring and shafting through a
“bastard slate,” that an expert would have abandoned as
soon as struck. It lies here from fifteen to sixty-five feet
under our main coal. .

‘Whenever the shaft is determined on, place it as near as
convenience will allow over the greatest depression of the
ooal in the property to be worked, so that the miners can
communicate at the bottom of the grade.

All oyr coals are worked by the excavation of a few
inches of the bottom of the seam or in the *bearing in
slate,” which is almost uniformly found under the Cannelton
seam of a thickness of several inches between the coal and
the fire clay. The miner “bears in” as far as he can reach
with the pick, say three to four feet. The importance of
keeping this space free from water is evident, and the con-
sequent expediency of workmg up the incline.”

* * * * * ¥ *

When the coal is won by blasting, the powder is geuerally
furnished by.the employer. The sharpening of tools is
done by the employer at a charge of about seventy-five
eents per month. The mule drivers in the bank get two
and a half cents per load when the distance is not over five
hundred yards. The taking up bottom-is usually paid by
the piece, and runs from twelve and a half to twenty-five
eents per lineal yard. Opening entries, as far as props are
necessary, about $3.25 the lineal yard, the proprietors furn-
ishing the props and taking the coal. The posts can be
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furnished when the timber is convenient at $6 per hundred ;
the puncheons, with which the top and sides are protected,
are worth $1.25 per hundred, making the whole cost per
lineal yard $4. Beyond the timbers the cost ranges from
$2.75 to $3 per yard. Wages paid by the day and month
will average about this:

For shafting and for purposes of ventilation or proving
eoal we usually pay $1 per foot for first thirty feet, increas-
ing fifty cents every ten feet.* The price paid for mining
is enormously high, when we regard the character of the
labor. In one of our mines, leased to Messrs. D. Newcomb
& Co., the pay roll of last month gave an average to miners
of $49; to the bank mule drivers, who are boys of ten to
fifteen years of age, $21; and to outside hands and road
layers, $35. Perhaps one-third of the miners were never in
a coal mine before last year, and some had been in but a few
weeks. The best miners made from $60 to $80. Now this
work is not more laborious, not more unhealthy and net as
dangerous as wood chopping. Our miners have been
remarkable for their good health, and there has.been but
one fatal casualty among them here for twenty years, as the
result of this employment. This was caused by the falling
down of a part of the roof, and the miner wag warned by
the Superintendent of the danger, and directed to remove
it. His death, therefore, was the result of his own culpable
meglect. Until recently, most of the miners on the lower
Ohio, have come from the English and Welsh coal mines;

® COBT OF CARS, ETC.

. Bixty bushel CRIB....c..ceev crrrrrrnncenorsirnes vorens sonnensne sesosenes each $150 00 -
Twenty bushel cars (wood bodies)...... .cccevsvenerrcerennere....eaich 25 00
Twenty bushel cars, iron bodies 150 1bs. sheet................ each 27 00
Picks, weight 1} 1bs., sell to miners at......... cecevcer vecrnrnievnnnee 75
Rakes, weight 6 1bs., sell to miners at......... ceeereeevreen secrcene 125
‘Wedges, weight 24 1bs., sell to miners at......,.. %
Bledges, weight 8 1bs., sell to miners at.... 100
Shovels, No. 2, sell to miners &t....ccccve eeveeees cerrerens coeene sevnenaee 138

Cost at Pittsburg $9 per dozen.
Bank mules, froin 3 feet 7 to 4 feet 2 inches......c...... $55 00
CoBt Of Dreaking.ceesees seree svsnnsare sessns snvsssrnn snenes snnannee 10 00
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&ave generally been indisposed to settle permanently at any
place, or to work at any other employment, when the mines
from any cause were cloged. The irregularity in the demand
also had a tendency, not only to keep them unsettled, but
gave them time and opportunity to combine against employ-
ers and to keep up prices. Within a few years, however,
we have received a large number of emigrants from the
mineral districts on the Rhine, whose first object is a free-
hold. They are making excellent miners and thrifty citi-
sens; with scarcely any exception, they invest their firs
savings in the purchase and improvement of a lot, which is
generally selected in the vicinity of the town, and suffi-
alently large for a garden and small vineyard. They seem
to comprehend fully the mutual interests that exist between
themselves and their employers, and in the dull season they
are willing to work at a price which the employer can afford
to pay. They are, perhaps, the only miners who will
zeadily take advantage of a double field of labor.

The superabundance of miners at the German collieries
i8 indicated by the very low prices paid at them—say from
eighteen to twenty cents a ton of 2,240 pounds for digging,
and about one and thirty-five one-hundredths for coal at
mouth of pit. These eollieries are worked far beneath the
“grass,” and the coal is inferior to and harder than ours.
At the Welsh and English collieries, the cost of mining is
much lower than here; a thirty inch seam is often worked
a4 less than three-tenths of a cent per bushel.

Taking into consideration thg freedom of our mines from
foul air and explosive gas, there would seem to be no good
reason why our prices should be maintained whenever and
wherever we obtain a regular demand for our coals. This
demand is increasing with great rapidity, and this year it is
very far beyond our means of supply. When the same
<hanges are made below the Falls of the Ohio in the means
of transit that have already taken place above the Falls;
that is, when the steam tug and barges are substituted for
the unwieldy flat boat, the coal depots from Cairo to the
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Balize will demand from us a very large quantity, perhaps
25,000,000.*

DESCRIPTION OF PLATE NO. 6.

FOR PLATE, SEE PAGE 131.

A is a stout spring pole, fastened down at the thick end,.
and resting upon the prop B. Near the small end a small
stave is passed through, affording a hand-hold to two men
standing on the platform, C. D is a triangle erected over:
the platform, and also exactly over the spot for boring, sus-
taining a pully-block and rope, the latter attached to the
windlass, E. F G is a flooring of planks, with a hole i
the center through which the rods work. These rods, H R,
are of iron, four feet long, an inch in diameter, and tapped
with good screws at their ends, which are somewhat swelling
out to give strength. The lowermost rod, which operates.
upon the rock or other stratum, is a sort of chisel, K; the-
uppermost terminates in a stout ring, through which passes
the cross-piece, L, and which, in working, is taken hold of

*The cost of towage with capacity of barges, tug, etc., was esti.
mated at the last meeting of the Coal Association of the lower Ohio,
thus:

Fixep CaritAL.—Boat of six hundred tons, drawing light,
four and a half feet, six boilers, twenty-five inches cylin-

der, fourteen feet StroKe...... ccereres creeeriees sosnsenns vevsne savenenn $30,000°
Twenty-four barges, holding 11,000 bushels each, at $1,600... 86,000
¢ $66,000
Interest, insurance and deterioration........c.cccees seeceeece snevenen 22,400
Cost of crew, provisions and oil per month $1,470, eight
MONthB BEABOMN ..cect terreraee sevesses secereane sansnsses sessasnes sosses oavn 11,360+
8ix hundred bushels coal per day, two hundred and forty .
days, 8t BEVeN CONTB.cccuicr. cererruas essrress sesesssssuesonnnnane sasernnee 10,080
Twelve trips of 88,000 bushels each, at seven cents............... 78,920
Insurance on coal, ten per cent., (too large by half).............. 7,392.
COntiNeNCIeB vueeices sererrees cerennane sessssnee sosesenes sreesesss ssnnes sosnns 1,000
Cost of 1,056,000 bushels in New Orleans......... ceeves vevveevenens $126,6562

Or a fraction under thirty cents the barrel of two and a half.
bushels; or 4-1,000 cent per mile transit cost.
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by two men ; it is also suspended to the springing pole by a
chain. One of the rods is formed at the end with a shell
like a common augur, and is used for the purpose of bring-
ing up portions of the detritus formed by the action of the
chisel. The mode of operation is as follows: One or more
rods being pushed into the ground through the hole in the
planks, the two men on the stage taking hold of the cross
stave at the end of the springing pole, work it up and down,
while the two men below, by means of the cross, simultane-
ously heave and depress the suspended rod, walking at the
same time slowly round the hole—by these combined opera-
tions making way through whatever substance may come in
contact with the chisel on the lower rod. When it is wished
to ascertain the stratum they are passing through, or to
clear the hole of the loose matter at the bottom, the rods
are withdrawn by means of the tackle described above, the
chisel is unscrewed and replaced by the shell, when they are
again lowered to extract the detritus for examination and
clearage. M is the spanner used for screwing and unscrew-
ing the rods, and N an iron fork, the prongs of which are
placed across the rod below the swell, and in contact with
the floor, to prevent the lower series from slipping down
while the upper one is being screwed off or on. O isan
ash rod, eighteen feet long, with male and female screws on
iron sockets, d a, b ¢, strongly bolted to the wood. This
rod is found lighter and better in deep borings than the
short iron rod, H. Where water is used in boring, the
shell above described is replaced by a hollow copper cylin-
der, a little less in diameter than the chisel, from two to
four feet long, open at the top, with an ordinary pump valve
near the bottom. As the cylinder is put down, the valve is
forced open and the tube filled. As the cylinder is with-
drawn, the valve is closed by the pressure above, retaining
the matter forced in by the descent.
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Tertiary : There is near the top of the hills at Cannelton,
and at Tell City, a deposit of small rounded gravel and
ferruginous, sandy clay, that resembles very much a deposi¢
of similar character which is seen on the banks of the Ohio
viver, in McCracken county, Kentucky, and near Elizabeth,
in Massac county, Illinois. At the latter locality it ie
eemented into a compact pudding stone, and forms the
rocky obstruction across the Ohio river,known as the Grand
Chain. . Here it is, without doubt, correctly referred to the
tertiary, as it is associated with the strata which contains well
known fossils that characterize that age. But in Perry
eounty, the deposit is quite limited in area, and has fur-
nished s0 far no evidence beyond the mere lithological resemb-
lance to the above, that will warrant its assignment to &
period more remote than the drift. In this county it resta
on carboniferous shale and where seen is covered with clay
and soil.

Quaternary: The brown marly clay characteristic of this
epoch is seen on the top of the high hill at the Pottery
Company’s property, just above Troy ; and it also makes its
appearance on the Mound hill, below the mouth of Indisn
areek, in the edge of Spencer county. It varies from ten
to fifteen feet in depth, and though often rich in fossil shells,
I was unable to find any in it here.

Building Stone: No county in the State is better supplied
with building stone that can be so conveniently quarried
and sent to market. The great. cliff of sandstone over two
hundred feet in hight which faces the Ohio river and reaches
from Cannelton to Rock Island, a distance of more than
two miles, has, in the series of layers of which it is formed,
two massive beds that furnish excellent building stone;
these beds are, in places, from twenty to forty feet thick
without a seam, and blocks may be quarried of any required
gsize. The layer just above the “top coal,” seam G, is said
to furnish the best stone, and it is from this layer that the
stone was obtained which was used in building the cotton
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mill and the Catholic church at Cannelton. These build-
ings are handsome structures and of elegant design. The
color of the stone is light brown and when first quarried it
is quite soft and easy to work; but hardens after being
exposed to the air. The lower quarry is very similar in
structure to the upper layer, but is more liable to contain
imperfections. The color is also about the same as that of
the upper seam. The Cannelton quarries furnished the
stone used in the construction of the locks on Green river
in Kentucky ; for the abutments and piers of the Elizabeth-
town and Paducah Railroad bridge over the Tennessee river;
for the railroad bridge over the Cumberland river; and for
the railroad bridge over the Wabash river at the Grand
Chain ; as well as for the construction of the Government
Navy Yard at Memphis, the locks of the canal at Louis-
ville, and many other important works; and under all
conditions it has proved to be a strong and durable stone.

Lime : There is an abundance of limestone in the eastern
part of the county suitable for making lime, but I believe
that no attention has been paid to its manufacture.

Oil Wells: During the great oil excitement in 1865-6
quite a number of wells were bored in the northern part of
this county, on the waters of Anderson creek and Oil creek.
These wells were generally carried to the depth of 700 feet,
and in one or two of them there was found a little oil and
gas, but not. sufficient to be of the least value. The others
were without any results whatever, and the territories which
had been leased for this purpose, after the expenditure of
large sums of money, were abandoned.

I have not, so far, been able to get any reliable account of
the strata through which these wells passed. If records
were kept they have been lost or taken away by the parties
who superintended the work. Though it is extremely
doubtful if oil in paying quantities, can be found in the
county, still, I do not believe that these wells were carried
to a sufficient depth to reach the Corniferous and Niagara
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limestones from whence the oil is obi:ained in the Terre
Haute well.

Manufactures: I have already written of the numerous
extensive manufacturing establishments in this county, and I
desire here merely to call attention to the advantages
which it offers for the manufacture of iron. Though the
Cannelton coal may not quite answer in the raw state for
the manufacture of iron, it will make a very good coke, and
by mixing the two together a fuel is obtained that is in every
way suited to the blast furnace. Iron ore may be brought
in barges from Missouri and the Cumberland river ore banks
at a small cost for transportation, and the large deposits of
ore which exist at and in the vicinity of Leopold, though
rather silicious to be worked alone, may serve an admirable
purpose to mix with the more refractory specular ores of
Missouri. The blast furnaces in Newport and Covington,
Kentucky, and those of Pittsburg, Pennsylvania, get a large
portion of their supply of ores either by way of the riveror
by rail from Missouri; and it is reasonable to suppose,
therefore, that the cost of producing a ton of pig iron in
Perry county may be considerably lessened by the saving on
freight alone.

Agriculture: By far the greater portion of Perry county
is broken and uninviting for agricultural pursuits; but its
rugged parts are being rapidly settled up by an industrious
class of Germans and French, who, by careful tillage, obtain
fine crops of corn, barley, wheat, oats and grass; clover
grows well on the hill lands, which are also well adapted
to the growth of orchard fruits. One of the largest
and best orchards in this part of the State is situated six
miles above Cannelton, and was planted by Hon. John C.
Shoemaker, and lately sold by him to Charles G. French of
Indianapolis. This orchard has for its rocky foundation the
conglomerate sandstone which forms a steep cliff about two
hundred feet above high water, where the farm fronts on the
Ohio river. It is well stocked with all the best varieties of
apples and peaches, and on the property there is also a fine
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vineyard. Grapes seem to do well wherever they have been
tried in the county when the vines are not enfeebled by
excessive pruning.

The bottom lands, especially along the river, are among
the finest farming lands in the State. In places, as at
Tobin’s Point, the bottom is broad and very extensive ;
indeed, it here covers the entire point, whlch is formed by a
great bend in the river.

The soil of the bottom land is, for the most part, a sandy
loam, and is particularly suited to grow corn, grass, potatoes,
turnips and cabbage, though all the cereals do well. Hon.
James Hardin raised last year, on his farm near Rome, two
hundred and fifty bushels of potatoes to the acre, but one
hundred and twenty-five bushels is considered an average
erop. About 25,000 bushels are produced annually in Tobin
township alone. In Union township about 100 acres are
planted in cabbage, for market, and 3,000 heads are the usual
number raised per acre. They sell readily at three cents
per head and are a profitable and easily raised crop. The
yield of grass will average one and a half tons to the acre,
and the yield of corn about fifty bushels to the acre.

Tobacco grows well on either the hill or bottom lands, but
there is very little attention given to its culture.

Timber: The large forest trees that were within easy
reach of the river have mostly been cut down and converted
into lumber, but in the interior, and especially in the northern
part of the county, there are tracts of land with scarcely a
tree destroyed. The trees are very large and fine and are of
every variety usually found in this latitude; those most
numerous and suitable for lumber are Poplar, Black Walnut,
White Walnut, Ash, Oak, Cherry, Beech and Sycamore.
In addition to those most useful for lumber, there are large
Hickories, Elm, Hackberry, Sassafras, Persimmon and
occasionally Buckeye trees.

Antiquities : Mention has already been made of the deep
mortar-like boles found in the rock houses, and of the fact
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that these sheltered places were used by the aborigines as
sepulchres for the dead, and I desire under this head to
merely call attention to some other matters of interest som-
.mected with prehistoric man :

One mile above Rome, on Mr. Reynolds’ farm, and on the
second bottom of the Ohio river, which is here abeut ten
feet above the overflow of that stream, there is am abo-

- riginal shell heap which has been plowed over for mary yeare
and now corresponds to the general level of the field.

This heap of refuse from the kitchens of the aborigines,
is mainly composed of the shells of the fresh water malusca
belonging to the family wnionide. The shells are broken
sad in such a state of decomposition that, on being pro:sed
between the fingers, they readily crumble into powder.
Their decomposition in this place has been hastened by
frequent disturbance in plowing, and the beneficial influ-
ence of the lime and phosphorus which they furnish to the
soil, is quite manifest in the increased yield of this part of
the field. The depth and area of this shell heap, or heaps—
for there may have been a row of them—could not be
determined on account of its disturbed condition, but there
is reason to believe that it extended at lest fifty yarde along
the low ridge. No bones of animals nor bone implements
were seen, but just at the rear of the shell bed, with the
assistance of Mr. Conner, I sucoeeded in finding several
slightly broken stone axes, some stone pestles or grinder ,
and & number of flint arrow-heads and flint flakes, and he
informed me that great quantities of arrow and spear-heads
and other stone implements have been, from time to time,
picked up on different parts of the field.

I heard of no mounds in this county, but there is & very
large one in the edge of Spencer county, two miles below
Troy. It is on the top of a high hill, is fifteen feet in hight,
oval in shape; and about thirty feet in its greater diam-
eter. The decayed stump of an oak tree which grew on its
side measured two feet in diameter. A hole had been dug
in the top of the mound, but Dr. Gage, who owns the land,
informed me that no relics had been found. From the top

-
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of the mound there is a commanding view for several miles
both up and down the river.

A great many highly interesting stone relics bave been
found in this county, the most important of which were
sent by Hon. Hamil:on Smith, to the Smithsonian Institu-
tion. Master Rudd Smith gave me a fine specimen of stone
pestle or grinder that is made of green stone and worked
quite smooth; and a very large and deep busin made of
brown sandstone was obtained from the Hon. John C. Shoe-
maker, Auditor of State, which was found in a valley
between Cannelton and Tell City. This basin is twelve
inches outside diameter at the top, interior diameter nine
inches, depth three inches, hight five and one-fourth inches,
diameter of bottom which projects three-fourths of an inch
below the bowl, six and one-half inches. It is symetrical in
form and as smooth on both inside and outside as if it had
been fashioned in a lathe. On opposite sides it has ears or
projections by which to lift it.

Conclusion: Before closing these remarks on Perry
oounty, I desire to return my thanks to its citizens generally
for the courteous treatment which has been extended to me
on every hand; and for the great interest munifested by
them in the survey.

In addition to the persons whose special favors have
already been mentioned in the body of the report, I desire
to acknowledge my obligations to George Minto & Son,
mining engineers; Aaron Evans, mining engineer; Roan
Clark, William Clark, James R. Bence, Col. Hanning,
Judge C. H. Mason, editor of the Cannelton Reporter; S. B.
Hatfield, editor of the Examiner; John Peters, Recorder,
and Samuel Platt, Esq., all of Cannelton. Also, to Samuel
K. Conner and Dr. Gage, of Troy; W. B. Reynolds, Hon.
James Hardin and John T. Conner, of Rome; Henry Del-
ville, Andrew Loffenet and Kev. B. Unversaght, of Leopold;
Abraham Lusher and A. Howe, of Lusher P. O.; aud to 8,
‘Whitten, Mr. Steiner and Mathew Combs, of Tell City.
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GEOLOGICAL NOTES

OF A TRIP

FROM NEW ALBANY, IN FLOYD COUNTY

TO

HARRISON AND CRAWFORD COUNTIES.

It is twenty miles over a good turnpike road from New
Albany. to Corydon, in Harrison county. The “black
slate” which crops out along the river bank at New Albany
was bored by the late Dr. Clapp, and found to be one hun-
dred and ten feet thick. It isthe lowest rock seen along the
route, and is soon carried beneath the surface by the wes-
terly dip of the strata ; and is succeeded by a greenish marly
shale which carries from one to three bands of good limonite
iron ore, formed by contiguous flattened masses two to four
inches thick. From the weathering away of the soft shales
in which it was embedded, this ore has fallen down, and
vast quantities are seen in the ravines, and scattered over
the sides of the hills. Just before reaching Edwardsville,
six miles from New Albany, we lose sight of the knob shale
and sandstone, and attain an altitude of four hundred to five
hundred feet above the “black shale.” From this point to

G. R—10

-



146 GEOLOGICAL REPORT.

Corydon the road is over the cherty subcarboniferous lime-
stone. The soil on the high ridges is reddish brown, and the
subsoil a dark red clay, containing a large percentage of
iron. These ridges are well adapted for growing all kinds
of fruit, and the crop this year is large and the quality of
the fruit very fine. Corydon was the second capital of the
Territory of Indiana, and the first capital of the State. It
is situated near the center of Harrison county, at the junc-
tion of Little and Big Indian creeks, and is a beautiful
town. Its dwellings are neat and surrounded with yards
that are tastefully adorned with flowers and shrubbery.
The streets and sidewalks are clean, and free from dust and
mud at all times, being covered with ferruiginous sand and
gravel that cements into a natural pavement.

There is an appearance of thrift on every hand, and the
hospitable citizens are untiring in their attention to visitors.
To enumerate all to whom I am under obligations for cour-
tesies and aid in making my examinations while at Corydon,
would occupy too much space in this brief notice, but I can
not, even here, omit to speak of the assistance received from
Hon. Thomas C. Slaughter, Benjamin P. Douglass, Dr. H.
8. Wolf, Wm. T. Scott, Lieut. George Wilson, Henry Jor-
dan, D. Jordan, Samuel J. Wright, Thomas McGrain,
Samuel B. Luckett, Dr. J. C. Clark, Dr. Wm. Reader, and
Rev. Thomas G. Beharrel.

A well has been bored for salt brine at Corydon, to the
depth of one thousand and fifty feet, where the work is tem-
porarily stopped. Moderately good brine was found at the
depth of fifty-seven feet. At five hundred and twenty feet,
the brine indicated thirty degrees of strength by the salome-
ter. The greatest strength found was thirty-eight degrees
at a depth of about seven hundred feet. Brine from a depth
of six hundred and thirty feet was sent to the laboratory,
some time last spring, for examination; it had a specific
gravity of 1.064, and gave twelve and a half ounces of pure
salt to the gallon of brine. One of the principal objects in
carrying the well below the strongest brine, was to procure
a flow of carburetted hydrogen gas that could be made
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available as fuel for evaporating the water. Though small
quantities of gas that would ignite and burn for a moment
were found at different depths, no large quantity has yet been
reached. The bore is now in a hard, gray limestone, and, in
all probability, just above the Cincinnati group. If a suf-
ficient quantity of gas is not found after reaching the shales
of this group, it will not, in my opinion, justify to carry the
bore deeper.

I visited an exposure of lithographic stone on Mr. Bring-
man’s land, four miles southwest of Corydon. Lithographic
stone is common in the subcarboniferous formation along
the entire outcrop in Indiana, but as a general thing, the rock
contains too many flaws and specks of calc-spar to furnish
stone of good size. Here, however, judging from all I
could see at an unworked exposure, perfect slabs of large
dimensions may be had ; and I had the promise of one upon
which I expected to have had drawn a number of illustra-
tions for this report.*

In the same hill and lying above the lithographic bed are
several layers of compact, fine-grained limestone that take
a good polish ; the colors are handsome, being mottled with
black, reddish gray and dark brown, on a light gray base.
These marbles may be used for ornamental work, such as.
table tops, mantles, etc. '

One and a half miles east of Corydon, on the New Albany
gravel road, there is a sulphur well; owned by Mr. Amos.
Zenor. It emits a strong odor of sulphuretted hydrogen,.
and is highly extolled for its curative properties by those-
who have tried it. According to an analysis made by Dr..
Thomas E. Jenkins of Louisville, it contains 450.88 grains.
of salts in a wine gallon, consisting of bicarbonate of soda,
bicarbonate of magnesia, sulphate of soda, sulphate of mag-
nesia, sulphate of lime, chloride of sodium, chloride of

*8ince the above was written a letter has been received from Hon.
Thomas C. Slaughter, in which he states that a slab two feet wide,
three feet long and six inches thick, had been taken out, too late,
however, to be.made available.
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magnesium, chloride of calcium, silica, gases in solution,
carbonic acid and sulphuretted hydrogen.

The well is thirty-eight and a half feet deep, and gives an
abundant supply of water at all times.

Between the sulphur well and town there is a very large
spring of cool, fresh water, known as the * Blue spring,”
owned by Mr. Heath. This spring has generally been
thought, from old tradition to that effect, to be at least five
hundred feet deep. Such a phenomenon was quite unlooked
for, and I was anxions to test the matter. After obtaining
a great quantity of string, seventeen feet proved ample to
reach the bottom. It is deep enough and large enough to
supply the wants of a moderate sized city. Eight miles a
little north of west from Corydon is Wilson’s spring. This
spring gives rise to a considerable stream, which is used for
milling purposes, and drives a large grist and sawmill.
The stone arch covering the water-way under the grist mill
was built, it is said, by General Harrison, who once owned
the property. The basin, where the water breaks up, is
about one hnndred and twenty feet wide, and flows with a
rapid current through a channel about forty feet wide. As
‘mearly as we could ascertain, by sounding from the shore
with a cord attached to the end of a pole, we made the
depth to be about fifty-five feet. The stream formed by this
spring is one of the principal tributaries to Blue river. It
was quite muddy from the effects of the heavy rains which
had fallen the day before our visit. Below its confluence
with Blue river the latter stream was quite muddy, while
above it the water was clear.

The muddy condition of the water of the spring is
accounted for upon the theory that it receives the drainage
water from a large field six miles north, where the water,
which floods the ground at times, runs into a hole and dis-
appears beneath the surface; straw has been carried, it is
said, by this means from the field to the spring. Be this as
it may it is evident that the Wilson spring receives a large
amount of surface drainage water from subterranean sources,
a8 that which is derived from the grassy banks surrounding
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the basin could not have muddied the spring to the extent
we saw it. The entire country covered by the subcarbon-
iferous limestone formation is more or less cavernous and
filled with subterranean streams. From quite a number of
wells in Corydon eyeless fish and crawfish have been brought
up in the buckets when drawing water.

Pitman’s cave is about one mile north of Wilson’s spring.
Though small, compared with Wyandotte, this cave is said
to contain a number of chambers filled with beautiful stal-
actites and stalagmites and crystalzations of gypsum.” I
was not aware of this fact until after leaving the neighbor-
hood, and had to postpone a visit to it until another time.
Rhodes’ cave, five miles southwest of Corydon, contains so
much water that it has never been explored. It is reported
to contain a great many eyeless fish, and I hope before long
to find time to visit it for the purpose of collecting its sub-
terranean fauna. Eyeless fish appear to be quite numerous
in all subterraneous waters, and I take pleasure in acknowl-
edging the receipt of three fine living specimens of these
fish from Mr. Moses N. Elrod and George R. Bannring, who
caught them last September at the Gulf of Lost River, in
Orange county. They were placed in the aquariam at the
Geological rooms, and at this writing appear to be doing well.

The citizens of Corydon kindly sent us in a coach to
‘Wyandotte Cave, ten miles west, in the edge of Crawford
county, and close to Blue river, which forms the eastern
boundary of the county. Besides Mr. Samuel S. L. Smith,
who has been with me since leaving New Albany, I was
accompanied by Rev. Thomas G. Beharrel and Lieutenant
Wilson, of Corydon. The road is a good one, and after
crossing Blue river, follows along the side of the limestone
bluff which skirts the stream, and affords, by a little exca-
vation here and there, room for a road between it and
the river. .

We reached the cave at noon, and were gladly welcomed
by the lessee of the cave and hotel, Mr. Conrad, his kind
lady and daughter. After partaking of a good and sub-
stantial dinner, we prepared to visit the cave under the
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guidance of our host. By measurement, with the aneroid
barometer, the mouth of the cave is found to be about one
hundred and fifty feet above the bed of Blue river, and we
have from the top of the ridge to the river the following
section :

Covered slope, - - - - 20 ft.
Buff sandstone, with stems of fossil plants, 80 ft.
Archimedes limestone, - - - b ft.
Shale and brown limestone, - - 35 ft.
Gray limestone, - - - 20 ft.
Limestone, fine-grained, hthographlc and
oolitic, - - - - - 50 ft.
Gray, cherty, encrinital limestone, - 230 ft.
Bed of Blue river, - - - - 0 ft.

The geological position of the Wyandotte Cave is pre-
cisely similar to that of the Mammoth Cave in Kentucky.
It traverses the cherty beds of the sub-carboniferous forma-
tion which contain sink holes, large basin-shaped pits, and
subterranean caverns in numerous places over its entire area.
The Wyandotte Cave lies above the valleys, and in its

_ course conforms to the general direction of the ridges 4. e.,
northeast and southwest. It is said to be twenty-two miles
in extent, if all the branches which have heen explored are
included, but the various routes taken by visitors are esti-
mated at a total of nineteen miles. The cave is dry,and
contains a few narrow passages, such as “ Fat Man’s Misery,”
“Augur Hole,” “Screw Hole,” and ‘ Creeping Avenue,”
but for the most part the galleries are broad and high and
frequently expand into great rooms. The crystalline orna-
mentations are particularly fine, and far excel in number
and beauty those seen in the Mammoth Cave. Two of the
rooms, the “Senate Chamber” and “ Mammoth Hall,”
are of immense size and impressively grand. The former
contains the “Pillar of the Constitution,” formed by a
stalacto-stalagmitic deposit about twenty-five fect in diame-
ter and thirty feet high, reaching from the top of a great
stalagmite hill to the ceiling above. The surface is fluted
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and divided by three bands, which give it the appearance of
being jointed like a cane. Around the sides of the hill are
numbers of stalagmites, of various sizes and hights, that
with their shining tops look like clusters of cypress knees.
Stalactites adorn the ceiling, and one very large one is called
the “Bell,” from the ringing sound which it emits when
struck. On the right of the *“Pillar of the Constitution ”
stands the “Chair of State,” formed by a peculiar stalacto-
stalagmitic arrangement. Behind and in front of the chair
is a gallery richly adorned with these calcite ornaments, and
when this immense room, capable of seating several thousand
persons, is lighted up, it is impossible to conceive of a grander
or more imposing spectacle. The other contains “ Monument
Mountain,” said to be one hundred and seventy-five feet
high, on the top of which stands three great stalagmites;
one, which is very white and has the appearance of being
draped, is called *Lot’s wife;” “ Wallace’s Grand Dome ”
is seventy feet above the top of the mountain or two hun-
dred and forty-five feet above the main floor of the cave.
The width of the hall is three hundred feet. In speaking
of these rooms, Professor Cope, in his paper on the fauna of
the Wyandotte Cave, published in the July number of the
Anmerican Naturalist, says, “ There is no room in the Mam-
moth Cave equal to these two.”

I can not, at this time, undertake to describe all the points
of interest to be met with in nineteen miles of travel through
this charming cave, but will briefly allude to the “White
Cloud,” room with its wave like walls and ceiling coated
with glistening crystals, like a frosting of snow; the
“ Island of Confusion,” and “ Purgatory,” where the rocks
have the same rich coating; ¢ Pillard Palace,” with its
- innumerable stalactites, arranged in clusters, twisted and
turned in all directions, like Pharoah’s serpents ; ¢ Beauties
Bower,” where the walls are covered with gypsum rosettes
as white as snow ; the ‘“Snow Banks,” formed by alabaster
in fine powder ; the “ Gallery,” where the floor glistens with
acicular crystals of gypsum, of which I obtained some sam-
ples not larger than a darning-nesdle, arranged in bundles
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six inches long, which were as clear as water; and the
rooms where the stones are covered with fine hair like
erystals of epsom salts, from one to two inches long.

There is very little water in this cave ; the sulphur spring
is a small basin of water, contained in a mere shell of calcite,
apparently formed by the water itself. Crawfish spring is a
small body of water in a remote corner of the cave ; it occa-
sionally furnishes a blind crawfish, and I obtained from it a
number of small eyeless crustaceans.

Sibert’s, or Little Wyandotte Cave, close to the hotel, is
entered by descending about twenty feet through a small
hole, on an Indian ladder. This is a small cave, probably
not over two hundred yards in extent, and is not excelled,
if equalled, by the Wyandotte, in the beauty and charming
arrangement of its stalactites and stalagmites. In one
instance the two are united and form a semi-transparent
pillar which is ten feet in length and three inches in diameter,
and extends from the floor to the ‘ceiling. Visitors should
not fail to see this cave also.

Half a mile north of the Wyandotte is the ‘ Saltpetre
Cave,” where in early times saltpetre was made, and one of
the lixiviating troughs is still to be seen. It has but one
room, which is of gigantic size, and reaches upward into an
immense ¢ step-like” dome. This cave is also worth a
visit.

I had the good fortune to secure the services of the
eminent naturalist, Professor Edward D. Cope of Philadel-
phia, when he was in attendance at the Indianapolis meeting
of the American Association for the Advancement of Science,
to visit the Wyandotte cave and make a report on its fauna.

This interesting and valuable report will be found imme-
diately following these notes.

It will be seen that Professor Cope collected sixteen species.
of cave animals; but I was not so fortunate ; with the assist-
ance of Mr. Smith, Mr. Conrad, and Mr. Sibert, only seven
species were taken.

Centipedes, and the small crustacean that furnishes food

for the blind fish, are abundant in the cave, and numbers
.
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of them were collected. A blind fish, three blind crawfish,
a small brown eyeless beetle and an out-door fish, “ Miller'’s
Thumb,” were also collected in a small cave that is reached
by going down a well at the foot of a ridge traversed by the
‘Wyandotte cave.

The well is about twenty feet deep, and the bottom of the
eave, to which it leads, is about on a level with the bed of
Blue river.

In times of freshets, water fills the cave and flows out of
the well. At the time of my visit the water was low, and
only a very narrow and shallow stream was flowing through
it, and we were compelled to crawl on our hands and knees
over the slimy rocks, and occasionally in the water, in order
to reach the small pool where we captured the eyeless fish
and crawfish. Only one fish was seen, but the crawfish
‘were frequently seen darting about in the clear water and
erawling along the bottom. The latter soon beeame aware
of our presence and effectually hid themselves beneath the
rocks. The “Miller’s Thumb” was caught on a ripple
where the water was scarcely deep enough for him to swim.
It is possible that this fish reached the cave through some
channel which connects it with the river, or it may have
been thrown into the well by some fisherman.

With the exception of its animals, there is nothing of
special interest in this cave.

It may be well to state for the benefit of persons desiring
to visit the Wyandotte cave, that it is thirty miles distant
from New Albany, from which place there is a daily coach
to Corydon, twenty miles, where hacks are to be had at all
times for the remaining ten miles of the route, so that
you may reach the cave before night. From Louisville
there are packets which leave every evening at § o’clock
and reach Leavenworth at about 11 o’lock Pp. M. the same
day. Leavenworth is four miles from the cave, and you
will find here good accommodations at the Ouerbacker
Hotel, kept by Mrs. Humphries. Mr. Querbacker, her son,
owns the wharf boat, and strangers will have no difficulty
in finding their way to the hote.]. Carriages are always
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ready to take you out to the cave, which you will reach
after an hour’s ride over a romantic road.

Mr. H. W. Conrad, the lessee of the property, has estab-
lished a large and commodious hotel at the cave. He is an
accommodating gentleman, and you may be sure of kind
treatment and comfortable quarters. Mr. Willis Sibert, the
guide, has been raised on the property, and is well acquainted
with every nook and corner of the cave, and under his
guidance you can not fail to enjoy a visit to it. Indeed, no
tourist should fail to visit the Wyandotte cave, where the
grottoes filled with crystals rival in beauty the ideal grottoes
of the genii, and the great domed rooms, with high hills
surmounted by huge stalagmites, stand unrivaled among the
subterranean wonders of the world.

Ladies who design visiting the cave should provide them-
selves with a Bloomer costume, made of flannel or some
moderately warm goods. With such a dress they may,
without inconvenience, go to every part that is explored.
The temperature varies in the different parts of the cave,
and ranges from 53° to 57° Fahrenheit. The air is pure
and exhilarating, and very little fatigue is felt from long
walks. .

The Louisville and Henderson packet steamboats leave
Leavenworth every evening, between 6 and 8 o’clock for
Louisville, where they arrive next morning by daylight.
Visitors going down the river may leave by these boats at
11 o’clock and reach Evansville by noon of the next day.

At Leavenworth, in this county, a bore has been started
for salt brine, and is now 207 feet deep. Here it has been
temporarily stopped by gravel falling in from a crevice which
was struck 87 feet below the surface. After tubing below
this crevice it is thought the difficulty encountered from
gravel wedging in the drill may be removed, and the com-
pany design pushing the bore on down. In my opinion they
will reach good brine at about 600 or 700 feet.

Eight miles from Leavenworth, on the west fork of Little
Blue river there is a remarkable sulphur well. It was bored
in 1864 for oil. At the dgpth of 275 feet in the subcarbon-
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iferous limestone, a stream of “white” sulphur water was
reached, which rushed up the well with tremendous force,
carrying with it the tools, and put a stop to further boring.
An ineffectual attempt has been made to test the hight to
which the well would throw water. A wooden tube, 45 feet
long, was placed in the mouth of the bore, and the water
flowed over the top, but the hydrostatic pressure was so great
that it burst the bottom of the tube, and water was forced
through the earth for many feet around. It is the common
opinion that the water will rise, if properly confined, at least
70 feet.

The surface of the ground, and every object over which
the water flows, is coated with a white deposit of sulphur.
It is cool and clear, and has a strong odor of sulphuretted
hydrogen gas, and its medicinal properties are highly exfolled
by all who have tested its virtues. Until recently there
were no accommodations for invalids or other visitors, but
now the well has fallen into the hands of Mr. R. A. Curry,
who is making ample arrangements to render comfortable
all who may desire to visit this great well, spouting at least
15,000 barrels of water per day, and test its hygienic powers.
We found quite a number of visitors at the well, and among
them Captain Holcroft and his family, Miss Roberts, of
Kentucky, and Dr. Wood, of Cannelton, Indiana.

Mr. Robert H. Sands, of Leavenworth, accompanied me
to the well, and laid me under further obligations by a
present of some beautiful fossils from the carboniferous rocks
of Kentucky.

In the northern part of Indiana there are a number of
localities where fresh-water chalk (soft carbonate of lime) is
found. '

The deposits lie along the shores of the little island lakes
which are so numerous in that part of the State. Some
time last year, Hon. Stephen Davidson, member of the In-
diana State Board of Agriculture, from Rochester, Fulton
county, brought me a box of this chalk which he obtained
near that place. It was analyzed and found to contain in
100 parts : .
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Moisture, dried @ 212°F.,, - - - 5.00
Organic matter, - - - - =450
Carbonate of lime, - - - - 8110
Carbonate of magnesia, - - - - 151
Carbonate of alkalies, - - - - 6.18

Phosphate of lime, - - - - - 11
Alumina and oxide of iron 1.60

100.00

While engaged in writing this report, other samples of
fresh- water chalk have been received from DeKalb county.
One sample, from F. W. McConnell, M. D., of Angola, was
taken from a deposit on the shore of Silver lake, that is said
to be 16 feet thick, and is nearly pure carbonate of lime.
Another specimen was brought to the laboratory by Hon.
‘E. B. Glasgow, of the same place, which was sent by Mr. O.
Carpenter who struck it in digging a well, about half a mile
back from the preseént shore of the lake.

The fact of finding this chalk at such a distance inland
indicates that the bed has a considerable area, and that the
shore line of the lake has been changed by a diminution in
the volume of its water.

This chalk will make a good caustic lime, but on account
of its purity, will require a much larger proportion of sand
mixed with it in making mortar than lime that does not set
so rapidly. It will also make an excellent fertilizer and an
admirable mineral to mix with peat-muck for improving
poor soils.
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WYANDOTTE CAVE AND ITS FAUNA.

BY PROF. E. D. COPE.

The Wyandotte Cave traverses the St. Louis limestone of
the carboniferous formation in Crawford County in south-
western Indiana. I do not know whether its length has
ever been accurately determined, but the proprietors say
that they have explored its galleries for twenty-two miles,
and it is probable that its extent is equal to that of the
Mammoth Cave in Kentucky. Numerous galleries which
diverge from its known courses in all directions have been
left unexplored.

The readers of the NATURALIST* have freshly in their
memories the interesting papers of Messrs. Packard and
Putnam on the fauna of the Mammoth Cave and related
species. The writer accompanied the excursion so pleas-
antly described in the NATURALIST, and obtained most of
the species there enumerated, as well as two or three addi-
tional ones which will be mentioned at the close of this

article. On returning to Indianapolis at the request of Prof.

* American Naturalist, published at Salem, Mass., July number,
1872, .
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E. T. Cox, State Geologist of Indiana, I made an examina-
tion of the Wyandotte Cave, so far as two days’ exploration
could be called such. Having prepared by report, I present
a portion of it, by permission of Prof. Cox, to the NAT-
URALIST.

The Wyandotte Cave is as well worthy of popular favor as
the Mammoth. It lacks the large bodies of water which
diversify the scene in the latter, but is fully equal to it in
the beauty of its stalactites and other ornaments of calcite and
gypsum. The stalactites and stalagmites are more numer-
ous than in the Mammoth, and the former frequently have
a worm or maccaroni-like form, which is very peculiar.
They twist and wind in masses like the locks of Medusa,
and often extend in slender runners to a remarkable length.
The gypsum rosettes occur in the remote regions of the cave,
and are very beautiful. * There are also masses of amorphous
gypsum of much purity. The floor in many places is covered
with curved branches,and what is more beautiful, of per-
fectly transparent acicular crystals, sometimes mingled with
imperfect twin-crystals. The loose crystals in one place are
in such quantity as to give the name of “ Snow Banks” te
it. In other places it takes the form of japanning on the
roof and wall rock.

In one respect the cave is superior to the Mammoth—in
its vast rooms, with step-like domes, and often huge stalag-
mites on central hills. In these localities the rock has been
originally more fractured or fragile than elsewhere, and has

-given away at times of disturbance, piling masses on the
floor. The destruction having reached the thin-bedded
strata above, the breaking down has proceeded with greater
rapidity, each bed breaking away over a narrower area than
that below it. When the heavily-bedded rock has been
again reached, the breakage has ceased, and the stratum
remains as a heavy coping stone to the hollow dome. Of
course the process piles a hill beneath, and the access of water
being rendered more easy by the approach to the surface,
great stalactites and stalagmites are the result. In one place
this product forms a mass extending from floor to ceiling, a
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distance of thirty or forty feet, with a diameter of twenty-
five feet, and a beautifully fluted circumference. The walls
of the room are encrusted with eataract-like masses, and
stalagmites are numerous. The largest room is stated to be
245 feet high and 350 feet long, and to contain a hill of 175
feet in hight. On the summit are three large stalagmites,
one of them pure white. When this scene is lit up, it is
peculiarly grand to the view of the observer at the foot of
the long hill, while it is not less beautiful to those on the
summit. There is no room in the Mammoth Cave equal to
these two.

I must not omit to mention the kind attention to the wants
of his guests constantly displayed by Mr. Conrad, the present
proprietor of the hotel, and the equally useful guidance of
Mr. Rothrock, the owner of the cave. Visitors will also
find on their way thither an American Auerbach’s hotel at
Leavenworth, vear the steamboat landing. This excellent
house is not haunted, like its European predecessor at Leip-
sic, by either a Mephistophiles or a Faust, but by a landlord
(Mr. Humphreys), whdse charges are low, and whose wife
knows how, in lodgings and table, to satisfy reasonably
fastidious persons.

An examination into the life of the cave shows it to have
much resemblance to that of the Mammoth. The following is
a list of sixteen species of animals which I obtained, and
by its side is placed a corresponding list of the species
obtained by Mr. Cooke and others at the Mammoth Cave.
These number seventeen species. As the Mammoth has
been more frequently explored, while two days only were
devoted to the Wyandotte, the large number of species
obtained in the latter, suggests that it is the richer in life.
This, I suspect, will prove to be the case, asit is situated in a
fertile region. Some of the animals were also procured
from caves immediately adjoining, which are no doubt con-
nected with the principal one.

Of the out-door fauna which find shelter in the cave,
bats are of course most numerous. They are probably fol-
lowed into their retreat by the eagle and large owls. The
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floors of some of the chambers were covered to a considera-
ble depth by the castings of these birds, which consisted of
bats’ fur and bones. It would be worth while to determine
whether any of the owls winter there.

I believe that wild animals betake themselves to caves to
die, and that this habit accounts in large part for the great
collections of skeletons found in the cave deposits of the
world. After much experience in wood craft, I may say
that I never found the bones of a wild animal which had
not died by the hand of man, lying exposed in the forest.
I once thought I had found the place where a turkey vulture
(Cathartes aura) had closed its career, on the edge of a
wood, and it seemed that no accident could have killed it,
the bones were so entire as I gathered them up one by one.
At last I raised the slender radius; it was broken, and the
only injured bone. I tilted each half of the shaft, and from
one rolled a single shot! The hand of man had been there.
One occasionally finds a mole (Scalops or Condylura) over-
come by the sun on some naked spot, on his midday explor-
ation, but if we seck for animals generally, we must go to the
caves. In Virginia I found remains of very many species
in a recent state ; in a cave adjoining the Wyandotte I found
the skelcton of the gray fox (Vulpes Virginianus.) In a
cavern in Lancaster county, Pennsylvania, in an agricultural
region, I noticed bones of five or six Cistudines, as many
rabbits, and a few other wild species, with dog, horse, cattle,
sheep, etc., some of which had fallen in.

LIST OF LIVING SPECIES IN THE TWO CAVES.

WYANDOTTE. MAMMOTH.
' Vertebrata,
Amblyopsis speleus DeKay. Amblyopsis speleeus DeKay.
Typhlichthys subterraneus Girard.
Arachnid

Erebomaster flavescens Cope.j .o Acanthocheir aramata Tellk.
Phrixis longipes Cope.
Anthrobia. Anthrobia monmouthia Tellk.
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Crustacea.
Orconectes inermis Cope. Orconectes pellucidus Tellk.
Ceecidotea microcephala Cope.  Cecidotea stygia Pack.
Cauloxenus stygius Cope. Stygobromus vitreus Cope.

Inseéta,

Anophthalmus tenuis Horn. Anophthalmus Menetriesii Motsch.
Anophthalmus eremita Horn. Anophthalmus Tellkampfii Erichs.
Quedius speleus Horn. Adelops hirtus Tellk.
Lesteva sp. nov. Horn.
Raphidophora. . Raphidophora subterranea Scudd.
Phora. Phora.
Anthomyia. . Anthomyia.
Machilis. Machilis.
Campodea sp. Campodea Cookei Pack.
Tipulid.

Myriopoda.

8pirostrephon cavernarum Cope. Scoterpes Copei (Pack.) Cope.

The blind fish of the Wyandotte Cave is the same as that
of the Mammoth, the Amblyopsis speleeus DeKay. It must
have considerable subterranean distribution, as it has
undoubtedly been drawn up from four wells in the neighbor-
hood of the cave. Indeed, it was from one of these, which
derives its water from the cave, that we procured our speci-
mens, and I am much indebted to my friend N. Bart.
Walker, of Boston, for his aid in enabling me to obtain
them. We descended a well to the water, some twenty feet
below the surface, and found it to communicate by a side
opening with a long low channel, through which flowed a
lively stream of very cool water. Wading up the current
in a stooping posture, we soon reached a shallow expaunsion
or pool. Herea blind crawfish was detected crawling.round
the margin, and was promptly consigned to the alcohol bot-
tle. A little further beyond, deeper water was reached, and
an erect position became possible. We drew the seine in &
narrow channel, and after an exploration under the border-
ing rocks secured two fishes. A second haul secured another.
Another was seen, but we failed to catch it, and on emerging
from the cave I had a fifth securely in my hand, as I thought,
but found my fingers too numb to prevent its freeing itself
by its active struggles.

G. R—11
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If these Amblyopses be not alarmed, they come to the
surface to feed, and swim in full sight like white aquatie
ghosts. They are then easily taken by the hand or net, if
perfect silence is preserved, for they are unconscious of the
presence of an enemy except through the medium of hear-
ing. This sense is, however, evidently very acute, for at any
noise they turn suddenly downward and hide beneath stones,
etc., on the bottom. They must take much of their food
near the surface, as the life of the depths is apparently very
sparse. This habit is rendered easy by the structure of the
fish, for the mouth is directed partly upwards, and the head
is very flat above, thus allowing the mouth to be at the sur-
face. It thus takes food with less difficulty than other
surface feeders, as the perch, ete., where the mouth is termi-
nal or cven iuferior; for these require a definite effort to
elevate the mouth to the object floating on the surface. This
could rarely be done with accuracy by a fish with defective
or atrophied visual organs.* It is therefore probable that
fishes of the type of the Cyprinodontide, the nearcst allies
of the Hypseide and such Hypseide as the eyed Chologaster,
would possess in the position of the mouth a slight advan-
tage in the struggle for existence.

The blind crawfish above mentioned is specifically distinct
from that of the Mammoth Cave, though nearly related to
it. Its spines are cverywhere less developed, and the
abdominal margins and cheles have different forme. I call
it Orconectes inermis, separating it generically from Cam-
barus, or the true crawfishes, on account of the absence of
visual organs. The genus Orconectes, then, is established
to include the blind crawfishes of the Mammoth and Wyan-
dotte Caves. Dr. Hagen, in his monograph of the American,
Astacide, suspects that some will be disposed to separate
the Cambarus pellucidus as the type of special genus, bus
thinks such a course would be the result of erroneous rea-

® Mr. Putnam’s objection to my reasoning from the structure of the
Amblyopsis’ mouth was based on a misconception of my meaning.
The above explains the point more fully.
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soning. Dr. Hagen’s view may be the result of the objec-
tion which formerly prevailed against distinguishing either
species or genera whose characters might be suspected of
having been derived from others by modification, or assumed
in descent.

The prevailing views in favor of evolution will remove
this objection ; and for myself I have attempted to show*
that it is precisely the structural characters which are
most obviously, and therefore most lately, assumed on
which we have been in the habit of depending for discrimi-
nation of genera. The present is a casc in point. So far
also as the practice of naturalists goes, this course is admis-
sible, for the presence or absence as well as the arrangement
of the eyes have long been regarded as generic indications
among the Mjyriopoda and Arachnida. Without such
recognition of a truly structural modification our system
becomes unintelligible.

Dr. Packard described in his article already quoted, an

. interesting genus of Isopoda allied to the marine form
Idoteea, which Mr. Cooke discovered in a pool in the Mam-
moth Cave. He called it Caci- Fig. 109.
dotea. I obtained a second spe-
cies in 2 cave adjoining the
Wyandotte, which differs in
several important respects. ' The
head is smaller and more acu-
minate, and the bases of the antenn® are more closely
placed than in C. stygia Pack. I call it Cecidotea mioro-
cephala. Both species are blind. The new species is pure
white. It was quite active, and the females carried a pair
of egg pouches full of eggs. The situation in which we
found it was peculiar. It was only seen in and near an
empty log trough used to collect water from a spring drip-’
ping from the roof of one of the chambers.

The Lernean Cauloxenus stygius Cope, is a remarkable

®Origin of Genera p. 41
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Fig. 1. creature. It is a parasite on the blind fish
@ precisely as numerous species near of kin, attach

themselves to various species of marine fishes.
¢acidotca The Wyandotte specles is not so very unlike

micro

ggg,;,b,e,,,,d some of these. It is attached by a pair of

palpi of rieht gltered fore-limbs, which are plunged into the

side more en-

aped e skin of the host and held securely in that posi-
latemy pate. tion by the barbed or recurved claws. The
was niot ser position selected by the blind fish Lernezan,
was the inner edge of the upper lip, where she hung
in a position provocative of attempts at mastication on
the part, of the fish and reminding one of the picture of
the man on the ass, back holding a fork of fodder before the
animal’s nose, in illustration of the motto that *persuasion
is better than force.” The little creauture had an egg pouchs
suspended on each side, and was no doubt often brought in
contact with the air by her host.

This position would not appear to be a favorable one for
long life, as the body of the Caulozenus would be at once
caught between the teeth of the fish, should its direction be
reversed or thrown backwards. The powerful jaw-arms,
however, maintained like a steel spring a direction at a strong
angle with the axis of the body, which was thrown upwards

Fig. 1L over the upper lip, the apex
of the cephalothorax being
between the lips of the fish.
This position being retained,
it becomes a favorable one for

Caulozenus slygius in position on the lip : * ¢ H
ot Sulozenus lygius In position the sustenance of the parasite,

which is not a sucker or devourer of its host, but must feed
on the substances which are caught by the blind fish, and
crushed between its teeth. The fragments and juices
expressed into the water must suffice for the small wants of
this crustacean.

But if the supply of food be precarious, how much more
s0 must be the opportunities for the increase of the family.
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No parasitic male wae observed in the neighbor- ¥ 112
hood of the female, and it is probable that as in E}
the other Lerneopodide, he is a free swimmer,

and extremely small. The difficulty of finding atugian T
his mate on an active host-fish must be aug- o and Taue.
mented by the total darkness of his abode, and TArgea e
many must be isolated owing to the infrequent and irregu-
lar occurrence of the fish, to say nothing of the scarceness
of its own species.

The allied genera, Achtheres and Lemwopoda, present very
distinct distributions, the former being fresh water and the
latter marine. Lernzopoda is found in the most varied types
of fishes and in several seas ; Achtheres has been observed on

Fig. 112. perch from Asia and Europe, and in

"% a South American Pimelodus. Itis

to the latter that Caulozenus is most

nearly allied, and from such a form

yioaulozenus dygiur. The animal o may perhaps trace its descent ;
Ty crel view of thecephalo oo dification being consequent on i

wandering into subterranean streams. The character which

distinguishes it from its allies, is one which especially adapts

it for maintaining a firm hold on its host, 1. e., the fusion of

its jaw-arms into a single stem.

Whether the present species shared with thc Amblyopsis
its history and changes, or whether it seized upon the fish as
a host at some subsequent period, is a curious speculation.
Its location at the mouth of the fish could scarcely be main-
tained on a species having sight, for if the host did not
remove it, other individuals would be apt to.

I may here allude to another blind Crustacean which I
took in the Mammoth Cave, and which has been already
aentioned in the Annals and Magazine of Natural History
ag a Gammaroid. Mr. Cooke and myself descended a hole,
and found a short distance along a gallery, a clear spring
<covering, perhaps, an area ten feet across. Here Mr. Cooke
was so fortunate as to procure the Cecidotea stygia, while 1
tovk the species just mentioned, and which I name Stygo-
dromus vitreus. The genus is new and represents in a
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measure the Niphargus of Schiodte found in the caves of
Southern Europe. It resembles, however, the true Gam-
marus more closely, by characters pointed out at the close of
this article. This genus has several species in fresh waters,
which are of small size, and swim actively, turning on one
side or the other. ‘ .

-Of insects I took four species of beetles, all new to science.
Two of them of the blind carnivorous genus Anophthalmus,
and two Staphylinide, known by their very short wing-caseg
and long, flexible abdomen. Dr. George H. Horn has
kindly determined them for me. One of them, the Quedius
speleus Horn, is a half inch in length, and has rather small
eyes* It was found not far from the mouth of the cave.
Dr. Horn furnishes me with the following list of Coleoptera,
from the two caves in question:

Anopthalmus Tellkampfii Erichs. Mammoth Cave.
Anopthalmus Menetriesi Motsch,

.angulatus Lec. Mammoth Cave.
Anopthalmus eremita Horn. Wyandotte Cave.
Anopthalmus tenuis Horn. Wyandotte Cave.

Anopthalmus striatus Motsch.  Mammoth Cave. Unknown to me.
Anopthalmus ventricosus Motsch. Mammoth Cave. Unknown to me.
Adelops hirta Tellk. Mammoth. Cave.

These are the only true cave insects at present known in
these fauna. Other species were collected within the mouths
of the caves, but which can not be classed with the preceding,.
as cave insects proper.

Catops n. sp.? ‘Wyandotte Cave
Quedius spelezus Horn. Wyandotte Cave.
Lesteva n. sp. Wyandotte Cave.

And another Almocharide Staphylinide, allied to Tachyusa,
also from Wyandotte Cave. No names have as yet been
given to any of these excepting the second. A monogragh
of Catopg has already appeared containing many species
from our fuuna, and as the work is inaccessible at present, T
have hesitated to do more than indicate the presence of the
above species.

*dee Proceed. Amer. Entom. Boc., 1871, p. 332.
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Two other species of true cave insects are known in our
fauna ; Anophthalmus pusio Horn, (Virginia) Erhart’s Cave,
Anophthalmus pubucens Horn, (Illinois) Cave City Cave.

The cricket of the Wyandotte Cave is stouter than that
of the Mammoth and thus more like the Raphidophora
lapidioola of the forest. There were three species of flies,
one or more species of Poduride and a Campodea not
determined.

Centipedes are much more abundant in the Wyandotte
than in the Mammoth Cave. They especially abounded on
the high stalagmites which crown the hill beneath the Mam-
moth dome, which is three miles from the mouth of the
cave. The species is quite distinct from that of the Mam-
moth Cave and is the one I described some years ago from
caves in Virginia and Tennessee. I call it Spirostrephon
cavernarum, agreeing with Dr. Packard that the genus* to
which it was originally referred is of doubtful validity.
The specics is furnished with a small triangular patch of
eyes, and is without hairs, but the antenne are quite elon-
gate. Its rings are quite handsomely keeled. The allied
form found by Mr. Cooke in the Mammoth Cave has been
described by Dr. Packard as Spirostrephon Copei. It is
eyeless and is, on this account alone, worthy of being distin-
guished generically from Spirostrephon, though the absence
of pores asserted by Dr. Packard, would also constitute
another character. Spirostrephon possesses a series of lateral
pores as I have pointed out in accordance with Wood’s
view.t This genus may be then named Scoterpes. I look
for the discovery of §. cavernarum in the Mammoth Cave.

Two species of Arachnidaas were observed, one a true
spider, the other related to the “long-legs” of the woods.
A species, similar to the former is found in the Mammoth
Cave, and others in other caves, but in every instance where
I have obtained them, they have been lost by the dissolu-
tion of their delicate tissues in the impure alcohol. The

*® Pseudvtremia.
tProceed. Amer. Entom. Soc., 1870.
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other forms are more completely chitinized and are easily
preserved. They are related to the genus Gonyleptes found
under stones in various portions of the country. Dr. Wood
describes a species from Texas, and I have taken them in
Tennessee and Kansas. In the Wyandotte Cave I found
a number of individuals of a new species at a place called
the Screw Hole. This is a narrow passage between masses
of rock, which rise from the end of a gallery to the floor of
a large room called the Senate Chamber. Though living at
a distance of four or five miles from the mouth of the cave,
this species is furnished with eyes. Its limbs are not very
long, but its palpi are largely developed, and armed with a
double row of long spines pinnately arranged, like its relative
of the Mammoth Cave, the Acanthocheir. This species is
described at the end of the article Fig. 114.
a8 Erebomaster flavescens Cope. In
its relationshipe it may be said to
stand between Acanthocheir and
Gonyleptes.

Besides Acanthocheir, another blind
Gonyleptid exists in the Mammoth fied 76 tinen." ment
Cave, which I found several miles from the mouth. It is
blind like the former, but differs in having many more
joints to the tarei, approaching thus the true Phalangia, or
long-legs. There are six joints and terminal claws, while
Acanthocheir is said to have two and [Erebomaster three
joints. It is larger than A. armata, and has much longer
legs. Its palpi are also longer and their spines terminate
in long hairs. I have named it Phriris longipes.

Dr. Packard and Mr. Putnam, have already discussed the

*QOur engraver has not correctly represented the posterior lateral
border of the large dorsal scutum. The mandible should also have
been represented as terminating in a pair of nippers.—Ebs.
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¥ie 15 question of the probability of the origin of these
blind cave animals by descent from eut-door species
having eyes. I have already expressed myself in
favor of such view, and deem that in order to prove

Brevo- it; We need only establish two or three propositions.
Facee First, that there are eyed genera corresponding closely
Sl o in other general characters with the blind ones; sec-
Blow™ ond, that the condition of the visual organs is in some
<ave type variable ; third, if the abortion of the visual organs
can be shown to take place coincidentally with general
growth to maturity, an important point is gained in expla-
nation of the modus operandi of the process.

First, as to corresponding forms; the Typhlichthys of the
Mammoth is identical* with Chologaster, except in its lack
of eyes. Orconectes bears the same relation to Cambarus;
Btygobromus bears nearly the same to Gammarus, and Sco-
terpes is Spirostrephon without eyes, and no pores.

Secondly, as to variability. I have already shown that in
Gronias nigrilabris, the blind Silurid from the Conestoga in
Pennsylvania, that while all of several specimens observed
were blind, the degree of atrophy of the visual organs
varies materially, not-only in different fishes, but on different
sides of the same fish. In some, the corium is imperfo-
rate, in others perforate on one side, in others on both sides,
a rudimental cornea being thus present. In some, the ball
of the eye is oval and in others collapsed. This fish is related
specifically to the Amiurus nebulosus of the same waters,
more nearly than the latter is to certain other Amiuri of the
Susquehanna river basin to which the Conestoga belongs,
ag for instance the A. lynz ; it may be supposed to have been
enclosed in a subterranean lake for a shorter time than the
blind fishes of the Western caves, not only on account of the

*Mr. Putnam shows that the known species of Chologaster differ from
those of 1yphlichthys in the lack of the papillary ridges, which is prob-
ably another generic character similar to the loss of eyes. The absence
in Chologuster of minute palatine teeth, and the presence of an addi-
tional pair of pyloric ceeca, which he mentions, will be apt to prove
only specific.
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less’ degree of loss of visual organs, but also in view of its
very dark colors. A feature on which I partly relied in
distinguishing the species, has perhaps a different meaning.
‘The tentacles or beards were described as considerably shorter
than these of allied species. On subsequently examining a
pumber of individuals, I was struck with the irregularity
of their lengths, and further inspection showed that the
extremities were in each case enlarged, as though by a cica-
trix. I have imagined that the abbreviation of the tentacles
i then' due to the attacks of carnivorous fishes which inhabit
the submrial waters into which the Gronias strays, from
whom its blindness renders it unable to protect jtself.
Thirdly, it is asserted that the young Orconectes possess
eyes and that perhaps those of the Typhlichthys do also. If
these statements be accurate, we have here an example of
what is' known to occur elsewhere ; for instance, in the whale-
bone whales. In a feetal stage, these animals possess rudi-
mental ‘teeth like other Cetacea, which are subsequently
absorbed. This disappearance of the eyes is regarded with
reason by Professor Wyman as evidence of the descent of
the blind forms from those with visual organs. I would
'suggest that the process of reduction illustrates the law
of ¢ retardation,” accompanied by another phenomenon.
Where characters which appear latest in embryonic history
are lost, we have simple retardation ; that is, the animal in
successive generations fails to grow up to the highest point,
falling farther and farther back, thus presenting un increas-
ingly slower growth in this special respect. Where, as in
‘the presence of eyes, we have a character early assumed in
embryonic life, the retardation presents a somewhatdifferent
phase. Each successive generation, it is true, fails to come
up to the completeness of its predecessor at maturity, and
thus exhibits ¢ retardation,” but this process of reduction of
the rate of growth is followed by its termination in the part,
long before growth has ceased in other organs. This is an
exaggeration of retardation. Thus the eyesin the Orconectes
probably once exhibited at maturity the incomplete charac-
ters now found in the young, for a long time a retarded
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growth continuing to adult age before its termination was
gradually withdrawn to earlier stages. Growth ceasing
entirely, the phase of atrophy succeeded, the organ becomes
stationary at an early period of general growth, being
removed, and its contents transferred to the use of other
parts by the activity of “growth force.”” Thus for the loss
of late assumed organs we have “retardation,” but for thes
of early assumed ones, “ retardation and atrophy.”

In comparing the list of animals from the Wyandotte with
that of the Mammoth Cave, it will be observed that the
representatives in the former, of two of the blind genera of
the latter, are furnished with eyes. These are the Erebomas-
ter and Spirostrephon which correspond with the Acantho-
oheir and Scolerpes respectively. In the outer part of a
branch of the Wyandotte I took two eyed beetles the Que-
dius speleus and a Platynus.

The out-door relatives of the blind forms are various.
Thoee having congeners outside are the Spirostrephon, Cam-
podea, Machilis Phora, Raphidophora. Those with near
but few allies, the Scoterpes, Amblyopsis and the three Gony-
leptidee. Species of the latter are much more rare in this
country than those of Phalangiide, which are not known
from the caves. The Orconectes is mostly fresh water in
kindred, while Packard shows that those of the Cecidotea
are marine. Those of the Cuuloxenus are partly marine, and
those of the &ygob: ‘omus fresh water and marine.

The mutual relations of this cave life form an interesting
subject. In the first place, two of the beetles, the crickets,
the centipede, the small crustaceans (food of the blind fish) are
more or less herbivorous. They furnish food for the spiders,
erawfish, Anophthalmus, and the fish. The vegetable food
gupporting them is in the first place fungi, which in various
small forms, grow in damp places in the cave, and they can
always be found attached to excrementitious matter dropped
by the bats, rats and other aniiuals which extend their range
to the outer air. Fungi also grow on the dead bodies of the
animals which die in the caves, and are found abundantly
on fragments of wood and boards brought in by human
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agency. The rats also have brought into fissures and cavi-
ties commupicating with the cave, seeds, nuts and other
vegetable matters, from time immemorial, which have fur-
nished food for insects. Thus rats and bats have, no doubt,
had much to do with the continuance of land life in the
cave, and the mammals of the post-pliocene or earlier period,
which first wandered and dwelt in its shades were introdu-
cers of a permanent land life.

As to the small crustaceans, little food is necessary to sup-
port their small economy, but even that little might be
thought to be wanting, as we observe the clearness and
limpidity of the water in which they dwell. Nevertheless
the fact that some cave waters communicate with outside
streams is a sufficient indication of the presence of vegetable
life and vegctable debris in variable quantities at different
times. Minute fresh water alge no doubt occur there, the
spores being brought in by external communication, while
remains of larger torms, as conferve, etc., would occur plen-
tifully after floods. In the Wyandotte cave no such connec-
tion is known to exist. Access by water is against the
current of small streams which discharge from it. On this
basis rests an animal life which is limited in extent and must
be subject to many vicissitudes. Yet a fuller examination
will probably add to the number of species and of these, no
doubt, a greater or less number of parasites on those already
known. The discovery of the little Lernman shows that
this strange form of life has resisted all the vicissitudes to
which its host has been subjected. That it has outlived all
the physiological struggles which a change of light and tem-
perature must have produced, and that it still preys on the
food of its host as its ancestors did, there is no doubt. The
blindness of the fish has favored it in the “struggle for
existence,” and enabled it to maintain a position nearer the
commissariat, with less danger to itself than did its fore-
fathers.
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DESCRIPTIONS OF SPECIES FROM THE
WYANDOTTE CAVE.

ORCONECTES COPE.

Genus novum. Similar to Cambarus, but with the eyes
rudimental with the cornea small and not facetted. The
present genus embraces two species, the O. inermis of the
Wyandotte and the O. pellucidus of the Mammoth Cave.

Q. 1NErMIs Cope, sp. nov. This species is near the
0. pellucidus, and differs as follows. Its proportions are
generally less slender, and the spines less developed. The
frontal process is Fig. 116.
considerably shorter,
the terminal spine
not extending be-
yond the apex of the
antennal Jamellee and
very little beyond
the point of bifurca-
tion of the first
antenne. In O. pel-
lucidus the spine ex-
tends much beyond
these points. The
lateral points marky
the middle of the
length and support
very rudimental
spines ; they are
elongate in O. pellu~
cidus. The basal lat-
eral ridges are mark-
ed and convergent;
basal spines short.

The antennal lamel-

12 are much enlarged ** Oroonectes inermis Cope, nat. size.

at the middle and contracted below, and are furnished with
a fringe of long hairs. At the base of the second antenna
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the margin of the thorax has a projecting convexity moder-
ately developed. On the side of the thorax there is a small
patch of weak prickles, and there are two on the anterior
lateral suture of the abdomen. In O. pellucidus these spines
are larger and much more numerous. The lateral outlines
of the postabdominal segments are those of one extremity of
an cllipse with a slight angulation at the extremity ; in O.
pellucidus, these are rectangular, with the hinder margin
straight distally.

The cheles are slender, but less so than in O. pellucidus,
the opposcd processes are flat and not ridged along the mid-
dle as in that species. and the gencral surface is smooth or
nearly so, without the tubercular roughness of O. pellucidus.
The cheler of the second and third legs partake of the broader
form of the first. The third femora of the third and fourth
legs with short hooks. The spines of the basal segments of
the first legs arc much asin the old species. The shell of the
specimen taken early in September was very soft on the
abdominal segment, but well calcified elsewhere. Color
white. Total length head and body, m.054 (=2} in.).
Length spine from thorax margin .0055. Length cheliform
segment of first legs, .024; width do., .0075 ; length mov-
able (last) segment of do., .0123.

The single specimen of this species has been compared
with four of the O. pellucidus in the Museum of the Academy
Natural Sciences, one of which is young; the characters
above alluded to are constant. They are also exhibited by
Dr. Hagen’s figure,* except the slenderness of the cheles,
which is less than in our specimens. This figure is copied
by Dr. Packard.

CZECIDOTEA PACKARD.

C. M1cROCEPHALA Cope, sp. nov. Unknown crustacean
with external egg-pouches, Cope. Ann. Magaz. Nat. Hist.,
1871, November.

Abdominal segments confluent into a single one ; thoracie

® Catalogue of the Museum Comparative Zoology. Monograph ef
the Astucide of North America.
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segments seven, well distinguished. Inner antennsm close
together, situated betwcen the larger outer ones both issuing
from below the margin of the dorsal plate of the cephalic
segrment. The specimens arc in bad condition, having lost
their limbs, cgg-pouches and the distal portions of their
antenng. The head is small, narrower and scarcely longer
than the first thoracic scgment. The segments are all
smooth and without bairs or sculpture. The abdominal
segment is quadrate-oval, truncate posteriorly, without pro-
jection or mucro, uvove regularly, but slightly convex.
Egg-pouches well separated, oval in form, moderate in size.
The limbs are given off from the free cxtremities of the
segments.  Brancl .. l.mine extending to the extremity of
the abdominal segment, in contact throughout on the median
line. Color pure svhite. Length with egg-pouches, but
with only four basal joints of antenne, 5-16th of an inch
(m.0077.)

This species is near the Cecidotea stygia of Dr. Packard
(American Naturalist, 1871, pp. 751-2) aud, as such, of
much interest. It has a much smaller and more acuminate
head than the Cecidotea stygia Pack., though in general the
species are not very different in other respects, and are of
about the same size. In the C. microcephala the abdomen
is truncate, in the longer known species, angulate.

This species may then be regarded as the representative
of the C. stygia in the Wyandotte Cave.

CAULOXENUS COPE.

Fam. Lerneopodide Gerst. The adult female stout,
sack-like, not articulated. Cephalothorax not elongate,
large, separated from the abdomen by a strong constric-
tion. Anchor or jaw-feet elongate, arm-like, closely united
throughout their length, originating at or behind the middle
of the cephalothorax. Cephalothorax undivided, abdomen
rounded, sack-shaped, not segmented. Egg-pouches, short,
wide.

This genus differs from its allies, Achtheres and Lernmo-
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poda in the fusion of the jaw-limbs, between which a faint
dividing depression only may be distinguished, when they
are viewed from below. The form of the abdomen is much
as in Achtheres, but segmentation is not distinguishable.
The short, wide egg-sacks are as in other genera of this
family ; they are well separated and are filled with large,
globular eggs. ,

The structure of the mouth organs is not readily deter-
minable in my single specimen, owing to the intervention of”
the very stout jaw-feet. They are only visible in profile
(see fig. 106.) A pair of perhaps first antennal segments
projects from the head, is curved upwards and is without
terminal bristle or hook; a short process at the base may
represent a tactile appendage. The inferior antenn:x are
well marked and equally without appendage. "There are
some bodies between them, perhaps on the middle line,
whose nature is not determinable. There is no trace of eyes.
The chitinous stem of the.common jaw-feet is rather long,
and expands discoidally at the extremity.

C. sTYaIus Cope. Proceed. Acad. Nat. Sci., Phila., 1871,
p. 297. Cephalothorax nearly as long as abdomen, oval,
subcompressed ; abdomen subround, subdepressed, separa-
ted by a rather long construction. Egg-sacks rounded,
shorter than abdomen, on very short pedicels. Jaw-limbs
nearly as wide as the abdomen, and not quite so long, much
constricted distally at the point of origin of the anchor-
ing stem, which is nearly as long as the arm proper. No
dermal appendages of any kind. Rostral region projecting
above the arms, subconical. Color uniform whitish. Length
(without anchor-claws) Om.003.

EREBOMASTER COPE.

Ganus novum, familie Gonyleptidarum. Cephalothoracic
shield cxtending over a considerable part of the abdomen,
which has seven segments. Tarsus with three joints and a
terminal claw. Palpi with five joints and a claw, the fourth
and fifth with a series of strong spines on each side. Man-
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dibles chelate. Cephalothorax with a median conical emi-
nence, which has an ocellus on each side of its base. Posterior
trochanters like the others.

This genus is related to the Acanthocheir of Lucas, which
has been recently figured in the Naturalist. According to
Wood that genus is eyeless. Dr. Packard’s figure presents
many peculiarities. Thus the abdomen is not represented
as segemented, and there is no distinct cephalothoracic shield;
the tarsi are represented as omly two-jointed. From this
and other facts, I suspect that Acanthocheir should be placed
near Erebomaster among the Gonyleptide.

E. FLAVESCENS Cope, sp. mov. “Opilio-like Spider,”
Cope, Ann. Magaz. Nat. Hist., November, 1871. Body
smooth, limbs very minutely huiry. Two spines at the
extremity of the penultimate tibia. Three or four spines at
the base of the third segment of the palpi, not longer than
those of the third, which has four on the outer side. Spines
of last joint longest. The longest limibs are about twice as
long as the total length of the body. Maxille rather long.
Color a light brownish yellow. Length of head and body’
m.0025.

In one specimen the male organ is protruded and extends
to the mandibular cheles; it is not chitinized and appears
to be twice segmented It terminates in a short point with
maucro, which is flanked on either side by a point with two
dlvergent bristles.

ANOPTHALMUS STURM.

A. TENuIs Horn. Pale, rufo-testaceous, shining. Head
slightly darker in color, oval and arcuately biimpressed.
Thorax broader than the head, slightly longer than broad,
and sinuately narrowing to hind angles, which are exactly
rectangular; median line distinctly impressed in its entire
length ; basal impression deep; base of thorax truncate.
Elytra elongate oval, feebly convex, at base slightly flattened ;
two-thirds longer than broad; humeri obtusely rounded,
surface with feeble traces of striee and three dorsal setiger-

G. R—12
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ous punctures on each elytron, in or nearest to the position
of the third stria. Body beneath similar in color to the
upper surface, legs somewhat paler. Length .18-.24 inch;
4.5-6mm.

Three specimens of this species were collected. This
species is closely allied to A. Menetriesi Motsch. (angulatus
LeC.) but differs by its more elongate and less robust form
and less convex surface. The elytra are smoother and with
very feeble traces of strie. The two species differ, espe-
cially in the form of the hinder thoric angles and base of
thorax. In Menetriesi, the angles are acute, slightly promi-
nent externally and the base of the thorax slightly pro-
longed, while in the present species the angles are strictly
rectangular and the base truncate. This species must be
placed near the one just cited in my table of our species.
(Trans. Ent. Soc., Phil., 1868, p. 126.)

The new species above described is the most slender in
form of any in our cabinets.

A. EreMITA Horn. Pale, rufo-testaceous, feebly shining.
Head oval, arcuately biimpressed, impressions moderately
deep, intervening space feebly convex. Thorax wider at
widest portion than long, sides moderately rounded in front,
gradually narrowed to base, hind angles rectangular, base
truncate and as wide as length of thorax; disc feebly con-
vex, median line distinctly impressed, basal transverse
impression moderate. Elytra oval, less shining than thorax
and sparsely clothed with very short, erect pubescence;
strizz obsolete; three dorsal punctures on the line of the
third stria. Length .20 inch, 5mm.

One specimen of this species was collected with preceding
in Wyandotte Cave. The only species with which it might
be confounded is that previously described by me under the
name A. pusio, and although differing very notably on com-
parison in their general aspect, the points of difference are
not easily made plain in a description. The present species
is in all respects broader and less depressed, without being
eonvex as in Menetriesi; the thorax is broader, less nar-
rowed behind, and the sides more rounded. The elytra are

AY
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less shining and the pubescence more distinct, although in
both species the pubescence can only be observed by holding
the specimen between the eye and the light and then only
with a good power. In the three species at the head of my
analytical table, no signs whatever of pubescence can be
observed. The elytral strie are here obliterated, faint
traces are discernable only at the base. The basal margin
is not prolonged. ’

QUEDIUS LEACH.

Q. sPELEUS Horn. Pale, rufo-testaceous, shining. Head
broadly oval, smooth, shining, slightly impressed between
the eyes in front; two punctures bearing short sete in front
of the eyes, another at the side of the vertex, two at the
side of head behind, hind angle of head slightly pubescent.
Eyes not large, nearly round and prominent. Antenns
moderately stout, one-half longer than the head, first joint
nearly as long as the second and third together, the third
one-half longer than the second ; joints 4-10, gradually but
feebly stouter, cylindrical and scarcely longer than wide,
joint 11, longer than preceding and subacute at tip. Thorax
slightly broader than the elytra, sides distinctly explanate,
broader than long, emarginate in front, anterior angles
subacute, sides and base broadly rounded, forming nearly a
sircle, less the emargination in front ; surface smooth, shin-
ing and with punctures arranged as follows: a dorsal series
of two punctures moderately distant from the anterior
margin, a lateral oblique series of three or four punctures,
one puncture being within the line of the lateral but not
belonging to the dorsal series; a marginal row of moder-
ately large punctures close to the lateral margin extending
along the base, the punctures being more distant in the
latter region. Prosternal process behind the coxs corneous.
Bcutellum smooth, shining. Elytra slightly longer than
the thorax, rather densely and moderately coarsely punc-
tured and sparsely clothed with yellowish pubescence.
Abdomen moderately elongate, longer than the head, thorax
and elytra together, slightly narrowed to apex, moderately
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punctured but less densely than the elytra, above and
beneath sparsely clothed with brownish hairs. Body
beneath and legs similar in color to the upper surface.
Length .46-.65 inch 11.5-12.5mm. Abundantly distinct
from all our species by the color and thoracic punctures.
The sides of thorax are more explanate than any of our
species except Q. ezplanatus LeC.

Two specimens were collected a short distance within the
mouth of Wyandotte Cave.

DESCRIPTIONS OF SPECIES FROM THE MAM-
MOTH CAVE.

PHRIXIS COPE.

Genus novum Gonyleptidarum. Cephalothoracic shield
covering dorsum of abdomen, which is posteriorly segmen-
ted. Eyes none. Tarsi multiarticulate, clawed. Palpi
spiniferous, maxille chelate.

This genus is near Erebomaster, differing in the multiar-
ticulate tarsi, and absence of eyes. It is nearer to Acantho-
cheir, being like it, eyeless, but the latter, according to Dr
Packard’s figure (in AMERICAN NATURALIST, l. c.) has tarsi
as in the first named genus, one or two jointed. In Phrizis
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