1llustrating the use of Sewer Pipe in the Construction of Water Conduits.

(Plate loaned by the American Sewer Pipe Co.)
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Lo

Hon. J. Frank HAN‘LY Governor of Indiana:

Dear Sir—T1 have the honor to submit to you herewith the
manuscript of the Twenty-ninth Annual Report of the Depart-
ment of Geology and Natural Resources. The contents of the
report pertain very largely to the economic resources of the State,
and embody the results of the work accomphshed by the different
divisions of the Department during the calendar year 1904.

Yours, very truly,
" W. 8 BLATCHLEY,
State Geologist.
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INTRODUCTORY.

The present volume is the twenty-ninth in the series of annual

reports issued by the Department of Geology of the State of

Indiana, and the tenth issued under the auspices of the writer..

During the last decade the value of the natural resources pro-
duced in the State has gradually and steadily increased. While

not including among their number any of the precious or even

useful metals, they are, nevertheless, as varied in character and
as valuable as those possessed by any State in the Union.
"The following table will make plainer than any words the great
increase in value of the six leading resources .of the State during
“the ten years—1895 to 1904, inclusive—in which the writer has
had the honor of being Director of the Depa,rtment of Geology
: and Natural Resources:

. 1895, - 1904,

Output. Value. Output. ' Vsine.

L0717 R 4,'212,084 43,928,996 9,%72,404 $10,366,024
ORS. ons.
Potroloum o... coesieenvaiiciieree i e e 4,386,132 2,807,124 (] 11,331,340 | 12,176,880
barrels. barrels.

NAPral 88 ... ivonveerveeecevseeseereearenec|ovinevarees| 5208200 [[oveienerinns 3,027,106

Building stone . s vee ceof 1718976 i[.uei.ini..l. 3,081,

CIBY PLOAUGCES . o.vvvvnnies vonnoerscnnenesvnns|vvarnneneens] 817,520 ||oiiiii il 6,085,

Portland cement 1,354,906 | 1,341,396

barrels. :

T I ISR, ST $16,770,816 ||...... ...... 436,028,755

The increase in value of the six resources for the ten years was

$19,257,939, or 115 per cent. When to the value of those men- °

.tioned there be added that of the hydraulic cement, lime, whet-
stones and grindstones, sand and lime brick, artificial stone,
molding and glass sands, and other minor natural resources, the
“total will easily foot up forty or more millions of dollars. In a
State which, a quarter of a century ago, was noted mainly for
her crops of corn and wheat, her droves of fine cattle and hogs,

her bluegrass pastures and. her native timber lands, these figures

N
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show a development of natural resources ‘which is httle short of
marvelous.

The greater part of the present report is devoted to the “Clays |

and Clay Industries of Indiana.” A dozen years ago the term
“shale” was unknown among the natural resources of the State.
Those great beds of soft, blue-gray, thin-layered rock, which occur
over vast areas in the coal-bearing counties, were looked upon
as a wholly valueless nuisance, which had to be removed or tun-
neled through before the underlying veins of coal could be
reached. Today the smoke is pouring forth from hundreds of
kilns where these shales are being burned into sewer pipe, hollow
" block, conduits, paving brick, pr ssed front and ordinary brick,
drain tile, ete.

Not only have the Carbomfe ous shales been proven in the
highest degree suitable for the beﬁt of such wares, but the Knob-
stone shales, which were accounted even more valueless than those
of the Carboniferous Age, are in several places now being utilized
for vitrified, pressed front and ordinary brick, and, in two of-the
largest factories of the State, as the clay 1ngred1ent of Portland
cement. These Knobstone shales lie on or close to the surface
over an area three to thirty-eight miles in width, extending in a
southeasterly direction from Jasper County to the Ohio River.
The factories now utilizing them | are but the pioneers or fore-

runners of many yet to be; for thege hitherto ignored Knob shales -

possess almost unlimited possibilitiés of service for practical use.
In the first part of the paper| here presented, the location,

thickness and area of the more ayailable and valuable clay de-

posits of the State are given in detail and their possnble use or fit:
ness for certain wares indicated. In the se ond part a brief
description is given of the methods of manufwcture of the more
important classes of clay products| now made ~m the State, fol-
lowed by a short, mention of the larger factories making such
products. - Full tables of statistics have also beén compiled which
show the relative importance of the different cl#.sses of clay prod-
‘ucts manufactured. From these  tables the #ollowing general
table has been condensed, which gives the more\ important figures
relating to the seveh great general groups of clsty wares produced
in Tndiana. ‘ |

I
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Statisties of the Clay Industry in Indiana for the Year 1904.

.

' : No.of -

- Capital | Value of | Hands
. Invested,| Output. { Em-

ployed.

‘
Ordinary briek and drsin tile industry.. e eeeeenad] $2,923,658 | $2,748,733 4.41;1
Paving briek industry.. cocooveveiiinniin i cieiiniionn : ) 545,7% 5
Dry presged brick induSITY . ... ovrreeeseernceerveerrersineanses 546,000 240,6' 2
Refractory clay industries..... ... cooocvvrvieiiiaiiienineanss 306,750 211,760

Sewer pipe.and hollowware industries.. v e ne 1,028, 959,760 917
Pottery and allied industries. . i eeteeeeenreeeesees o - B11,000 833,780 V84
Encaustio tile and terra ootta mdultry ....................... 400.100 485,000 587

BT 56.519,403 $6,085,424 | 7,374

The second paper in the volume is the report of the State Mine
Inspector James Epperson, of Linton, for the year 1904. Mr.
‘Epperson and his two deputies have given careful attention to the
duties which they are empowered to perform, and have tried to
enforce impartially all laws relating to the mining mdustry In
his report the statistics of the Coal Industry for the year are
given, the tables being very full and complete in detail.

The law gives the State Inspector power to examine only those
mines which work ten or more men. It is my opinion that the
law should be so changed as to require the examination, at least
once each year, of every mine operating in the State, regardless
of the number of men employed. Many mines employ from six
to eight men, and the aggregate amounts to a large number.  The
life of any one of these men is as valuable as that of a man work-
ing in a larger mine, yet under the present law they receive no
protection whatever. The air where they work is often extremely
foul, man-shafts-are more often lacking than present, and too

little attention is given to the condition of the roof. Some of

these abuses could at least be ameliorated by the occasional visit
of an Inspector invested with power to better the conditions
where possible.

the relative rank of the fourteen coal producing counties of the
‘State, with the output of each in tons, has been prepared:

-

From the report of Mr. Epperson the followmg table, showing .
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Tons of Coal Produced and Wages Paid to Miners in Indiana in 1904,

by Counties, " .

County. , Tone Produced.  Wager Paid,
Greene .........ccviiiiiiiniiniiiinn., 2,307,964 $1,984,305
VIgo ceveiiniiiinnn.. PR 1,719,021 1,491,498

Sullivan ......... i e 1,589,974 1,437,747
Vermillion ................. ... ... ... 1,131,750 - 931,049
CCIAY i 532,736 1,144,986
Parke ............ e 502,612 993,317
21 ce... 349,133 298,108

- Warrick ................. PN sees . 341,900 C 212,419
Vanderburgh ........................ 237,625 234,011
{6 111> 150,567 132,133
Daviess ............. e L.o.. 133,270 146,408
Gibson PP 85,595 90,082
Fountaln ............ . .. e 55,910 60,392
Perry ....... LS ERERRTRRRERPRPREPPR . - 1,275 7,959

Total ...t i - 9,872,404  $9,16540¢4 -

Of the coal produced, 727 ,072 tons were block .coal and the
remainder bituminous. The total production for the year fell off
slightly, that for 1903 having been 9,992,553 tons. The loss was
due to over-production in 1903, when a large number of new -
bituminous mines were opened, and to a decrease in the output
of block coal, a number of mines of which have been worked
out. This coal is produced only in Clay and Parke counties, the
former producing 387,307 tons, and Parke County the remainder,
or 339,765 tons. The output of block coal in the two cotnties in
1903 was, respectively, 586,381 and 439,559 tons. .

The report of the State Gas Supervisor, B. A. Kinney, of
Mation, follows that of the Mine Inspector. On account of the
numerous bores put down in gas territory in search of oil, Mr. -
Kinney and his assistant were kept busy in enforcing the law
against the waste of gas, and the number of prosecutions against
oil operators was greater than in 1908. His report shows that
new-wells of small capacity which, five years ago would have been
considered worthless and been plugged, are now regarded as good,
and every precaution is taken to preserve and prolong their life.
The most of the bores sunk for gas had ah output of less than
500,000 cubic feet- daily, whereas a well producing less than
5,000,000 cubic feet was formerly regarded as of small size. The
only new gas territory opened up in the main field during the

’
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_year was a small area in Grant County. Several wells sunk for
oil in- the vicinity of Princeton, Gibson County, developed a flow
of gas varying from 400,000 to 800,000 cubic feet. The gas
comes from the Huron sandstone, and it is very doubtful whether

- the supply will ever show much of an increase.

 Almost all the gas produced in the State is now sold by méter
measurement. Under this system the producer receives about

- five times as much per tKousand for his gas as under the old flat
rate system everywhere in vogue during the palmy days from
1887 to 1900. As a consequence, while the production has fallen
off very greatly, the total value still represents a considerable -
amount. ' .

' Many inquiries baving been -received at this office relative to
the plan outlined by the writer for the “Utilization of Convict
Labor for Making Road Material,” a paper has been prepared
under that title, which embodies briefly the chief features of the
plan. This paper, together with the copy of a bill bearing on the
subject, which was introduced in the Sixty-third (1903) General
Assembly, are submitted as a part of this report.
The productlon of petroleum in Indiana still continues to
increase, the output for 1904 baving been 11,331,340 barrels,
valued at $12,176,880.' Petroleum, therefore, ‘easily ranks as
the leading natural resource of the State. The finding of il in
a deeper layer of the Trenton limestone was the principal feature
~ of the industry for the year. This discovery alone kept up the
production to that of 1903, as the initial output of new wells in
the older portions of the field was nearly everywhere less than
in that year. The price gradually fell during the year 1904 from
$1.31 to 95 cents, whereas the year before it had gradually risen.

"Several thousand new bores are necessary each year to keep the
total output from falling off, and these are possible only when

“.the market price is such as to stimulate the producer and guar-
antee him a fair profit on his capital invested. That the yearly
output depends upon the price, and not upon the capacity of the
field, is shown by the fact that the years 1897 and 1898 were
the only ones since the striking of oil in the State, in which the
production fell off, and during those years the price was low,
ranging only between férty and sixty cents per barrel.

Natural gas is but the volatile ‘part of crude petroleum which,
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_ during ages past has risen into the h1gher porous portions of the
Trenton rock. The presence of such a vast volume of gas as
wag extracted from the Trenton limestone of Indiana, between
the years 1887 and 1900, is sufficient to denote the presence of
an-enormous body of the heavier petroleum or mother liquid. If
the price is maintained at a fair figure, there is little doubt, there-
fore, but that the output of petroleum will hold its own, if not
increase, for several years. It must ever'be remembered, how-
ever, that with petroleum, as formerly with natural gas, we are
~drawing upon a stored product which is not being increased a
single barrel, and that, therefore, the end ‘of the supply is sure
to come. Inm a paper entitled “The Petroleum Industry in Indi-
‘ana in 1904” will be found the principal facts and statistics re-
_latmg to the industry for the year.
- In accordance with the usual custom, the report is ended with a
paper on natural history, the one for the present volume, entitled
“Tnsect G4lls of Indiana,” having been prepared by Dr. Mel. T.
Cook, for a number of years Professor of Biology in DePauw
University. In it Professor Cook describes and illustrates the
more important excrescences or galls which occur so numerously
upon the various wild and cultivated plants of the State. The
paper is, therefore, of both economic and scientific value, and will
doubtless prove of interest to many young observers in the State.
In addition to the field work, the results of which have been
incorporated in the reports for 1903 and 1904, much progress has
been made during the summer seasons of those two years in

gathering data for a report on- the “Road-making Materials of -

Indiana.” Prof. J. A. Price spent one season and Prof. L. C.
Ward' two in this work and the results have been put in form
for publication. It is the intention, if possible, to complete the
field work in 1905 and to make the paper on road matenals ‘the
principal feature of the report of the Department .for that year.
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THE CLAYS AND CLAY INDUSTRIES OF INDIYANA/.'

By W. S. BLATCHLEY.

Secrron I. CLAYS IN GENERAL.

IntroDUCTORY—DEFINITION OF CLAY—ORIGIN OF CLAYS—VARIE--

TiEs OF CrAys—Tur Puvsicar PropErTiEs OoF CLAvs—THE
Cureumicar Properries oF Crays—TUses oF Cravs.

No mineral resource of the earth has béen longér used or has
been made into such varied products for the benefit of ‘the human
race as clay. Found in all countries, easily obtained and, when
moistened, readily molded into any shape which the fancy can
invent, it is no wonder that prehistoric man, emerging slowly
from that animal stage in which, for thousands of centuries he

- had existed, made early use of it. To his undeveloped mind no
better form of amusement probably presented itself than that

of dabbling in mud and molding it into fantastic shapes; just -

as, on the borders of many a pond or stream, “mud 'pies” are
made by the youthful progeny of the twentieth century. Some

of his rude products—sun dried—became permanent, were used -

by him as drinking vessels, and so begat in his crude mind an
impression of their usefulness. He hegan t6 fashion them, not
for amusement but for use, and the play industry of the world
had begun. - From such a beg'inniﬁg, into what enormous propor-
tions has it grown!

Clay products,” when properly madc«} and cared for, are among
the most lasting works of man. Wind or rain, frost or fire, has
little effect upon them. The most ancient remains of man’s in-
dustry are the pieces of pottery vessels picked up on the sites
-of his former habitations, or removed from his burial mounds.
The oldest buildings on earth are those made of sun-dried brick.
From these rude vessels, relics of man’s first handiwork, to the
delicate and costly china-ware of onr shops—from the adobe walls

(13)
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on the plains of Persia and Mexico to the magnificent fronts of
. pressed brick and terra cotta of our present cities—what steps
of human progress—what proofs of man’s advancement in the
art of clay working !.

During the past ten years, the clay industries of Indiana have
had a steady growth.. The ever increasing demand for clay prod-
- ucts for structural and road uses has been the chief incentive -
to this growth. The rapid.advancement in the price of lumber,
due to the disappearance of the forests of the State, has; in recent
years, led architects.and builders to investigate more carefully
than ever before the advantages of clay products for structural
purposes. Those investigations have, for the most part, proven
" ‘satisfactory, and have shown the unexcelled fitness of such prod-
ucts for many uses to which stone, Wood or other materials were

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

Nor has the increasing demand for clay products been confined
to those used for building purposes. The use of vitrified prod-
ucts, such as sewer pipe, conduits and paving brick; and the
refractory clay wares, such as fire brick and furnace hmngs, has
also been constantly growing. Meanwhile almost daily inquiries-
for literature relative to the clays of the State have been received
at the office of the Department of Geology. To partially meet this

"demand for liferature the writer, in 1895, made a rapid ‘recon-
naisance of the clay deposits of the western and southwestern por-
tions of the State, and a paper concerning them was published in
the Annual Report of the Department for that year.* In that
paper it was shown that with the exception of some of the clays

" s%A Preliminary Report on the Clays and Clay Industries of the Coal-bearing Counties
of Indiana."”’— /n the. Twentioth Annual Report of the Department of Geology and Natural

Resources of Indiana, 1695, pp. 23-185 (1896).

»
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used in making the better grades of terra cotta, encaustic tile and
china ware, Indiana has, within her coal-bearing counties, the
raw material in abundance for making every kind of elay product A
used within her borders.
- Some of the best clay deposits and the Iargest clay factories of
" the State are, howeyer, located in the northwestern counties, and
‘in 1897, a second paper was prepared on the clays of that region,*
~ in which it was shown that large deposits of clays suitable for
terra cotta lumber and fine grades of pressed front brick were .
abundant in that section of Indiana. As a result of the advertis-
ing given the clay resources of the State in those two papers, the
capital invested in the manufacture of clay produets has more
than doubled in Indiana since 1897. New industries have sprung
up in many portions of the State and new discoveries have. been
made concerning the practical uses of large deposits of clay, be-
fore considered worthless. Moreover, three new railways which
have been, or are now being built, have made available many new

deposits not mentioned in either of the former papers. The edi-'- ~

tion of both reports containing those papers has been wholly
exhausted for two or more years. It has, therefore, been thought
best to prepare a new report on the Clays and Clay Industries
which shall ‘embrace the whole State, and the field season of 1904
has been devoted almost wholly to the gathering of the data for
such report. The present paper is, therefore, based on this newly
gathered data, combined with the more important portions of the
two former papers, after bringing up to date the information
therein contained.

Dxrintrion oF Cray.

1t is rather difficult to give an accurate popular definition of
the term “clay,” as commonly used. 1n general the name is
applied to any soft, earthy substance which, when finely ground
and mixed with water, can be readily fashioned into any desired
shape, which shape it will retain while being dried and burned.
~ ATl clays, however, are not soft. Many of the best clay deposits
of the State are hard, rock-like substances, which must be blasted
w“The Clays and Cisy Industries of Nétthwestern Indians.”’—In the Twenty-second

Annual Report of the Department of Geclogy and Natural Resources of Indians, 1897, pp
05-153 (1898,
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“and ground into powder before bemg used - Such cIays are elther
“shales” or “under—clays. :

A microscopic examination ‘of clay shows that it is made up of

-8 great number of small mineral fragments of many different

kinds and of varying shape, ranging in size from those which are
under 1-1000' mm. in diameter (known as clay) up to grains of
sand which are sufficiently large to be easily visible to the naked
eye. The smaller particles predominate, and when burned soften

_under the action of heat and then recombine when coqled to form

the hard, rock-like ware or clay product.

According to the chemist, pure clay is a “hydrated silicate
of alumina,” the formula of which is Al,0,2810,+2H,0, or
AlSi,0,+2H,0. This simply means that two étoms of the ele-
ment* aluminum, two of silicon and seven of oxygen are united
into a molecule of the eompound “‘silicate of alumina,” and that
that molecule is combined with two molecules of water, to form
the clay. Pure clay, with the above composition, is called ka,olm,
its percentage composatlon being as follows:

Siliea (S10) +vveernnrrennnns 463
AlUmIng (ALOD «evveveenvrnensonenns ST ceer..308
. Water (H,0) ..coevvnnn.. e e et aer e e, e 139.

Most clays are, however, impure and contain numerous other
compounds mixed with their kaolinite. The kaolinite, called the
“clay base,” is present in all materials to which the term clay
rightfully belongs. The purer the clay, the greater the ‘amount
of kaolinite which it contains.

Many inquiries are made concerning “gluminum clay.” From
the abdve it will be seen that all clays contain alumhmum in
greater or less quantities. All clays are, therefore, aluminum
clays. The metal aluminum is not, however, separated from a.
clay, but from a compound called “bauxite,” which differs from

ks ’

* For those who haye little or no knowledge»of chemistry I have thought it best to give .
here a definition of the word “element’’, as it will be hereafter used on numerous occasions.
An element is one of the seventy primary forms of matter which make up the universe. It
is & substance which has never boen separated into anything simpler. Two or more ele-
ments united together form a compound. Thore are millions of compounds,- but only
seventy elements. For example: Wood iz a eompound, which in the chemical laboratory
can be separated into three substances, oarbon, hydrogen and oxygen, but no man has as yet
been able to separate oarbon, hydrogen or oxygen into anything simplgs than themeelves.
Henoce they are elements. The seventy elements bear the same relstiog;to the compounds
as the twenty-six letters of the English language bear to itz four hundred thousand words.

Or, to state it differently, the elements form the alphabet of the universe. .
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a pure clay in that its aluminum is. combined with oxygen to
form a soluble oxide instead of with silicon and oxygen to form
an insoluble silicate. Bauxite occurs in Alabama, Arkansas and
other southern states, but. not in Indiana.

ORIGIN‘ oF CI)AYS

The clay base or kaolin in ail clays had its origin in the decom-
position of granite or other primitive rocks which contained
feldspar. By primitive rocks we mean those which formed the
first crust of the earth and were largely or wholly igneous in their
nature, i. e., they were rocks which had been acted upon by great.
heat, and had not been depogited in stratified layers by water.
Granite is an example of such rocks and is composed.of three
minerals: quartz, mica and feldspar. ' Quartz or silica is wholly
insoluble in rain water or ordinary acids, Mieca is also as insolu-
ble as quartz. The feldspar of granite is composed of & silicate
of potash, which is soluble, combined with a silicate of alumina,
which is insoluble, and this combination acts as a cement.
Granite, then, may be regarded as composed of particles of in-
soluble quartz, united to particles of insoluble mica by a cement

called feldspar, which is partially soluble and partially insoluble.

When the granite of the first crust'of the earth was exposed
for centuries to the air and water, the oxygen of the former and
the carbonic and other acids in the latter, acted in time upon
the feldspar or cement. As the water percolated through the
granite, which had been softened by long exposure to the air,
the carbonic acid united with the potash of the feldspar to form

-a carbonate of potash very soluble in water. The feldspar or

ceiient was thus destroyed and the granite crumbled. From it

 resulted a mass of kaolin (the insoluble silicate of alumina of .the

feldspar) mixed with quartz particles or sand and numerous scales

 of mica, This resultmg kaolini now forms the clay-base, or essen:

tial part of all clays. Besides granite, syenite, gneiss and other
primitive rocks contained much feldspar, and by a similar decom-
position as that noted have yielded their proportion of kaolin.
The latter i is, therefore, simply one of the kinds of matter result-
ing from the decay of feldspathlc rocks.

Id

2—Geology.
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VABIETIES OF CLJLYS

I_‘he clay materials resulting from the decay of feldspar may
be broadly classified into_two- great’ groups——reszdual clays and
sedimentary clays.

Resouar Cravs.—When a mass of feldspathic rock weathers
- down to clay and the latter remains af or close to the place of
its origin, the deposit is termed a residual one, since the clay
thus formed represents the residuum of the rock decay, the soluble
portions of the parent rock having been wholly or partly carried
off. If the parent rocks contained much feldspar or-but little
mica, and were covered-before their decay by some porous mate-
rial such as conglomerate sandstone through which the water
“could easily pass, large beds of comparatively pure kaolin were
" formed. Such deposits are called residual rock kaolins and are
" among the .richest and purest clays known to man. The kaolin
deposits of Lawrence and Martin counties, Indiana, are secondary
residual clays; i. e., sedimentary clays which have undergone

metamorphosis, probably by heat, and have thereby been changed -

into kaolin.

Surface residual clays are usually very impure and highly
colored by iron, and since they are formed by Weatherlng they
_often show a gradual passage from the fully formed clay at the
surface to the parent rock below. In limestone residuals, how-
ever, the change from clay to rock is quite sudden. Over the
greater part of the driftless area of southern Indiana there occurs

a surface clay which is thus residual, being derived from the de-

cay of the underlying limestone or sandstone rocks. . During
thousands of- years the rainfall penetrating these rocks has car-
ried with it well known solvent agencies derived from the atmos-
phere and from the vegetation on the surface. Attacking the
- rocks, these solvents have borne away the several ingredients
which- they were competent to dissolve and have left the rest
behind. The result Has been the production of well disintegrated
earth or soil at the surface, merging into clay and partly decom-
‘posed rock below. The clayéy portion is composed mainly of a
mixture of kaolinite, oxides of iron, and sand combined in varied
proportions, the kaolinite being tlie silicate of alumina which was

dissemainated in small particles through the limestones or sand- .

|
1
P
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SEDIMENTARY CLAYS AND SHALES, 19

stoues at the time of their formation. This residual surface clay
is, in general, free from thosé minute angular fragments of
foreign rocks which occur so commonly in most glacml or drift
clays. Tt is never stratified like the latter sometimes are, and its
texture is more homogeneous or alike throughout. For these
reasons its quality for manufacturing purposes is often -much
superior to that of most of the surface drift clays of northern
Indiana. o
SepimeEnTARY CrAvs.—When the clay has been carried by -
water, ice or other agency from the place where-first formed to
a new location, and redeposited in water, it is called a sedimen-
tary clay. Ninety per cent. of the clays of Indiana belong to
this group. Gentle rains and earth-born torrents, little trickling
rills and strong streams are ever at work, tearing down the clays

-from every slope where feldspathic rocks have decayed and bear-

ing them away to lower levels.~ While ¢belvng carried onward, the

clay-base or kaolin, ‘comparatively pure at starting, becomes

mingled with many impurities, such as the remains of decayed
limestones, oxides of iron, ete. - It, as well as these impurities,
are at the same time washed and ground fine by the action of
the flowing water, until finally the.entire mixture is deposited
as a bed of fine sedimentary clay at the bottom of river, lake
or sea, perhaps one, perhaps a thousand miles from the home '
of its mother rock. Since the first rainfall upon the primitive
crust of the earth this process of disintegration and transporta-
tion of clay by water has been going on, and on it will continue

- until the end -of time, for the forces of nature are never ceasmg :

in their action.

As a result, vast beds of sedimentary clays are found wherever
rivers, lakes or seas have at some former period covered a portion
of the surface of the earth. The sedimentary clays of Indiana
may be classified as follows

1. Smarms—A shale is only a clay which has become con-
solidated into a hard mass by pressure. When weathered or when
ground and mixed with water, it becomes a soft plastic mass like
clay. The materials composing the shales of Indiana were, many
centuries ago, deposited in the form of a fine aluminous sediment
upon the bottoms of the seas, which then covered the area now -
occupied by the present State. After these beds of clayey sedi-
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ment were lald down in the ses, tthé beds of other kinds of -
sediment were deposited over them, 4nd by the weight of those
overlying beds the clayey sediment was pressed and consolidated
into the hard, stonelike mass called “shale.”* The chemist rec-
ognizes no difference between a shale and a clay, and the geologist
distinguishes them only by a thin lamination, or capability of
being separated into layers, which is present in the shale and
absent in the clay, and which is due to the former having been
deposited intermittently in deep, still water. ‘When quarried or
exposed, the shale splits 1nto thin lamine along the lines or planes
of -stratification.

In the coal bearing areas of the State, shale is often erroneously .
called “slate.” True slate does not occur in Indiana. It'is a
rock which has been formed from shale under the action of both
heat and pressure. These two agents have destroyed the original
layers of stratification so that the slate no longer splits along
them, but on the other hand a new direction of splitting has been
produced, parallel to which it splits evenly and regularly. More-
over, if true slate be ground fine and mixed with water it will
not form a pasty plastic mass like clay. Shales occur in those
regions where the rocks lie flat or nearly so, while slate is found
prinecipally in mountainous regions where the rocks have been dis-
turbed, tilted and folded.

Two great groups of shales of economic importance occur in
Indiana, viz., the Carboniferous shales of the Coal Measures and
the Knobstone or Waverly shales of the Lower Carboniferous era.
They constitute the most valuable sedimentary clay deposits of
the State and will be treated more fully in a later section.

2. Unper-Cravs or “Fire-Cravs.”—In the coal-bearing coun-
ties of Indiana shales usually overlie the veins of coal, while
underlying each coal seam is almost always a bed of “fire-clay,”
a form of sedimentary clay -usually richer in kaolinite and silica
than the shales. This under-clay had its origin in the same man-
ner as did the shales, but its freedom from lamination is a proof
that it was deposited in shallower water. Its relation to the
overlying coal seam plainly shows that it once formied the soil

" which supported that luxuriant plant growth which was after-

*That pressure alone will consolidate olay particles is shown by the ease with whioch firm
brick are molded by machinee by the dry clay process.



http:pressu.re

\ o Y91

‘UNDER-CLAYS

ward changed into coal. Those plants removed from that soil
many of the elements now found in shales and clays, and as a
- restilt articles made from wnder-clays aré more refractory, i. e.,
will withstand far greater heat without melting, than will those
made from shales or ordinary soft clays. However, but few of
the “hnder-clays of Indiana are, properly speaking, refractory clays
of a high grade. The majority of them contain so great a per-
~ centage of potash, lime, soda. and other fluxes that they fuse
. readily at even moderate temperatures.

Sandstone and shales are not infrequent under the coal,- espe \
cially the former, and all intermediate grades are found; from
a pure fireclay through sandy fire-clay to. what is practically
sandstone. That this sandstone takes the place of the under-clay
is shown by the presence of the plant stems penetrating it. This
underlying sandstone, when very fine grained, is commonly known

s “gannister,” and in some places has been mined, ground, and
used for the hearths of iron furnaces, for lining steel converters
and similar purposes. . o

3. Drrrr Crays.—These are the most common and widely
distributed clays of the State, being found everywhere over the
drift.covered area of its northern and central portions. From the
shales and fire-clays above mentioned and which underlie them
in the Coal Measures, they differ widely in the amount of lime
and other foreign comnstituents. which they contain. This differ-
ence is mainly due to the fact that they were transported to and

_ deposited in their present resting places, not by water.in the liquid
form, as were the shales and fire-clays, but by a great glacier or
moving sea of ice which, thousands of years ago, flowed slowly
over the greater portion of our State, grooving and planing the
gurface of the solid rocks, strewing for hundreds of miles in its
track beds of clay and sand and graiel——pu,\shing before it the ac-
cumulated soils and clays of centuries, and mixing, transporting
and changing them to such an extent as to well nigh destroy their

~ separate characteristics and greatly increase the difficulty of their -

proper classification.

Transported and deposnted a8 they were, these dnft clays are,
in general, too impure for any use but the making of ordinary
brick and drain tile, and oftentimes they contain too many lime
pebbles even for this purpdse. This is due to the grinding up and
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mixing with the clays much of the sﬁrfgée limestones over which

-the glacier passed, as the erosion of that epoch not only removed -

and commingled the previously formed residual deposits, but
planed away the country over a vast area to a greater depth than
had been reached by any previous decay. These eroded limestones

. and the clays with which they were mixed were many of them .

ground into impalpable powder and deposited before a subsequent

- decay could take place, so that, as has been well said, “the drift

clays are, many of them, rock flour and not, as are the residual
clays, the products of rock rot.”*

4. Arvvviar Crays.—Along the lowlands and terraces or sec-
ond bottoms of the larger streams of Indiana are found, at inter- -
vals, very large deposits of alluvial clays. These are sedimentary
clays of the present age. They owe their origin either to the
deposition of fine particles of clay in the eddies of the streams, or
to the slow accumulation of the clayey sediment during the annual
overflows of the areas which they now occupy. In some places
they are 30 to° 90 feet in thickness and remarkably free from
pebbles or coarse impurities of any kind. Oftentimes they alter-
nate with strata of sand or even gravel. They are usually very
plastic and are sometimes sufficiently fing grained to be employed
in the manufacture of pottery. In Ohio and other states similar
clays have been used for several years in the manufacture of pav-

ing material, but in Indiana, their only use, heretofore, has been

in the making of ordinary building brick and drain tile.
5. Smry or Marry Crays.—These clays resemble very

_ closely those of the preceding class. They differ in that they were

deposited in bays, lakes or harbors, in still water. Much “rock
flour” containing a large percentage of kaolin was produced by the
passing of the glaciers over beds of shale. This was held in sus-
pension by the glacial streams and finally deposited in the bays
and lakes of that epoch. These marly clays are, in general, com-
posed of finer. grains, and are more usually in thin layers, sep-
arated by a coating of sand, than are the alluvial clays. They -

-contain a greater percentage of finely disseminated lime and mag-

nesium carbonates, and for that reason products burned from them
are usually cream colored or whitish. These clays, up to the

¢ Chamberlain, T. C.—Sixth Ann. Rep. U. 8. Geol. Surv., p. 240,
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present, have been found to occur only in the northern third of
the State, in areas formerly occupied by the southern extension
- of Lake Michigan, small fresh water lakes and bays or mlets of
the larger streams.

6. Lozmss Crays.—The surface of a large area in southwestern
Indiana is covered with a very fine grained, clayey buff or brown
silt, known as “common loess.” It contains but a small percentage
of lime, rarely effervescing with acid. Lime pebbles are very
searce, and where found are generally of small size. Other peb-
bles do not occur except where the sheet of loess is sq thin that
roots penetrate to the underlylng drift and, on the fe}}ng of the
tree, pull the pebbles up into the loess. It presents no evidence
of stratification nor does it contain fossils 6f any kind. Being
very uniform in composition, and free from foreign impurities,
these common loess clays are much better suited for clay working
purposes than the pebbly drift clays which in many places lie
-between them and:the underlyl Coal Measure rocks.

The beds of sedimentary clay now found in Indiana are none
of them identical with those first formed after the decay of the
primitive crystalline rocks. That igneous force which somewhere
is ever pushing the bottom of the sea upward, long ago raised the
first shale beds into dry land. Rain and frost again caused their >
decay, and again did the agency of flowing water mix and grind
and bear their particles to the bottoms of new seas and lakes. No
one knows, or can ever know, how often these successive changes
of elevation, disintegration, erosion and deposition have taken
place in the ages past; but the clay base in the materials of our
buildings and reddways of today would, if traced backward, lead
" us through many a geologic change to the granites and gneisses of
the old archsan times. ‘

Summing up the last few pages we find, therefore, that, based
either upon the relation of their present location to their place
of origin, or the manner of their transportation and deposition, we
hgve the following classification of our Indiana clays: /
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Tae Prysioar ProperTiEs oF CLAvs.

’

All clays suitable for manufacturing. purposes possess certain -
essential and characteristic physical propertxes which will now be
briefly considered.

Sraxine.—If a bed or mass of clay be freshly opened up or
_exposed to the air for any length of time it absorbs moisture and
weathers or slakes to a finely divided mass. If it be a cliff of

shale, the pieces will flake off and fall to ithe base where the frag- -

ments will divide and sub-divide until the whole mass’is weathered
into a soft plastic clay. If the shale comes close to the surface
over a level or flat area the clay will be found on top, and as we
pass downward a mixture of clay and partially slaked shale firag-

~ -
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ments is encountered, which ﬁna,lly merges into the fresh un-

slaked or unweathered shale. The power to slake readily is,

therefore, a great advantage as it enables hard clay masses to be
softened and comminuted and thus often does away with the
necessity for elaborate grinding processes. In fact, nature will

often produce a far more plastic mass by weathering than could .

be produced by grinding the fresh material. Clays which dis-

integrate rapidly can be mixed up readily and can be easily washed
in case they have to be freed from impurities by mechanical
means. Clays which are dense slake very slowly. Many shales
will not slake when thrown into water, but exposed to the slow,
disintegrating action of the weather they fall to p1eces slowly but
completely.

~ Clay manufacturers, especially those Who make refractory pro-
~.ducts or pottery, often expose large quantities of clay to the
weather for several months. By such weathering the hard clays
are broken up into fine grains which greatly reduces the labor of
grinding. The soft clays are rendered tough and plastic by their
exposure. At the same time the oxygen of the air changes the
sulphide of iron present in many clays fo a sulphate, which ig
readily dissolved and carried away by rain water. Any sulphates
of lime or magnesia present are also rendered soluble and are
removed. These compounds of sulphur are all harmful and the
weathering is, therefore, beneficial from a chemical as well as
from a physical standpoint.

" Prasticity.—The most important physical property of clay is
plasticity. It is this property which causes clay, when mixed with
. 'water, to become a tough, pasty mass readily capable of being

fashipned into any form by the hands or molds; and, when so

fashioned, to retain its shape while being carried to the drying
-room or kiln. Tt is hard to realize what ah important property this
really is, for without it we could do but, little with the material.

If we take the white, non-plastic kaolin of Lawrence County,

grind it to an impalpable powder and mix it with a'certain amount
of water, we shall have a mass just sufficiently coherent to ball
together. If, however, we try to mold the wet mass into a form

- . it quickly crumbles and shows itself qulté unworkable. From this

extreme up to the most plastic of potters clays, which will re-
spond to -every touch of the artist’s hand and preserve every line
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of the graver ] tool we find among the clay materlals of Indiana
"every grade of variation.

This property of plasticity is due to several causes, chief among
which is the presence of water combined with the silicate of
alumina in the-formation of the clay. Clays, even when thor-
oughly dried in the sun and air so that they have every appearance
of being dry powders, will sometimes contain as much as 12 or 14
per cent. of this ¢ombined water. When the clays are once burned
and this combined water driven off by heat, they lose their plas--
ticity. Brick dust or burned clay may be ground fine and moist-
ened, but unless mixed with some unburned plastic material the
particles will not cohere. The presence of a certaid proportion of
particles which actually soften and become sticky under the action
of this combined water is probably the principal cause of the plas-
ticity. These active particles which become coherent when wet
are called colloid (which means glue-like), to distingnish them
from the inactive, crystalline and ammphous grains which are
also present in almost every clay.

An absence of crystals in the clay-base or kaolin thus adds
greatly to the plasticity of the clay, as does also the-fineness to
which the grains of kaolin have been reduced. Clays which are
mixed in autumn and “weathered”—i. e., exposed to rain and
frost throughout the winter, have the crystalline structure of their
kaolin more or less broken up by alternate freezing and thawing.
Their degree of fineness is at the same time increased, rendering
them more highly plastic and therefore more readily molded into
any desired shape. :

As noticed above, our Indiana clavs vary from those in which
the plasticity is low or wholly absent to those in which it is very
strong. The former are said to be “lean,” the latter ‘“fat” or
“strong.” The sedimentary clays are much more plastic than the
residual clays. The former in their journeyings have been ground
and reground, their crystalline structure destroyed, and their
particles reduced to a very fine condition and thus rendered more
susceptible to cohesion with particles of water. It is true many
of them may have been consolidated into shales and under-clays,
but most of ‘these, by repeated gmndmgs, are again rendered
plastic. - :

If a clay ig lean its plastlclty can be increased by the admlxture
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of a'more plastic one; or, if, on the other haﬂd, it is too fat,‘it éan
be tempered by the addition of sand. Sand is a powerful de-
stroyer of plasticity, but it should also be borne in mind that the

more sand that is added the greater will be the porosity of the”

product. Manufacturers of common brick unfortunately very
often have a tendency to add too much sand to their clay, because
it makes it so much easier to work. ‘

Arr Surinkace.—“This property refers to the decrease in size
which takes place during the air drying of the clay, and is due to
the evaporation of the water which has been used to mix up the
material. The amount of air shrinkage usually stands in direct
relation to the quantity of water absorbed by the clay during the
mixing or tempering. Since plastic clays absorb more water than
lean or slightly plastic ones, they show a higher air shrinkage.
The air shrinkage ranges from one to two per cent. in very lean
or sandy clays up to eight or ten per cent. or possibly even more
in very plastic material. The air shrinkage is a matter of con-
siderable importance to the clay worker, for the reason that the
. greater the decrease in size of the clay product during drying the
greater the danger of its warping or cracking. Clays with a high
air shrinkage usually have to be dried very slowly and carefully,
and the aim of the manufacturer, therefore, is to find a clay or
make a mixture of clays which will not only have a low air shrink-
age, but which will also stand rapid drying. The air shrinkage
begins as soon as the clay has been molded or is taken from the
machine, and all the moisture is not driven off until the brick is
placed in the kiln.- The last portions of it evaporate in the early
stages of burning, during which period great quantities of steam
can be seen issuing from the chimneys of the kiln; this is known
as the water-smoking process. ‘Some clays. part readily with the
water contained in their pores, especially if they are sandy.” ¥

Fize Smringaee.—“All clays undergo a second diminution in

volume during the firing, and this may range from two or three - -

per cent. up to 15 or 20 per cent. or even more, showing just as
much variation. as the air shrinkage, but being due to different
causes. The fire shrinkage does not really begin until the chem-
ically combined water and carbonic acid gas are driven out of the
clay, consequently it commences at about dull redness. Although

* Ries.—Clays of the U, 8. east of the Mississippi River, 1908, p. 20,
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most clays shrink in burning, there are a few, such as those con-
taining much quartz, which tend to expand at high temperatures.
Both the air shrinkage and the fire shrinkage may often be de-
creased by the addition of sand to the clay mixture.” ¥
. INsoLUBILITY.-—A fifth physical property of clay is insolubility.
The better grades of clay are not affected by any acid or other
- chemical. On impure clays, however, especially those containing
much lime, carbonate of iron or allied chemical, muriatic or sul-
phuric acid will cause an effervescence or bubbling, dnd the clay
will be in part destroyed. This property of insolubility possessed
-by the raw clay is not lost in the burning, and the finished clay -
product can be brought in contact with acids or chemicals with-
out being impaired. It thus enables these products to be put to
many uses in which utter freedom from chermlcal action is de-
manded. Lo
Tensite SreenetE.—It is this property which provides strength
in the air-dried clay so that articles fashioned of it can be trans-
ported to the kiln without crumbling and breaking. In most
clays this property seems to stand more or less in relation to plas-
ticity—that is, very plastic clays often, but not always, have a
high tensile strength. Such a strength in clay is desirable, since
it helps the ware to resist cracking in drying, and also permits it
“to stand handling better in its air-dried condition. The kaolins
show the lowest tensile strength of all the clays, while the impure
Gumbo clays of the Central and Western States show perhaps
“the highest cohesive power of any knewn. The property is tested
in the laboratory by molding briquettes of a special shape which,
after drying out are pulled apart in a machine designed for the
purpose. The strength of different kinds of clays, as determined
in this manner, is given in the following table:

Tensile Sirength of Clays.

. Poundc 7’:"
. . Sg. Inc
Pure Kaoling .........iciniiiinnnennnninsveosnsnsnanes 5-20
Common BrICK CIBFS. .. .vunvnervennereensunernsnneenns 30-100
Pottery Clays ..cfoeieieninirieiiiinteninnatosssvannans 100-400
Ball clays and other very plastic clays....coviiiiinnann 200-500

INFUSIBILITY —Kaplin and many of the purer grades of fire-clay
can be subjected, without fusing or melting, to the highest heat

* Ries. Loc. cit..
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obtainable in the practice of metallurgy. This fire resmtmg or
refractory property is one.of the most remarkable and ‘valuable
which clays possess. . Upon it depends their use for making that
long list of materials which of necessity must be subjected to in-
tense heat, such as cruc1bles, gas retorts, glass pots, reverberatory
furnaces, ete.

But it is only the purer clays, as kaolin, or kaolin mixed with
silica (the so-called fire-clays) that are infusible. When other
substances commonly found in sedimentary clays, such as lime,
potash, iron, etc., are present, a comparatively low temperature
will bring about a fusion or melting. Chemical changes will re-
sult, and new compounds, chief among which are complex artificial
silicates, will be formed. To all such substances whose presence
tends to bring about the melting of refractory material the gen-
eral name of “fluzes” is given. Named in the order of their
power to cause the fusion of kaolin, the leading fluxes are potash,
soda, iron, lime and magnesia. Good grades of fire-clays can not
contain more than three to four per cent. of these fluxes. Most
sedimentary clays contain a much higher per cent., and for this
reason fire-bricks, furnace linings, crucibles, retorts, etc., can not
be made from them.

The infusibility of kaolin is chiefly due to the same property
being possessed by its constituents, silica and alumina. Each can

be melted only in the flame of the oxy-hydrogen blow-pipe. Com—)

hined with kaolin to form the fire-clays is almost always a large

per cent. of free silica or sand, which is nothing more than small

particles of Quartz. This is the only impurity which can be mixed
with kaolin without lessening its property of infusiblity. In all
the better grades of fire-clays a large percentage of this free silica
is present. The Montezuma fire-clay, which has a wide reputation
throughout Indiana and adjoining states for fire-resisting qualities,
contains.a total of 83.4 per cent. of silica; while some refractory
materials are manufactured from quartzose rock, which is finely
ground and then mixed with a small amount of plastic fire-clay to

give it tenacity. But few large deposits of either kaolin or fire-’

clay free from fluxing impurities are known to exist; and such of

* these as are readily accessible are of great commercial value,
Fine grained clays will, other things being equal, usually fuse

at a lower temperature than coarse-grained ones. Common brick

3
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. clays will often fuse at a temperature of from 2,000° to 2,300° F.
Stoneware clays can often be heated to a temperature of 2,600°
or 2,700° F. before becoming viscous, while good fire-clays do not
‘become viscous until 3,200° or 3,300° F., or even more, is reached.
_ “The temperatire of fusion may be determined in several
different ways. One method consists in using test pieces of
known composition, and consequently known fusibility. Such a
set, which is much used by practical clay workers, is known as
Seger cones. They are made up of a series of mixtures of clay
and fluxes so compounded and graded as to represent a succession
of fusion points, each being but a few degrees higher than the .

. preceding. The ingredients of these cones are kaolin, feldspar,

quartz, marble and pure ferric oxide. The series consists of 58
members, the lowest one having a fusion point of 1,094° ¥.
(590° C.), and the highest 8,362° F. (1,850° C.). In order to test
the heat of a kiln, these cones are placed in the fire at a point
where the flame will not strike them. As the heat rises the cones
begin to soften, and when the fusing point is reached each bends
over until its tip touches its base. The cones are placed in the kiln
at a point where they can be watched through a peephole. Sev-
eral cones of the several members are put in, for example, 05,
.1 aund 5. If cones 05 and 1 are melted in the burning, but 5 is not
affected, it indicates that the temperature is between 1 and 5.
In the next burning 2, 3 and 4 are put in; 2 and 3 may be fused
but 4 remains unaffected, showing that the temperature of the
kiln was the same as the fusing point of cone 8.” *

Innurarron.—The next of the physical properties of clays to be
here mentioned is that of induration.. By this'is meant the power
which it possesses of hardening when subjected fo heat. The im-
portance of this property can scarcely be over-estimated. With-
out it an article fashioned from clay would be only so much stiff
mud which, on exposure to rain or frost, would soon c¢rumble to
dust on account of its porosity and attraction for moisture.

The first change taking place in the clay when heated is the
_ driving off of the water which has been added to it to make it
soft and plastic. This should be done so slowly as to allow all of
this moisture to escape as vapor before the clay becomes heated
above the boiling -point of water, for the generation of steam

* Ries.—Loe. cit. p. 23.
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would, of course, tend to destroy the structure which has been im-
parted to the clay and which is important to keep. After this
hygroscopic water has been driven off the heat may be increased
more rapidly until, at about 1,000° F., the ware will begin to
shrink and lose weight on account of the loss of the combined
water in the clay-base or kaolinite.
‘When the clay has been heated up to a temperature of redness
or above, depending on the refractory quality of the material, a
hardening of the mass takes place. This is due to a first softening
of the particles under the sction 6f the heat, the result of this X
beifig that they stick together and make the product, when cold,
~ as “hard as a rock.” It is this property of hardening under fire
* that makes clay products so resistent and durable.
All clays do not, however, act alike. when heated. Some soften
very rapidly when burned; others very slewly. Some soften at a
very low temperature and are conmsequently said to be easily
fusible ; others do not soften until burned to a very high tempera-
ture and are called refractory. TFire-clays are refractory and
brick clays are usually easily fusible.
When a piece of shale is put into"a kiln or furnace and burned,
the first signs of fusion are a softening of the particles. If the-
_ shales be now cooled, it will be a solid mass, and hard enough to
cause difficulty in scratching it with a knife. It has been heated
to a condition of incipient fusion; or the point at “which the par-
ticles become soft in the fire. Common bricks and earthenware
-are baked only to this first point, and retain an open and porous
structure, the bond of incipient fusion being sufficient to form
the clay into tough, stone-like materials. '
If the same piece of shale is heated still higher, the partlcles
soften so much that they are able to adjust themselves better and
to pack to a dense, i 1mperv1ous mass, and when cool the individual
_ grains will no longer be recognizable. This is the condition of
vilrification, and all stoneware, paving brlck and sewer plpe
makers try to vitrify their wares. :
If the piece of shale is once more put into the fire and heated
- to a higher temperature than before, the clay will finally become .
8o soft as to cause the mass to run or become viscous. This is.
known as the eondition of viscosity.
The difference in temperature between the points of incipient
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“fusion and viscosity varies in different clays. In calcareous /clays
. the softening action takes place rapidly and the two ‘extremes may
not be more than 50° or 100° F. apart, but in non-calcareous clays
the point of incipient infusion and vitrification may be separated
-by an interval of 400° F. Though the above named three stages
‘in the burning of the clay are recognized, it is sometimes rather
difficult to determine them exactly.

The practical bearing of all this is that, in burning a kiln of
ware to vitrification, it is impossible to bring the temperature just -
up to that point and then stop it; on the centrary, the heat is apt o

~to go a little beyond that before it can be stopped. If the shale :
passes rapidly from the condition of vitrification. to viscosity, then
there is danger of melting the contents of the kiln in attempting’
to vitrify them. But if the two points mentioned are some dis-
tance apart, then there is not so much danger in slightly over-
stepping the point of vitrification. ‘

To safely vitrify a clay, the points of vitrification and viscosity
should be at least 125° F. apart, and preferably 200°. In clays
containing a high percentage of lime, they are not over 50° apart,
and hence such clays are not adapted to making vitrified wares.

" Coror.—The color of a, clay before it is burned is of little im-
portance except in so far as it serves to indicate the presence of
iron, which is one of the fluxing constituents. “Many clays are so
brilliantly colored with iron—for example the residual clays of
the southern or driftless area of Indiana—that the color at once
indicates their mnon-refractory character. In the kiln, however,
except in perfectly white clays which burn white, color changes
invariably take place. Many black clays stained by organic mat-

. ter burn white, while others burn to reds, buffs and cream colors.
Shales with only 2 to 3 per cent. iron oxide burn buff, while those
with 4 or more per cent. burn red. A buff or cream color is also
produced if the clay contains much carbonate of lime, say three
times as much lime as iron, and this is what causes many of the

‘northern Indiana brick clays to burn a cream color.

Magnesia exerts the same coloring effect on the burned ware .
as lime, and alkalies tend to turn the iron red into a brown. Silica
has no. eﬂ"ect on the color in burning. Nothing of importance has
ever been accomplished technically in causing a dark burning clay
to burn white. , ' .
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OHEMICAL PROPERTIES or Crays.

A chenucal analysis of a pure clay would show but three ingre-
dients présent, viz., silica, alumina and combined water. These,
as already noted, make up the kaolinite or clay base. " Pure de-
posits of kaolin are, however, very rare, as almost all clays, and
‘especially all sedimentary ones, contain other ingredients which
they have gathered in their wanderings from the spot where the
kaolinite was first freed from the mother rock. Anything other
than the clay-base may be considered an impurity. The impuri-
ties most commonly found in clays are silica or sand, compounds
of iron, lime, magmesia, potash, soda, and sometimes organic
matter. The uses to which any clay can be put are determined
very largely by the impurities which it contains. Some influence
the color, others the shrinkage, while all exert more or less effect
on the fusub]hty of the material, the influences in each case in-
creasing usually with the amount of the impurity which the shale
contains. ' .

The practical clay worker usually considers a physical test far
_ more valuable than a chemical analysis, for the reason that the
facts contained in the former are easily capable of interpretation,
while those of the latter can not, as a rule, be utilized by him.
Moreover, clays of widely different properties will sometimes have
almost identical chemieal composition and vice versa. Combined
with other data the results of complete chemical analysis are, how-
ever, always of value, as from them any one with experience can
judge accurately as to the refractoriness or fusibility of a clay.

SiLzoa.~—Taking up the so-called impurities of clays in the

order above mentioned, we find that the most common is silica or
sand other than that in the clay-base. This occurs either free as
quartz particles, or in a combination with the other impurities
in the form of silicates. The free quartz particles, commonly
known as sand, are found in all cldys, and though classed as an
impurity, they are in most instances a necessary constituent,
since their presence prevents that warping, shrinking and crack-
~ ing while drying, which is sure to take place in the made-up ware

when too great a percentage of pure kaolin is present. Olays

which are tough and exceedingly plastic are termed “fat clays,”
and to them sand is often added artlﬁcmlly to lessen the plasticity
8~Geolegy. . .

i
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and render their products more easily dried.. Uncombined silica

- in moderate quantities is thus beneficial, since it preserves the
form at high temperatures.” When in excess it destroys cohesion
and renders the ware porous, brittle and weak.

Coumpounps oF Iron.—Next to sand, compounds of iron are the
most common and the most important impurities of clays. Pure
iron does not exist free in mnature, but its compounds are very
abundant. Among those occurring uncombined in clays are the
two oxides—the proto or ferrous oxide (FeO), and the per, sesqui
or ferric oxide (Fe,0,); also the carbonate (FeCO,); the sulphide
(FeS,), and the sulphate (FeSO,). Tu addition to these many
chemists believe that most every clay has, chemically combined
with its kaolin or clay-base, a hydrated per-oxide of -iron (2Fé2
+3H,0), the two together forming a complex double salt of iron
and alumina,

The two oxides occur in greater ar less quantities in all Indiana
clays and serve both as coloring agents and as fluxes. They have
much to do with the colors of clays, both in the raw and burned
state, for iron is one of the great coloring agents in nature. Com-
pounds of iron cause the -green color of grass and leaves, the
bright red color of the blood -of animals, and the darker red of
some soils, clays and sandstones. Ferrous oxide, the more com-
mon of the two, is found in all drift and alluvial clays, especially -
those of a bluish or greenish-blue color. When such clays are
burned the ferrous oxide is changed to a férric oxide, which is
brownish red, and the wares become the same color.

Experience, time and again, has proven that no one can tell by
“looking at a clay, or even by analyzing it, what color will be pro-
- duced in it by heat. In general, however, it may be stated that

the finer the particles of these oxides are, ang the more evenly
they are disseminated through the clay, the more uniform and cer-
tain will be the color. For this rpason chemists believe that the
complex double salt of iron and alumina, mentioned above, has
much to do with the ultimate color pf burned clays as, of necessity,
the iron oxide in this is more thoi‘oughly and evenly distributed
throughout the raw material. If the oxides occur free in small
grains or nodules, a Achemical_change will be caused in them by
heat, and they will be apt to form black specks, scattered irregu-
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larly through the body of ‘the ware instead of colorlng it evenly
throughout.

The color to which a clay burns is, moreover, determined to &
large extent by the kind of heat to which it is subjected in the
kilns. When 2 clay fairly rich in iron is-exposed to an oxidizing
fire in burning, the iron invariably_tends to color the material red,.
and the depth of this color increases with the amount of iron pres-
" ent. If, however, the clay is exposed to a reducing action in burn-
ing, which is the case when an insufficient quantity of air enters
the kiln, then the color, instead of being red will be a bluish
" black. The same color is also produced if even in an oxidizing fire
the clay is carried to a-condition of viscosity, in which state a dis-
association of the iron compound takes place, the ferric oxide
being reduced to the ferrous condition. The amount of ferric
oxide permissible or desirable in a clay depends upon the use to .
which it is to be put. Thus kaolins, which are to be utilized for
making china, should have under one per cent., if possible, while
brick shales or pottery clays, on the other hand, should have four
or five per cent. of the same material in order to produce the good
red coloration.

Besides imparting a color to clay products, the oxides of iron.
act as fluxes. KEspecially is this true where from 5 to 15 per
cent. of these oxides are present, as in many of the shales and
drift clays. Such clays fuse at much lower temperatures than
others which are similar in every respect, except in the percentage
of iron oxides.

Pymtes, or iron sulphide (FeS,), is prcbably the most harmful
of all the compounds of iron occurring in clays. It is usually in
the form of glittering yellow metallic particles or grains, often
of cubical shape, or in concretionary ball-like masses, one to three
inches in diameter, and having the surface oxidized into a brown-
.ish shell. These are popularly known as “‘sulphur balls,” and are
found in some of the shale deposits of the Indiana Coal Measures; -
but owing to their size are easily extracted. When present in any
quantity, pyrites causes the clay constituents to fuse at a tempera-
ture much below that at which the proper vitrification takes place
In burning, it also unites with the steam driven off from the clay
to form sulphuric acid, which may make the ware poor. If pres-
ent in small grains or lumps and these are not crushed or removed
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in the preparation of the clay, they are liable to swell during the
" burning and split off pieces of the ware.

 Sulphate of iron, or copperas (FeSO,) is often produced in clay
~ deposits containing pyrites by, the oxidation of the latter. Its
presence may be known by the astringent, inky taste which it im-
parts to the clay, and usually by the presence of a white efflores-
~ cence upon the surface. Like the pyrites, it is a very damaging -
constituent, rendering the clay in which it is found in any quan-
tity, comparatively worthless. - :

Irori carbonate, or siderite (FeCQO;), is also a quite common
mineral in the shale beds of the Indiana Coal Measures. It is
usually found in the form of kidney-shaped nodules, which con-
tain more or less clayey matter, and are known as iron kidneys
or clay ironstone. They vary much in size, and often occur in
layers at regular intervals apart, making it easy for the clay
. iner to separate them. If too large a proportion of them are
ground up with the shale they increase too highly the percentage
of iron, and so reduce the fusing temperature. Otherwise they
are comparatively: harmless, as under the influence of heat the
carbonate is decomposed into ferrous oxide and the gaseous car-
bon-dioxide (FeCO;=FeO+CO,).

Live aND MagNEsta.—Some residual and almost all sedimen-
tary clays contain lime or magnesia, one or both, in small but per-
sistent quantities. The best clays contain less than two per cent.
of these substances—though for some purposes clays containing
as high as 25 per cent. of lime may be utilized. When present,
lime and magnesia usually occur either as silicates or carbonates
—mbore commonly the latter. The presence of carbonate of lime
can be detected by the effervescence produced when a drop of
* muriatic acid is put on the clay, and dolomite (carbonate of mag-
nesia) shows itself by acting similarly when hot acid is dropped
on the rock. ‘Like the oxides of iron their degree of harmfulness
depends largely upon their physical condition. If in fine par-
ticles, thoroughly disseminated through the clay, they only act
as fluxes, and so limit the use of the.clay to the making of certain
products. Lime, however, more commonly occurs in the drift. -
clays or till, in the form of small grains or pebbles of the car-
bonate. Unless these can be removed or ground to powder by
a crusher, the clays containing them are practically worthless. If
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burned with the clay-each lime pebble loses carbon-dioxide and is
changed from a carbonate to an oxide or “quick-lime.” This has
great attraction for water, and when exposed each pebble absorbs
moisture, swells and bursts off a piece of the ware, causing a
defect or shallow pit in its surface.

Good bricks can be made of clay.containing 20 per cent. or
more of carbonate of lime, provided it is in a finely divided con-
dition. If in such clays the lime present is in excess of the iron
it combines with the oxides of iron and with some of the sand
to form a light colored, double silicate of iron and lime. For this
reason many of the alluvial and marly clays in northwestern Indi-
ana—especially those near Hobart, Michigan City and South
Bend—although rich in iron oxide, produce whitish or cream
colored instead of red products. These clays are not, however,
suitable for the making of paving brick, sewer pipe or stoneware
as the points-of incipient fusion and viscosity are so near together
that they would melt down before vitrification took plaie. Such
" clays can be used in the manufacture of Portland cement, as the
lime present would in no way affect their usefulness for that
purpose.

Arxaries.—These include potash and soda, two of the most
powerful fluxes known, which are present- in nearly all clays.

They often occur as a constituent of undecomposed feldspar
grains which the clay may contain, or in some cases the potash
may come from mica, whose tiny glistening scales are easily dis-
cernible when present. - They melt at a lower temperature and
unite more readily with the clay-base than do ironm, lime or mag-
nesia. Their amount is not large, being, on an average, but two
to four per cent., but in fusing power this is equal to more than
double that percentage of the fluxes previously mentioned. Their

- presence in any quantity in clays desired for refractory purposes
s, therefore, most pernicious. On the other hand, where vitrified
products are to be made, it is better that some of these alkalies
be present, that they may cause the clay constituents to begin to
fuse and combine at the proper temperature. When the ware is
raised to a temperature sufficient to melt the potash, iron, lime,
etc., these fluxes fuse with the siliea and give to the ware that
dense, tough, non-porous condition charactenstlc of all so-called
“v1tr1ﬁed” produects.
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The analyses of ten shales from Ohio and six from Indiana, -
"which are used in the manufacture of vitrified brick or sewer
pipe, show an average composition of about 138 per cent. of all
fluxes and 84 per cent. of kaolinite and sand. Probably from 8 to
10 per cent. of the fluxes would serve all necessary purposes, but
a less proportion would leave the material unvitrified and porous,
and therefore of too absorbant a nature for use. As potash and
- soda are the most powerful fluxes known, five or six per cent.
~ of them are equal to from eight to ten per cent. of a mixture of
- all the fluxes usually found in clays. Hence, it is better that no
- more than two or three per cent. of both be present in those clays
in which vitrification is desired and in which the other fluxes
occur. As a rule, the carboniferous shales now being used for
making paving brick contain from two and a half to three per
cent. of potash and less than one per cent. of soda. :
Trrani¢ Acip.—This mineral is found in most Indiana shales,
and under-clays, but, as far as known, it has no effect either as a.
coloring or a fusing agént. It usually occurs in the form of small
brownish black grains of irregular shape, which are supposed to
be a compound of iron and titanium. Like silica, its presence is
not thought to be detrimental to the clays in which it is found.
Oraanic Marrer.—This is often found in clays and shales,
especially in those of the Coal Measures. It usually occurs in
" the form of very finely divided plant tissue or larger portions of
plants or leaves which have settled in the material during its
deposition. If in quantity, it affects not only the color of the
clay, but possibly its plasticity, and no doubt its absorbtive
power. When in a very fine state of division it-is much less harm-
ful than if in grains of any size. If in the latter condition it is
apt to leave the ware more porous than it should be, especially
if vitrification is to follow. It is usually readily combustible and
is burned out at a temperature much below that of the fusing
point. Many of the dark colored shales which lie immediately
above the seams of coal contain too much such matter to allow
them to be put to any use. .
Warer o5 Cray.—“Clays coutain two kinds of water, namely,
hygroscopic moisture and chemically combined water. Moisture
is the water mechanically mixed with the elay grains, and in clays
freshly taken from the bank is often as high as 30 or 40 per
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cent. Shales contain but a small percentage of moisture. The
air drying usually causes the evaporation of most of the mechani-’
cally combined water, and its expulsion is accompanied by a_
shrinkage of the mass. It ceases, however, before all the mois-
ture has passed off, for the reason that the shrinkage stops when
the particles have all come into contact with one another, but
there still remain in the mass pores which hold a certain amount
of moisture that is not driven off until the early stages of burn-
ing. Moisture may exert a very injurious effect on clays, in that
it tends to dissolve the soluble salts which they sometimes contain,
and to bring them to the surface during air drying, thus forming
a scum or efflorescence. If driven off too fast during the early
stages of the burning a blistering of the ware may follow.

“Combined water is present in every clay, there being nearly
14 per cent. in pure kaolin and as low as two to three per cent.
in some impure or sandy clays. The sources of combined water
in clays are dry kaolinite, limonite, or hydrated silicates. The
combined water is driven off at a red heat, and when this oceurs
an additional shrinkage of the mass takes place.”*

-

Uses or Cravs.

No natural material can be so easily and cheaply made into
the finished product as clay. It enters more largely into the
necessities of our everyday life than does any other mineral re-
source, and the ultimate value of its products are greater than
that of any other, except iron. The following are some of the
uses to which materials made of clay are put in Indiana:}

Domzstic.—Porcelain and china ware, white earthen ware, yel-
low ware, stone ware and various other wares for table service
and cooking use, fire kindlers, majolica stoves, polishing brick,
bath brick, ete. i

STRUGTURAL.%Brick, common, front dry pressed, ornamental,
hollow, glazed ; terra cotta, roofing tile, drain tile, glazed and en-
caustic tile, chimney flues, chimney pots, door knobs, fire proof-
ing, terra cotta lumber, copings, ete.

* Ries.—The Clays of the U. 8. east of the Mississippi River; 1903, p. 30.

4+ Adapted from a table given by R. E. Hill, Vo_l. VIII, Mineral Resoureces of the United
States, 1891, 475. .
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Hyerenro.—Urinals, closet bowls, sinks, wash tubs, bath tubs,
pitchers, drain tiles, ventilating flues, absorbent brick, ete.
ApwAYs.—Vitrified brick, sewer pipe, drain tile, ete.
BACTORY Warks.—Cas retorts, glass pots, fire brick, sag-
‘blocks for tank furnaces, crucibles and other assaying appa-
stove and furnace bricks, cupola bricks, floors of kilns,
blocks for fire boxes, ete. .

Exaiveering axo Hyoraviie Work.—Portland cement, rail-
way ballast, puddle, water conduits, reservoir lining, sewer pipe,
ete. > , ‘

OrmaMENTAL AND Dzcorartive.—Tiling, ornamental pottery,

terra cotta decorations, artists’ molding clay, base for pigments
and paints; majolica, garden furniture, etc.
"~ Misoernaneous Uses.—Conduits for underground wires, stone
pumps,| paper sizing, electric insulators, fulling cloth, scouring
soap, chemical apparatus, ink bottles, ultramarine manufacture,
emery wheels, playing marbles, battery cups, pins, stilts and spurs
for potters’ use, shuttle eyes and thread guides, smoking pipes,
umbrelln stands, pedestals, filter tubes, caster wheels, cosmetics,
taleum powder, food adulterants, ete.

within her bounds. Yet, with the exception of some of the clays
used in {the making of encaustic tile, glass pots, porcelain and
china wdres, Indiana containg, ag I shall endeavor to show in a
subsequent section, the raw material in abundance to manufacture
every one of the above mentioned articles.

Very few of the above products are made ffom one grade of
clay alone; in fact, probably 90 per cent. of the articles mentioned
in the above list are molded of a mixture of at least three clays,
and many clays are used for several purposes. The aim of the
manufacturer in each case is to get a mixture of the proper
plasticity, | color-burning qualities, shrinkage and refractoriness.



GREOLOGIO DISTRIBUTION OF CLAYS. 41

Secrioxn II. THE GEOLOGIC DISTRIBUTION OF THE
CLAYS OF INDIANA.

The surface rocks of Indiana represent five great periods of
paleozoic time. These, named in the order of their age, are the
Ordovician or Lower Silurian; the Upper Silurian; the Devonian;
the Mississippian or Lower Carboniferous and the Carboniferous.
The greater part of these formations are hidden beneath a heavy
mantle of glacial drift or till which covers three-fourths or more
of the area of the State. Over the greater part of the three
northern tiers of counties in the State this drift is so thick that
no outcrop of surface rocks occurs even in the valleys and deep
eroded beds of the streams.* The available clays of these coun-
ties are of necessity, therefore, the “drift clays” and their second-
ary deposits, the “alluvial clays,” and the “silty” or “marly”
clays. It is only in this deep drift covered section of the State
that fresh water lakes, many of which are now extinct, were

“formed. It is only here, therefore, that the silty or marly clays

occur. .These clays are in places being extensively used in the

,making of terra cotta lumber, fire proofing, and pressed front

brick. They are therefore becoming of much economic impor-~
tance, and the known local deposits will be treated in detail in a

subsequent section.

A careful study of the drift deposits of Indlana has proven
that there were several distinet glacial invasions of the State. The
great ice sheet which was first formed several times advanced and
as. often—by an increase in the temperature of the region which
it entered—melted and receded; its retreat or recession being
each time as gradual as its advance had been. Like a great army
which has attempted the invasion of a country and has been com-
pelled to withdraw, it would again assemble its forces and start
in a slightly different direction. But perchance, before it had
reached the limit of its former invasion, a force of circumstances
would render a retreat necessary. Its advancing margin was not’
in a straight line, but in lobes, or long, gradual curves. ]

~The first invasion of Indiana by one of these glacial lobes was

*The counties so covered are Steuben, Lagrange, Elkhart, 8t. Joseph, Laporte, Porter,
Lake, Starke, Marshall, Kosoiusko, Noble, Dekalb, Allen, Whitley, Fulton, Pulaski and the
greater part of Jasper, Newton and Benton, See the uncolored-part of the large geological
map, accompanying the 23th (1903) Report of this Department.
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. from the elevated districts to the east and south of Hudson Bay.
" TIt, in time, covered a greater area of the State than any ome of
those which followed. When this glacier had assimed its maxi- |
mum size, its southern or front edge extended across the north-
" western corner of Pennsylvania and central Ohio to a point a
little southeast of Cincinnati, where it crossed the Ohio River
into Kentucky. Passing through Campbell, Kenton and Boone
* counties on a line nearly parallel with the” Ohio River, and some .
five to eight miles south of that stream, it entered Dearborn™
-County, Indiana, a little below Aurora, whence it passed in a.
southwesterly direction through Ohio and Switzerland counties
and crossed into Trimble County, Kentucky. Here it turned more
to the west, recrossed the Ohio into Clark County, and reached
its southernmost point in this portion of the State near Charles-
town. From here it bore to the north through Scott and ‘eastern
Jackson counties, and then followed approximately the line shown
on the accompanying map until it entered Illinois. Since this first
or oldest glacier covered most of the latter State, the name
“Illinoian” has been given to the drift material which it brought
down. The terms “older glacier” and “older drift” are sometimes
also used when referring to it and its deposits. It is probable
that the margin of this first ice sheet occupied only a portion of
the glacial boundary, as shown in Indiana, at any one time.

After reaching the line marked on the map as the “Approxi-
mate Glacial Boundary,” the ice of this first glacial invasion
melted away and left its drift, composed of a motley mass of
materials, exposed to the agencies of water, wind and frost.
What is known as the “Flirst Interglacial Interval”’ then ensued,
during which a vegetation arose on the surface of the Illinoian
drift and for a long period flourished and decayed, in the:manner -
as does the vegetation of our present surface. As a result a black
mold or soil was gradually formed, which is now concealed be-
neath deposits of silt called “loess” in southwestern Indiana, and
beneath the drift of later glacial invasions in the northern part
of the State. How long this “interval’” lasted no one knows, but
evidently hundreds of years, as shown by the thickness of the soil
mentioned and by other ev_idence which the geologist can take
into account. ) T

A “Second Glacial Epoch” or invasion then occurred, during
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which the ice brought down mueh thicker deposits of .drift than
in the first. At many points east of Indiana this second glacier
extended much farther south than the fitst, but in this State its
Southern border only reached the dotted line shown on the map
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Fig.1. Map showing the Approximate Glacial Boundaries in Indisna.
(From *“Studies in Indiana Geography,”” p.28.)

and named by Professor Chamberlain, the “Wisconsin Boun-
dary,” because this glacier invaded the driftless area of that State
farther than any other. Of the drift in Indiana brought down
by this second glacial invasion, Professor Chamberlain has writ-
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_ten in part as follows: “The border of the ‘newer drlft shghtly
ridged, may be traced diagonally across the northeastern part of .
Montgomery County, the center of Hendricks, the northeast cor-
ner of Morgan, the southwest portion of Johnson, striking the
basin of the East White River near Edinburg. On encountering
this basin the newer drift border comes in association with the
remarkable fluvial phenomena of “Collett’s Glacial River.” This
was one of the great avenues of discharge from the ice border,

- and has left its record in broad belts of gravel gathering into a -

great trunk stream. The edge of the newer drift sheet is inter-
rupted and obscured by these fluvial deposits, but it seems to have

formed a lobe, reaching down the basin into Jennings County,
the glacial river lying on its western border. The eastern edge
of the loop runs north diagonally across Decatur County, the
southeastern portion of Rush, the northwestern part of Fayette,
and of Wayne, in the northern portion of which, and the southern
part of Randolph, it recurves to the southeast'to form the Great

Miami. Loop in Ohio.”*

The drift clays form a very large percentage of. the morainic
material or till which was dropped where it now lies by the melt-
ing of one or more of these great ice sheets or glaciers which
invaded Indiana. The clays and other components of the later
or Wiscomsin drift can generally be readily distinguished from
those of the earlier or Illinoian sheet by their softness and fresher
appearance. In sinking wells, it is easy. to excavate with a spade
the clay and other material of the newer drift, while picks and
. sometimes explosives must be used in the older. The hardness

of the older till sheet is largely due to the forming of a crude

natural cement by the clay and carbonate of lime.

In the counties covered by the Wisconsin drift the clay imme-
diately below the soil is usually buff to reddish yellow in color,
the hue being due largely to the free action of the oxygen of the
air on the oxides of iron present jn the clay. At a depth of five to
fifteen feet from the surface this usually merges gradually into
a grayish blue compact clay. This has nearly the same chemical
composition as the upper deposit but has been less affected by

exygen. |

#“The Terminal Mqraing of the Second Glacial Epooh.” in Third Ann. Rep. U, 8. Geol,
forv, l&8&z =8
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In the area covered only by the first or Tllinoian glacier the

yellow clay is not so common. The materials of the surface clay
of this area were derived from a different source and the clay
was more “sticky” or of a tough plastic nature, nearly impervious
to water. Blue gray in color when first deposited it has, by weath-
ering, been leached to a gray white and forms the so-called “white
clay” soils of southeastern Indiana. Wherever these soils occur,
the elay beneath them is harder than at corresponding depths in
the newer drift.

Trae OrpovioiaN or Lower S1rurian.—The rocks of this penod '

are the oldest in the State and come to the surface only in its
southeastern corner, where ‘they comprise the surface -of all or
a part of the following counties: Wayne, Union, Fayette, Frank—
lin, Dearborn, Ripley, Ohio, Switzerland and Jefferson. While
the drift covers all of this area, it is everywhere guife thin and
in the valleys and the beds of the streams the surface rocks are
exposed. These exposed rocks belong, for the most part, to the
Hudson River epoch, and consist chiefly of blue calcareous shales
interbedded with a highly fossiliferous limestone. The clay from
“these shales, when weathered, becomes: very soft and plastic, but
on account of the high percentage of lime and particles of sand

which it holds, is worthless for manufacturing purposes. The

drift and alluvial clays of the area are utilized in a number of
localities for ordinary brick and drain tile, but only for local use,

as they are in general of inferior quality. On the whole, the,

Ordovician area of the State may be said to offer but limifed
attractions to clay manufacturers. -

Tre Ueeer Sizvrian.—To this geologic penod belong the sur-
face rocks of a large area of eastern and north-central Indiana,
comprising part or all of the following counties: White, Cass,
Miami, Wabash, Huntington, Wells, Adams, Jay, Blackford,
Grant, Howard, Tipton, Madison, Delaware, Randolph, Wayne,
Henry, Hancock, Hamilton, Rush, Fayette, Decatur, Ripley,
Jennings and Jefferson.

The Niagara hmestone the leading formation of this Upper
Silurian period, comprises in places in its basal third some beds
of bluish green shales and clays* which vary in total thickness

®* Notably the Osgood and Waldron clays of Foerste, forlan account of which see the 22d,
24th und 28th reports of this Department.

Tt
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from two to 20 feet. They contain, however, too much.lime and
magnesia to be used for clay products. ‘

The only commercial clays of any value in the entire Upper ’
Silurian area of the State are, therefore, derived from the drift
~ and alluvium." The drift clays occur throughout the area and are
used on a large scale at Marion, Muncie and Anderson in the
making of ordinary brick and at Summittville in the making of a
partly vitrified drain tile. At numerous other points in the area
ordinary brick and tile yards .of smaller size are in operation.
At few places, however, can the drift clays be used to a greater
depth than three feet, as they usually contain, below that depth,
too many lime pebbles and other foreign impurities. A factory
of any size must, therefore, control a large area of surface in
‘order to possess raw- material sufficient for any length of time.

Tae Devonian.—The rocks of this period form the surface of
a great area, extending northwest and southedst through the
central part of the State, but offer little of promise to the clay
worker. They outerop or are known to occur beneath the surface
in Clark, Scott, Jefferson, Jennings, Jackson, Bartholomew, De-
catur, Rush, Shelby, Johnson, Marion, Hancock, Hamilton,
Boone, Clinton, Tipton, Carroll, Cass, Tippeczinoe, ‘White and
Jasper counties. Thick beds of the brown to black New- Albany
or GGenesee shale cover a strip six to 18 miles wide in the western
part of this area, but they everywhere contain too high a per-
centage of bituminous matter to burn into clay products.

The entire Devonian area, except a small portion of Clark and
Scott counties, is drift covered, and the snrface drift and alluvial
clays are, in numerous places, utilized for ordinary brick and
drain tile making. Otherwise the Devonian area in the counties
mentioned contains no clay deposits.of value.

*Tue Mississtppian or Lowes Carsonirerovs.—The epochs of
this geologic period as represented in the Indiana rocks are the
(ioniatite Limestone, the Knobstone Shale, the Harrodsburgh,
Bedford and Mitchell Limestones, and the Huron Limestones and
Sandstones. They form the surface rocks over a strip of. territory
40 miles or more in width, lying between the western edge of
. the Devonian and the eastern edge of the Carboniferous rocks,
and extending-from the Ohio River in a northwesterly direction
to the Illinois line in Benton and Newton counties. The follow-

N
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ing counties, therefore, lie either partly or wholly within this
Lower Carboniferous area: Benton, Warren, Tippecanoe; Foun-
tain, Montgomery, Boone, Hendricks, Putnam, Owen, Morgan,
Johnson, Bartholomew, Brown, Monroe, Greene, Lawrence, Jack-
son, Scott, Washington, Orange, Crawford, Perry, Harrison,
Floyd and Clark.

- The area embraces the greater part of the driftless region of
the State, in which occur the residual surface clays, derived
mainly from the decay of the underlying limestone or sandstone
rocks. Where formed from the limestone, these residual clays
are usually a deep red color, due to the presence of a high per-
centage of iron oxide, but, nevertheless, are often well adapted to
making brick and tile. Although derived from calcareous forma-
tions, the weathering leaches out most of the lime carbonate.
They often contain small angular pieces of the parent limestone
,which increase in number and size as the parent rock is ap-
proached. The depth of these residual deposits varies with the
depth to which the weathering has penetrated the parent rock
and also with the surface slope on which the clay has been
formed. On steep slopes these clays seldom show great thickness,
since they are easily washed away, but in valleys and on flat sur-
faces their thickness may be great.

In the Lower Carboniferous area these surface residual clays
oceur over all of Monroe, Lawrence, Orange, Harrison and Floyd
counties, and over the western halves of Brown, Jackson and
Washington and the eastern halves of Greene, Martin, Perry and
Crawford counties. Most of the brick and drain tile manufac- -
tured in the counties mentioned are made of such clays, and at
Bedford it is the intention to use them, in part, as the clay in- -
gredient of Portland cement at the factory of the United States
Portland Cement Company. The surface clays of the remaining
portion of the Lower Carboniferous area are either drift or allu-
vial clays,” which are used in many localities for brick and tile
manufacture.

Knobstone Shales—Aside from the surface clays above men-
tioned, the only clays of economic importance occurring in the
Lower Carboniferous area are the shales of the Knobstone epoch.
_ These shales have, as yet, received but little attention from clay
manufacturers, but they are destined to become—next to the
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shales and under-clays of the Coal Measures—the most 1mp0rtant :
commercial clays of the State.
Edward Orton, Sr., in a paper on “The Clays of Ohio, Their
. Origin, Composition and Varieties,”* speaks of the division of
, the Waverly shales of that state which correspond to the Knob-
stone shale of Indiana “as a great stratum 160 to 450 feet in
thickness, consisting of light colored blue or gray shales which
‘have unlimited possibilities of service in the practical way, but
which have been almost completely ignored thus far. Their day,
however, is sure to come. Their adaptation to paving block manu-
“facture in particular will be recognized and it will be at once
shown, as soon as it is used, that no better material for this pur-
pose is found in our entire series than this shale can supply.”
The Knobtone group forms the surface rock of a strip of terri-
tory on the eastern side of the Lower Carboniferous area, three
to 38 miles in width, extending from the Ohio River southwest
of New Albany in a west of north direction to a point a few miles
south of Rensselaer, Jagsper County. The group reaches a maxi-
mum thickness of 650 feet at Bloomington, near the center of the
State.. At St. Joseph, in Floyd County, it is 550 feet; at Rock-
ville, Parke County, it is 530 feet, while near New Albany, in the
’southern part of the State, it is 471 feet in thickness. Over much
of the northern part of this area the Knobstone is in most places
covered by a heavy mantle of glacial debris, its outcrops being
exposed only along the stream valleys. Where the strata are
cut through by the larger streams, bluffs are often formed. Such
* bluffs are to be seen along West White River about Martinsville;
along Sugar Creek above and below Crawfordsville, and along
Shawnee Creek south of Attica. At all of these localities are
excellent exposures of the Knobstone strata. Deep wells and
bores have also proven it to be the surface rock below the drift
in many places, where exposures are absent. Its outerops are
known to occur in the following counties: Harrison, Floyd,
Clark, Washington, Scott, Jackson, Lawrence, Monroe, Brown,
Bartholomew, Johnson, Morgan, Owen, Putnam, Hendricks,
Marion, Boone, Montgomery, Clinton, Tippecanoe, Fountain,
Warren, White, Benton and Jasper. !
The Knobstone group was so named as early as 1837, by D. D

* Geol. Bury. of Ohio, VII, 1893, 58.
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Owen, because of the peculiar conical hills or knobs which occur

over its weathered outerops.* The name “New Providence .

shale’” was also given, by Borden, in 1873+ to the soft greenish
oor bluish shales forming the base of the Knobstone in the vicinity
of New Albany and New Providence. Of it he wrote as follows:
“This shale lies at the base of the Knobs and has a thickness from
80 to 120 feet. As you follow the line of the Knobs to the north-
west it becomes thinner. It is a fine greenish colored shale that
pulverizes when dry without difficulty.”

In general the rocks of the Knobstone consist of blue gray

shales, shaly sandstone, ‘sandstone and rarely a little limestone. -

In central and southern Indiana, where they are best developed,
the group is divided by Newsom into (1) the New Providence
shale at the base,-overlain by (2) the Upper Knobstone shale and
(3) the Knobstone sandstone. There is considerable variation
locally in the relative percentage of sandstone and shale; with the
shales prevailing at the base of the group and sandstone at the
top. The color is prevailingly bluish gray to greenish gray, chang-
ing to buff on the much weathered exposure.
Many nodules of siderite or iron carbonate of considerable size
are found in the krob shalés, and these sometimes occur thickly
- strewn over the surface. Their manufacture into iron has been
advocated at one time and another, but they do not occur in suffi-
cient quantity at any place to be valuable for that purpose. When
" these siderite concretions are broken up and worn into creek
gravels, however, they make an eéxcellent road metal, for which
purpose they are used in Floyd, Jackson, and other counties of
" the area. ' ‘

“The three divisions of the Knobstone group, as outlined above,

can, be best recognized in the extreme southern part of the State,
where the shales predominate, and where the entire group has
its best development. Further north, however, in Jackson,
Brown and Bartholomew counties, the entire group is made up
of alternating impure sandstones and clay shales in which the
sandstones predominate. ) o

“Where the Knobstone strata outcrop along Sugar Creek, near
Crawfordsville, the bluish, massive, sandy shsles predominate.

*Report of a Geological Reconnaisance of the Btate of Indiane, made in 1837, p. 21.
1 Fifth Annual Report Indiana Geological Survey, 1873, p. 161.

4—Geology. ,
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“The type sections show the general character and relations of

- the beds composing the Knobstone group in different parts of the

area covered by that formation.”*

4
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Fig. 2. Three type sections of the Knobstone gr&up.

A. Section in Floyd County, just west of St. Joseph postoffice.
B. Bection on the middle line of Township 3 north.
C. Section on the north line of Township 8 north, adapted from Bennett’s cross sectlon

A noticeable feature throughout the whole Knobstone area,
where the valleys are well'develéped, is that the south-sloping
hillsides have much steeper slopes than the north-sloping areas.
This difference is thought to be caused by the different tempera-
ture changes. Thus the hillside sloping south faces the winter’s
sun, which thaws it during the day and it freezes again at night.
Tt is this constant freezing and thawing which weathers the shale
much more rapidly than-on the north-facing hillside, which lies
in the gshadow and is often covered with snow for many days and

. weeks, when the sun and frost are disintegrating the south-facing

hill.

There is some difference also between the east and west sides

. of the north-south valleys, but it is not so marked as in the pre-

ceding. The slope on the east side receives the afternoon sun,
which is warmer than the morning sun, and hence the tendency
is to weather more rapidly, but the difference is not so marked
as in the east-west valleys. -

A chavacteristic feature of the Weathermg of the Knobstone
on all the cliff exposures is the exfoliation or.the flaking off of

“thin slabs parallel with the surface and independent of the bed-

* Newsom.—*The Knobstone Groﬁp of Indiana.”” In Twenty-sixth Annual i‘leport In-
diana Department Geology and Natural Resources, 1901, pp. 260~279.

-
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ding. 'These foliation planes are sometimes so pronounced as to
be mistaken for the bedding planes.

There is not the alternation of hard and soft layers so common
in many limestone beds, and hence the absence of rock terraces
caused by such alternation. While there is a uniformity in the
relative hardness and weathering qualities of the different layers,
there are irregular patches and pockets of softer and harder
materials, so that the weathered surface is sometimes pitted by
the weathering out of the softer spots and sometimes studded
with siliceous concretionary masses.

. The New Providence shales, compi'ising the basal formation,

wherever they occur, will be found suitable for paving brick,
pressed front and ordinary brick and the clay ingredient of Port-
land cement. When properly ground-they become plastic enough
to form a good sewer pipe clay, but when utilized for that pur-
pose some difficulty was experienced in glazing the product.
Otherwise it was of excellent quality.

These shales are already being utilized on a 1arge» scale at New
Albany for the making of both ordinary stiff mud and dry pressed

- briek.* At the plant of the Hoosier Brick Company, two miles
southwest of the city, these shales are 150 feet thick, as proven
by the exposure in the pit and a deep bore sunk for a well. Ac-
cording to Newsom, they thin out to 50 feet or less at the south
side of Scott County, while north of Township 3 north, they
merge into the overlying “Upper Knobstone shale.”

This upper shale consists of a series of soft light gray or green-
ish shales, which vary in composition from soft clay shale towards
the bottom, to an .impure, fine grained sandstone at the top. In
Township 2 south, 6 east, this shale has a thickness of 200 feet,
while in Township 3 north, it has increased to 250 feet. At Blue
Lick, Jackson County, this npper Knobstone shale is quarried
in quantity and shipped to Mitchell, where it is nsed as the clay
ingredient of Portland cement at the large factory of the Lehigh
Portland Cement Company.t There is no apparent reason why
this same shale from numerous otheér parts of the Knobstone area
shonld not be used for the same purpose. Points that would appar-

* For analysis and detailed description of the New Albany deposits, see ‘‘The Clays of

Floyd County,”’ in another section.
t For a full account and analysis of this deposit of shale see “The Clays of Jackson

County,’’ on a subsequent page. -
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ently indicate an increased use of the Knobstone shale in cement
making are (1) its proximity to the excellent limestone beds over-
lymg it and its short distance from the.coal fields; (2) uniformity
in composition, and (3) ease of quarrying and preparation. In
many places the shale and the limestone may be obtained from the

same hillside, but generally it-may be found more desirable to.

quarry them at different pomts because the limestone imme-
diately overlying the Knobstone is generally not a good limestone
for cement purposes. The shales may be a little harder to pulver-
ize and mix with the lime ingredients than the softer clays that
are sometimes used, but this is more than counterbalanced by
greater uniformity of composition and great thickness of the
beds.

That the same shale is in every way suitable for brick making
is proven by the practical use of it at the large plant of the Adams
Brick Co., at Martinsville, Morgan County, where 40,000 ordi-
nary soft anud brick are made from it each working day in the
year; and at Crawfordsville, Montgomery County, where from
it the same number of stiff mud paving blocks are made daily.
It is probable that this upper Knobstone shale will be found too
“lean” to be made into sewer pipe and drain tile. By mixing two
parts of it with one of a more plastic clay, such as one of the
under-clays of the Coal Measures, it will, without doubt, make
the best of such products.

In locating a large factory for clay products in any part of the
Knobstone area care should, of course, be taken to select a locality
where the shale is not too sandy and has the proper composition.
Then with a man in charge whois experienced in manipulating
and burning clay wares, as good, if not better products can be
made from the Knobstone shales as from the more widely known
carboniferous shales which have come into such extensive use dur-
ing the past decade.

CazrsontrEroUs.—The rocks of this period embrace by far the
greatest variety and the most valuable of the clay deposits of
Indiana. Covering an area of 7,500 square miles of the western
~and southwestern portions of the State, they comprise the surface
of all of the following 14 counties: Vermillion, Parke, Vigo,
Clay, Sullivan, Xnox, Daviess, Gibson, Pike, Dubois, Posey, Van-
derburgh, Warrick and Spencer and, in addition, the principal

’

[
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part of Warren, Fountain, Owen, Greene, Martin and Perry
-counties. The Carboniferous area of the State thus has a max-
imum length north and south of about 200 miles and a maximum
width from east to west of about 100 miles, bemg narrow to the
north and broad to the south.. | ' ‘

The counties mentioned comprise the newest part. of Indiana,
1. e., it was the last to be raised above the surface of the water
and become dry land. The outcropping or underlying rocks of
the remainder of the State were all deposited in salt water,

"mostly at great depths, and were raised upward and became
dry land thousands of years before the coal and its overlying
shales were formed. They are, therefore, for the most part,
limestones, and the many fossils which they contain are mostly
of marine animals. The rocks of the coal measures were mainly
deposited in fresh water and are, for the most part, sandstones
and shales. These contain few fossils and they are largely the
remains of such plants as formed the coal.

It is most probable that at the time of the formation of the
coal and its overlying shales and sandstones the area comprised
in the counties mentioned, as well as the greater part of Illinois
and the western third of Kentucky, was a great basin or depres-
sion but little above the level of the sea, and surrounded on every
side except the.southwestern by the higher lands of the older

formations.
By successive alternatlons of upheaval and subsidence—carried

on through thousands of years—this depression was at times an .

area of the southwestern sea, again a fresh water lake, and then
for a period, a vast swamp or marsh.. When raised high enough
to form a marsh a luzuriant vegetation sprang up from the ocoze
" and mud at its bottom, flourished for centuries—the newer
. growths springing from between the fallen masses of the older
as in the peat bogs of today—and so formed a mighty mass of
carbonaceous material,

By subsidence the level of the marsh was in time lowered until
it became a lake into which rivers from the surrounding high-
lands flowed, bearing with them millions of tons of clayey sedi-
ment and disintegrated quartz, the remains of the older decayed
rocks. This sediment was spread out over the mass of submerged
Vegetatmn, compressing Jt into the hard minera) coal; the clayey




54 " BEPORT OF STATE GEOLOGIST.

sediment itself being in time ‘compressed into vast beds of shale,
and the particles of quartz into sandstone. In some places a more
- ,prolonged subsidence took place, sinking the floor of the lake
" below the level of the sea, and allowing the waters of the latter,
with their accompanying marine forms of life, to flow in. In
time beds of limestone were then formed over those of the shale
or sandstone, but none of these cover an extensive area or are
of great thickness.

After each subsidence, with its pesulting beds of coal, shale

and sandstone or limestone, had taken place, an upheaval fol-

lowed. The floot of the sea or lake was again raised so near
the surface that the semi-aquatic vegetation for a new coal seam
could spring up and, in time, the processes detailed- above were
again undergone. Thus, in brief, do.scientists account for the
origin and formation of those five great veins of coal which are
today the chief mineral wealth of our State, and of those vast
beds of overlying shale which, in recent years, have come to be
used for so many varied products.

Lying at the base of the Carboniferous area, and therefore
forming a dividing belt between the Lower Carboniferous lime-
stones on the east and the coal producing beds on the west, is
a great stratum of sandstone and conglomerate, known as the
Mansfield sandstone, or Millstone Grit. It thus forms a bed of
coarse-grained, siliceous material on which rests the clays, shales
and coals of the Coal Measures proper. It denotes a period of
subsidence and inflow of the sea. Previous to its deposition there
had been an elevation of the land and erosion had cut numerous

valleys to varying depths. The incoming sea gathered up the

fragments of rock waste and formed deposits over the newly
formed or forming sea bottom, filling all the depressions of the

former land area, thus forming a mantle of sand, gravel, clay and. -

" ¢oal, which rests unconformably upon the underlying uneven sur-
face. Out from the beach, in the deeper water, deposits of fine
sand and mud were formed on which, as they reached the surface,
swamps and bogs developed which later became coal beds.

- Kaolin or “Indianaite.”—The only ccal of any note found in
or below this Mansfield sandstone is coal I, usually in a thin vein,
which, in many places, lies at the base of the sandstone and just
above the Huron-sandstone or limestone of the Sub-carboniferous

~
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period. In'a number of localities in Lawrence, Martin and Owen

counties coal I is replaced by a bed of kaolin called “Indianaite,” -
which is the purest form of clay occurring in the State. Wher-

ever this kaolin is found it is always at the horizon of coal I
The coal and kaolin are never found at the same. place, though
often they occur but short distances apart. At Huron, Law-
rence County, where the best known deposit is located, the kaolin
" lies in a horizontal stratum, four to 11 feet in thickness, which
is overlain by sandstone, and in places contains a light green
mineral known as allophane. The upper half of the kaolin
stratum is chiefly composed of massive snow-white clay, associated
“with .which, near its upper part, are occasional concretionary
masses, some of them a foot-or more in diameter. These disinte-
_grate on exposure to air, but the kaolin is non-plastic. The lower
half of the kaolin ranges from pale buff to a rich, deep brown in
color. An analysis of this kaolin made by Noyes for the Twen-
tieth report of this Department, shows its comp0s1t10n to be as

follows: )
Analysis of Indianaite.

Per Cent.
Silica ............... et ee ettt e 4.75
Alumina ....... .. 0 e, it eea e 38.69
B2 1 =3 R 15.17
Ferric oxide ........o.vviiiinennnnennn. P .95
0+ 4 - 37
MAENERIA o vvvrerinrrireeenenennn e e 30
Potash ... it i i ettt 12
1 o T 1 T 23

100.58

Although the purest clay in the State, this kaolin is not now

put to any use.* For a number of years it was made into alum_
sulphate.for paper sizing, but on account of the cost of tran.{portaj

tion the mines were in time abandoned. Mixed with a small quan-

tity of plastic under-clay, it could be made into the finest of
refractory wares and other products where a very pure clay is

required.

There has been much discussion as to the origin of this kaolin.
It is undoubtedly residual in nature; i. e., it was formed where it

now lies. The material of which it was formed was, however,

“For a detailed account of the various known deposits, analyses, eto., see under “The .

Claye of Lawrence, Martin and Owen Counties.”’
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sedimentary, as the nature of the bed and adjacent rocks plainly
‘indicates.

It was formerly thought that the kaolins occupy a space which
at other points is filled by a stratum of limestone in the Coal
Measure rocks. Prof. E. T. Cox so thought, and in 1874 wrote
regarding it as follows: “The clay (kaolin) lies immediately be-
neath the Millstone grit or pebbly conglomerate of the coal meas-
ures and here occupies the place of a bed of Archimedes limestone
which is seen in situ about two miles southeast of the mine.
‘Though similar in its chemical composition to kaolin, this clay
differs physically and owes its origin to an entirely distinet set of
causes and effects. While the former is derived from the decom-
position of the feldspar of feldspathic rocks, such as granite,
porphyry, etc., the porcelain clay of Lawrence County has re-
sulted from the decomposition, by cheémical waters, of a bed of
limestone and the mutual interchange of molecules in the solution,
brought about by chemical precipitation and affinity.” ¥ In other
words, he asserted that the kaolin is the result of the chemical
action of carbonated water upon the beds of limestone, but did not
attempt to explain how carbonated water can change the elements,
calcium and carbon, into silica and alumina. ‘
Maurice Thompson upheld Prof. Cox’s theory,} but added the
explanation that rain water, in percolating through the overlying
conglomerate sandstone, gathered and carried down with it suffi-
cient silica and alumina to replace the carbonate of lime dissolved.

W. H. Thompson went a little more into detail and states his
conclusions as follows: “In the beginning, then, we have a
. stratum of limestone of a soft and destructible nature, immedi-
ately above which lies a massive sandstone formation of coarse
grain and loose texture.

“Everybody knows that rain water will percolate easily through
massive coarse sandstone, and in this case it did so percolate and
thus reach the underlying limestone which it slowly destroyed,
the first step.being the bearing away of the limé and iron, these
being the elements most readily affected by the water. The
tesiduum now left of the limestone is composed of silica and alu-
mina; meantime, the water passing through the sandstone has

“Sixth Ann. Rep. Geol. Surv. of Ind., 1874, p. 15.
{Fifteenth Ann. Rep. Ind. Dep. Geol. and Nat. Hist. 1886, p. 37

RN
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been taking therefrom silica and alumina, with a trace of mica in
a fine state of mechanical division, and bearing them down to the
cavity below, where by chemical action they combine with the
silica and alumina left over from the destruction of the hmestone
Thus, in short, was the kaolin of Indiana made.”*

All of these writers had evidently overlooked the fact that as
far back as 1861 Prof. Leo Lesquereaux had recognized that the
kaolin near Dover Hill, Martin County, occupied the horizon of
a missing vién. of coal, and gave it as his opinion that the kaolin
was the result of the burning out of the coal beds. His account
of the Dover Hill deposit is as follows: ‘

“On both sides of the place where the coal is worked there is a .
bank of very soft, ochrous clay, a true powder as fine as flour,
without any trace of coal, though occupying exactly the same
horizon. It is overlaid by a clay iron ore, which looks as if it had
been roasted. I consider this local formation as the result of the
burning of the bank of coal at places where it was exposed along
the creek.”t

Dr. Geo. H. Ashley, who has made the most careful survey of
the Indiana coal fields to date, concludes that Lesquereaux was
right in his theory, and that the kaolin was formed by the com-
bustion of a vein-of coal immediately above a vein of under-clay,
the impurities of the latter being burned out, and the kaolin left
as a residue. I quote from him as follows: “In the first place,
the absence of the coal where the kaolin occurs does not appear to
be due to the thinning out of the coal; for, on the other hand, it
was found in places that the coal, which occurs often but a few
rods away, is of an unusual thickness as, for example, on the
Johnson and Chenoweth place, west of Shoals, the ceal and kaolin
are only separited by a narrow ravine. On the west, coal I is
about & ft. 4 in. thick, and apparently does not lie in a small
pocket, while east of the ravine is found the kaolin in the same
horizon. Moreover, in addition to the iron ore mentioned by Mr.
Lesquereaux, the deposit is frequently overlain by a soft, pinkish
sandstone. A similar sandstone is observed at a place on Roaring
* Creek, in Parke County, where the bed of coal has been burned

*Sixteenth Ann. Rep.Ind. Dep. Geol. and Nat. Hist., 1888, p. 78. -
tReporton the Distribution of the Geologicgl Strats in the Coal Measures of Ind., In Rep.
of & Geol. Roconn. of Ind., made in 1859 ahd 1860, p. 320,
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out beyond. all question. Amnother factor is the apparent resem-
blance often observed of baked fire-clay to kaolin.” *

While the facts at hand are not sufficient to fully justify either
of the conclusions above given as to the origin of the kaolin, that
of Lesquereaux and.Ashley is by far the more plausible. It at
least accounts, according to the laws of chemistry, for the pres-
ence of the silica and alumina which, with the combined water,
make up 98.61 per cent. of the deposit. ’

NomeENcLATURE oF THE CoAL Mrasure Rocks oF INDIANA.—
Since the under-clays and shales of the Coal Measures form the
most valuable commercial clays of Indiana, they will be treated
more fully than those of the other geological formations in this
report. In discussing them the nomenclature and numbers of the
coal veins adopted by Ashley in his report on “The Coal Deposits
~ of Indiana,”} will be used. It is thought best, therefore, to in-
corporate here the following explanation of the Ashley system of
nomenclature as given by him'on pages 87 to 91 of the report
cited : ’

Ashley System of Nomenclature of Indiana Coal Veins.

The work of the present survey has brought out the followmg
points:

1. No single stratum of rock or coal in the coal measures, with
possibly the exception of the basal sandstones, is persistent over
the whole coal field, or even between the extreme points of its
cxtent.

2. That, as a rule, the coal beds are a little more persistent.
than any of their accompanying rock strata.

3. 'That a thick coal bed is usually more persistent than a thin
bed. ‘ : )

4. That the upper beds of the coal measures are usually more
persistent than the lower, their accompanying strata also being
more persistent than the strata accompanying the lower beds.

5. That often when a coal i is lacking, the position of its horizon
is shown by the accompanying strata.

6. That the horizon of certain coals can be traced persist-
ently, if time and detailed study be given to it.

For the simple part of our system it is therefore proposed to

*Twenty-third Ann. Rep. Dep. Geol. and Nat. Res., 1898, p. 931,
TTvyenty-third Ann, Kep. Ind. Dept. Geol. and Nat. Res., 1898, pp. 1-1573.
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divide the’ coal measures vertically into eight spaces or divisions

to be designated by the Roman numerals I, TI, III, etec., these

divisions to be based on the position of some principal coal beds-
or horizons. In order to give definiteness to the system, it will be

based on the vertical position of the worked coals as found in

northern Clay and Vigo counties, that region being chosen prin-

cipally because of the abundant developments in that area having

rendered the relative position of the principal beds quite certain,

in many cases two or three of the beds chosen being found in the

same shaft.

Along the eastern edge of Clay County, and in general along
the eastern edge of the Indiana coal field, occurs a very persistent
massive sandstone. This is sometimes a fine conglomerate or grit
and was called the Millstone grit or conglomerate by the first
survey, or more recently the Mansfield sandstone. This sandstone
is frequently underlain by one or two coal beds of minor impor- .
tance. The sandstone and accompanying underlying coals are
separated from the rocks both above and below by slight uncon-
formabilities. It thus becomes a distinguishable division of the
coal measures and the vertical space which 1t is supposed to oceupy
will be called Division 1. .

The main worked coals all occur above Division I; of these
there are four in northern Clay County and two additional beds in

" Vigo County, while in southern Indiana coals oceur between the

lower block coal in Clay County and the Mansfield sandstone.

The minor beds occurring in the same space, some of which are
very locally of good, workable thickness, will not now be con-

 sidered.

" We have here, then, the basis for seven space divisions. Of

these the uppermost coals can be traced with considerable cer-

tainty, the coal at West Terre Haute being persistent and trace-

“able the whole length of its outerop. The next coal below it,

locally known as the “big vein,” while not so persistent as the

coal above, has, we believe, been traced as a horizon from the

_ Ohio River to northern Warren County. The “rider” at Brazil,

while not very important or readily recognized in the northern

part of the field, to the south appears'as a continuous coal bed for..
100 miles and can be traced readily and with great certainty.

Descending from this the coals appear in smaller and smaller
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“

basins, and correlation is attended with more and mere uncer-
tainty, so that the conviction has grown upon the members of the’
survey that the lower coals do not occur at widespread horizons,
and therefore any attempts at exact correlation between distant
points will be fruitless. However, as workable beds are found in
this space, and as some of these beds are of great importance, it
becomes desirable to extend our system to them. As it is found
that workable coals occur at such distanees below the “‘rider,” as
traced, as to divide the rocks into from one to three divisions, ac-
cording to the aggregate thickness, it will be convenient to divide
the time space represented by these rocks into three divisions to
be known as Divisions II, III and IV. The upper and lower
block coals will be known as Coals- IV and ITI, respectively. The
rider, most typically developed at Petersburg, Pike County,
where it is 8 to 10 feet thick, will be called Coal V. The “big
vein,” worked at Turner, Staunton, Seeleyville, Coa.l Bluff, Cox-
ville, ete., will be known as Coal V1. ]

The space from any one of these coals to the next will be known
as a division. Thus, Division VI will comprise all of the rocks
from Coal VI to Coal VII, including Coal VI.

Above the “big vein” at Seeleyville is a coal bed of frequently
or generally workable thickness. It is the bed worked above
drainage at Clinton and Lyford, and believed to be the bed ex-
, tensively worked at West Terre Haute. A workable bed at a
similar height is commonly found, though on account of the pres-
ence of the thicker “big vein” it is but little worked commer-
cially. The space from the big vein to it will constitute Division
VI. 8till above the bed last mentioned is a coal bed which
locally, along Coal Creek, Vigo County, and Brouilett’s Creek,
Vermillion County, is of workable thickness. Division VII will
extend to this coal bed from the bed last mentioned.

At Merom, Sullivan County, the coal worked by shafts is be-
lieved to be at thig horizon. Near the top of the bluff at the same
" place is a massive sandstone, called in the old, reports the Merom
sandstone. It lies unconformably upon the rocks below, and as no
coal has ever been reported as found in it or above it, it is taken
as marking the top of the coal-bearing rocks of the State. The
gpace from it down to the coal mined by shafts at about river
level at Merom will be taken as Division VIIL. ’
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The age of the Merom sandstone is in doubt, but temporarily
it, with any overlying rocks, exclusive of the drift, will be consid-
ered as in Division IX. It will be noted that with the exception

- of Divisions IT and IX, a major coal is taken as the bottom of
each division, so that-in representing the outcrop of any division
on the map, the bounding lines will practically represent the lines
of outcrop of the coals at the top and bottom of the division. The
coal at the bottom of the division in each case will be considered
to be in that division, and in general will be designated by the
number of the division in which it is included. Thus, the “big

" vein” at Beeleyville, etc., will be called Coal VI; the rider at
Brazil, Coal V; the top block at Brazil Coal IV, etc.

In the majority of cases one or more thinor coal beds occur be-
tween the major beds. In all cases where more than one coal is
assigned to a division, the coals will be distinguished by the addi-
tion of a, b, ¢ to the Roman numeral. Thus, three coals in
Division V would be called Coals V, Va, Vb. In cases where it
is known that a coal bed or group of beds are above a certain
division, as say Divigsion II, and below another division, as say
Division VI, but data is lacking for any closer adjustment to the
time scale, it may be named by the combination of two or more
divisions; as, in the case above, it might be:called Coal TII—V.

The Coal Measure Shales and Under-Clays.—A. part of a typi-

cal vertical section showing the arrangement of the different

.strata of the Coal Measures and their relations to each other
would be about as follows:

Typical Coal Measure Section. ~
Feet. Inches,

1. Soil and surface clay. ... ..o ovrveieneninoenas 5 2
2. Bandstone, massive or shelly................... 2 8
3. Blue compact shale......................... .0 27 0
4, Coal—VIL ..oiiuiiiniiiiiii it iiinninnannas 4 10
5. PFlre-clay .....c.ocepviineinninnnsns [ 6 2
6. Drab siliceous shale.......... ettt 18 0
7. Limestone .........cocvvvviiiniienn. SERTTRTREE 3 8
8. Black bituminous shale.............. ...t 2 4
B, Coal VIb coivriiiiiii ittt e it cnaenns 8
10. FIre-clay .ooovivevunnieroreaisonsonatancennens 5 6
11 Sandstome ............oiiiiiiiiiiiiiii 13 K
-12. Dark gray shale......... et 11 2
13. Coal VI vivvvninnenernnnnns et 6 8
14. Hard bastard bluish fire-clay.............ven . 11 0
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15. Sandstone ..:...... . it 21 0
16. Blue limestone ............ccoviiiiiiiiinennnn 11 0
17. Black sheety bitummous shale............ e 5 4
18, Coal Vit i it ettt 5 2
19, FiIre-Clay, «ooveneeinniiinonnniiniinnnensansans -4 8

Some of these strata are closely related. The fire-clays Nos. 5,
10, 14 and 19, are almost universal accompaniments of the over-
lying coal sedams. The relation of these under-clays to the coal
show plainly that the former may be regarded as having formed
the soils of the ancient Carboniferous marshes, and that from-
‘them sprang that luxuriant vegetation which in time was changed
to coal. The fire-clays, then, are the mother soils of the coal
seams. They are usually from one to six feet in thickness, and
composed of a soft, homogeneous clay, whitish or gray in color,
highly plastic and, when sufliciently free from the fluxing ele-
ments, capable of withstanding in a remarkable degree the action
of heat. Occasionally, however, these under-clays are composed
of a hard bluish, very siliceous clay containing more 'or less’
pyrites and other impurities. No. 14 of the above section, found
beneath coal VI, is such an under-clay. - Similar clays usually
occur beneath coals V and I1I, while those beneath coals VIII,
VII, IV and 11 and several of the thinner rider veins are usually
of excellent quality for manufacturing purposes.

It is important to remember that these under-clays of the coal
seams are the only sedimentary clays in Indiana which possess in
a high degree the property of infusibility or refractoriness. Its
presence in them is due to the absence of a large percentage of
the alkalies and other fluxes. This absence is the more notable
since all other sedimentary clays contain these fluxes in quan-
tities sufficient to cause fusion at a comparatively low tempera-
ture. Their disappearance from the fire-clays is explained by the
fact that these clays formerly supported so vigorous a growth
of aquatic plants; for it is a well proven fact that such vegeta-
tion, aided by organic acids which are formed in the submerged
soils, has the power of absorbing from such goil all or nearly all
the alkalies, iron and sulphur found therein. This leaves the soil
rich in alumina and silica, which are the leading constituents
_of the under-clays. The absorption of the irdn oxides also causes
these clays to assume that ashen gray color so characteristic of =
them. . -
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Few, if any, fossils are found in these under-clays. The only
things approaching them are the remains of the many long,
thread-like roots, or underground stems (Stigmaria) of the larger
plants (Sigillarids and Lepidodendrids) of the former coal flora.

The dark bituminous shales (Nos. 8 and 17 of the above typical
section) are found lying directly upon several of the seams of coal,
and constitute the so-called “black slate” of the miners. They
vary much in thickness, and are usually very complex in their
composition—being nothing more than the first mass of mud, im-
pregnated with carbonaceous matter, which was deposited on the
submerged vegetable remains in the old coal swamp. This mud
was ‘compressed and hardened into its present condition by the

great mass of material afterward deposited upon it. Oftentimes -

these shales are very fissile, and cleave in large flat leaves almost
as thin as paper. This is especially characteristic of the shales
above coal V. (No. 17 of the section.) This “sheety shale”’

often appears to be a marine or sea deposit, containing generally
fish scales and bones, sea inhabiting shells, etc., and frequently .

contains many concretionary boulders of pyrite, especially just
at the top of and partially imbedded in the ccal. Often these
shales are so rich in bitumen that on drying by exposure to the
air they show a decided tendency to bend or buckle.

The black shales are also often massive, with no visible signs of
stratification. The amount of bituminous matter which they con-
tain is, however, too great to allow them to be put to use as a clay
material. Many of them contain a large percentage of oily matter

which, if necessity should arise, could probably be distilled in.

paying quantities.

These overlying dark shales comprise the most noted fossil
bearing horizon of the Coal Measures. They contain by far the
greater number of those handsome impressions of the leaves of
ferns and closely allied plants which are so characteristic a part
of the fossil coal flora. Often, also, the great flattened stems of
ancient trees occur many feet across and several scores of feet
long ; showing perfectly the scars where the fronds were attached.
. The remains of mollusks are, in some localities, also abundant in
these shales—the lamellibranchs and gastropods being the chief
groups which are represented. -

The blue, drab and. gray shales (Nos. 3, 6 and 12 of the sectlon)
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- comprise the greater part of the Coal Measure rocks* of Indiana
and, taken as a whole, are the most valuable clay deposits occur-
ring in the State. They are not closely related to the strata found
above or below them, and their thickness and composition varies
exceedingly and is dependent entirely upon the character and
source of those streams of water which flowed into the old lakes in
which the shales were formed. If the stream was a large one and
flowed for a long time with sufficient velocity to carry sediment
far out into the deeper part of the lake, the bed of shale is thick,
covers a large area,” and is comparatively uniform throughout.
On the other hand, if the stream was small and flowed slowly the
shale bed is correspondingly thin, of small extent, and more apt to
be varied in its composition. The kinds of rocks over which these
ancient rivers flowed on their way to the lake determined the
constituents of the sediments they brought down, and therefore
the character and. composition of the shales into which this sedi-
ment was afterward formed. '

When freshly exposed these clay shales are usually hard and
tough and more or less massive, requiring to be blasted or worked
much as the seemingly harder roecks. As soon as exposed to the
weather they soften and crumble into a mass of more or less
plastic clay. This is commonly called “slacking,” more properly
“glaking.” In general it may be said that the denser and more
firmly cemented the shale mass is, the less easily will it slake un-
der the action of the weather, and such a shale would also be
harder to grind; that is, it will take longer grinding to break it
up thoroughly. We therefore see that the condition of a weath-
ered outcrop is a cerfain index to the way in which the shale
will act in the grinding machines, it being more desirable, of
course, to have a material that comminutes readily.

Some shales, when weathered, divide into thin flakes or leaves,
when they are called “fissile shales.” Others break up more or
less into little cubes. Of these two the latter are’ generally more
suitable for making clay wares. The very plastic shales, other
things being equal, are best adapted for making stoneware and
sewer pipe; those of moderate plasticity find their application in

“The term “rocks®’ in this report is used in its true sense, and signifies any material,
whetber hard or seft, which constitutes a portion of the crust of the earth. Thus, a bed of
sand or clay is no less a “ rock ’’ than the hardest granite.
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the manufacture of paving brick, while the lean or sandy ones are
used mostly for dry pressed and common brick.

Based on their composition, the shales of the Coal Measures
may be classified as follows: .

(a) Argillaceous or clayey shales, in which clayey material
(silicate of alumina) largely predominates. In color these are
usually drab or blue, though yellow and buff shades are not of
uncommon occurrence.. They are almost free from “grit” and are
often soft and unctuous or greasy to the touch. In the country
they are known almost universally as “soapstones,” but this term
rightfully belongs to the mineral steatite or tale, a magnesian
silicate which dees not occur in Indiana. Sorpetifnes, however,
the shales are quite hard and tough, yielding but little to the pick
and requiring the use of explosives for their removal. But what- -
ever their character when first mined, upon exposure to air, rain
and frost, they quickly disintegrate into soft, plastic, fine-grained
clays of large commercial importance.

(b) Siliceous or sandy shales are those which have a large pro-
portion of free silica or sand mixed with the clayey material.
For the most part they are drab, buff or yellow in color, though
sometimes gray or even bluish. Their value for manufacturing
purposes depends largely upon the character of the sand particles
found in them. Sometimes these particles are so minute as to be
invisible to the naked eye, and the shale would pass as a clay shale
unless carefully examined. The shales are then comparatively
free from grit, and are scarcely inferior to the argillaceous shales
in value. - From this the grains of sand may become larger until
‘they are plainly discernible to the sense of touch as well as sight.
A more or less even mixture of sand and clay, that might with
equal propriety be called a sandy shale or a shaly sandstone, is
quite common in the Coal Measures. When of this character the
deposits are of little economic importance. Oftentimes scales of
mica are scattered abundantly among the particles of sand, and-
the shales are then known as “micaceous.” '

In the northern part of the Indiana coal field there is often
found a peculiar combination of shale and sandstone known as
“fake,” “sand slate” and other less common names. . It consists
of thin, alternating layers of sandstone and shale, the layers often

being like thin flakes, and glvmg a markedly banded appearance
§—~Geology. ‘
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to a fresh cross section of the stone. A weathered bluff of it

closely resembles a bluff of fissile shale, as the shaly flakes tend -
to weather out, leaving the thin projecting flakes of white sand-
“ stone, but with a coating of the dark shale which makes them ap-

pear as shale until broken across. In the block coal field this

rock often immediately overlies the coal, making the roof. This.
formation, wherever found, contains too much grit for manufac-

turing purposes.

(¢) Calcareous or Inmey Shales.—These are much less common
in the Indiana Coal Measures than either of the two preceding.
They contain a large percentage of carbonate of lime (CaCO,)
commingled with the clayey material. Such shales may be readily
known by their Yight grayish color'and the readiness with which
they effervesce with muriatic acid. Where found they are usually
in close connection (either above or below) with a stratum of
limestone. -Oftentimes they contain remains of the shells of ma-
rine or brackish waters. Such limey shales are, by the miners,
usually known as “clod” or “marl” It may also usually be
noticed that the line of contact between this shale and the lime-
stone is very irregular; indeed, in some places the limestone loses
entirely the character of a layer and appears as lenticular masses
“or boulders in the structureless shale or “clod.” In such cases it
is evident that the clayey shale is only the residuum left by the
decomposition of the limestone. In some cases this entirely re-
places the limestone, and should then be recognized as of the same
horizon. Surrounded as they are by so much material of better
quality, these calecareous shales of the Coal Measures are of little’
commercial importance. In some of the older formations (Silu-
rian, Devonian, ete.) where good clays are less common, they may
be utilized in making bricks when the percentage of lime is not
too great and is disseminated evenly throughout the shale.

In some localities sharp lines of division separate the above
named varieties of shales; but generally they merge so gradually
into one another that it {s often difficult to say where the dne ends
and the other begins. Thus, by the gradual addition of fine par-
ticles of sand the argillaceous shales pass into siliceous; these, by
the addition of coarser particles, into shaly sandstones, and finally
into hard and durable sand rocks. ° -

Loess Clays of the Coal Measures.—It was noted while gather-

1
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ing the data for this report that the loess clays mentioned on
page 23 covered a large portion of the uplands in.the following -
counties: Sullivan, Knox, Daviess, Duboié, Pike, Gibson, Posey,
Vanderburgh, Warrick and Spencer. Over this area, which cor-
responds clogely to that of the Carboniferous area south of Vigo
and Clay counties, these loess clays are the ones commonly used
for ordinary brick or drain tile.

Along the borders of the immediate valleys or flood plams of
the Wabash and White rivers the common loess is, in many local-
~ ities, replaced by a narrow strip of “marl-loess,” which is'a white,
gray or yellowish silt containing a high percentage of carbonate
of lime.- In places it is delicately stratified and contains numer-
ous fossil shells. This marl-loess occurs from the high water
level up to 120 feet above, but seldom, if ever, is found above the
500 foot level of the region. It forms the immediate face of
many of the bluffs, from northern Knox County, to Grand Chain,
below New Harmony. On account of its high percentage of lime,
it is not suitable for clay working purposes.

The common loess, with which we have. more partlcularly ta
deal, is not confined to any one horizon, but.occurs at all eleva-
tfons from the level of the river bottoms to the crests of the
highest hills.” Above a certain altitude, which detailed observa-
tion has shown to be approximately 500 feet above tide (120 feet
above the river), it constitutes the only silt noted. Though differ-
entiated only with some difficulty from the marl-loess, a thin coat-
ing of the common type usually appears to begin within a quarter
of a mile of the edge of the immediate river valley, and increases
gradually in thickness for several miles to the east, probably
reaching a maximum of 15 feet or more at a distance of six or
seven miles, beyond which it slowly decreases until, at a distance
of 85 or 40 miles it has a thickness of only two'or three feet, or
possibly even less.*

As to the source of the two forms of loess, Messrs. Fuller &
Clapp,t who have given it special study, conclude “that the mari-
loess is of aqueous origin, consisting of silts deposited in former '
expansions of the White and Wabash rivers, the materials being
brought down from the margin of the Towan ice sheet -by the

*Fuller & Clapp.—Bull. Geol. Soc. America, XIV, 1903, 156.
tLoe. Cit. p. 172.
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- Wabash River. On the other hand, the presence of the common
loess at all altitudes up to the highest the region affords (640
feet), the absence of fossils, the absence of stratification, and the

- lack of definite topographic forms all point to its accumulation
through an agency other than that which governed the deposition
of the marl-loess. This agency is believed to have been the winds.
The fact that the common loess is sometimés entirely absent
along the immediate tops of the bluffs- facing the Wabash on the
east side, but begins to appear within a short distance, and for
several miles rapidly increases in.thickness, and then slowly but
persistently decreases, suggests that the marl-loess along the Wa-

‘bash and White rivers was the -source of the material. The
agency which brought about the accumulation of common loess
we believe to have been the westerly winds blowing across the
marl-loess beds which. were exposed during periodic fluctuations
of the water level.”
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Seorron III. THE CLAYS OF INDIANA BY COUNTIES.

In the gathering of the data on which this report is based, it

was impossible, owing to a lack of time, to examine all the de-
posits of clay in each county visited. In general, only those more
important deposits within five miles of a railway, either in opera-
tion or contemplated, were investigated. While other deposits of
good quality and large size undoubtedly exist at a greater distance

from the railways, they are at present of little or no value.

' Transportdtion facilitzes form one of the principal factors in de-
termining the value of any clay deposit. It will not pay to haul
any known Indiana clay in wagons a distance of more than five
miles. It will not pay to haul it at all, provided a railway switch
can be put in for a reasonable sum. Competition in the making
of clay products is at present too great and clay deposits are too

“common to justify such hauling. -

The prospective manufacturer in locating a site for any future
clay industry, if he be wise, will always take into consideration
the following factors: (a) Quality and size of the deposit of raw
matérial or clay; (b) Transportation facilities; (¢) Fuel facilities;
(d) Water fdcilities. These are named in the order of their im-
portance. If he has a large deposit of clay suitable for making

the wares which he degires ‘to produce; located in easy reaching

distance of one or more railways, and where fuel and water can
be easily obtained, he can compete with any factory of a similar

kind on earth. Under the proper management, his business from

the beginning will be an assured success. In general it may be

said that a good clay deposit alone will not attract capital unless

the other facilities are at hand or “in sight.” Cheap fuel is a ne-

cessity and, in the coal bearing counties, often immediately un-

derlies the clay.- A large amount of water is used daily in a clay
plant of any size, and a never failing source of it is therefore'a
necessity. Railways are necessary to carry away the finished
product and also to bring in the fuel, provided the latter is not
found on the ground. With any one of the above named factors
absent.or difficult to obtain, the progpective manufacturer will
have a difficult road to travel. ! '

There are of course a number of clay factories in Indiana which
bring in all raw materials and all fuel from a distance, but they
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make only the higher grades of clay products, such as poreelain
- wares, encaustic tiles, glass pots, ete. Each of their wares is made
of four to six different clays and other ingrediénts, most of which
do not occur in the State. The excellence of transportation facil-
ities and cheapness of fuel were probably the inducements which
led to the present locations of such factories.

Specimens of almost all of the deposits of clay rentioned on the
~ following pages, as well as many samples of their burned products,
are in the collection belonging to the State, and all persons in-
terested in clays or clay manufacturing are cordially invited to
call at the office of the State Geologist and examine them. =

I desire at this place to express my indebtedness to the many
persons residing in the counties visited, who aided me in my re-
searches. The number is too great to allow of individual mention.
Almost everywhere I was treated most courteously and afforded
every facility for securing the knowledge which ] sought.

I. Counties or THE CARBONIFEROUS AREA.
FOUNTAIN COUNTY.

This county is near the northern extremity of the Carbonifer-
ous area of the State. It lies south and east of Warren; east of
the northern part of Vermillion; north of Parke, and west of
Montgomery and Tippecanoe counties. The general shape is tri-
angular, as the Wabash River forms its northern and western
boundaries. The maximum length of the county from north to -
south is 284 miles, and the maximum width from east to west,
18} miles; its area being 383 square miles.

The geological epochs represented in the county are three; the
Knobstone of the Lower Carboniferous, and the Mansfield sand-

_stone and the Coal Measures of the Carboniferous Period. The
rocks of the first named epoch outcrop on either side of the Was
bash River from the Tippecanoe County line to a point three miles
below Attica, and also form the surface of the greater part of the
eastern third of the county north of the Clover Leaf Railway.
The Mansfield sandstone forms an irregular strip three to seven
milés in width, which enters the county at its southeastern corner
and extends in a northwesterly direction to the Wabash River at
Fountain. A long lobe or tongue of the same rocks forms the sur-

R4
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face from Fountain in a northeasterly direction toward Attica.
The remainder of the county—about 160 square miles of its
southwestern portion—is underlain by the Coal Measures.

The general character of the county is that of a gently rolling
plain, with a slight inclination to the south and west. In the
northeastern part a high gravel.ridge starts gradually and runs

parallel with the river, sometimes attaining a height of 250 feet
above the river, and 100 feet above the surrounding region. Two
or three miles southeast of this is another less conspicuous parallel
ridge of gravel. Along the immediate valley of the Wabash the
bounding bluffs and ravines make some rather broken country,
while the tributaries of Sugar Creek cut up the southeastern
corner into a rugged region.

As already noted, the Wabash River flows along the northern
and western border of the county, and in the northern half the
-drainage is principally by the Big and Little SHawnee creeks into

“that stream. The central part of the county is drained by Coal
Creek, with its tributaries, Turkey Run, Dry Run, East Fork,
Prairie Creek and Graham Creek. Wabash Mill Creek and
Sughr Mill Creek drain the southern portion.

The entire surface of the county is covered with a deposit of
glacial drift—soil, gravel, sand and clay—in some places attain-
ing a thickness of more than 100 feet. On this account, it is only
where coal shafts or bores have been put down, or where the
above named streams have eroded ravines and gulches, that the
character and value of the underlying strata can be ascertained.
The thick deposits of shales, both Knobstone and Carboniferous,
which underlie a large portion of the county, can be most readily
secured at their outerops along these streams; while in the Coal
Measures of the southwestern part the valuable under-clays are
located. ] .

The county is well supplied with transportation facilities. The
C.'&. E. I. Railway across it from north to south; the Peoria
Division of the C., C., C. & St. L. Railway crosses from east to
-west; the T., St. L. & X. C. Railway crosses from northeast to
southwest ; while the Wabash follows the northern boundary down
to Attica, and has a spur running from that city to Covington, the
county seat.
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Townships 21 and 22 N orth, Ranges 6 and 7 West.

a. The Knobstone Shales.—These shales were examined only in
~the vicinity of Attica and northeast of that city. Perhaps the
best and most available outerop for commercial use occurs on
- what is known as the Tece House and adjoining tracts in the south-

west quarter of section 32 (22 N., 7 W.); three-fourths of a mile
northeast of the center of Aftica and 800 feet west of the Wa-
bash Railway. The Knobstone shale here forms the bed of the
old Wabash and Erie canal for at least a quarter of a mile, and
was exposed when the canal| was excavated. A section on the
side of the canal near the ice house showed as follows:

Section of Knobstone Shale near Attica, Ind.

Feet.
1. Soil and surface clay..........coiiiiiiiiinniininnnnnns 3
2. Shaly sandstone .............cieriiiiinirernnnnenneain 2
-3. Bluish gray shale.............cccoovvivrnn. e 8+

Where exposed, the shale at this point had weathered into a
soft plastic clay of a light gray color, which would, without doubt,
be found suitable for paving, pressed front and ordinary brick.
Samples from here had also been made into flowerpots by F. S.
Lowrey of Roseville; Ohio, who reported on them as follows:
“T found the flowerpots made from the clay near the ice house to
be very satisfactory, indeed. I reserved two or three of them and
gave them a good test, finding them to be perfect in every way,
and T assure you they would be very salable goods on the market.
As to the shipping facilities, none better could be expected.”

Just across the railway from the ice house an exposure of the

-ghale was made after my visit, which showed nine feet of the blue-
gray Knobstone shale overlain by six feet of lighter, partly de-
composed shale, and yellow clay. Samples of the hard, unweath-
ered shale from this exposure were analyzed by Dr. Robert Lyons
for this report, the composition being found to be as follows:

Analysis of Knobstone Shale from near Ice House, Attica, Ind.

Silica (S10.) civi vttt i i i tenianaannnns .. 68.14
Titaplum (THO,) ..o v ieie i et iiirneeeeeeaeeenes 1.38
Alumina (ALOg) ... ..ttt ittt i 16.03
Combined water ............. e et 3.86

Clay base and sand........y...oovepeyageng - 8941
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Ferrie oxide (Fe,0q...ovvnenn.. D 4.54
Lime (Ca0) vvvvvreinnniiiieririirarninaeraens 047
Magnesia (Mg0) ........coieviiiiiiiiianen e 0.27
Soda (Na,0) .ovvvr ittt iiiienaes 1.50
Potash (Ko0) . .coviiiiniii it niiananennen 3.80

TIUKES . otvrnrenten e veressneneaeoraeeennnans 10.58

b 1 7 AR J §9.99+

~ The above analysis shows the unweathered shale to be rather
high in silica, and a little below the average commerecial shale in
fluxes. The quantity of fluxes found is, however, sufficient to
fully vitrify the material. To make sewer pipe, hollow brick or
other product with a thin body wall, the shale would probably
‘have to be weathered for some time or else mixed with about one-
fourth of a more plastic clay such as the under-clays .of the Coal
Measures south of Attica.

That the shale from this point can be made into vitrified paving
brick or pressed front brick of good quality has been proven by
practical tests' made by the Chicago Brick Machine Company,
who reported on it as follows: “This shale will make elegant
dry press face brick or if worked by the stiff mud process would
make an excellent paving brick. These brick, as you will see,
have unusual weight and a very beautiful color, sharp and strong
edges and corners and a normal shrinkage. * * * We would
not hesitate to guarantee our machinery to the fullest extent to
produce first-class brick from these materials by either process.”
. Knobstone shale of practically the same chemical composition
is being made into one of the best paving bricks in Indiana at
Crawfordsville, Montgomery County. Taking into consideration
the railway facilities present at Attica, together with cheap fuel
and abundant water, there is no reason why a large brick factory
should not prove a success if located on the site of this shale
deposit. ‘ ' :

On the Shipps farm, west half of the southwest quarter of sec-
tion 34 (22 north, 7 west), one and a-half miles northeast of
Attica, the bluish gray Knobstone shale outerops with an exposure
of 22 feet. It is found in a ravine léss than one-fourth of a mile

- east of the main line of the Wabash Railway. The shale is over- -

“For composition of *“‘clay substance,” * rational analysis,’’ etc., #ee *“Table of analyses
of Knobstone shales,’’ in a later section.
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lain with from three to six feet of soil and yellow clay, and at
intervals throughout the exposure are thin seams of sandstone
two inches to one foot thick, there being three such layers in the
22 feet exposed. The shale weathers into a fine-grained, very
plastic clay, suitable for pressed front or vitrified brick.

Farther northeast, at the point in section 19 (22 north, 6 west),
at which the wagon road crosses the stream known as “Turkey.
Run,” is a bed of similar shale, exposed to a thickness of 30 feet.
This is but one-third of a mile south of the Wabash Railway and,
like the preceding, may be gotten by easy stripping.

' On the land of Edward Sylvester, in the southeast quarter of
section 20 (22 north, 6 west), seven miles northeast of Attica and
two and a half miles northeast of Riverside, the same bluish gray
Knobstone shale outcrops in a ravine to a thickness of 20 or more
feet, and over a wide area has but a thin stripping. Where
weathered it is very plastic and seemingly-of good quality for
manufacturing purposes. The point of outerop is about one-half
mile south of the Wabash Railway. There are doubtless many
other localities in this part of the county :at which the Knobstone
shales come near enough the surface to be easily obtained; but
- the above mentioned were all that were examined by the writer.

South of Attica but one outcrop of Knobstone shale was visited.
This was on the land of Dr. Alexander Whitehall and other par-
ties, about two miles west of Rob Roy, in the southeast quarter of
section 23 and the southwest quarter of section 24 (21 north,
8 west). Here, for a distance of nearly half a mile, Shawnee
Creek has eroded a bed through the overlying Mansfield sand- -
stone and a thick stratum of blue argillaceous shale. Thirty-
two feet are exposed at the point mentioned, which is about
one mile east of where the Attica and Covington Railroad
crosses the stream. The greater part of this deposit will be found
suitable for vitrified products, but a stripping of about five feet
of clay and sandstone would have to be removed. The shale is
softer, contains less silica and is more easily weathered and ground
than the Knobstone shales of the northern part of the county.

"~ b. Carboniferous Shales and Under-Clays.—In the area noted
. above as being covered by the Mansfield sandstone there are, in
Fountain County, a number of deposits of shale and clay suitable
for manufacturing purposes. At the quarry of the Silica Plant,
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operated by ‘the Western Silica Company on the south side of
Shawnee Creek, about one mile west of Rob Roy, the following
section is exposed : .

7 Section at Quarry of Western Silica Company.

1. Soil and surface €lay.........covveieiernens 2 0
2. Black sheety bituminous shale...... SRR 5 0
3. Light gray sandstone with streaks of iron

oxide ................ et 11—16 .0
L ) S 0 810
5. Bone coal or “black Jack”... ..o, 6— 8
6. Under-clay .........cvoeecedinennne e .. 6 4

The black shale (No. 2) contains too much bituminous matter .
to be used for clay products, but the under-clay, No. 6, is of good
quality, and could be used for stoneware and vitrified products,
provided enough of it could be secured from beneath the heavy
stripping. On the north side of the stream, between the office and
the main plant of the Silica Co., and just below the switch of the
C. & E. 1. Railway, occurs a deposit of soft, light blue to buff
argilla‘ceous shale, ten feet or more in thickness, overlain by
three to five feet of surface clay. This shale a pears in every
way suited for vitrified wares.

On the George Nave farm, northwest of norfhwest of 19-(21
north, 7 west), coal has been mined for local use for a number of
years. A section at a point of the new drift entry showed as
follows : ’

Section on the Nave Farm, Northwest of Rob Roy.

Feet.  Inches. .
1, Soilland surfaceclay.......cvvveevvrnninnann .2 0
2. Blue argillaceous shale.............ccveuenns .2—6 0
3. Black bituminous shale and bone coal......... .1 2
L T 6 7 Y .1 10
B, BODE CORY oo oovevnvrvineennsrneiniennenannsihs 1 0
6. Bluish shaly under- clay .............. P X 0

Ten yards west of the new drift the section showed only shale
extending 12 feet below drainage, except a three-inch bed of
sandstone. Shale No. 2 and under-clay No. 6 dre both of good
quality, and combined or separately could ‘be used for a number of

different classes of clay products.
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Township 20 North, Ranges 7 and 8 West,

On Rattlesnake tributary to Bear Creek, southeast quarter of
section.4 (20 north, 8 west), Mr. George Galloway some years
ago sunk a. shaft in search of coal, a section of which shows as

follows:
Section of Galloway Shaft No. 1.

S Feet Inches
17 B0l et 3
2. Black sandstone ................ciiiiiiiiinn. 4 0
3. Dark, bituminous shale ....... S | 10
4, Coal ............. ... Ve rereareres e een e e 0 ) 2
“5. Under-clay merging into sandstone.............. 3 8
.6, Light gray shale............... ... ot 10 0

The under-clay (No. 5) is light gray and very siliceous. It is
formed of a peculiar mixture of fire-clay and sandstone called
“Gannister rock.” If thoroughly tested it will doubtless be found
suitable for the lining of Bessemer and other steel converters.
Mr. Galloway states that it was tested in a fire brick furnace at
Montezuma. The test resulted in the melting down of the Mon-
_tezuma fire brick, while the Gtannister did not change form but
became lighter in color.

The shale (No. 6) when weatheled is very plastic and can be
made into stoneware. Its partial analysis, according to Kramer,
is as follows:

1

Analysis of Shale from Land of George Galloway, Fountain Indiana.

Silica (total) ........... e 73.20
Alumina .......coiiiiiiii ittt ittt 13.38
Clay baseand sand.................ooi i 86.58

MAZDESIA ..ot ie ittt e e e 1.01
Lime ..... e, M et et ebeeee e aer e 97
Ferric oxide ..........oi it iiiiinnnnns -2.19

CFIUXES 2 neve e e L 417
Moisture and volatile............oviuvrenvnn.. .. 9.25

" A mixture of this clay with a clay from an adjoining farm was
~ tested in a roofing tile factory at Covington, about 1886, but ac-
cording to Mr. Donaldson, one of the proprietors, it did not give
satisfaction as it cracked badly when burned hard enough to with-
stand the action of frost. It is said to be one of the best model-
ing clays in the country, | "

| |
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~ In the autumn of 1903 a new shaft was sunk by Mr Galloway,
30 rods southeast of the old, in the lowlands o Rattlesnake Creek,
which exposed the following strata: |

7

o
Section of Galloway Shaft No, 2|

j Fleet.
Soil and surface clay.................... T ............ 2
White siliceous elay..................... beren e 10

oW

Bituminous shale ....... e foee e e ne e 4.
Light gray siliceous shale...... P 3

SRR
No. 2 of this section probably correspon‘rfls to the Gannister
(No. 5) of the preceding. Under the lens no difference in composi-
tion or structure can be detected, but it appears as a very hard, .
fine-grained sandstone. A partial analysis of a sample of it was -
made by State Chemist H. A. Huston, of Pu#due University, who .
" reported on it as follows: :

Analysis of White Clay from Galloway S )vat No. 2.

Per Cent.
LI (0 2 U S 93.79
- Alumina and lron oxide (ALO;+FeO)........ \ ............ 423
Lime (C80) ..ottt e e r ............. .32
’ r

“There is very little iron in the material which; in composition,
stands between the Dinas and the Eisenburg clays; both of which
are noted for being very infusible and for having very little
shrinkage.”* While the so-called clay is undoubtedly of a very
high refractory character, some difficulty might be experienced in
causing it to bond after grinding. This could be readily overcome
by mixing with it-a small percentage of a ntore plastic clay from
the Coal Measures. So mixed, there ig little doubt but that it
would make a class of high grade refractory wares, such as fur-
nace linings, saggars, retorts, etc. Its chemleal composition and
structure are.of such a character as to fully justify careful prac- -
tical tests of the clay for such purposes.

No. 4 of the section weathers into a verj soft, whitish, plastlc
clay, which has every appearance of being sh1table for stoneware,
sewer pipe and kindred products. It, however, contains in places
thin layers bearing numerous dark brown specks of iron silicate
or “pin ore;,” which would depreciate its vjlue unless they could
be separated by washing. {‘

*The Dinas clay is found in England and is used for roofs of farnaces. The Eisenburg
clay is & very refractory German produet. 1 .
\
Ny
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Along the bottoms of Coal Creek, on the land .of Minnick &
Hoagland, northeast quarter of section 19 (20 north, 7 west), one-
half mile southeast of Stone Bluff, is amr outerop of a light gray
potters’ clay of a superior quality. It is wholly free from grit
.and hag the greasy feel which the better grades of such clays
possess. At the point of outerop it is overlain with soil and

- yellow clay six feet in thickness; the stratum of clay being
ekpdsed_to a depth of five feet, but its total thickness is as yet
undetermined. In the bluffs near by it is found beneath twenty
feet of soil and sandstone, and forms the under-clay of a vein
of coal two feet six inches thick. ' An analysis of this clay was
made for the 1895 clay report by 'Dr. R. E. Lyons. It is here
given- in comnection (for comparison) with an analys1s of the
famous Akron, Ohio, stoneware clays.*

Analyaea of Stoneware Clays from Stoné Bluf, Ind., and Akron, Ohio.
|
. | Stone Bluff, Ind. Akron, Ohio.

Silica (8102 ovvvivriiit i i 68.46 - 68.13
Titapium oxide (TiO)............. TN 1.49
Aluminag (ALO;) ..o iiiiiii i 16.08 20.80
Water combined ...................... 7.04 5.72
Clay base and sand................ 93.07 94.65
Ferric oxide (Fe,Og..........cocoovnnt. 1.92 1.20
Ferrous oxide (FeQ)................... v .06 e
Lime (Ca0) ...ovvvtiiiniiiiaiinrnnnnns 99 42
Magnesia (Mg0O) ............ T 05 .37
TPotash (KoO) vvvvrviininenrannennnanns 131 2.28
Soda (Na,0) ..... Gereererenees Yorernss 2,40 27 ’

Fluxes ........ R R 6.73 4.54

TOAL e eenvneeneeneibanes . 9980 99.19

The C. & E. 1. Railway passes within eighty rods of this de-
posit. The elay is found over an extensive area north and north-
west, having been exposed in wells on the lands of ‘William
Mallett and Albert Boord.

On the land of Frank Landers, northwest'quarter of section
19 (20'N., 7 W.), one-half mile west of Stone Bluff, the same
stratum outcrops in several places. It is here known to be eight

*The analysis of the Akron olays represents an average of several samples seleeted
from the (mqnd clay ueqd in several plants and then mixed.
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feet thick, and in some places is overlain with a thin vein of coal.
Mr. Landers had a sample of the clay analyzed by Dr. Lyons
with the following results:

Anaylsis of Under-Clay from Land of Frank Landers, Stone Bluff, Ind.

Siliea (S10 vvvvveevrirrnnrerannnn, v 67.82
Titanium oxide (TiO).....0e0teneeeernvsrresrnnnss 1.10
Aluming (ALOg) ...oviiiii ittt iiiiearananonns 13.60
Water combined ...v..eviiiiiiiiiiiiiiiiiieneaan 9.72
Clay base and sand.........coovivienneenwnenn 92.24
Ferric oxide (Fe,0p. ..o iiiiiiiiiiiiiiiiienannes - 4,04
Ferrous oxide (FeO)...covviiriiiiiiiinenncnnnsenns 45
Lime (Ca0) ..ot iiiiiienensienescscsenasnnen 57
Magnesia (Mg0) ......... e ORI T4
o Potash (KuO) o oiiiiiiiiiniii it iienneersnennnansnn 1.68
Soda (N20) . oovrvvrroriinieneranirorroscnsnas v, 118
TIUXES tvvviienininnoriioninennnanenssansons 8.36
B0 1 100.60

The analysis proves the chemical fitness of the clay for mak- .
ing sewer pipe, hollow brick, drain tile and kindred products.

Township 19 North, Ranges 7 and 8 and Part of 9 West.

- The Hillsboro Pressed Brick Company for some time made -
dry pressed front brick from a surface stratum of siliceous-
ochery clay, located just south of Hillsboro, near the middle of
section 12 (19 north, 7 west). The deposit is a remarkably pure
one, to be found on the surface in the drift region, and resembles
closely the residual surface clays of southern Indiana. The
works of the company were located on a tract of low ground near
the bed of Coal Creek, and the clay was secured from the top
of the adjoining bluff, the face of which discloses the following
section :
Section of Bluff at Hillsboro, Ind.

Feet
1. Soil and yellow ochery clay......cccvvtieiteivninnnneanns 9
2. Drab arenaceous Shale .........ceeeveieenneeannneennns 3
8. Reddish sandstone ...........ooieeiiiianniavnnes N 12
4. Gray arenaceous shale (micaceous)........c.cvvveveaann. 3
D. Sandstone .........cciiiiiiiainriiiiiiiteerraercasnanrne o
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The dry pressed brick made from the clay (No. 1) were a
handsome shade of dark red, but were much more friable than
those made by other companies from argillaceous shale. As a
consequence, too many of them were broken in handling, and.
the company finally abandoned the enterprise. For a time the
‘two shales (Nos. 2 and 4) were mixed and burned into a fair
quality of buff, pressed brick. They were found to be too highly
" siliceons for vitrified produects.

In the immediate vicinity of Veedersburg are found the best
known shale deposits of Fountain County. Before the great
- value of shales for making vitrified products was fully under-
stood, the Wabash Paving Brick Company,* now the largest
concern of the kind in the State, had located a plant one-half
mile southwest of Veedersburg, southeast quarter of section 12
(19 north, 8 west), close to the lines of the T., St. L. & K. C.
- and C. & E. 1. railways. Here they began making pavers from
a fireclay which outeropped in a hill to the west. This clay
gradually merged into sandstone as it passed back under the hill,
until finally it became too siliceous for use.

The company had meanwhile experimented with shales, and
finding them highly suitable for their purpose, began procuring
them from two different places. Their main supply is now se-
cured from the land of Boord Bros., near the middle of section
13 (19 north, 8 west), about one mile southwest of their plant.
Here, along the south bluffs of Coal Creek, is located one of the
largest -and purest deposits of Carboniferous shales in the State.
In June, 1904, the pit -had been worked to a depth of 50 feet.
Everything from the grass roots down was being used, except a
band of iron carbonate three to five inches thick, which occurs
eight to ten feet below the surface. A section of the pit showed
as follows: - .

Section of Shale Pit South of Veedersburg; Worked by Wabash Clay Co.
- Feet.  Inches.

1. Surface soil and yellow clay.................. ... 2 8
2. Blue argillaceous shale, upper 8 feet discolored by
leachings . from the soil...... et rrra e 35 0
8. Coarse grained arenaceous shale................. 0 3
4. Blue shale, same as No. 2; bottom concealed...... 15 ()]

“For a description of the factory of thisscompany and statistical information regarding
it, seo under the gection “The Clay Industries of Indiana.’’



Shale Bluff on land of Boord Bros., one and a half miles southwest of Veedersburg, Fountain County. Shale used in the making of
Paving Block by the Wabash Clay Co.
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"The shale is rather soft, dark blue in color and of very fine
texture. The deposit is very homogeneous, being almost free
from thé concretions of iron carbonate so commonly found in.
such strata. The bluff of shale is exposed for one-fourth mile
down the creek from the present pit, and extends over a wide
area to the south and southwest. The Wabash Clay Company
use- 125 tons of clay a day, two-thirds of which is hauled in
wagons from this pit to their plant. They pay a royalty of 3
cents per ton for the shale, and 20 cents a ton for hauling to the
factory.

About one-third of the raw material used by the Wabash Clay
Company is gotten from the Culver farm, one mile north of
Veedersburg on the southwest quarter of section 31 (20 north,
7 west). Here a shale bank has been opened alongside a switch
of the C. & E. I. Railway, the material being hauled in cars to
the factory at a cost of 22} cents per ton _ A-section of this pit
‘shows as follows:

Section at Clay Pit on Culvér Farm, One Mile North of Veedersburg.

~ Feet Inches.
1. Soil and drift clay....... e 1—4 0
2, Outcrop coal V2..... et o 06
3. Grayish plastic under-clay................... 3 0
4, Light gray clay shale, the upper 6 to 10 feet
with reddish streaks...................... 16 2
8. Coal IV L. i e 2 6
6. Bone coal ........ ... ... 1 0
7. Drab under-clay .......c.ciuiiiinienninrnann. 5 4

Of these, all above coal IV (No. 5 of the section), except
about one foot of soil, are mingled in the proportions in which
they occur in the bank. The general dip of the strata is to the
- north. The under-clay, No. 7, is a plastic clay which, Judgmg,
from its appearance, will make stoneware, hollow brick, ete. It
could be mixed.with the shale in. the proportions of one part to
four, to make ‘paving brick, but up to the present has not. been
used for that purpose.

From a mixture of this shale from the Culver farm with that
from the bank south of their plant, the “Poston Block,” so many
of which have been used for paving purposes in Indiana and
adjoining states during the past decade, are made by the Wabash /

6—Geology.
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Clay Company.. An analysis of a sample,‘ composed of a mixture
from the inside of three unburned blocks shows the following
composition of the material entering into their structure.*

Analysis of a Misture of Material Used in Making Paving Block by the Wabash
- Clay Company.
SHHCR (S10,) +neneeeeeenenen e aanenns 59.55

Titanium oxide (TiOp)......revvversns PO 1.00
Aluminag (ALOg) ..ovveveivniiinierneaninsonennanas 16.21
- Water combined ........c..iiiiiiiiiiiiiiieiiies 5.62
Clay base and sand.............oiiivvniinnnns 82.38
Ferric oxide (Fe,0p)...cuoviiririeronnnennonnenees 2.18
Ferrous oxide (FeO)\ ............................. 713
Lime (Ca0) ........ e rteeeai e, T veee.  JTB
Magnesia (Mg0) ......cciiiiiiniiernnencnannnsanns 1.58
Potash (K.,0) ........ reeecsatecasianaas PR 2.81
Soda (Na,0) ..iiviinireriiireeennroannns T .28
FIUXES tvvvevenniirsoennoseosnesasosessennnnns -+ 14.78
Carbon dioxide (CO,). .. .. coiviiiiiitnenerennannns 3.156
Total ... etiin it e i e 100.26

According to Prof. Edward Orton,} the average composition
of the shales used by ten of the leading paving brick and sewer
‘pipe factories of Ohio shows— .

Clay base and sand................ ettt 84.78
0 B - S ORI 13.22

with a variation in ¢he ten of only 4.1 per cent. in clay and sand,
and 6.04 per cent. in fluxing ingredients. Taking this as a
future standard of comparison'for the composition of Indiana
shales suitable for vitrified products, we find that the material
used by the Wabash Clay Company shows the presence of 2.40
per cent. less of refractory material, and 1.51 per cent. more
of the flixes than the standard. This is probably due to a large
admixture of the surface soil and eclay from the pit north of
Veedersburg. Nevertheless, the mixed materials showing the
above composition stand up well until thoroughly vitrified, and
produce a strong and durable paving block.

®W. A. Noyes, chemist. For rational analysis, eto., see under *“Table of Analyses of
Carboniferous Shales,”’ in a later section.
1*The Clay-Working Industries of Ohio,’’* ¢n Geol. Surv. Ohio, VII, 1893, 134.

P
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Onecthird of a mile west of the Big Four Railway station af
Veedersburg, -and just south of the main line of that railway,

on the southwest quarter of section 1°(19 north, 8 west), the
‘ Veedersburg Clay Company* finished, in 1904, a modern plant
for the making of vitrified brick and similar products. At the
time of my visit in June, 1904, their clay pit, 75 feet south of
the plant, had just been opened. A shaft had also been started
beneath one corner of their plant from which it was expected to
mine coal IV for fuel, and also to secure shale and under-clay :
for future use. A section of the pit as far as exposed showed
as follows: . ) ,

Section of Pit of Veedersburg Clay Company, Veedersburg, Ind.
Feet. Im;hca.

1. Soil and yellow-clay, stripped............... PR 2 0 .
2. Tough yellow clay with an occasmnal nodule of

Kidney Iron Or€.......cvvieverencencesnnscsnes 3 ]
8. Shale, light gray sillceous...........ceveiivinnnnn 8 [
4. Black bituminous shale ........... eeeeecniannes 4 -0
5. Coal V? .e.vvvvvvnnnnnnn. e eieeee. eeerenens 1 10
6. Gray sandy under-clay...........cc.civinniinnnn 2 ]
7. Light gray siliceous shale..........ccovevninunnns T+ 0

Of this section, Nos. 2 and 3 were being mixed and used for
the making of bricks for the building of new kilns. An attempt -
was made to mdke vitrified brick from the shale No. 8, but after
a number of trials it was found that the shale was too high in
silica to vitrify. The plant was therefore closed down on Octo-
ber 1st, until such a time as the few shaft could be completed
or a railway switch put in to the shale deposit on the Marshall
land, to be hereafter described.

On the north side of the Big Four Railway, in the same quar-
ter section, and just north of the factory of the Veedersburg
Clay Company, is an old abandoned coal shaft, through which
coal was mined for a number of years, A section of this shaft,
as given by Ashley,t is as follows:

*For equipment of plant, see under “Cla&-Working Industries of Indfana.’”’
tTwenty-third Ann, Rep. Dep. Geol, Nat. Res. Ind., 1898, 242,
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Section of Shuster Coal Shaft, Veederaburg, Ind.

) : Feet. Inches,
1. Gravel ..... e r e e e e e 20 0
2. Fire-clay and shale.............! L T
3. Sandstone with shale partings.................. 307 0
4. Coal V ..., e 1 8
5. Light drab fire-clay.................... PPN 7 Q0
. 6. Drab shale with plant remains.................. 10 0
- 7. C0al IV? oot ... 4 2
8. Light gray sandy fireclay...................... 9 0

e ‘North of Coal Creek,.south and southwest of V eedersburg,
the surface rocks seem to be largely composed of heavy ledges
of sandstone, but south of Coal Creek and southeast of Veeders-
burg, a thick stratum of blue shale seems to have replaced the
sandstone. -
One and a half mlles southeast of Veedel sburg, on the land
of Miles Marshall, northwest quarter of seation 17 (19 north,
west), a bold bluff of the same stratum of blue shale as that
worked at the main pit of the Wabash Clay Company on the
Boord land, rises abruptly from the margin of the north side of
Coal Creek. The top of the bluff is covered with from three to
six feet of gravel suitable for road material. The shale then
sets in, and is exposed for 38 feet to the water, beneath which
the foot-of the bluff is hidden. It is reported that a drill hole
sunk 43 feet below low water level in Coal Creek did not reach
the bottom of the shale stratum. This shale bluff is very uni-
form in color' and structure-throughout the exposure, the only
impurity noticeable being twaq thin layers of ironstone near the
center. Negotiations are now under way to construet a switch
of the C,, C., C. & St. L. Railway to this bluff for the purpose
. of using the shale for vitrified products.
Omne-fourth of a mile nearer Veedersburg, on the land of
William Dice, southwest quarter of section 8 (19 north, 7 west),
- the same shale is found in abundance, and ¢an be easily secured
- by removing three feet of surface stripping. There is also a
conspicuous shale bluff on the south side of Coal Creek near the
middle of section 17 (19 north, 7 west), and another at the mouth
of Clifty Creek in Section 15 (19 north, 7 west). At the latter
place the shale outcrop is 30 feet thick, and rests unconformably
-against a sandstoné at the eastern end of the bluff.

»




Shale Bluff of Coal Creek, on land of Miles Marshall, one and a half miles southeast of Veedersburg, Fountain County.
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In a ravine a short distance southeast of the shale bluff be- .
longing to Mr. Marshall, is an outcrop, three feet in thlckness,
of a peculiar surface drift, clay. Tt is a light brown in color, and,
when wet, one of the most tenacious materials I have found
among Indiana clays.” When dry it becomes exceedingly hard,
and “sets” like plaster of Paris. It has all the properties of a
most excellent modeling clay. / 7

Numerous other deposits of clay which are suitable for manu-
facturing purposes doubtless occur in the vicinity of Veeders-
burg, but the above are all that can be noted in this connection.
Three railways pass through the town, ccnnecting it directly with
some of the more important commercial centers of the United
States. With such superior facilities for transportation, with an
abundance of coal within 25 miles, and with an unlimited supply
of excellent shales in the immediate: neighborhood, nothing but’a
lack of energy on the part of its people will prevent the town
from becoming the seat of important clay industries.

As noted ‘0'1'1 a preceding page, about 160 square miles of the
southwestern portion of Fountain-County, except a narrow area
along the Wabash River, is overlain by the Coal Measure rocks.
The coal veins found over this area are IV and V. Coal V.is’
usually overlain with sandstone, with_often black, sheety shale
lying directly on the coal, but between it and IV there often
occurs -a thick deposit of workable shale. The under-clay be-
neath V is usually everywhere of good quality, but that beneath
IV is more apt to be very sﬂlceous, approaching a sandstone in
character.

One mile south of Covmgton on the land of the Hon Enoe
Nebeker, south half of the morthwest quarter of section 1 (19
north, 9 west), the following strata are. exposed on a hillside
facing the north:

Section on Nebeker Land, South of Covington.

: ‘ Feet. - Inches. -
Soil and yellow drift clay........... ..... e 3

1. 4
2. Drab argillaceous shale................. S 8 6
3. Dark bituminous shale......................... n2 0
L S 7 T ) 1 0
B, FIr€-Clay ...ovvniiinnniieennaniinnnanngenans aeee 1 6
6. Light gray siliceous shale...............c.oouu... 8+ 0
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Of these, Nos. 2 and 5 are good commercial clays and can be
made into many kinds of products. No. 6 is too siliceous to be
used alone, but united with the others will increase their value
for brick-making purposes.

Farther south, on land formerly owned by Monroe Carwile,
potters’ clay of good quality is found in an outcrop beneath coal
I, exposed to a thickness of three feet. A partial analysis of this

clay by Kramer, showed its chemical constituents could be
classed as follows:

) . s Per Cent.
Clay base and sand.......... S 91.02
Fluxes ..... Teererereiaiaas e £.90
Moisture and volatile............. e e 4.08

Its composition seems suitable for stoneware and hollow brick.
Two and a half miles south of Covington, at an abandoned coal
. mine on the land of Peter Anderson, south half of the southwest
quarter of section 12 (19 north, 9 west), a deposit of blue-gray
argillaceous shale five feet in thicknéss overlies 30 inches of coal,
beneath which is a vein of fire-clay the thickness of which has
mnever been determined. Both shale and fire-clay are of good qual-
ity, and mined in connection with the coal, will well repay the
working.

Al

i Township 18 North, Ranges 7, 8 and Part of 9 West.

On a small tributary of Coal Creek, in section 8 (18 north,
8 west), is an exposure of gray argillaceous shale 85 feet in thick-
ness. Beneath this is a seam of coal 3 feet 8 inches thick, and
below the coal a stratum of fireclay of unknown depth. Both
shale and clay are well suited for manufacturing purposes.

" Southwest of this, close to the Parke County line, in section 36
(18 north, 9 west), occurs a deposit of the better grade of pot-
ters’. clay..

In the southeast quarter of section 18 (18 north, 8 west), a
blue shale comes .near to the surface over a large area of land
owned by J. €. Graham. It is six feet thick at the outcrops and,
according to Kramer, its chemical -constituents represent: '

. Per Cent,
Clay base an@ Sand..........c.coviieiiennnnninnennanans 84.14
FIUER 11iyyyernnnnsransanessnne .......”._....f.......,, 12.17
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Beneath this shale are two thin seams of coal, separated by a
stratum of a fair quality of fire-clay three feet in thickness.

On the land of John R. Teegarden, northeast quarter of sec-
tion 9 (18 north, 8 west), about one-half mile northwest of the
Clover Leaf Railway, coal V is being stripped for local use. Ac-
cording to the owner, “Seven feet of dirt and three feet of blue
limestone ¢ are being removed to get at the coal, which is semi-
block, five feet thick, and of good quality.”

Beneath the coal is nine feet of ‘a dark, bluish-gray under-clay,
which weathers into a fine grained very plastic material, free

from grit and other impurities. An analysis of this clay made

. by Dr. W. A. Noyes for this report showed its chemical con-
stituents to be as follows:

Analysis of Under-Clay from Land of Jno. R. Teegarden, Near Kingman, Ind.

Silica (8102 ... iiiiiiiitiiieiiiiiisnrennacnnass .. 7191
Titanium oxide (Ti0y)....... A 31
Alumina (ALG, ...iiiiiiniiiiiiiiienianennnas . 17.62 .
Water combined ........c.ciiiiiiiiiiriiieieaans 5.37
Clay base and sand........ e 95.21
Ferric oxide (Fe0g). v viveiieinrrnrsnsnnasnneaanns 2.65
Ferrous oxide (FeO)............ e tieceaerancaans 40
Lime (Ca0) .............. e eeeree et irasaaans 43
Magnesia (MgO) ........ e e seeereeeane e, a7
Potash (Bi0) ..iiiiiiiiiin it tierttnoreonnaranes 2.00
Soda (Na,0) ....... PP A5
FIUXES tiviiriinne it cemiertnsaetenanaonass 5.70
Total ..oovvvrrnnnnnnnnn. i 10091

The analysis shows the material to be—what its appearance
indicates—a high grade under-clay suitable for stoneware, hol-

- low brick, sewer pipe, fireproofing and many forms of ware now -

made at other points in Indiana. By comparing the composition
of the Teegarden clay with that of the famous stoneware clays
of Akron, Ohio (see p. 78), it will be noted that the two.are very
similar; the refractory and fluxing ingredients, when compared,

showing : '
Tesgarden-  Akron, Okio

Clay. Clay.
. Per Cent. Per Cent.
Clay baseand sand......................... 95.21 1 94.65

FIUXES ..vevvnvvnnnn. U, e 570 - 4.54

B T Y
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was secured:

Used in connection with the overlying coal, which could be

readily mined by either slope or shaft, this deposit offers an

excellent site“for a stoneware or other clay factory.
‘On Sugar Mill Creek, section 25 (18 north, 7 west), at the
lower end of the “Narrows,” a blue-black argillaceous shale out-

" crops in pldces along the bluff, and a well section one-fourth mile
east of the creek shows the shale to be 85 feet thick.

At the Coates or_Byrd mine in the southeast quarter of sec-
tion 33 (18 north, 7 west), 18 feet of gray to blue shale of good
quality overlies coal V, which is here in two layers, each two feet
or more in thickness, and separated by a bone coal six to eight
inches thick. The fire-clay below the coal is but two feet thick
and merges into sandstone. .

At Yeddo, on the C. & E. I. Railway, six feet of a good
quality of fire-clay underlies the worked vein of coal, which is
four feet ten inches in thickness. }

On the Aaron Lindley farm, southwest of southeast of section
17 (18 north, 8 west), three quarters of a mile west of Cates,

‘a station on the Clover Leaf Railway, coal Va is only eight or

nine feet below the surface. A section shows:

Section on Lindléy Farm, near Cates. )
Feet.  Inches.

1. Soil and yellow clay.............. .. o, 2 0
2. Drab shale ......... ..o, 3 0
3. Gray limestone, fossiliferous..................... 0 6
4. Drab shale . ... ... i it e 3 0
B, Coal Va ..ot i i e e 2 6

The shales Nos. 2 and 4 are of good quality for either ordinary

or vitrified brick. ‘

- One-half mile northwest of Snoddy’s Mills, northwest quarter
of section 1 (18 north, 9 west), coal V is being worked by Cook
& Herming. At their drift or slope shaft the following section

Section Northwest of Snoddy’s Mills.
Feet,  Inches.

1. Clay shale ...... ..ot iiiinnnenn 0 3
2. Coal Va ...t e SN 1 0
8. Soft clay shale .............ctiririirinnrnnnnnn 12 6
4. Black sheety shale ............................ 1 .6
5, Gray calcareous shale .....................iuun 0 3
6. Coal V ......oiiinin.n, e 3 7
7. Fire-clay ..... e e e 2+ 0 ‘
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" Nos. 3 and 7 of the section are suitable for vitrified and
‘kindred clay wares. .

At Silver Island, on a switch of the Olover Leaf Railway, sec-
tion 34 (18 north, 9 west), the following section is exposed near
the sulphur spring :

Section at Silver Island,

1. Black sheety shale.................oiiiiann. 1 o
2. Coal VIa ... e 1 4
3. Browd sandstone ............eiiiiirireniannennn 0 10
4. Fire-clay running into light gray shale, not well
cexposed ... i e e 12 0
5. Concealed ............cciuriiiriininnnrnanaennnns 5 0
6. Dark blue shale.................. ..ot e 3 0
7. Black sheety shale with septaria................ 2 8
8 Coal VI ...ttt it U | 6
9. Gray fireclay ......................... e 4 0
10. €C0al .. e 1 0
11, Fire-clay ....oiiiniii i i i i i e 6 0
“12. Drab shale ........o ittt 4 0
13. Sandy ironsStone ........eeeoeiiiiireninraianans 1 0

Of the strata here shown, Nos. 4, 5, 6, 9, 11 and 12, aggre-
gating 34 feet in thickness, are suitable for vitrified wares and
ordinary and pressed front brick. With railway facilities pres-
ent and cheap fuel in abundance, this furnishes a good site for a
large clay factory.

At the Silver Island mine, a short distance away, coal V, four
feet, six inches in thickness, is mined from a depth of 45 feet.
The coal is overlain with black shéety shale, but underlain with
20 feet of under-clay suitable for many different vitrified prod-
ucts.

tain County for making ordinary brick and drain tile.* At Cov-
ington, W. H. Prather uses 42 inches. of clay after stripping the
grass roots, to make common brick, and drain tile four to ten
inches in size.

At Steam Corner a dark loam 15 1nches thick is stripped and -

the underlying clay used to a depth of three and a half feet
in making drain tile. At Kingman eight inches of soil are re-
moved and 86 inches of surface clay used; while at Veeders:

*Bee sgdﬁnicg;_tablg near gnd 'of paper;

Surface drift clays are used at three or four yards in Foun-
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burg, after stripping six inches of loose black soil a “strong,
tough tile clay” is utilized for' drain tile.

The abdve comprise all the clay deposits of note in Fountain
County which have come under the notice of the writer. A care-
ful and detailed survey of each congressional township in the
county would doubtless bring a number of others to light. Many
of those described are situated by the side of or within easy
reaching distance of the four railways which pass through the
county. All such would soon repay the investment of capital
necessary for their development, provided practical and experi-
enced clay workers were put in charge of the plants which were
erected.

-

" WARREN COUNTY.

This county is a little north of the center of the western bor-
der of the State. It lies south of Benton County and east of
the Illinois line. Tippecanoe County lies east of the northeast-
ern corner of the county, while Fountain County is east and
‘'south of Warren, from which it is separated by the Wabash
River. Vermillion County lies south of the southwestern cor-
ner. The county is somewhat triangular in shape, with the north-
eastern and southwestern corners of the triangle truncated. It
has an area of 866 square miles.

The Geological Epochs represented in the surface rocks are
the Knobstone of the Lower Carboniferous and the Mansfield
Sandstones and Coal Measures of the Carboniferous Periods.
The Knobstone occurs beneath the drift in the northeastern cor-
ner and is exposed in a narrow strip along the north side of the
Wabash from the point where that stream enters the county to
a short distance below Williamsport. The Mansfield Sandstone
covers a larger portion of the eastern half of the county, and also
outcrops along the Wabash from near Williamsport to within
~ four miles of the southern border. The Coal Measure rocks lie
_ just beneath the heavy drift of the remainder or western half of
the county.

The western and northern part of the county is a high, rolling
prairie, deeply covered with glacial drift, much the same as in
Benton County, just to the north. Approaching the' Wabash
River, this level country is much broken up by the larger streams




OLAYS OF WARREN COUNTY. 7 ‘ 91.

and. their tributaries which, as they near the Wabash, often ac-
quire steep or precipitous banks, often walled in by perpendwu-l
lar bluffs of sandstone. These bluffs, as well as those along the
Wabash, are often 80 to 150 feet high. -Along the river'is a flat
terrace, some 80 feet’above low water mark. It is a terrace of
planation, the rock at many points coming, very near the surface.
At other points it is cut out of glacial material, which still ex-
tends as much as 60 feet or-more below its level. This terrace
varies from half a mile to a mile in width. Away from the
Wabash River or the channel of Pine Creek, the glacial drift is
quite -deep, ranging up to 250 feet in thickness. Approaching
the river, or its larger tributaries, the more rapid erosion has
greatly reduced that thickness, so that along some of the streams
the underlying strata are quite frequently exposed. Over the
county as a whole the drlft will probably average less than 100 :
feet in thickness.

As already noted, the Wabash River flows along the south
eastern side of the county. Its principal tributaries from the
north and west are Little Pine, Kickapoo, Pine, Rock and Red-
wood creeks, Possum Run and the north fork of Spring Creek,
which flows south through a corner of Vermillion County. Mud
Pine and Fall crecks are the principal tributaries of Pine Creek
from the west. Jordan Creek rises in the northwestern portion
of the county and flows southwestward into Illinois.

Transportation facilities are, in the south and eastern portions
of the county, good; while in the northwestern third they are
wholly lacking. The Chicago & Eastern Illinois crosses the
-county from north to south in the northeastern part. The Wa-
bash_enters the county 'above Williamsport and runs west and
southwest, leaving at the State Line. A branch of the Illinois
Central Railway enters the county from the west and meets the
Wabash at West Lebanon. The Peoria Division of the Big Four
crosses the southern edge of the county from east to west.

The remains of a thin séam of coal VIa occur in a number
of places in the southern part of the county, but thi§ uppermost
vein has, for the most part, been cut out by preglacial erosion.
Between it and coal VI is a space three to 80 feet in thickness
which, in most places, is filled with an under-clay and drab to
gray clay shale, both of good workable quality.
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The under-clay beneath coal VI is of fair quality and ranges
up to four and a half feet in thickness. Between this under-
clay and coal V, the space is mostly filled with limestone and
black sheety shale, no workable clays being found. Beneath V
there is little or no clay material of value, unless it be the under-
clay of coal I, which, in a few places, where weathered, is suit-
able for terra cotta and stoneware. The Knobstone shales found
along the Wabash in the northeastern part of the county are,
for the most part, too sandy for use, though local pockets doubt-
less occur which will make ordinary, dry pressed or v1tr1ﬁed

" brick.

Township 23 North, Ranges 7, 8, 9 and Parts of 6 and 10 West.

This area of 138 square miles lies along the northern border
of the county, and is almost wholly covered with heavy drift, so
that few. exposures of clay are visible. The only one worth
noting occurs at the site of the old McKey coal banks, on Mud
Pine Creek, northeast quarter of section 29 (23 N., 8 W.). Here
coal VI? three feet two inches thick overlies three feet of drab
under-clay of falr quality for. terra cotta and hollow vitrified
prodiéts. ‘ :

Township 22 North, Ranges 8 and 9 and Parts of 6, 7 and 10
West.

This area of about 120 square miles forms the second tier of
townships fromn the north border. Its western portion is heavily
drift covered; but near the cefter, in 22 N. 8 W. are some

fair exposures of coal and clays.
At Kickapoo Falls, in the northwest-quarter of section 29
(22 N,, 7 W.), about 20 feet of black to drab clayey Knobstone
shales are exposed beneath 60 feet of massive Mansfield Sand-
stone. In the northeast corner, section 14 (22 N., 7 w. ), a well
"on the J. L. May place passed through 44 feet of rather soft
shale, below 60 feet of drift.

The most promising beds of under-clay in the county are prob-
ably those exposed beneath coal VIa in slope mines along Fall
Creek, in seetions 20-and 21 (22 N., 8 W.). Just above the
Thomas slope in the northeast of sectlon 20 .the following strata
are exposed : :
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Section Near Thomas Slope, on Fall Creek. S

Feet. Inches. Feet. Inches.
1. Drift ........ P D 2 0 2 0
2. Sandstone -................... 3 6 5 6
3. Soft bluish shale.............. V] 7 6 -1
4, Coal VIa ..................... o - 10 ' 6 11
b. Gray sandy under-clay......... 5 11 12 10
6. Coal VI .uovvienannnnnns, 0 10 13 8
7. Soft light drab under-clay...... L2 0 15 8

The upper under-ciay, No. 5, is rather hard when ﬁrst"ex-
posed, but soon weathers into a soft, plastic material, suitable in
high degree for all kinds of hollow vitrified wares, such as con-
duits, fireproofing, hollow block, flue linings, etc. The lower
clay, No. 7, is softer, less siliceous and more inclined to be waxy

than No. 5. It could be mixed with the latter for many pur- -

poses. )
A little farther down Fall Creek from the Thomas slope, th

upper coal Vla is lacking, but just below its proper place is 11

feet of under-clay corresponding to No. 5 of the above section,
while coal VI beneath is underlain with five feet of the same
character as No. 7, above given. ’

At the Carlsen bank, in the northwest quarter of 21, coals
VIa and VI are separated by 11 feet of a good quality of under-

clay, the lower portion of the stratum merging into gray clayey .

shale. The entire body of clay could be utilized and, by taking
it out, both veins of coal, the upper, one foot ten inches, and the

lower about three feet in thickness, could be mined. The most -

discouraging feature of these excellent clay deposits is their dis-
tance from transportation; the nearest railway, the Wabash, be-
ing about four miles to the south.

At the Hogue mine, in the southeast quarter of section 16 (22
N., 8 W.), coal V, 50 feet from the surface, is underlain with a
thin stratum of under-clay, while just below the latter is eight
_ to 12 feet of drab to gray clay shale. ‘

Township?] North, Range 9 and Parts of 8 and 10 West.

This area of about 72 square miles lies near the center of the
county, and contains the two largest towns, viz., Williamsport
and West Lebanon. Bat few, if any, deposits of workable clays,
other than surface drift clays, occur in the area. In the south-

N ST
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east of the southwest of section 11, about a mile south of Will-
iamsport, is an outerop of coal V% oyerlying the Mansfield Sand-
stone, here 35 to 40 feet thick, from which it is separated by
from two to four feet of under-clay. It is overlain by a foot or
so of sandy shale, and that in turn by sandstone.

At West Lebanon a shaft and bore for coal in the southwest
quarter of section 12 (21 N., 9 W.), disclosed coal VIa, one foot,
six inches thick, at a depth of 111 feet. Beneath the coal, and
separating it from coal VT, was a stratum of under-clay and clay
shale seven feet in thickness. Coal VT was less than three feet
thick and overlaid five feet of under-clay. On account of the thin-
ness of the coals the shaft was abandoned and the clays are not
_ available, though they are doubtless of good workable quality.-
The only clay working establishment at present in Warren -
- County is the drain tile mill of Alexander Hamar at West Leb-
anon. The tile are made of drift clay, about three feet of which
is used, after stripping four to six inches of soil. All sizes up
to 12 inches are burned, the value of the output in 1904 being
about $5,000.

Townshfp 20 North, Parts of Ranges 9 and 10 West.

In this area of about 33 square miles in the southern part are
the principal coal outerops and mines of Warren County. The
Peoria Division of the Big Four Railway crosses the southern
.part of the area. The C. & E. I. formerly had a branch to Coal
Creek (Stringtown), Fountain County, which crossed township
20 north, 9 west, diagonally. The Wabash River crosses the
northwestern corner. '

The principal exposures of coal and accompanymg clays are in
the northeastern part of 20 north, 9 west. At the old Hooper
& Barringer shaft on Opossum Run Creek, in the northeast
quarter of section 8, the following section was exposed to below
the under-clay of coal VI:

VN

Section of Old Hooper & Barringer Shaft.

Feet. Inches. Feet. Inches. _
1. Soil .............. D 3 0 ,3 0
2. Yellow clay with float coal..... 9 0 i27 - 0

3. Clay shale changing to shaly
sandstone .........c0c0000n0n 12 6 24 [i]
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4. Clay shale with ferns.......... 0 - 6 25 0"
5. Coal VI ......... P e ‘2. 8 27 _8
6. Under-clay ................ “we. 8 6 31 2

The under-clay No. 6 is buff or gray, very plastic, and after
weathering, will prove suitable for stoneware, terra cotta, vitri-
fied tile and all kinds of hollow vitrified products. The old spur
of the C. & E. I. Railway running past this shaft is now aban-
doned.

In this region the space between coals VIa and VI varies from
three feet six inches to above 20 feet as far as observed. It
often contains only fire-clay and shale of good quality, but where
the space approaches its maximum the shale tends to be sandy
or to turn into sandstone.

Along Coal Run, in sections 9 and 10 (20 N., 9 W.), a bed of
hard, sandy, light gray under-clay of fair quality, two to four
feet thick, generally underlies coal VI. The clay here is in most
places about drainage level, sometimes a few feet below drain-
age. The fellowing is an average section:

Section at Dicky Drift, No. 2, Southwest of Section 10..

Feet.  Inches. '
Drift.

1.

2. Shelly sandstone .................. N 6 0

3. Coal VI ...ttt iiieiiannnn <ene O 7

4. Sandy under-clay .................. .00l O 2 -
5. 00al VI ..o ittt eiii i iiaaannns 1 2

6. Sandy under-clay .....ccoceiiiiereiiiiiiiienenann 0 7

T. Coal VI ..ttt irartnereiraneenrnons 0 4 -
8 Under-clay ......ceviveeeeriinesecearoessssasnns 3+ 0

In the southwest of section 10, on thé Jones place, the under-
clay beneath coal VI is four or more feet thick, while in the
-northwest quarter of section 2, coal VIa overlies three or more
feet of white plastic under-clay with little grit.

At the shafts on the Rodgers place, opposite Covington, on the

" west side of the Wabash River, southeast quarter of 27 (20 N.,

9 W.), the worked coal IV? has over it in places about one foot
of good fire-clay, but this runs so frequently into shelly sand-
stonge and shale that it is not workable. The under-clay beneath.
the coal is here only 14 ‘to 16 inches thick, with many fern im-
pressions.
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PARKE COUNTY.

Parke County is situated in the western part of the State, due -
west of Indianapolis. It lies south of Fountain and part of
Montgomery; east of Vermillion; west of Putnam and Mont-
gomery, and north of Clay and Vigo counties. It is nearly rec-
" tangular in shape, having a length of 24 miles from north to
south, and a width of about 20 miles from east to west, its area
being 453 square miles. ‘

The surface rocks of the county represent five Geological Ep-
" ochs, viz., the Knobstone and the .Harrodsburg and Mitchell
limestones of the Lower Carboniferous, and the Mansfield sand-
stone and Coal Measures of the Carboniferous Periods. The
Knobstone outcrops only along Sugar Creek in the extreme
northeastern corner of the county; while the two Lower Car-
boniferous limestones come to the surface over small areas along
the streams in its eastern third. The entire area covered by the
exposures of these three formations is less than ten square miles:
The Mansfield sandstone covers an area of about- 115 |square .
miles, embracihg a strip one to eight miles wide for neahy the
full length of the eastern third of the county. The remainder
of the county, comprising nearly 75 per cent. of its area, is under-
lain by rocks of the Coal Measures.

Parke is one of the best drained counties in Indiana. The
Wabash River, flowing along its western border, receives the
waters of Coal Creek, Sugar Oreek and Raccoon Creek. The
latter two-streams rise east of the county, flow entirely- across
it, and carry an abundance of water. All along the eastern
side of the Wabash the bottom lands tend to have a width of one
or two miles, back of which rise the bluffs from 100 to 250 feet
high. Sugar Creek appears to be flowing through a post-glacial
channel, as far as the mouth of Rush Creek, its immediate valley
being usually narrow and often hemmed in by cliffs of sandstone,
yielding many excellent exposures of the Coal Measure rocks,
and affording, in the vicinity of ‘“Turkey Run,” some of the most
picturesque scenery of the State. Its principal tributaries from
the north are Rush Creek and Sugar Mill Creek; while from the
south enters Roaring Creek which, in the lower part of its course,
winds through a narrow rocky ravine. Many of the smaller
tribuiaries of Sugar Creek are, over_the lower part of their
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courses, enclosed in rocky gorges, with perpendicular or over- .
hanging walls, these gorges being often from 50 to 100 feet
deep and sometimes of a less width at the top than their depths*
as at ’lurkey Run.

Raccoon Creek and its principal tributary, Little Raceoon -
Creek, occupy their preglacial channels as far as Rosedale, above
which point they have broad bottoms and yield but few expo-
sures. The principal tributaries of the main stream are Leather-
wood, Rocky Run, Tron Creek, Stronger’s Branch, Rocky Fork,
Troutman’s Braneh, and Lfittle Raccoon with its tributaries,
Wiesner’s Branch, Williams’ Creek and Sand Creek.

Due to the abundance of its streams, the surface of Parke
County is much broken, especially in the eastern part, where the
divides tend to become. sharp-crested ridges. There are, how-
ever, all over the county, small, scattered patches of level land
so characteristic of a glaciated region. The county lies entirely
. within the drift covered area; though as a rule it is not so deeply
buried as the counties to the north. The drift may be said to
range between 25 and 75 feet, averaging nearer the former, and
occasionally running over the latter up to probably 150 feet.
A terminal moraine crosses the county from east to west across
the southern end, producing hummocky topography and unusual
depth of drift wherever the erosion has left it undisturbed.

The county is fairly well supplied with railway facilities. One
division of the C. & E. I Railway runs north and south through
the western third, while another cuts across the.southwestern
corner. The Springfield Divjsion of the C., H. & D., formerly
known as the I, D. & W., crosses from east to west, north of
the center; the T. H. & L. Division of the Vandalia crosses from
northeast to southwest; while the Central Indiana Railway, leav-
ing the latfer at Sand Creek Station, runs east of south to Brazil,
Clay" County. ‘

The most valuable clay dep0s1ts of Parke County are found
west of the Mansfield sandstone area in the northwestern, west~
ern and southern townships. The numerous streams of the
county have, in many places, eroded deep beds through the sur-
-face strata, exposing the latter to view and affording excellent
opportunities for discovering the thickness and character of the

Coal Measure rocks, to which the majority of the clays belong.
T—Geology.
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Township 17 North, Ranges 6, 7 and 8 West.

In the northern tier of townships in the county transportatlon
“facilities are poor, and but few reported ¢lay deposits were
visited. On a small tributary of Sugar Creek from the south in
séction 8 (17 north, 6 west), is an outerop of blue shale resem-
bling that so extensively used at Veedersburg, Indiana, for mak-
ing vitrified brick. This deposit varies from 20 to 40 feet in
thickness along the bluff.

On the H. Litsey farm, southwest quarter of section 26 (17
north, 7' west), the following section is exposed on Gateswood

_Branch:
Section on Liwey' Farm, Sugar Creek Township.

Feet.  Inches.

1. Coal, bony, usually replaced by shale. .. 1 6
2, Fire-clay ....cvviiviiinioesnesnaseensnnanns 2 0 -
3. HIAAen ......icviiiniiiinieinneenraneeenns 2 0
4. Shaly to massive sandsto [ 3to8 0
5. Blue to gray shale.............. e 14 0
6. Hidden ........c.ciieiiiiienirneirnnsennans 6 0
7. Blueshale ...........c..f.leeiiiiiennnnnn.. 6 0
8. Black shale, bottom bituminous and locally .
replaced by No. 9.:.... ... o0t PR 2 0
9, 008l ...ttt ittt Otol 0
10. Gray to brown fire- clay .................... 21 6
11, Gray shaly sandstone. O 3 0
12, Gray sandy shale runmng into hlue shale.. 20 0

Of the strata exposed, Nos. 2 3, 5,7, 10 and 12, aggregatmg
nearly 50 feet in vertical thickness, consist, for the most part,
of good working, clayey mten 1. A short distance south of this
coal has been extensively mine for local use. The nearest rail-
way is the C., H. & D., thnee iles south. For nearly two miles
above the “Narrows” highlsha' bluffs are numerous, the expo-
sures reaching a thickness ¢f 75 or 80 feet. It is, for the most
part, a black fissile, argllliceo s shale, contammg more or less
iron pyrites and clay ironstones and interstratified with thin
seams of coal and fireclay] In places along this bluff there is
considerable sandstone in th{e shale; in gther places there is very
little. . : \

Heavy beds of shale are also ound along Sugar Mill Creek, in
sections 4, 10, 21, 28 and P9 17 north, 7- west). The largest
of these, and the one in the best_position for working, is at the
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“Pinnacle” on the west side of the creek, southeast quarter of
section 21 (17 north, 7 west). At this point the creek cuts off
the end of a narrow ridge 50 feet high; having a narrow ledge
of sandstone 10 feet thick on top; the lower 40 feet consisting
of drab to black colored shale. The shale lies in a heavy bed
in the northern part of section 28, on the south side of the creek,
where it contains a bed of coal nearly three feet thick.

On the southeast quarter of section 24 (17 north, 8 west), two
and a half miles east of the C. & E. L. Railway, the followmg
section i exposed at the Russell mine: .

wSection at Russell Mine.

1. Hill, covered ..........ociiiiiniuinannnneeerans 50 O+
2. Gray shale .............. et .. 6 0
3. Sandstone and shale ................. e , 8 0
4, Dark drab shale............ oot vens 18 0
5. Coal (from bed Delow)....\vvuvrierierivnnen.. P (] 10
6. Yellow sandstone ................. e eeeeeae 4 ..
T Coal IV i i e e o, 4 0
8. Underclay ........ e ittt reec e e 2 G

The shales, Nos. 2 and 4 of the section, and the under-clay,
No. 8, can all be made into vitrified wares; ‘while the accom-
panying coal will furnish fuel sufficient for their burning.

In the northeast quarter of section 29 (17 north, 8 west), 25
feet of gray shale is exposed by the roadside where the road
descends the bluff. South of this, on the Bowser place (section
32), several thick strata of shale and under-clay outerop, but the
strlppmg above them is extensive.

Townsth 16 North, Ranges 6, 7 and 8 West.

The second tier of townships in the county contain some excel- "
lent clay deposits. Along Sand:Creek, north and west of Nyes-
ville, in sections 27, 33 and 384 (16 north, 7 west), Coal
V has been extensively mined, a switch from the T. H. & L.

. Railway having been constructed to the mines. In this
vicinity coal IV lies 18 to 30 feet below coal V, and the
interval is mostly taken up with the under-clay of V, and a
deposit of blue to gray shale of good quality. A six-foot vein of
‘excellent under-clay also-underlies IV. Railway facilities, fuel
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and raw ‘material being all present, the location is a good one
“for a large clay industry. The clay will, however, have to be -
mined, as the stripping is heavy throughout the region.
In the vicinity of Bloomingdale and Annapolis, in township
16 north, 8 west, occur some deposits of potters’ clay which have
" been extensively used in local potteries. Since the year 1840 a
- clay for the making of stoneware has been obtained from a point
one mile southwest of Bloomingdale, in the northwest quarter
of section 28 (16 mnorth, 8 west).- A branch of Leatherwood
Creek flows through this area, and at several points along its low
bluffs the clay is obtained by stripping. At the time of my visit
the following section was obtained at the latest worked pit:

Section Southwest of Bloomingdale.
' Feet. " Inches.

1. Soil and dvift clay..........cvvrernrnn-. e 3 0
2, Gravel . ... e e e 3 4
3. Coarse siliceous fire-clay............ .. oot 3 3
4, “Iron sandstone” ............cciiiinriiinnenninn 1 10
5. Fine grained potters’ clay.......... ..., 8 0

The potters’ clay (No. 5) is of a grayish or lead color, quite
soft and plastic, and much more so. when washed and kneaded.
It contains a large amount of free silica in very fine grains and,
at scattered intervals, scales of white mica are discernible. It
burns to buff or cream color, and takes a handsome dark glaze
with Albany slip clay,

A partial analysis by Dr. J. N. Hurty showed the following
percentage compomtlon

Analysis of Potters’ Clay from Near Bloomzngdale

Sihca (BI0) vviiiii e [T R P 69.41
Alumina (Alea) .................................. 18.81
Clay base and sand............... s 88.22
Magnesia (MgO) ..... PN .54
Lime (Ca0) ....ovi ittt aiei s .90
Ferrle oxide (Fe,O)........oooviniiiiiiiiiii.., 2.64
FIUXKES oo ie ittt iinyeeteiecameasanareroeannanns 4.08
*Water and volatile matte1 ......................... - 7.65

While the amount of potash and soda were not determined by
Dr. Hurty, the percentage of fluxes present is not so great but
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that it will stand up under heat sufficient to melt the slip clay
used for glazing—a fact which experience has fully verified.

This stratum of potters’ clay covers a large area,south and
west of Bloomingdale. Its maximum thickness is not known, but
it has been reported that at a point one-quarter of a mile east
of where the above section was obtained, 30 feet of it wds passed
through in digging a well. No charge has ever been made for
it by the owners of the land, but for more than fiffy years it
has been washed by potters near the place where mired, and then
hauled in wagons six miles to Rockville. It has also beern used
extensively in a pottery at Bloomingdale, and to a small extent
in one at Annapolis. Many pits have begn opened along the
bluffs of Leatherwood, worked back a short distance, and aban-
doned as soon as the stripping became in anyways heavy. In
almost all of these the clay was very uniform in character and
quality, though in a few the presence of small nodules of iron
carbonate detracted somewhat from its value."

The coarse, siliceous clay (No. 3 of the above section) has been.
used at Bloommgdale in making a cream colored drain tile.
Mixzed with surface clay it also burns into a good quality of
building brick. In some places, however, it contains too many
-.pebbles of limestone from the overlying gravel to be of any
value. The “iron sandstone” (No. 4) separating the two clays, is'
a very heavy and hard, dark colored, coarse grained rock, evi-
dently a combination of some ore of iron and sand:

In the northeast quarter of section 22 (16 north, 8 west), one-

. half mile west of the pit where the above section was taken, a
. stratum of clay outcrops a few feet above the bed of Leather-
.wood .Creek. Although possessing at this place the physical
appearance of a gray siliceous shale, its behavior under heat
proves that it is an under-clay, as it has undoubted refractory
properties and burns to a handsomne buff color. Its composition,
as far as determined by Kramer, is as follows:

- Analysis of Under-Clay on Leatherwood Creek.

. Per Cent.
Silica (Si0,) (fotal). ..o vive i it .. 1332
Aluming (ALO;) +.vvveveviiene e eiiraeenanns s 16.06
Magnesia (Mg0O) ........cocvaennnn ettt .70
Lime (Ca0) ...ovvnniiiiiinn i it iaigaaen, N (1]
Ferric oxide (FeO).............. ettt ... 110

Moisture and volatile.. ...ttt 812
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This under-clay is hard when first mined, but soon weathers
in‘t(i a soft, plastic mass. The thickness of the stratum has not
been determined. Its known properties are such as to merit
further investigation. ' \ '

A bore put down on the Myers farm, just north of the C., H.
& D. Railway, in the west half of the northwest quarter of sec-
tion 22 (16 north, 8 west), encountered the following strata:

Section of Bore on Myers Farm. )
Feet.  Inches. -

1. Reddish clay ............c...c..... P 8 0
2, Dark sandy shale..........coiiiiiinnnnnnnnnnnn 7 0
3. Black gumbo; possibly place of ceal............. 3 0
4. Fine fire and potters’ clay..............ccuv..n 6 0
5. Potters’ clay and shales in layers................ 64 0
B, Coal ... . i i e i, 0 5
7. Fire-clay, potters’ clay and shales of various ]

[7¢) L) - PP 32 0
8. Coal ......... e e i e 2 0
9. Fire-clay, potters’ clay and shales......... e 86 0

This bore indicates the presence of an abundant supply of clay
working material which can be secured by mining; but it _proves
“a lack of fuel for its burning. However, the latter can be gotten
in abundance at Mecca and other points a few miles to the south-
west. )

Three miles northwest of Bloomingdale, on the land of R. A..
Coffin, northeast quarter of section 9 (16 north, 8 west), is the
head of “Coke Oven Hollow,” a deep ravine leading down to
Sugar Creek, and long locally noted for the quantity and variety
of its clays. A pottery was established in this ravine in 1866, and
continued in operation until 1891. It was located on ground
made vacant by the mining of under and potters’ clay for ship-
ment over the old Wabash & Erie Canal, which was connected
by a feeder with the mouth of the ravine, and for use in the
pottery. at Annapolis. .

A connected section of the strata, in the upper half of this
ravine is as follows:

Section in Coke Oven Hollow. . )
Feet.  Inches.

1. Sofl and yellow drift clay......ovevunenunnen... 8 0
2. Buff clayey shale.........coiitiiiiiiiinnnnans 27 0

3. Hard gray sandy shale.............c00cun.. e 4 6
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5. Underclay .........covvenenn e fee 3 3
6. Blue clayey shale..........coovvvenvvneninnn... 8 8
7. “Iron sandstone” ................. P 1 6
8. Plastic potters’ clay.........coviviieiein.... 22 0
9. Dark, hard, sandy shale, mergmﬂ into sand rock. 21 0
10, Coal IV ..\ ittt iiiire e erainenss 2 8 .
11. Under-clay ................ e ene, ieee. 3 10

The potters’ clay (No. 8) is doubtless the same stratum as the
one worked south of Bloomingdale; the overlying “iron sand-
stone” of the two being identical in appearance. In its crude
form the potters’ clay at “Coke Oven Hollow” contains more
or less impurities, but when carefully washed and mixed with
about one-eighth its bulk of under-clay, it burns into that strong,
gray, vitrified stoneware which, since 1841, has been made at
the Annapolis pottery.

The two shales (Nos. 2 and 6 of the above section) are valuable
deposits ; suitable in the highest degree for paving brick, sewer
pipe or other vitrified products. The fire-clays (Nos. 5 and 11)
are also excellent in quality. Sample brick, made from the lower
clay (No. 11) have been tested a number of times and have held
their own in refractory properties with the best fire brick in the
market. Large quantities of this clay were formerly shipped by
the canal to Toledo, Ohio, and points in northern Indiana. The
sandy shale (No. 9) contains too large a percentage of silica and
mica, in coarse particles, to be of value. 7 »

The outerops of the lower vein of coal (No. 10) have been
mined for many years. It is a bituminous coal of good quality,
and, locally, much valued for smithing purposes. Taken by itself
the vein is too thin for profitable working. Mined in connection
with the overlying clays as fuel for their burning, a profitable
industry could be started here were it not for the lack of trans-
portation facilities. Until these are secured the valuable min-
eral” deposits of “Coke Oven Hollow” must remain practically
undeveloped. = )

In the vicinity of Montezuma, Parke County, and Hillsdale,
Vermillion County, are found some jof the largest and best de-
posits of shale and under-clay occurring in the State of Indiana.

The Wabash River, flowing almost dme south between the towns - -

mentioned, forms the boundary line eparating the two counties,
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A

Montezuma is situated on.the eastern bank of the river, on the
edge of a river terrace, 35 feet above low water mark. This
level terrace or river plain extends eastward one and one-half
miles and there meets the bluff or upland which marks the east-
ern bank of the old river channel. On the western side of the
river a stretch of level land, overflowed during high waters, ex-
tends for three-fourths of a mile to a very narrow terrace, on
which the town of Hillsdale is partly located, and from the west-
ern side of which the bluffs, marking the western bank of the
old river, rise abruptly. o

The deposits of shale and fire-clay above mentioned are found
in the bluffs on both sides of the Wabash River. The C., H.
& D. Railway runs east and west through Montezuma and Hllls-
dale. One-eighth of a mile west of where it strikes the bluff in
Parke County it is crossed by the C. & E. L Rallway running

north and south. A tract of 120 acres of land, located in the

southeastern angle of their intersection, is owned by the Marion
Brick Company which, since 1895, has operated here the largest
ordinary brick plant in the State. A short distance east of their
factory is the Montezuma plant of the National Drain Tile Com-
pany, which secures raw clay from the land of the Marion Brick
Company.*

A connected section obtained on the s1des of the bluff and in
a well at its base on’ this land, and on that of Thomas Morgan,
southwest quarter section 31 (16 north, 8 west), ad]ommg it on
the south, disclosed the following strata:

Section Near Plant of- Marion Brick Co., East Montezuma.
’ Feet.  Inches.

1. Surface soil and gravel...............oviinn, 8 0
2. Drab argillaceous shale..........ovovvvvennann, 12 0
3. Clay ironstone .........cvvemiiriiiiienaenns 0 3
4. Black bituminous sheety shale................. 1 4
5. Drab sheety shale................ e 1 0
6. €oal Va v..cvvririiiiiinnmanenneanns [N 1 2
. UnAer-Clay ...ovverrriiinnteenoennsenenoneans e T 0
8. Gray to brownish sandy shale.................. 14 0
9. Gray to blue clayey shale...................... 29 0
10. Dark bituminous shale............... DO o1 4
11, Coal Va ittt ittt et ieeearnaanrenanan 1 8
12, Under-clay .....ccvvviiiiniiimieirricionenranes 1 0
13. Blue sha.le ................................... 9 0

“Full details regardlng these two plants will be found under a later section entitled
“The Clay Industnes of Indmn,p

i

\
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The pit of the Marion Brick Company has been opened to a
depth of 56 feet for 200 yards or more along the slope of the
hill, so that only the strata Nos. 8 to 12 are exposed. From the
section it will be seen that not less than 58 vertical feet of work-
able material are comprised in the shales Nos. 2, 9 and 13, and
the two under-clays, Nos. 7 and 12, at the points mentioned. The
gray sandy shale, No. 8 of this section, merges into a shaly sand-
stone, too siliceous for use, .at a number of points in the pit, and -
hence necessitates heavy stripping to get at the main bed of
shale, No. 9.

This bed of bluish-gray shale is so soft as to be easily seratched
by the nail, exceedingly fine grained, and has a very smooth and
unctuous feel. Where exposed vertically by erosion, it weathers
at first into small quadrangular blocks a few inehes in surface
dimensions. Thege in time break up into finer particles, which
are washed down and give a characteristic grayish yellow tinge
to the surface of the bluff for miles in either direction. Occa-
sional nodules of kidney iron ore are found in the lower part of
this stratum. ;

‘When burned to near the point of vitrification this shale be-
comes a bright cherry red. When vitrified it is a dark brown,
but if heated beyond this point it quickly becomes black, porous
and worthless. It is especially suited for making vitrified prod-
ucts, such as sewer pipe and hollow brick and also dry pressed
brick for the fronts of buildings. It also makes an excellent
roofing tile, as the very thin sheets of clay, when properly pre-
pared for the kiln, do not shrink or warp to any appreciable ex-
tent while burning. For ten years it has been used for ordinary
brick by the Marion Brick Company. In June, 1904, this com-
pany was using a steam shovel which exéavated 660 cubic yards
per day, all of which was used at their plant, bemg hauled up
an incline in cars holding three cubic yards .

The upper under-clay, No. 7, where exposed on the Morgan
land, is an almost white, highly siliceous deposit, remarkably
free from oxides of iron and other impurities. Large quantities
of it were formerly burned into fire-brick and saggars by a roof-

ing tile company at Montezuma. The brick were finer in texture

and more compact than those made from the fire-clay at Hills-
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dale and Highland, across the river. For the purposes used, their
refractoriness gave the highest satisfaction.

' The National Drain File Company have one of thelr four In-
diana factories located about 600 feet east of that of the Marion
Brick Company, and use clay from the same general deposit,
paying therefor a royalty of 5 cents per ton. In the words of
the president of that company, “they had better have paid $1,000
an acre for ‘the land than royalty of 5 cents per ton for five
years.” \

In June, 1904, the tile company was securing clay from a low
spur of the main hill, a section at their pit showing:

Section of-Pit of National Drain Tile Co., East Montezuma.

. Feet Inches
1. Yellow surface clay..........ccoiviunvnnenennnnns 6 0
2. Drab to blue shale.. .........cotviiiineiieiveenns 5 0.
3. Dark bituminous shale).................... s 1 6
4. Coal Va .............. e e e i e 1 8

All of Nos. 1 and 2 are‘ intimately mixed and worked into
drain tile four to 30 inches in size. These tile are not vitrified,
being burned only three to four days. Some care has to be
taken with the larger sizes as they are liable to crack while dry-
ing. « Otherwise the mixture of raw materlal seems in every way
suitable for a durable product of a handsome, dark cherry red
color. The water supply of both these large plants is pumped -
from Teatherwood Creek to a height of 150 feet into storage
tanks on top of the hill just south of the factories.

The bluff for two miles north and nearly the same distance
south of the plant of the Marion Brick Company is largely com-
posed of the above mentioned shales and fire-clays. On the lands
of O. P. Brown, sections 30 and 19 (16 north, 8 west); one-half
mile east of the C. & E. I. Railway, the shales are especially
notable; at one point, the northwest quarter of section 30, the
exposure of the gray and blue varieties together measuring 51
feet in vertical thickness. ‘

By the side of the Rockville and Montezuina road, on the
land of Benjamin Phllhps, valuable deposits of similar materlals
also occur. A bed of buff shale 25 feet thick overlies a thin
seam of coal. Beneath this is a vein of fire-clay six feet in thick-
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ness, and lower down a deposit 12 feet thick, of superior argilla-
ceous shale of the kind locally known as “soapstone.” ~Both this
and the upper shale are very free from impurities and weather
into a very fine-graifled, plastic clay. The point where they are
found is one and a half miles from the C,, H & D and one mile
from the C. & E. I. Railway.

Township 15 North, Ranges 6, 7, 8 and 9 West.

West of Hollandsburg, in section 9 (15 north, 6 west), is a
conspicuous bluff along a small tributary of Raccoon Creek, in
‘which 26 feet of yellow and drab argillaceous shale is exposed,
and can be easily secured by stripping. On the hill north of
Ferndale, section 27 (15 north, 6 west), is a bed of drab argilla-
ceous shale more than 30 feet thick, overlain by a heavy bed of
drift. Both of the above deposits will be found suitable for
vitrified products. -

On the east side of Troutman’s Branch, west of the Hollands-
burg-Mansfield road, near the middle of section 16 (15 north, 6
west), is a nearly perpendicular bluff of blue-drab shale 40 feet
or more in thickness, with little covering. -The upper part of
the bed has a dull yellow to buff color, the lower part a blue-
drab. The shale is nearly uniform in texture throughout the
‘bed, except a stretch three to four inches thick near the middle,
which is a fine grained sandstone.

A section of the bluff shows:

1. Glactal drift and sofl..........ooviiiiniiiinnn 2 to 3 teet
2. Blue-drab ghale, weathered buff on the surface

and containing a/layei',of sandstone 3 to 4 inches,
eXPosed ... .iiiuiiiiiiiiiiiiiie i iieae., BB feet

The shale extends. below the level of the creek, and the total
- thickness is unknown. On the northeast quarter of the mnorth-
east quarter of the same section, on a tributary of Troutman’s
‘Branch, about 25 feet of yellowish brown to drab shale are ex-
" posed above a four inch vein of coal, while beneath the coal is an
eight foot layer of drab colored under-clay. Other exposures of -
"shale occur along Troutman’s Branch, but none were observed
so large or so favorably situated for development as the ones
above described.
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A more _compact form of blue shale has been qua.rried to gome
“extent in section 5 (15 north, 6 west), for use in fire places,
because of its fireproof qualities.

Along Lakey’s Branch on the south half of section 33 (15
‘north, 7 west), occur a number of exposures of clay and shale
Several slope shafts to coal V have been opened in this vi
A general section along the branch as given by Ashley (1898
Report, p. 328), is as follows:

Section on Lakey’s Branch.

Feet. Inches
1. Limestone not seen in place. . : .
2. Light drab clay shale......................... .8 o+
B, 00Bl V ittt .. 2 6
4. Boene coal and pyrite................ e 0 6
5. Light drab fireclay........cooiivieiiiinenes . 2 0
6. Gray shale, in places merging into thin beds of
sandstone .......co ottt 15
7. Gray sandy shale........................ ve.. 3 -0
8 Bonecoal ........... .. c0uun ettt 0 10
" 9. Black bituminous shale with streaks of coal... 9 =~ 0
10. Drab fire-clay with streakl of coal............ 1 0
0

11, Gray shale .......coiiiliiiiiierieiarenneia. 3

Of the strata shown, Nos. 2, 5, 10 and.11, aggregating 14 feet
in vertical thickness, can be made into clay products. Wherever
the gray shale No. 6 does not carry too much silica it, also, can
be used. If a mixture from it and the material from the other .
strata, is made, most of No. 6, as exposed, can be so used. The
Central Indiana Railway passes W1th1n one-fourth of a mile of all
these exposures. .

On the Mary MecAlister place, southwest of southwest of sec-
tion 34, a 50 foot drilling is reported to have gone through four
or five feet of coal at a depth of 33 feet, shale being encountered
all the way to the coal. Tn the northwest of southeast of section
385, on the Jackson Névins place, a section showed: V

. Secﬁon on Nevins Farm.
i - Feet.  Inches.

1. Gray shale ......., T ] 0
2. Drab shale .......c.ciivviiiiiiiiiiniinennan ... 6 0
8. Coal IV .....c.ounen. e e Teeens 5 4
4. Black shale ...ooiuetiinrriiiiiinenrnnnnnecennnans 0 6
5. Shale, merging into gray shaly sandstone......... 6 . 6
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The nine feet of shale above the codl can be used in ‘making
vitrified and ordinary brick. '

Four and a half miles west of Rockville, along the stream
known as Rocky Run, in the northwest quarter of section 3 and
the northeast quarter of section 4 (15 north, 8 west), occurs a~
large deposit of exceedingly fine. grained sandy clay known as
“slip-clay.” This is a natural glaze, of a highly fusible quality,
which, when melted over the surface of stoneware gives to it a
brilliant color and finish. The essential property of a slip-clay
is. low fusibility, for it must melt at a lower temperature than
the clay used in the body of the ware, else the latter will not
stand up under the heat required to melt the glaze. The best
‘slipclay in use among potters cemes from Albany, New York,
and costs, in small lots, about $1.80 per barrel. To the ware
'made from the potters’ clay found at Bloomingdale and Coke
Oven Hollow this gives a brilliant, smooth, dark brown surface.
The slip-clay from Rocky Run is used by the potters of western
Indiana to glaze the inside of the ware. It gives a reddish-
brown glaze, somewhat rougher than that produced by the Al
bany slip.

The Rocky Run slip-clay was analyzed by Dr. Levette* and its
constituents found to be as follows:

Analysis of Rocky Run ‘“Slip-Clay.

Silica (810, oo e 55.20
Alumina (AL, Oy) ... oot i i i i et 14.40
Clay base and sand........ e e 69.60
Ferric oxide (Fe,0p)....ovv vy .. 940
Manganic oxide (MnO,).. ... v, 1.80
Lime (Ca0) ...... e e 6.12
Magnesia (MgO) ................ e e .90
Soda (N8y0) . onvtvn ittt e .52
. Sulphuric anh&dride SO0, B4
Fluxes . .ovvvvnriiii il 19.08
Moisture and volatile................. ... it 8.60

Comparing with the last eolumn of these figures the following
average composition of the six shp-clays used in the leading pot-
teries of Ohio,

*Report of the Geological Survey of Indiana, 1878, p. 159,
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Clay base and sand............. e eaaaas ineaiarsa... 69
FluXe8 ..icciiiiiniiiinieenncnnns e eeee v sesnstearereaans 21
Molsture and volatile........coovevveiinreneinrennsans 9

we see that the Rocky Run clay possesses the necessary constit-
uents of a successful natural glaze. As such it should be more
thoroughly investigated by Indiana potters.

Along the bluffs of Big Raccoon Creék in Wabash Township
are some of the leading clay deposits of Parke County. The
most valuable of these, as far as variety, quality and accessibility
of the clays are concerned, are found just east of Mecca, on the
lands of the Mecca Coal and Mining Company, southeast quarter

. of section 20 and southeast quarter of the northwest quarter of

. section 20 (15 north, 8 west), where the following strata are
exposed in a comnected section beginning near shaft No. 2 of
the Mecca Coal Company, and extending down the ravines to
the mouth of Oklahoma Hollow, and in the shaft of No. 1 mine.
‘Where the strata vary in thickness, the average, as near as ascer-
tained, is given:

Section on Land of Mecca Coal and Mining Company.
Feet. Inc)lea.

1. Soil and drift “hard pan”............. ... il 6 0
2. Light blue sandy shale..............c.coveunnn. 27 0
3. Black bituminous shale........................ 2 0
4. Coal 'Via, double vein with thin fire-clay parting. 1 9
5. Under-clay, light gray.........cccoviiiiennennn. 5 0
6 Blue shale ....... ..., 0 3
T. Coal VI ..o iiiiiiiiiinninenenns RN 0to1l 6
8. Yellow shaly sandstone............coevveenenns 2 .6
© 9. Drab to buff clayey shale...................... 31 0 -
10. Dark sheety bituminous shale.................. 1 0
11, Coal VD . nviv i iii i P 1 6
12. Under-clay, bluish gray........ocoeverveneoenns 5 (5
13. Soft, dark blue clayey shale.................... 8 qQ
14. Dark fossiliferous llmestone.................... 0 6
15. Black sheety shale............ vcivrivenenenns 2 0
16. Coal Va .. oueiriiiennninroannnens Ceedveeienan 1 2
17. Under-clay, dark shaly......... i 1 8
18. Blue ta light gray elayey shale................ 8 6
19. Dark bitumino,us shale with streak of coal at
¢ T T -4 0
20. Under-clay, Hght gray........c.cvvveveeennenn. 3 6 -
- 21, SBandy shale or “fake” in lay&s 2 to 4 inches

thick ........... Cetearenanaan Ceranaaaasaneas 1T 1)

’
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22. Dark bituminous shale..................oouees 3 6
23. Coal IV ...yt iiateinnnannnennans 3 8
24. Under-clay, bluish gray...........ooovevunnn.. 4 6
25. Dark bituminous shale.................ccv..n 4 0
26, Coal III =....covvivnivnnrnnnnnns e eeereeieaenn 5 8
27. Under-clay, merging into sandstone..... e 2 6

2

Outcrops of all the above strata, as far as No. 21, are visible
along -the sides of the ravines, as far down as the bottom of
Oklahoma Hollow. The measurements of Nos. 21 to 27, inclu-
sive, were obtained in the 'shaft of No. 1 mine.

Of the shales and under-clays, Nos. 2, 5, 9, 12, 13, 18, 20,
24 and 27, aggregating not less than 94 feet, and in places 107
feet in vertical thickness, occur in the area mentioned. Of these,
the followmg are of such value as to be Worthy of more ex-
tended mention:

The light blue shale (No. 2) is located by the side of the
switch running to No. 2 coal shaft, and can be easily stripped .
and loaded directly into cars. It contains a large amount of free
silica in fine grained particies Three thin bands of kidney iron
ore are found in the lower half of this stratum at intervals of
two feet apart.

The bed of drab and buff clayey shale (No 9) is a most valu-
able deposit. It is so situated that millions of tons can be loaded
directly onto the switch running to coal shaft No. 1, or onto a
short spur easily constructed. Sixty car loads of it were at one
time shipped to Chicago Heights and used by the Ludowici Tile
Company for making roofing tile. Samples have .also been
burned into red pressed front brick that can scarcely be equaled
in quality or appearance.

The stratum of dark blue clayey shale (No. 13) is sometimes
separated into two nearly equal beds by a layer of brown sand-
stone a foot to two feet in thickness. The shale has been prac-
‘tically tested in the making of paving brick, 75 or more car loads
having at one time been shipped to the Indiana Paving Brick
Company, of Brazil, and used for that purpose. The bricks from
it were as tough and durable as any from the noted stratum of
Brazil shale, to be described hereafter. No. 13 shale is softer
and smoother to the sense of touch than any of those overlying
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it in the section given. Near the bottom of this stratum are
numerous nodules of kidney iron ore which can be readily thrown
aside by the miner.

Analyses of average samples of each of these three shales were-
made by Dr. W. A. Noyes for this Department, their chemical
constituents being found to be as follows:

Analyses of Carboniferous Shales from Land of Mecea Coal and Mining Company.

No. 2. No. 9. No. 18.

Per Cent. | Per Cent. | Per Cent.
Slhoa. (€53 10 2 T 59.77 58.83 59.02
Titaniom oxide (TiO .80 1.10
Alumina (Al;0,) ... 20,60 22.34 20.93
Water combined. . 4.53 5.22 759

\ Clay base and 105 ¥ (N 85.70 | 87.09 88.64
Ferric oxide (Fe,O ) . 2.22 5.3 4.45
Ferrous oxide (FeO) 370 1:44 1.56
Lime (Ca0) . .64 49 .51
Magnesla (MgO) 198 . 1.56 1.66
Potash 3.10 418 2.92
B tNw) & 63 4l

FIUKEE euneeveen ot et iees eerneees e e s veenes 1249 13.43 1151

. Carbon dioxide (COg)i.cv.virevennviiiiiiiiiiienieneeienanns ) O

b 73 T 2 N 99.09 100 62 100.15

Aithongh much more sandy in genereh appearance, the No. 2

- ghale is seen to contain less than one per cent. more silica than
No. 9, and only .75 of one per cent. more than No. 13. How-
ever, the rational analysis of the three shales shows their clay
‘substance to make up respectlvely, 63. 2@ 68.89 and 72.90 .per
_cent. of their totals. A

. Comparing tht percentages of clay bgse and sand and fluxes

found in these shales with that of the §

tandard,* we find their

Standard. N4 2.  No.s.  No.1s.

- Per Cent.  Per [Pent. Per Cent.  Peor Cent.
Clay base and sand........ 84.78 85.40 87.09 88.64
FIUXeS ...............c.... 13.22 12.49 13.43 11.51

chemical composition all that could be
‘of vitrified products. No. 2 will be fo
for brickmaking than for sewer pipe of
other two can be made into any desired foj

Quantities of the bluish-gray under-clay

* See page 82.

esired for the making-
nd to be better suited
hollow brick, but the
rm of vitrified material.
(No. 12), have, in the
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past, been shipped to the Northwestern Terra Cotta Works of o
Chicago and used as a body clay in the making of struetural L
- terra cotta. The upper part of the vein burns to a bright buff
" and the lower to a darker, almost tan color. - Handsome pressed
front brick of the latter tint, made from this deposit, are now in :
the State collection of Indiana clay products. - A

1B
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Fig. 3. Map of Mecca and vicinity, showing location of shale and clay deposits.

~

Under-clay No. 20, outcropping beneath the switch leading to
coal shaft No. 1, is another valuable deposit. It is very soft and
plastic where exposed, and so light colored that it is often used
by miners for whitewashing. It burns to a handsome light buff,
and a number of samples of high grade front brick have been
made from it by the Cayuga Pressed Brick Company. '

Under-clay No. 24 of the above section, found just below the I

- 8—Cteology. s ‘ ‘

.
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upper vein of worked coal, when first mined is a very hard, li_éht-\

gray clay, with fragments of stigmaria and other plant remains
scattered through it. When exposed it soon weathers into a
soft, plastic material. It varies in thickness from two to five feet.
Whenever coal IV comes down to within five feet of coal I, as
it does in places, the whole interval is taken up with this under-
elay. Where the distance between the two coals is greater than
five feet, the lower portion of the interval is a dark bituminous
shale. In the No. 1 mine, the interval as nofed in the above
section, 13 13+ feet. In the new mine, No. 8 in Oklahoma HolQ
low, the two coals are 10 feet apart and the under-clay beneath
the uppér vein five feet thick. In some places the interval is as
much as 16 feet. .

The under-clay, No. 27 found beneath coal IIT, is a hard, dark
gray clay, also with stigmaria or plant rematns. It runs only
about two and a half feet in thickness when 1t merges ‘into -4
dark gray sandstone.

Analyses of under-clays Nos. 12 and 20 were made for the
1895 clay report by Dr. Noyes, and those of Nos. 24 and 27
for this report by Dr. Lyons. The results of the four analyses
are herewith given in one table for comparison:

Anaiyses of Under-Clays from Land of Mecca Coal and Mining Co.

No.12. | No,20. | No.24. | No.2r.
PerCent. | Per Cent. | Per Cent. | Per Cent.
Silica, (8i0a).. .. crsveeveesrnnn s e, 54.46 63.00 65 66.52
Titanium oxide (TIO,) 1.20 1 110 1.01 1.02
Alumina (A1,04).......... 25.71 23.57 1997 20.12
Water combined. .. ... . ; 8.50 - 6.45 .96 .13
Clay base and sand 89.87 94.12 94.59 093.79
Ferric oxide (Fe.0,) . 6.51 1.87 0.72 1.03
Ferrous oxide (FeO) ... 91 T I PR
Lime (Ca0),......... . R K 048 0.33
Mngnesm (MgO) s .83 .89 059" 0.
Potash (1) [T ol 268 240 1.76 3.05
3 ot TSI L 33 29 229 2,57
Fluxes...cccernnnensans P s 10.50 6.35 5.83 6.17
Motals oo iviivienniiiiiin ciieiiie e 100.37 - 10047 10042 ) 99.96

The analyses show that no one of the four under-clays is,
properly speaking, a refractory or “fire-clay,” i. e., a clay which
~will make high grade refractory products, such as furnace brick,
- glass pots, gas retorts, etc. To make such products the clay
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should run as high as 96 per cent. clay base and sand, and not
over four per cent. fluxes. Clay No. 24, from beneath coal IV, 18
the most refractory of the lot. It would serve well as a bond
clay for non-plastic, refractory clays, such as the kaolinite of
Lawrence and. Martin countles or the “fire-clay” of W’est Monte-
_zuma. ‘ :

All the above under-clays are, however, well sulted for the
making of sewer pipe, hollow brick, condults, flye linings, terra
cotta, pressed front brick, ete. Nos. 20, 24 and 27 can alse be
made into stoneware.

The Mecca Coal and Mining Company mines, from the land
on which the above clays are found, coals ITII and IV which, in
hls region, are semi-block coals. As a fuel either for domestic
or manufacturing | purposes they take rank among Indiana coals
second only to “Brazil Block.” At Veedersburg and Montezuma

. and at the Dee Sewer Plpe Plant at West Mecca, where these
coals have long been used in the making of paving and fire-brick
and sewer pipe, they are pronounced the best fuel which can be
_ secured for burning these products. Running to each of the coal
shafts, and passing by the side of the main strata of shales and
fire-clays, are switches .of the C. & E. I. Railway. Raccoon
Creek, with a never-failing supply of water, is within one-eighth
of a mile of the leading deposits. With an unlimited supply, in
great variety, of the better grades of shales and fire-clays, with
good transportation facilities already constructed, and with ex- .
cellent fuel and plenty of water—all in one place—this is the
most eligible locatmn for a great clay industry which Parke
County possesses. Indeed, few better can be found in the State.
On the western bluffs of Big Raccoon Creek similar deposits
occur but, while extensive, they are not of so great variety. The -
Wm. E. Dee Clay and Manufacturing Company, of Chicago,
owns a large tract in the southeast quarter of section 19, and at
the foot of the bluffs is operating two large sewer pipe factones
one of which was erected in 1895, the other in 1904. Combined,
they form the largest clay industry-in the State. Since 1895,
the town of Mecca, now containing 1,200 population, has come
into existence at this point. ° :
'On the bluff ]ust west of the sewer pipe plants Mr. Dee sunk
a test shaft 6x6 feet in size, which diselosed the following strata:
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Section of Test Shaft on Dee Land/ag Mecca.

1. Sofl and yellow clay. e AP 8 6
2. Coal VI \ooouurennnnnnnnnn., ket 1 2
3. Underclay ................. e e, 4 (]
4. Gray to blue clayey shale........oooveernnrr.... 41 4
5. Coal Vb .. e 1 6
6, Under-clay ....o.viirriiriiiii it aan 9 ¢

Nos. 8, 4 and 6 of the section are used in the two factories,
the shale being mainly used in the old one in making sewer pipe,
and the under-clays in the new one in the making of hollow
brick, flue linings, ete. No less than 1,452 car loads of material,
valued at $171,271 were made at the old factory alone in 1903.
The pit from which the shale for this pipe is gotten is located
about 150 yards west of the factory on the slope of the bluff,
the shale, when blasted down, being hauled in carts by horse-
power to.the plant. Ten men are worked in the pit. A fine
grade of coal, costing $1.72 per ton, l#id down, is secured from -
the Mecca Coal and. Mining Company’s No. 3 plant, a mile
tortheast. There is little doubt but that both No. IV and No.
ITI coal, of workable thickness wonld be found beneath the Dee
" Company’s tract, should a shaft be sunk to their levels. Water
is secured from Raceoon Creek, a few hundred yards east of the
plants. - Having here the four great’ necessary factors, viz., raw
materials, transportation, cheap fuel and a plentiful water sup-
ply, the Dee Company’s success was assured from the start.
" From a small beginning in 1895 it has grown gradually into one
of the greatest industries of western Indiana.

The bluff west of the town of Mecca extends north about two
miles and south-southeast to Rosedale and beyond the county line.
It forms the eastern side of a narrow ridge or tongue of high
land, underlain by coal VI, which extends northward into the
angle formed by the junction of Raccoon Creek and the Wabash
River. West of Mecca this ridge is but about one and a fourth
miles .wide and 100 or more feet above the lowlands bordering
“the two streams. The bed of shale worked by Dee at Mecca ex-
tends clear across this ridge and on the western side outcrops
with a 25 foot exposure in the northwest cormer of section 25
(15 north, 9 west), near the junction of the Mecca-Clinton and

river roads.
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' The Marion Brick Company, of Indianapolis, operating at
Montezuma and Marion two of the largest ordinary brick plants
in the State, recently purchased from 8. Dixon, 36 acres_of land
one and a fourth miles south of Mecca in the. northwest of the

northwest quarter of section 32 ({5 north 8 west). This land
corners on the C. & E. I. Railway and, fo# the most part, is
included in the upland or eastern side of the ridge above men- -

tioned. In 'a narrow ravine extending back from the lowland
near the railway into the ridge, a fine bed of dove-colored clayey
shale olterops with an exposure of 80 feet, with only two or
three feet of overlying surface. Beneath the shale is a 20 inch
vein of coal overlying five feet of under-clay. This under-clay

merges into a stratum of shaly sandstone two or three feet in . =~

thickness, which forms the roof of coal VI, here three feet six

inches thick. Underlying coal VI is a vein of under-clay, three '

to five feet thick, which is said to be a superior potters’ clay.
- The Marion Brlck Company paid but $70 an acre for the land,
including all these resources, and will soon erect a large plant
on the low ground next to the railway to utilize the various clay
materials.

South of the DlXOIl farm, on the lands of Mrs. S. C. Pruett,
Freeman Cox and George Laverty, in sections 32 (15 -morth, 8
west), and 5 and 6 (14 north, 8 west), the same shales and under-
clays are found in profusion. The C. & E. I. Railway either
skirts or rums through these lands and furnishes an excellent
outlet to Chicago and other'niorthern points, while the T., H. &

L. is but a few miles to the southeast. There is little-doubt but

that this valley of the Raccoon between Mecca and Coxville will,

in a few years, be the seat of numerous and important clay'

industries.

Township,l.é N orth, Ra,nges 6,7,8and 9 We_s_t.

Beds of under-clay, beneath coal I, suitable for terra cotta or
" sewer pipe, are exposed in the northwest quarter of section 4,
and in the northwest and southeast quarters of section 14 (14
north, 6 -west). : :
On the'south bluff of Otter Creek northeast quarter of section

36 ‘(14 morth, 7 west), a mile and a half northwest of Carbon,
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.and one-half mile east of the Central Indiana Railway, is an
- exposure of shale 17 feet thick. The upper nine feet is a soft,

grayish-blue material free from grit dnd seemingly of excellent
quahty for all kinds of vitrified products. The lower eight feet
contains more silica and W111 be found better fitted for ordinary

brick. The bottom of the bed is hidden, and its thickness at this

point is therefore unknown. Otter Creek furnishes an abundant
supply of water. Coal III, averaging about three feet three
inches in thickness, occurs in this region, and will probably be -

found from 10 to 18 feet below the level of Otter Creek at the -

point mentioned, with a bed of under-clay beneath. But one or
two feet of strippifig would be necessary to get at the top of the
shale. -

This same bed of shale outcrops along Otter Creek in various
places in sections 31 and 32 above the point mentioned. ‘A spur
of the Big Four Railway runs out to several mines in section 32.
By the side of the spur, on the land of Joseph Dalton, in the

. southwest quarter of that section, a bed of drab clay shale 6+ feet

thick occurs® just over coal IV, which is here four feet three -
inches thick, with a bed of under-clay three and a half feet thick
beneath it. Much of the coal has been worked out from beneath
this region. .

" One mile north of Bridgetom, on the land of John Johns,
northwest quarter of the northeast quarter of section 15 (14
north, 7 west), and within 100 yards of the Central Indiana Rail-

_ way, a slope shaft has been put into the side of a bluff to mine

coal IV. On the side of the hill, at the mouth of the shaft, the
following section is exposed: -

Section on Johns Farm, North of Bridgeton.
Feet, Inches.

1. Soiland surface clay.........c.ceviviiemarenn 0 8
2. Buff to drab clayey shale....................... 22 ]
8. Coal IV .ottt ittt et ;2 5
4, Bone coal .......c.eoiviinnnnnns et bbeesiaas 1 4]
B. Under-clay *.......coiiiiii i iiiiinnenen 6 0

The shale No. 2, where exposed, had weathered into a soft,
plastic clay, havmg every appearance of a good V1tr1fy1ng mate-
rial. The under-clay, No. 5, was_of a light gray color, very free
from impurities, and weathered on the exposed face into fine




_CLAYS OF PARKE COUNTY. - 119
B '
- g | - L { Z[ T . £ 7 N

4 === —] — #
. <SS S
=TT === =5
S —— \\\Q\\ \\_. == ”f
. S \\\ 2 .
rJ S = R
S by
=== S i
T [
=5 \\\ >\ - 9 A
S = X [ o
=
= =
==
ke J

SPOAGE P WEST

Shale

Exlra shale
Coal sfope

w a Brideeton and vicinity, showing location of shale deposits.




120 ’ REPORT OF STATE GEOLOGIST:
quadrangular pieces, indicative of its superior quality. Where
wet, it was exceedingly plastic, and it can, without doubt, be
made into the best of hollow bnck sewer pipe, flue linings and
" kindred products, also into stoneware.

An area of 160 acres south of the shaft opening is, without
- doubt, underlain with the same shale and clay. Water in abun-
ﬁ dance can be secured from Raccoon Creek, one-half mile distant,
and with a railway already in place, this tract offers an excellent
“site’ for a large clay industry.

Along a small stream leading northwest from the Johns open-
ing, the same stratum of shale outcrops for one-half mile or more,
in places 20 to 25 feet thick. One of the best exposures is on
the L. Martin farm in the southwest quarter of section 10 (14
north 7 west), where the shale has. been removed to make room
for a roadway.

Z[ust west of this, on the G. K. Martin land west half of the
southwest quarter of section 10, coal IV was being stripped along
a branch in October, 1904." The section exposed showed: ’

Section on G. K. Martin Farm, North of Bridgeton, Ind.

’ Feet.  Inches.
1. Alluvial surface soil and clay ..................... 3 0
2, Bhale ....i.. il e e e e e 2 10
3. Coal IV ...t iiniians D 2 4
4, Under-clay .......ieviineiiniiieniiaiaiana,s PO I 0

The shale stratum, 20 feet thick, occurs near the surface over
200 or more actes in the upland just to the south and west, while
the under-clay, three and a half to four feet thick, is exposed in
several places 150 yards farther down the stream. A bore put
down on the G. K. Martin land, northeast of northwest of section
15, passed through the following strata:

Section of Bore No. 4 on G. K. Martin -Land.

. Feet
1. Surface Clay ... vi vttt ittt isineittieronanrsnenes 4
2, Light drab to buff shale...............ciiiiiineny ", 33
T 8. Blue ShAle ...ttt i it e et 4
4, Coal IV .......... ettt e, eeeaen 3
5. Under-clay .......vviiunirirnreerenenennnneenenns “... 4

6. -Sand rock .............00nnn. s e Ta.. .. 88
7. LIME rock .....vvvivvninn.. T Lol e
8 Coal IIT ..oovniinievenerinrennens e eine e, i 4
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One-half mile southeast of Minshall, in the northwest quarter
of section 17 (14 north, 7 west), a bore put down near shaft No.
7, disclosed the presence of the following underlying strata:

Record of Bore Near Shaft No. 7, Southeast of Minshall.

‘Feet.  Inches
1. Surface ..........cooiiiiniivenn, e .. 4 0
2. Fireclay ...ttt i i 3 0 i
3. Black shale .........c.oiiviiirernenncnesennns 8 0 "
4, Coal ... ie it 1 6
B, Fire-clay .....covviiiiiiiiiiieriirtneonaaans 4 6 “
6. Black shale ..............ciiiiiiiiiiiiia.., 2 6 b
7. Blue limestone ...... e et etiae e 3 0 ;
8. Light clay shale..............coiiiiiirnnnnnnn, 9 6 ’
9. Gray shale ........ .0ttt iiiiiiainaannans 24 0
10. Dark blue shale...............coiiiiiiiinnn, 23 6 -
B TR ) 0 6 :
12. Fire-clay ........ FEETERTEe Ceveronennnnnnnanans 3 6
13. Black shale, coal mixed......... R 2 0
14, FUre-Clay . ..vviniiiiiiiii ittt innearanennnns 4 6
15. Black shale ...........ciiiiiteiernnnnonnaneen 9 - 0 :
16. COAl ottt e 0~ 6 -
N D ) T 4 0
This bore showed the presence in that vicinity of 764 feet of -
shale and under-clays, embraced in Nos. 2, 5, 8, 9, 10, 12, 14 and - i
17 of the above section. This out of a total of 1074 feet shows :

a plentiful supply of clay working materials. Switches from the
T. H. & L. Railway are already in place and coal in abundance ™
is mined within one-half mile.

In the vicinity of Caseyville, near the Clay County line, thick
deposits of both shale and fire-clay have been exposed in mining
the block coal No. IV. Switches from three railroads penetrate
this region and give abundant facilities for shipping. At the
Superior No. 2 mine, southwest quarter of section 35 (14 north;.

7 west), operated. by Zeller, McClelland & Co., of Brazil, the
following section was obtained from the shaft: ;
Section of Superior No. 2 Shaft. P
) Fect.  Inches.
1. Surface .....ovnvniiiiiiiii i i e 60 0
2. Blackshale ........ ... .ottt 7 0
3. Coal Vo iiiniiiii sttt e . 4 6
4, Under-clay ......c.ociieeeiiirnatossosnncsoranes 5, 0 B
B SBALE .eovtt ittt e e e 15 0 |
DB CORL IV oot 4 4 ;
7. UDAET-ClAY .tooippinonesispenpecsnnsinerera 4 8 ;
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The shale No 5 is a dark blue, clayey material, while the
under-clay, No. 7, is a fine quality of dark gray plastic fire-clay,
similar to that of the same horizon which-is used so extensively
at Brazil. Much of this under-clay has, in the past, been loaded
“for shipment to Chicago, there to be made into terra cotta. It
brought 45 cents a ton at the mine. As some of it had to be
taken up to make height in the rooms and entries, a fair profit
- was realized at this price. Thousands of tons of it, mixed with
other useless materials, have gone to waste on the dump.

In the Coxville-Rosedale area, southwest quarter of township
14 north, 8 west, a general section, as given by Ashley,* shows
the first 50 feet as follows:

General Section tn Coxville-Rosedale Area.
Feet.  Inches,

1, Surface .........ciiieiiiiiieneaenes et T . 0
2. UNAEr-Clay ~.....ovviiiiiuieneerennnenanans e T 0
3. Sandstone ..........cccieiiiiiiiieraieinanaaan 5 6
4. ‘Drab shale ........ccvviiiiiiiniiierennnnns vee. O 6
5. Coal VI ... ... . ittt it icncnenanea 5 0
6. Underclay .......cccvoiiiiinreneiieiinnencnnans 4 ]
7. Light gray clayey shale. R 20 0
8 Drab shale .........c.oiiiiiiiiiiiiniirrannnans 1 -0
9. €08l VD veeteiiit et e 0 10
10. Under-clay ........c.ociiriinimenrnresenanaean 0 6

The shale, No. 7, and the under-clay, No. 6, are the same
strata as are used so extensively at the Dee sewer pipe works at

’ . Mecea; the shale occurring between coals VI and Vb, and the

under-clay below the former over a large area jn southwestern
Parke County. ‘
" At the No. 6 shaft of the Parke County Coal Company, in the
northwest quarter of section 27 (14 north, 8 west), a bed of shale
58 feet thick was encountered after passing through 10 feet of
overlying drift material. The greater part of this was suitable
for manufacturing purposes. The fire-clay beneath the worked
vein of coal (No. VI) runs from four to six feet in thickness in
- ‘the region, and merges into sandstone.

Northwest of Coxville, in the area between Irons and Little
Raccoon creeks, are some excellent deposits of shale and under-
clay. One of these, on the land of W. W. Ray, west half of sec-

 ®Twenty-third Ann. Rep. Ind. Dept. Geol. & Nat. Res., 1898, 381,
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tion 15 (14 north, 8 /West), is on a spur of the T. H.'& I. Rail- -

way. .Coal VI is here four and a half feet thick, with 18 feet of
a fine quality of shale above it and four to nine feet of under-
clay below it. A sample of this under-clay, analyzed by Dr.
Noyes, showed the followmg chemical” composition :

Analysis of Under-Clay from Land of W. W. Ray.

Per Cent.
Sillea (810,) vovivr ittt it e it ii e 53.91-
Titanium oxide (THO)...........c.en.... vereaea. 1.60
Aluming (ALOY .ovvvvrerinnnnrvnennnnnn. i 26.18 \
Water combined .........ciiiiiiinrnnnnn. e 7.99
Clay base and 8and........covvivinuneernnnnn. . 89.68
Ferric oxide (Fe:0p).. v v vhiiiiii i ciieiiiinnnns .. 3.39 :
Ferrous oxide (FeO)................oevviniiiin.t. 1.25
Lime (020.) «euvvniinnnnonrienieeenieeneen.s 180 _
Magnesia (MEZO) . ..vrirrnerrurneineneenenennens .95 )
Potash (K,0) ..... P 60 .
802 (N8,0) vovri et i it e e e eeee. 44
N 0D U 9.93
Carbon dioxide (CO.). ... oo iivi ittt iiterisnsnnan .25
PotaAl it e e e e 99.86

The analysis proves the chemical fitness of the clay for mefkmg
all kinds of vitrified products, and especially sewer pipe, hollow
brick, flue-linings, chimney tops, etc. Combined with the over-

lying shale, it will make a good vitrified brick. It will also burn

into a handsome dry pressed front building brick.

A burned sample of the overlying shale furnished me by Supt.\'

F. T. Hatch, of the Vandalia Railway, shows that its vitrifyin
qualities are perfect. With good railway facilities, plenty of
water, and an abundance of coal, all present, this deposit of shale
and under-clay offers exceptional advantages to any one seeking a
- site for a new clay industry.

Oue mile northwest, on the J. P. Cornelius farm, east side of
section 9 (14 north, 8 west), coal VIa outcrops with six feet of

“fine under-clay beneath it. Both shales and fire-clays abound on

both sides of the high ridge extending between Irons and Rac-
coon ‘creeks, from near Coxville to and above Mecea.
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" In the Lyford No. 2 coal shaft, west half of section 13 (14
north, 9 west), the upper 50 feet of a sectlon shows :

REPORT OF s’m‘rﬁ gEoLoaist,

Part of Section of Lyford No. 2 Shaft.

‘ ; Feet.  Inches.
t1. Surfacq {1;1 q@aft) ........... R PR . 8 6
2. Blue shale .o\ . ivuiinvnn it iiiciiinineannns 31 0
.8 Gray shale ..........c.c0iiiiiiiiiniins e 11 6

Coal VI, six and a half feet in thickness, is wori;ed at a depth

" of 143 feet, with six feet ten inches of a fine quality of a very

plastic under-clay below it. Railway switches are already in
place and water in abundance can be obtained from the Wabash
River, less. than one mile to the west.

The southern portion of Parke County extends beyond the
limits of the Wisconsin drift sheet, and its surfade is covered
with a nearly pebbleless Wliite clay several feet in thickness,
which rests upon a sheet of older or Illinoian drift. The central
and northern portions of the county, and a narrow belt along the
- Wabash, in the southern portion, are covered by the later sheet
of till. Wells are often obtained at the junction of the two drift
- sheets at depths of 20 to 40 feet on plane tracts, and somewhat
greater depths on the moraines or drift ridges.

The surface clays are used only at Bellmore, where about 36
inches of a swamp deposit are made into drain tile. At Rock-
ville wells reach the bottom of the newer drift at about 25 feet.
A sample of a yellow surface clay from near Rockville was an-
_ alyzed by T. W. Smith, and its composition found to be:

Analysis of Surface Drift Clay from Rockville.

CSilica (S10)) .o i i it i 66.84
Alumina (ALOy ........coiiiiiiiiiiiiiiiii e, 13.64
. Water combined ....... ettt et 4.22
Clay base and sand ................ PO 84.70
Ferric oxide (Fe,0).......... e e 9.40
Lime (C80) . ...ttt iiianiintncerarnsansnnss 1.36
Magnesia (MBO) .......ccovvveerrnneans e trace
Potash (K,0) ........... @it tee et .64
Soda (N2,0) ooviiriiieiiiieaeeeannns SO 3.34
FIUXeS . .iviiiiireiniisieiate et nnasifonenannns 14.74
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The analyms proves the chemlcal fitness of the clay for ordi-
hary brick and drain tile. The percentage of iron is too high for
vitrified wares.

From what has been sald it may be seen that Parke County

"abounds in clays suitable for ordinary and pressed front, brick,

terra cotta, roofing tile, sewer and drain pipe, paving brick, stone-

~ware and refractory products., Only the larger and more notable

deposits have been mentioned in the foregoing pages. Many
others of as good quality doubtless oceur. These rich resources
are as yet practically undeveloped. Aside from a few small
stoneware potteries and brick yards, supplying a local trade,
there are but three factories for making clay products located
in the county, viz., the Wm. E.. Dee plant at Mecca, and the
plants of the Marion Brick and National Drain Tile companies at
East Montezuma. - These have been started since the former clay
report was issued, and have met with unqualified success in all
their operations. They are but.the forerunners of others to come,
for the raw material is there, the fuel in abundance to burn it is
there, four railroads pass entirely through the county, and two
others touch its borders, all ready to carry the completed products
to the four quarters of the globe. With these facilities present,
capital in time will come, will be invested,  and will make the
ounty a great clay industrial center.

VERMILLION COUNTY.

This county lies on the western edge of the center of the State,
Jjust south of Warren, west of Fountain and Parke and north of
Vigo County. Its eastern boundary is the Wabash River, and its
western the Illinois State line. It comprises a strip of territory
whose maximum leﬁgth is 871 miles, and average width a little
less than seven miles; its area being 255 square miles.

- The Coal Measure rocks of the Clarboniferous Period form the
surface of the entire county with the exception of a very narrow
strip along the west bank nf the Wabash in the northern fourth,
where the Mansfield sandstone of the same period is exposed.
The river here flows through a narrow valley cut-in the sand-
stone, which outcrops at frequent intervals in a ledge rising 30
to 50 feet aboye the river from Jordan Creek north to the north-




126 REPORT \OF STATE GEOLOGIST.

ern boundary. South of Jordan Creek the sandstone veases aund
2 clay and gravel terrace, flanked by low bluffs on the west, con-
tinues to the Big Vermillion Valley.

The Wabash River on- the east forms the drainage level of
the county, receiving from the west all streams which drain its
area. These, named in order from north to south are, Spring .
Creek, Jordan Creek, Big and Little Vermillion rivers, Raccoon
Creek, Norton's Creek, Feather Creek and Brouilett’s Creek.

About one-third of the area of the county is taken up by the
terraces and lowland bottoms of the Wabash and its tributaries.
Between the Big and Little Vermillion rivers the Wabash bot-
tom land reaches its extreme breadth of 2.5 to 8.5 miles. From
a point two miles south of Hillsdale northward for six miles, or
nearly to Newport, the county seat, the bluffs are high and close
to the river, so that the small tributaries serrating the front of
the bluff yield numerous good exposures of the Coal Measure
Rocks. Below the point mentioned, the bluffs swing off to the
southwest, leaving a wide terrace of sand, gravel and clay, prin-
cipally comprised in Helt’s prairie, which rises about 40 feet
above the river. In the southern part of the county the bluffs
are one or two miles from the river, and rise 100 to 135 feet
above low water mark. The upland area of the county is, in
general, a high, flat, prairie like country, forming, in the main,
a rich agricultural region. This area is cut through by the Big
and Little Vermillion rivers and Brouilett’s Creek, the two
former -having cut down to the base level of the Wabash. The
most broken part of the county is probably along the Big Ver-
million, the banks of which rise 100 to 140 feet above low water
mark in the Wabash. .

Along the bluffs of the Wabash and .other streams, at the point
where they meet their terraces, the largest and most available
deposits of under-clays and shales found in the county are ex-
posed. The Chieago and Eastern Illinois Railway, running north
and south the full length of the county, and close to its eastern .

_ border, has its road bed within a mile and a half of nearly all of
the principal clay exposures. Two other railways, the Toledo,.
St. Louis & Kansas City, and the Springfield Division of the C.,
H. & D., cross the county from east to west; the former across
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the south border of the northern third, and the latter, south of
the center. In addition to these, the Peoria Division of the Big
F¥our touches the northwestern cormer, while a Chicago exten-
sion of the Southern Indiana,,now in course of construetion, will
run north and south through the western portion of the southern
half; so that the transportation facilities are of the best.

Townships 19 and 18 North, Ranges 9 and 10 West.

No personal examination was made of the clays of this area.
A section at Perrysville, northeast quarter of section 33 (19
north, 9 west), given by F. H. Bradley* records coal VI, 8 to 18

inches in thickness, as occurring close to the surface, with two

feet of under-clay and 12 to 15 feet of soft blue clay shale im-
‘mediately below. Drilling to a depth of over 100 feet failed to

- disclose another vein of coal, but several beds of black, shaly,
calcareous clay were encountered.

Along Spring Creek, in the southeast of the southwest of sec-
tion 10 (19 north, 9 west), there is an exposure of 18 feet of blue
clay shale; while in the southeast of the northeast of 9 six feet
of the same material outerops on the north bank of the creek.

But few deposits of workable shale or clay are exposed in town-
ship 18 north, 9 west, outcrops above the coals being usually a
shaly sandstone or a soft black shale. According to Ashley,
#probably all of 18 north, 10 west, is underlain by coal VI and

coal VIa which, over much of that area, may be presumed to be-
workable, since they appear to be workable wherever exposed or -

pierced with the drill.” To work both of them the intervening
clay should be marketed, tests having shown it to be very suitable
. for brick. This coal occurs about at drainage level in the south-
_ern part of the township, but becoming 60 or 70 feet below the
shallow cutting streams in the northern part.”
‘A section on the Brand farm, southeast of southeast of section
=20, shows: : '

*First Ann. Rep. State Geol. Ind., 1869, 158.
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Section of Drilling on Brand Farm. S
Feet.  Inches.

1. Loam ........coco.-. N e tee s 4 8
2. ClAY «vevirnnnianeneiinnn, U i 5 0,
3. Under-clay .......oveiiiiiniininnnieeainnnenns 8 0
4. Black shale ............... e e "8 0
5. Coal VI ..ottt nes 5 0
6. Under-clay ...... it e 6 0
7. Coal Vb ........... e e et te et e 1 . 38
8, UNAer-ClAY ..ovvvrrrinenraeenannineonnnans .. 3 0
Q.- Sandstone .........ciiiiiii i 5 0
10.. Metalliferous sand shale.............«......... 11 0
11, Under-Clay . ..evvvviinnnnerenninnnneannns e 5 0
12, €08l VA tieiit ittt it ettt et enanennnes 1 2
137 Soapstone ........ .l e 13 0

Of the strata given, Nos. 2, 3, 6, 8, 11 and 13, aggregating
40 out of a total of 744 feet, are sultable for many kmds of clay
wares.

- Township 1’7 North, Ranges 9 and 10 West.

Between Cayuga and Newport the Wabash River flows in a
southeasterly direction and its terrace or second bottom widens
out until, in ptaces it is nearly four miles in width, with an aver-
age elevation of almost 40 feet above the overflowed bottom land.
Along the western border of this terrace or prairie the outcrops
of shale and clay, with their accompanying coals, occur in many
places. But one of these has been utilized, and that by the Acme
Brick Works and the Cayuga Brick and Coal Company, in the
northeast quarter of section 7 (17 north, 9 west), on a spur of
the Clover Leaf Railway. The first named company purchased
25 acres of bluff or upland, one mile southwest of Cayuga, and
began the making of ordinary brick in the sprlng of 1904. A
section of their pit in July showed: :

Section of Pit at Aeme Brick Works.

Soil and yellow (;lay ..................... e
Pinkish shaly sandstone :

- Bluish gray clayey shale
Dark blue under- clay ...............

oo o H

The yellow clay, No. 1, is of glacial origin, but is almost free
from lime pebbles and other harmful impurities. The shale, No.
3, is of excellent quality, being soft, unctuons and free from
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grit. No. 4 is peculiar in that, while much darker in color than
the overlying shale, it burns to a buff or creamy white. The cosl
vein belonging between Nos. 3 and 4 has evidently run out be-
fore reaching the locality of the pit. All the above strata are
mixed and used, from 60 to 75 cars, holding orie and a half cubic
yards each, being taken from the pit each day to make 35,000
ordinary brick. :

A bore sunk from the bottom of a ravine on the company’s
land a short distance southwest of the pit showed:

Section of Bore on Land of Acme Brick Works.

Feet Inches.
1. Sandstone ...........ccciiiiiiniiians PN 1 0
T2, Light gray clayey shale. .. .....ouvueuennvnenenns 24 0
3. Shaly sand rock.........coeivieiierevnnnnenns L. 20 - 0
4, Under-Clay ...ovvrinne ittt ronenns .3 0
5. Gray shale ........oiiiiiiirinnnerrennne T 8 0
6. Under-clay ......oooveieiiiiinineennnnnnennnenss 1 3
A O ) 2 6
B, Under-clay ......ccoeiiiiiiiiinnernnnnnnns SRR 0 11
L T 0 4 O 2 6

It is the intention, in time, to sink a shaft to the coals, Nos.
7 and 9, and mine both them and the separating band of under-
clay. The raw materials at hand give every assurance of a suc-
cessful future to the industry.

One-third of a mile south, on the same sectlon, is located the
plant, coal shaft and clay pit of the Cayuga Brick and Coal Com-
pany. A section in that portion of the pit belng worked in July,
1904, showed ‘

8 ectfon of Clay Pit of Cayuga Brick and Coal é'dmpany.

< Feet.  Inches.
1. Soil and surface Clay .. ottt it 4 o
2. Boft pipkish brown shaly sandstone. ............ 11 0
3. Drab to gray sandy shale................. e 18 0
4, Traces0f coal VID. ..o.uuusirvnnsernnseneeneonss o0 3
5. Dark blue under- clay ............ rere e aieeie e 6 0

The soil and shaly sandstone, Nos. 1-and 2, 12 to 19 feet in
thickness, are stripped, necessitating a heavy expense to get at

the underlying strata. The sandstone, No. 2, merges gradually.

into the shale, No. 8, so that the upper portion of the latter con-
tains a large quantity of free silica and numerous scales of mica;
9—Geology.

)
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not enough, however, to prove harmful. The upper and lower
portions of the shale stratum were formerly mixed together in
- varying proportions to form different shades of red dry pressed
front brick. Average samples, taken from the centers of several
* unburned brick, which were made of a mixture, were analyzed by
Professor Noyes for the 1895 clay report, and the composition
found to be: 4

" Analysis of Shales Used by the Cayuga Brick and Coal Company.

Silica (8105 .viviiiiinn ittt 65.78
Titanium oxide (TH0z)............ e ieerartma e 1.00
Alumina (ALOg) . .ovvirin i it iiiieiananannn .. 1479
‘Water combined ............0iiiiitiiiianiaiannas 498
Clay base and sand..........covviiinennnanss B 86.55
Ferric oxide (Fe,05). oo viri it eninieieienenanannans 8.03 N
Lime (Ca0) «.viniiinirit it einnircarannraeanaann 54
Magnesia (MZO) ..viviiit i inesnetonoeneneenanes 1.42
Potash (Ky0) «vvvvvnnnninenenenennnns Yevannn e 2.82
Soda (Na,0) ..ovvnniiii ittt iiiiienieeans 97
THIKES «vvevreneeeeanannnes [P SO "18.78
Carbon dioxide (COp)............ F .26
LS 1 72 ) [ ©100.59

The mixture burned into a tough, even grained, front brick
of a handsome and uniform shade of red. Its composition shows
it to be well suited for the making of vitrified products. In 1902
the company abandoned the dry pressed process and began mak-
ing a stiff mud facing brick from the same material. These brick
are burned in Eudaly kilns and come out a handsome dark cherry
red in color.. The average output of the factory is about 50,000
per day for 10 months of the year. For these it takes 110 cars
of shale from the pit, the cars being hauled by steam power up
an inclined tramway and dumped automatically near the dry
‘pans.

© Stratum No. 5 of the section given has the general appear-
ance of an under-clay, being unlaminated, but is of a darker color
than is usually possessed by such deposits. The trace of coal
above it is additional proof that it is an under-clay and not a
shale. In the shaft of the mine, just west of the clay pit, it was
7 feet thick and was mined from there for some years for brick-

’
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Shale Pit of Cayuga Brick & Coal Co.; Cayuga, Vermillion County.

Shale Pit of Newport Brick & Clay Co., Newport, Vermillion County.
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making purposes.. Its chemical analysis proved it, however, to -
be of low refractory power. Prof. Noyes analyzed an average
sample and found its composition to be as follows: ’

Analysis of Under-Clay from Pit of Cayuga Brick Company.

Silica (8102) ..vvvviviiiiiiiieitiennenen eeivie... 55.09
Titanium oxide (T102.....vvurrvivrvneeneToeanesn 1.20
Alumina (ALOy) ......... b eeneaennns e ereecenuaee 20.76
Water combined ............ ..ottt 7.01
Clay base and sand...........ccvveverenannes . 84.06
Ferric oxide (Fe,0). .. oo vivr it ininineenenenaannns 3.00 .
Ferrous oxide (FeO)............cuu.nn.s e 4.01
Lime (C80) ............ i, P 1.51
Magnesia (Mg0O) ..,........ v e e . 1.18
Potash (K;O) ...oovvviiininnnnnnnnnnn et atennean 2.36
Soda (N2,0) ........... e . 34
FIUXES ¢ ool enninnnevnueianeouasonineenonans 12.40
Carbon dioxide (COZ....ocvvviniiiirinininrnenenns 3.04
107 99.50

© This clay burns into a buff front brick of handsome appear-
- ance. Just why it should burn buff when the analysis shows the
presence of 7.01 per cent. of iron oxide, is a chemical problem
which is difficult to solve. The large amount of carbon-dioxide
present shows that the dark color of the unburned clay is due,
in part, to organic matter. At the exposure west of the plant
of this company the layer of sandstone overlying the shale is
much thinner, and the latter is seen to have a strong dip to the
southwest and to be much contorted in the bed. One-half mile |
south the shale has been proven by bore to be 30 feet thick, with
a surface stripping of but two and a half feet.

The coal mined by the Cayuga Brick and Coal Co., is probably
" coal VI, and runs about five feet in thickness. Above it'is a thick
stratum of a soft clayey shale, with many kidney iron concretions .
or “boulders” scattered through it." Beneath the coal is 7 to 13
feet of under-clay, which, however, is said by the mine superin-
tendent to be rather poor in quality.

Near the southeastern limits of the town of Newport, north-
east quarter of section 35 (17 north, 9 west), the Newport Brick
and Clay Stock Company purchased seven acres of land for
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- $2,000, and erected a plant in 1903 for the purpose of making
ordinary brick from a bed of shale which there outerops. In
July, 1904, the company was making 30,000 brick a day. Their
plant is located on a switch of the C. & E. I. Railway, 300 yards
below the station at Newport. A section of the pit, located 150
feet south of the plant, showed as follows:

- Section of Clay Pit at Newport

Feet Inches.
1. Surface soil and clay...............c..cioiiiat. 2 0
2. Soft drab to blue clayey shale................... 24 0,
3. Coal VIa ............. e, 1 3
4, Under-Clay ......oviiievrerirecrensnneneceennss o+ 0

The pit is located on the edge of a gradual slope of the Wabash
River bluffs, which extend from this point close along the river
to below Hillsdale, and embody some of the best clay deposits of
the State. The shale, No. 2 of the section, is a soft, fine grained
material, which can be burned into many higher grade products
than ordinary building brick. It lies within six feet of the sur-

. face beneath the terrace on which the plant of the company is
located, having been struck when digging the pit for the dry pan.
A well 83 feet deep, sunk near the factory, failed to reach the
bottom of shale and under-clay deposits, and water is obtained
from the Little Vermillion River, 1,300 feet to the north.

This shale deposit underlies the town of Newport, within three
to seven feet of the surface. It will be found close to the sur-
face all along the slope or ridge rising from the terrace on the
south side of the town. A portion of this slope lies within the:
‘town limits, and fine sites for several large clay industries are
available along its edges.

Along the Little Vermillion Rlver, three and a half to five
miles west of Newport, and five miles north of Dana, are some
excellent outerops of shale and under-clay suitable for many
kinds of clay products. On the land of Daniel Nichols, north-
west quarter of section 81 (17 north, 9 west), is a bluff of light
gray clayey shale on the south bank of the river, 35 feet thick
and one-fourth of a mile long. The talus along the foot of this
bluff, formed from the weathered particles of shale, is a fine-
grained, very plastic clay, and the whole deposit will ‘be found
suitable for all kinds of vitrified wares. A terrace just opposite,
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on the north side of the river, has its level just above high water
mark, and furnishes an excellent factory site. This point is one
and a half miles east of the Chicago extension of the Southern
Indiana Railway, and about three and a half miles south of the
Clover Leaf Railway. Water in abundance ocdurs in the river
at the foot of the bluff, and a good quality of coal is mined within
" g quarter of a mile. Coals VI and V, of a good workable thick-
ness, will probably be found below the level of the river. With
a railway spur in place this would be an ideal spot for a great
clay industry.. Without it, the shale deposit has no value., The
same bed of shale outcrops in the ravines, northwest quarter of
section 4 (16 north, 10 west), leading back from the south bank

of the Little Vermillion for a half mile or more as one ascends

the stream.

" On the land of the, James Fletcher estate, southwest quarter
of section 33 (17 north, 10 west), the shale is exposed in another
" bold bluff 800 feet long, on the south side of the river; 28 feet
in vertical thickness, showing above the water level. Overlying
. the shale at this point is three feet of grayish sandstone and about
two feet of surface clay. The shale is here soft, ynctuous, easily
weathered and of excellent quality. This point is about one and

a quarter miles east of the Chicago and Southern Indiana and

three miles south of the Clover Leaf Railway.

Coal VII is worked at a‘number of slope . shafts -across the
river from this point, averaging four feet eight inches in thick-
ness, with 18 inches of under-clay beneath. Drillings in this
region have shown coal VI, five and a half to six feet thick, to
be 85 feet below VIL. '

Farther up Little Vermillion, in the viginity. Of the “Horse-

shoe Bend,” southwest quarter of section 29, andeoutheast quar-,
ter of ‘section 30 (17 north, 10 west), are other exposures of -

shale and under-clay which will be valuable whenever a 'spur
from a railway enters the region. A connected section along the
. Little Vermillion from the Horseshoe Bend to the old White’s
Mill ford, as secured by Kindle for the 1898 report showed the
following strata in place:

\

-
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Section on Little Vermillion River. .
Fest.  Inches. Feet. Inched.

"1, Fire-clay.
2, Coal VII& .........c.vevennnnn. 3 3 3 3
8. FireClay ......covoviuveninnnnns - 12 0. 15 3
4. Black bituminous clay .......... 0 6 15 9
5. Soft black shale................. 0 6 16 3
6. Coal VII ..........ccoovvvvnnnn. 4 6 20 9
" 7. Fireelay ............. PN 1 6 22 3
8. Limestone, hard; blue, fossilifer- ' )
OUS ..nvtiiiieinnrnnenarennans 1 6 23 9
9. Shale, bluish gray with fossils... 7 0 30 9
10. Shelly sandstone +............... .3 0 33 9
11. Bluish gray clay shale,.......... 35 0 68 9
12. Limestone, hard, ferruginous and
black ....niiiiiiiiiiiiii e 1 0 66 9
13. Tough black sheety shale.....:.. 0 10 67 ki
7 14, Soft black shale................. 0 6 68 1
15. Coal VIb ...... Teieiiiireniio. O 6108 68 9
16. Shelly sandstone ....... e 5 0 73 9

Nos. 1 to 4 of the section occur only in the vicinity of the
Horshoe No. 11 represents the shale beds above described.
Coal VI will be found below drainage over most of the area.
Between it and VIb will usually be found about four feet of
under-clay suitable for manufacturing.

Township 16 North, Ranges 9 and 10 West.

Along the bluffs of the WVabash River, between Hillsdale and
Newport, in township 16 north, 9 west, occur some of the best
clay deposits in the State of Imhana

In a ravine on the land of Burns & Hancock, southwest quar-
ter of section 26 (16 north, 9 west), a short distance west of the -
gtation of Montezuma, the following connected section was ob- °
tained, which shows the presence of a remarkable varlety and
quantlty of high grade commerclal clays:

-

-

Section on Burns & Hancock Land, West Montezuma.

’ Feet. Inches. Feet. - Inches,
1. Soil and drift............... 5to 7 0 7 0
2. Sandstone ................. 21010 0 17 0
3. Light gray sandy shale..... l1to 6 0 23 -0
4 Coal VII..........ocouennn. 3to 5 6 28 6
5. Under-clay ..........c..... 3to 4 0 32 6
6 Drab to blue clayey shale....251i0 30 0 62 6
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7. Concretionary" iron carbonate

(two bands) ........... SN . 6 63 0

8. Black fissile shale.......... 2tc 3 0 66 0
9. Coal VIb .......cconviennnn 1 0 67 0
10. Under-clay (white siliceous). 5to 7 0 74 0
11. Blue and drab clayey shale. 42 0 116 0
12. Black sheety shale.......... 2 0 118 0
13, Coal VIa ........ovvvvnnnn. 1 8 119 8
-0 127 8

14. Under-clay ................ 8

Of these, Nos. 3, 5, 6, 10, 11 and .14, aggregating from 84 to
89 feet of workable clays, and Nos. 4, 9 and 13, comprising 4 to
7 feet of fuel suitable for their burning, are found in the omne
place. Near the mouth of the ravine Mr. Burns, in 1872, erected
a plant and began the making of fire brick from the clay No. 10.
A switch from the C. & E. I. Railway runs to the plant, while
the C., H. & D. Railway, one mile south, furnishes direct con-
nection with all eastern and western points.

The gray sandy shale, No. 3, overlying the top vein of coal is,
in places, cut out by the overlying sandstone, the latter resting
directly upon the coal. In such places the coal is much thinner
than where the shale forms its roof. This shale can be made into
pressed front and ordinary brick and, mixed with some of the
lower deposits, into vitrified products.

The coal (No. VII) has been mined at numerous places in the
vicinity, and furnishes part of the fuel for the burning of the
fire brick at the plant below. It is a very good semi-block coal,
which burns into a white ash with no clinkers, but the vein is
apt to be pockety, as in some test entries-driven by the railway
company it ran down to 8 inches in a distance of 70 yards.

Stratum No. 6 is a dark blue clayey shale or “soapstone” which
weathers to a lighter drab in places. Tt burns to a close-textured
body of a handsome dark red color. Near the lower part of this
stratum ‘of shale are the two bands of iron carbonate (No. 7 of
the section), the upper being 4 ‘inches thick and the. lower
2-inches, the two being separated by a stratum of shale 14 inches
in thickness. The pieces of ironstone are quadrangular and have
the appearance of bricks laid regularly in place.

‘The upper half of shale No. 11, on the Burns & Hancock ]and
contains much more free silica thau the lower, and in places, espe-
. cmll_y farther north, is replaced by a compact gray sandstone. The
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lower half is the soft, unctuous, argiﬁqceous material so well fitted
for vitrified products. This stratum of shale is found exposed
for a distance of 20 feet by the side and within 80 feet of the
. kilns of the Hillsdale Fire Brick Co., one-half mile farther south.
Fifty or more carloads of it were shipped from there to Chicago
and made into roofing tile. It brought 30 cents a ton on board
the cars.
Analyses of the two shales, Nos. 6 and 11, were made by Dr.
Lyons for the 1895 clay report, their chemical composition being
found to be: '

Analyses of Shales Nos. 6 and 11, from the Burns & Hancock Land,
West Montezuma.

No.s. . No.ilL
Silica' (810;) .............ael, e i 46.07 56.32
Titanium oxide (TiO,)........ e ae et 1.19 1.07
T Alumina (ALO,) ......eiiiiaiiia... . 24.22 24.34
Water combined ...........c..cci0iinn 9.76 6.33
” Clay base and sand........ eeean 81.24 - 88.06
Ferric oxide (Fe,Op...oovnvvivvneens. 9.65 5.60
Ferrous oxide (FeQ) ...........ccvvn.n 34 24
Lime (Ca0) ......coovvvvrvrinnnninns S [ 31
" Magnesia (MZ0) .......oovveeinnann.ns -1.81 54
Potash (K,0) .........coivviiieninn.n. 1.66 2.85
Soda (Na0) . ovvniiiiiniireinennnnnns 2.76 2.34 -
FIUX€e8 ....iiviiiiiiiininiinnnnns 15.91 11.88
Carbon dioxide (Co.)......... U } 2.87
Total ....ovverinrunnnn.. P 100.02 99.94

The analyses prove the chemical fitness of the clays for mak-
ing sewer pipe, hollow brick and similar products, the percentage
of fluxes being sufficient to bring about vitrification at the.proper
temperature. No. 11 is a purer and more refractory clay than
No. 6, and will shrink less in burning. A mixture of the two
would. probably make better vitrified wares than either used
alone. . . . . )

The under-cldy (No. 5) is a soft, dark plastic material contain-
ing stigmaria and other remains of plant fossils. It vitrifies to a
dark brown, and one or two kilns of sewer .pipe of good quality
were made from. it some years ago,.as an experiment, by Mr.
Burns. These were sold to the old 1., D. & W., now the C., H..
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& D. Rallway, and are now in use alono' that lme in the v1cm1ty
of Montezuma.

Under-clay No. 10 is nearly white and contalns 80 large a per-
~ centage of silica that it resembles in appearance a sandstone. It
is the most refractory under-clay that has been discovered in the
State, and the fire brick and furnace linings made from it have
been put to the most severe tests possible, and have everywhere
given the best of satisfaction. Large numbers of the brick are -
sold annually to iron manufacturers as far west as Montana, and
south to Georgia and Alabama A kiln at the Burns and Han-
cock factory, the brick of the floors and walls of which were made
of this clay, was torn down in July, 1904, after being in con-
stant use for 82 years. A number of the brick were still so well
preserved that they were used in constructing a new kiln oh the
site of the old. An analysis of this clay by Dr. Lyons shows the
following percentage composmon ’

" Analysis of Under-Clay No. 10, from Land of Burns & Hancock, West Montezuma.

Silica (8102 +vvvvniieiniiiiiiiieninn . e B3.44
Titanium oxide (TH0,).. ... viii i rannnns 1129
Aluming (ALOy ..ovvvvvnnnnncnnnnnnn., vreees 10.36
Water combined ................ e T, .8.15

Clay base and sand......................o.u.e 98.24
Ferric oxide (Fe;0p). .. oovvuvnenrnrreeneneneannns 217
Ferrous oxide (FeO).......... N .28
Lime (Ca0) ....oiiiiiiin it rineinrerneninenns .36
Magnesia (MgO) ...........ccuvnn r i e, 14
Potash (K,0) o.vuerlvneereaneeineerenareneenennn, .03
Soda (Na,0) .......... [ !

Fluxes ........... [ e erenenennae 1.79

From this it will be seen that the clay is of high refractory
grade, and moreover, very pure. It contains less fluxes than any. -
plastic under-clay so far discovered in Ohio, and lacks but .02 per
cent. of being as pure as the Mineral Point flint clay of that
State, which is largely used in' making high grade refractory ma-
terials, such as glass pots and kindred products. The only ob-
jection to the fire brick made from this clay is that for some pur-
poses they are too friable, or easily crumbled. This is due to
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the small amount of bonding material present, and can be readily
overcome at any time by mixing with a small. per cent. of a more
plastic high grade under-clay, such as occurs at Mecca and many
other points in the coal areas to the south. In Ohio, non-plastic
flint clays constitute the body mixture of all the refractory wares
made in the State, but it is necessary to use plastic under-clays
with all of them to act as a bond material. The aim in selecting
_ the plastic clays for a refractory mixuure is to get as sandy a clay
as can be had which will develop plasticity well. Under-clays,
which have fluxing impurities ranging between two and six and a
half per. cent. will serve well for such bond. Mixed with such
plastic under-clay the No. 10 clay from West Montezuma can be
put to many uses for which it is now deemed unfit. -

This stratum of clay underlies an area a mile or more w1de,
and extending from Hillsdale almost to Newport. It is said that
it becomes more plastic in the southern part of this area and
more refractory in the northern. It is at present worked by six
companies whose plants are located along the C. & E. 1. Railway,
between the points mentioned. Four or five of these grind and
ship large quantities of the under-clay, receiving therefor an
average of $1.15 a ton on board the cars. This is used for mak-
ing mortar for laying and setiing the parts of kilns, for rocks and
adamant plaster, for lining ladles and making molds, and many
- other purposes.

Burns and Hancock have recently opened a new slope shaft
into the side of the ravine about 35 feet above and 300 feet
southwest of their plant. Through this shaft they mine the
under-clay and the overlying coal VIb. Just above the opening
of the drift there is a fine outcrop of shale No. 6, with its char-
acteristic basal layers of concretionary ironstone nodules. The
under-clay is- here six feet thick, and rests on a sandstone which
forms the upper part of stratum No. 11 of the section last given.
All the under-clay used in their plant is now gotten from this
new shaft, while that which is ground and shipped is secured
from the old opening on the north side of the ravine. They pay
40.cents a ton for mining and delivering the clay at the dump,
and two cents a bushel for mining' the overlying coal—VIb.

Nos. 12, 18 and 14 of the above section are beneath the sur-
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face level at the site of the plant of the Montezuma Fire Brick ,
- Company, and were secured from a record of a well boring. PR
Soon after the 1895 clay report was published, in which special -

mention was given to the clays of this portion of Vermillion

County, Mr. D. N. Lanyon bought up nearly a section of the

land comprising the bluffs north of West Montezuma, at an aver- . o
age price of $10 an acre. In 1901 he sold to the Southern Fire R
Brick and Clay Company 133 acres on the north side of this tract N
_for $100 an acre. In 1903 Mr. Lanyon erected a clay grinding
plant by the side of a switch of the C. & E. 1. Railway in_the
northwest quarter of section 26 (16 north, 9 west). The shale,

No. 11 of the West Montezuma section, is exposed to"a thickness

of over 50 feet near this switch. Above this shale and just west -- -
of his plant he has opened a slope shaft from which he mines
under-clay No. 10, for grinding and shipment. In July, 1904,
this shaft had been run back some 200 feet, and at this point
the under-clay was, by actual measurement 13 feet thick. The -
upper two-thirds was very similar to that used by Burns and, S,
Hancock, while the lower third was a little darker, finer gralned

softer and more plastic.

North of the Lanyon land, in the southwest quarter of section-

11 (16 N., 9 W.), Jackson Bros., of Newport, own a tract of 80
" acres which contains a fine deposit of* under-clay; No. 10 of the

general Montezuma section. This clay outcrops 600 feet west

of the C. & E. I. Railway and about 60 feet above the railway
~ grade. - A section from the surface to the bottom of the under- -
. clay shows as follows: :

;-

Section on Land of Jackson Bros. -

i i ) fe;t. TInches
1. Soil and surface............c..coiiiiiiiiiiaa., -0 8
_ 2. Drab to blue clayey shale....................... 25 0
3. Black sheety shale............... e eeeenanean 2 0 =~
4. Coal VIb ........... et e 1 0
5. Under-clay No. 10........oiviiiiinniiinanineae T 0

the under-clay is here very fine grained and more plastic than
-at the mines farther south. 'An analysis by Dr. R. E. Lyons, for
thls report, showed its composition to be:
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Analysis of Under- Clay Jrom Land o_f Jackson Bros.

Silleac(810y) ......oiiiiiiii e N 64.05
Titanium oxide (THO.).. .. vcveviiivereenennennrnnen 1.10
Alumina (ALOy) ........coiiiiana, e ieererans 20.55
Moisture ..... et e ieeeatatetstcectreanarrrtereans 8.88
Clay base and sand ......... e et ereieenaeaae ‘ 94,58
Ferrlc oxide (Fe,0)......cvviiiiiiiiiieiniennnnnn 2.61
Ferrous oxide (FeO)........ccoiiiiitiiinnneennann 1.42
Lime (Ca0) ..o vviniiiiiineiinriinirinnnoercasnnnn .29
Magnesia (Mg0) ............ DU ereneeaeeneas - .B8
Soda (N2,0) ....ooovnen. P 40
Potash (Ky0) «ouvrneinreraneiaeiaaiineinennaaens 51
FIUXES ..vvsuesirmmnniiiiniiiiveiiiiainenass 5.81
b0 7 AU N 100.39

The analysis shows a much higher percentage of alumina than
the clay of Burns & Hancock, hence its greater plasticity. It can
be used for high grade refractory wares, such as glass pots, tank
and furnace blocks, etc. It will also serve well as a bond clay
for non-plastic fire clays and kaolins. Fire brick made from it
will be tougher and less liable to crumble than those from the
same stratum farther south. -

A level spot of four or five acres, between the railway and the
clay outerop, offers an excellent site fdar a factory. A switch can
be easily constructed. The shale, Nq 2, above the under-clay,
can be utilized for many kinds of vltriﬁed products. .

The Southern Fire Brick and Clay }Company erected, in 1902
and 1908, on their land in the southéast quarter of section 22
(16 north, 9 west), a $130,000 factoryJ Their plant is about one
and a half miles north of the Burns|& Hancock factory on a
tract of low land in a valley extending’back from the face of the
main Wabash River bluffs. To it a bw1tch of the C. & E. L
Railway has been extended. Less thhn 50 feet south of their
factory a bluff of shale, No. 11 of tl;e/gWest Montezuma section,
rises 68 feet from the level of the plant to within six feet of
the bottom of No. 10 under-clay. T jis intervening six feet is’
. composed of light gray shaly. sandstoﬁe most of which can be
ground up and mixed with the 68 feet pf underlylng shale. The
latter is a soft light blue, clayey maténal which can be made
into all kinds of vxtnﬁed products {

R
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sShale Deposit 70 feet thick, by the side of the Plant of
the Southern Fire Brick & Clay{Co., West Brick & Clay Co.
Montezuma, Vermillion County.

Outcerop of Under-clay No. 10, used by the Soathern ki) ¢
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- Under-clay No. 10 is being worked by two or three drift en-
tries. At the openings of these it is six feet eight inches in thick-
ress, of a light gray color, quite hard and bearing, in places,
traces or small fragments of plant remains. Just above it is the

" thin vein of coal, VIb, and over this 18 to 25 feet of the blue

to drab clayey shale, No. 6, with its characteristic basal layers of
concretionary iron bands and black sheety shale.
From under-clay No. 10 the Southern Fire Brick and Clay

Company is making an excellent grade of fire: brick which are

sold under the name of “Mt. Silica Brick;” also cupola block and
tile. It 1s the intention to, in time, use the thick beds of shale
for differents kinds of vitrified wéres.

Between the Burns & Hancock factofy and Hillsdale are the - |

plants of two other companies which mine and grind the No. 10
clay. The northerp one of these is known as the Wabash Valley
Clay Works, erected in 1903. It is a small concern which mines
from leased land about 90 tons of clay per week. According to

the superintendent, it costs 40 cents per ton to get the clay to

the plant and 15 cents for grinding and loading into cars, leav-

~ ing a profit of 55 to 60 cents per ton.

The other plant, that of the Hillsdale Fire Brick Company, in
the southwest quarter of section 85 (16 north, 9 west), began the
making of fire brick and grinding of No. 10 clay in 1888 and
carried on the business until 1903, when the plant was shut
down, owing to the fact that the supply of clay controlled by the
company was nearly exhausted. The plant is still standing, with .
the machinery intact. The ground clay was shipped for 15 years
to the Chicago Steel Company and other large consumers, and
gave the best of satisfaction. The stratum of clay in the mine
ran 5 to 7 feet in thickness. Coal VIb, one foot thick, was left
for a roof in the clay mine.

In the northwest of the northwest of section 34 (16 north, 9
west), coal VIb outerops 15 to 18 feet above the bed of Raccoon
Creek, and is overlain by 8 to 14 feet of dark blue shale with
bands of iron, and underlain with clay No. 10.

On the. southwest of the northwest quarter of section 34 (16

- north, 9 west), one and a quarter miles west of Hillsdale, on the

south side of the C., H. & D. Railway, Mr. J. 8. Hollowell, of

Montezuma, owns 40 acres, which is almost covered with excel-
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lent deposits of shale and under-clay. A spur from the railway
‘has been extended to the north side of the tract and a plant
‘erected for the purpose of grinding clay for shipment. This
plant is operated under the name of the Hoosier Clay Works, and
18 well fitted with modern machinery. A tramway connects the
plant with the mouth of a slope shaft 450 feet to the south. .In
_ July, 1904, this had been opened back several hundred feet into
a stratum of under-clay. In the room where mining was then
going on the stratum of clay” was 11 feet in thickness and ap-
peared to be made up of three layers which merged one into an-
other. The top layer, four feet in thickness, is dark gray in eolor
and quite plastic when ground The middle layer, four feet ten
inches thick,-is a very light gray, quite siliceous in appearance
and less plastlc The bottom layer, two feet two inches thick,
is intermediate between the two above it in color and plastlclty,
and lies directly on a bed of sandstone. .

In a ravine on the south side of the 40 acre tract; a bed of
soft drab to blue clayey shale, 18 to 24 feet in thickness, with
very-little cover, is exposed. It has near its bottom two bands of
ironstone nodules and a band of black, sheety shale, below which
is a vein of coal 16 inches in thickness, immediately overlying the
under-clay mined on the other side of the hill. The character
and relative stratigraphy of these deposits show that they corre-
spond to Nos. 6 to 10, inclusive, of the West Montezuma section,
the under-elay mined for shipment being of the same stratum as
that used at the Burns & Hancock plant. It is ground and
shipped to many points by Mr. Hollowell, being used extensively
for saggars by the National Tile Company, at Anderson, and for
the body of their wares by the U. S. Encaustic Tile Co., of Indi-
anapolis. The former company -use only the clay from-the top
stratum and pay $2.00 per ton, f. 0. b. the cars at the mine. The
U. S. Encaustic people use an average of one ton a day. Coal
III or IV, four feet or more in thickness, probably underlies this
area at a depth of about 150 feet. With much of the necessary
machinery, and a railway switch already in place, and with an
abundance of high grade raw materials in sight, a large clay in-
dustry eould be easily and cheaply started at this place, and
would, without. doubt, be a success from the beginning.
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Township 15 North, Ranges 9 and 10 West.

The Coal Measure exposures in these congressional townships
are scarce, as the greater part of their area in Vermillion County
is taken up with the Helt and Grand prairies.

Three-fourths of a mile southwest of Hillsdale, in "the south-
west quarter of section 3 (15 north, 9 west), the bottom of shale
No. 11, of the West Montezuma section, rests on four feet of
fissile black shale beneath which is coal VIa, ten inches thick.
The under-clay of this coal, eight feet thick, is a fine grained,
light colored siliceous material which, when free from impurities,
will make a good stoneware. A Mr. Yoke for some time made
from it a patent “stone” fence post, and proved the clay to be
refractory enough to stand up under the heat required for glaz-
ing. Immediately beneath this fire-clay coal VI occurs three and

a half feet thick, and has been mined in a number of places

southwest of Hillsdale.
In a ravine one-fourth of a mile east of the old clay works on
the Yoke farm, the following section is exposed:

Section in Southeastern Corner of Section 8 (16 N., 9 W.)

* Feet. Inches.
1. Yellow shale ......cvviivinerrniernceanoneans 20 0
2. Black shale .......coiiiiriinnrinonraneaesseae 2 0
3. Coal Vla ............0..u e eedneireerae s 1 8
4. Fireclay ......ccoviiiiiiiiiinineninnnn, REEREREE 11 )
B. Coal VI .. .iiiiiiiiiiiiiiiiiiiianiannes PN .3 4
6. Shelly to massive sandstone..................... 10 0

One mile south of Hillsdale, in the northwest quarter of sec-
“tion 11 (15 north, 9 west), the National Drain Tile Company
purchased, in 1901, 80 acres of land lying on both sides of the

C. & E. I. Railway. The tract on the west of the railway, con-

sisting of 44 acres, is comprised mainly of upland, whose eastern
border forms the bluffs of the Wabash, and embodies a part of

the same clay deposits which are coming into use so rapidly in

this region. Soon after the purchase of the land, the company
invested $50,000 in a modern drain tile factory, and fourteen
.round down draft kilns of the latest pattern, and began the burn-
ing of tile four inches to 30 inches in size. In the making of their
daily output 90 cubic yards of shale are used. In July, 1904,
this was being obtained from a. pit 300 feet west of the factory,
a section of which showed: : _ -

PR
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Section of Clagj Pit-at Hillsdale Plant of the National Drain Tie Company.
Feet.  Inches.

1. Surface, yellow clay............... e recaeeeas 4 0
2. Buif to drab clayey shale................ R 16 0
3. Blue clayey sﬁale............/ .................. 4 8
4. Black sheety shale.................... e 2 0
Y5 Coal VI «oovveinin.... P 0 10
6. UNAer-Clay ....vvviirinureroneinianenons PR, T+ 0

The lighter color of the upper shale, No. 2, is probably due

- only to leaching water from the overlying clay. The lower shale,

however, seems more tough and plastic: Scattered nodules of
kidney iron ore are rather plentiful and have to be thrown to ono

) é}ide by the workmen, who receive 15 cents a yard or 45 cents a

car for the clay delivered at the plant. One hundred yards south-
west, on the south side of a narrow ravine, the bluff is higher and
a vein of under-clay nine feet thick is exposed above the shale
stratum, here 25 feet thick. Over this under-clay is a 20-ineh
seam of .coal, and above the latter 18 inches of black sheety shale.
This upper coal vein is probably coal VIb, and the exposed under-
clay is the No. 10 of the West Montezuma section. It is here

. a little darker and more plastic than in its northern exposure.

For a time it was mixed with the shale for making the drain tile,
but as it burns buff, the color of the tile was toa light and not -
uniform, hence its use was abandoned. It can be made into hol-
low brick, -conduits, flue linings, ete., but will not be_found as
suitable for fire brick as that north of Hillsdale. ‘

Water for the tile ‘factory is pumped from the Wabash River,
1,500 feet to the east, to a tank on the bluff, 125 feet above the
river and 90 feet above the plant. Coal from Clinton, costing
$1.40 per ton laid down, is used as fuel. This is but one of

“many similar sites available for a large clay industry along the
" Wabash bluffs between Newport and Clinton. All four factors

necessary to the success of such industry are here present, and
the region is destined to become a great clay manufacturing cen-
In the valley of Norton’s Creek, in section 33 (15 north, 9
west), a gray sandy shale, 85 to 45 feet in thickness, overlies coal
VIb. It outcrops in many places about two and a half miles
northwest of Clinton, along a switch running from the C. & E.-
I. Railway to the mine of the Norton Creek Coal Company. . It
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Shale Pit at Hillsdale Plant of National Drain Tile Co.

Plant of National Drain Tile Co., ope mile south of Hillsdale, Vermillion County.
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also comes close to the surface at many places in the northeast
~ quarter of section 5 (14 north, 9 west), and the south half of sec- ’
tion 32 (15 north, 9 west). It contains more free silica than that
worked nearer Clinton, and was for some time mixed with the
blue, more plastic shale at the pit of the Clinton Paving Brick
Company. Care must be taken, however, in mining it, as in some
plac?as the beds contain numerous rounded nodules of iron carbon-
ate. These, when broken open, show a formation of concentric
. layers, surrounding a nucleus of some foreign body, about which
is more or less calcite, or crystalline carbonate of lime and iron
sulphide or pyrites. The latter impurity, when ground up with
_the shale in any quantity, is very harmful, causing the fluxing to
take place at a temperature below that at which thorough vitrifi-
cation occurs. If these concretions be carefully gleaned from the
shale, the latter will be found in every way suitable for vitrified
products. This shale lies from 10 to 12 feet below coal VII, five
feet in thickness, which has been worked to some extent in its
immediate vicinity. . Separating the two are four feet of a good
quality of under—clay and from four to six feet of sandstone the
latter lying on top of the shale. * A switch being already in place,-
this is an excellent location for a factory for vitrified brlck or
sewer pipe.

Coal VIII probably underhes much of township 15 north, 10
west. It outerops along Brouillet’s Creek, in section 28, and is,
or has been, worked at several places. At Sylvester Miller’s
bank, in the southeast of northwest of section 28, the coal.is four

. feet thick, overlain by two feet of bone coal or black shale, and
that in turn by four feet of clay shale. Below the coal is four
feet of clay, and a well section is reported to show 86 feet of
shales beneath the under-clay.

' Townsh’ip 14 North, Ranges 9 and 10 West.

These two congressional townships form the extreme southern
porfion of Vermillion County, & part of 14 north, 10 west, lap-
ping over into Illinois. Along Brouillet’s Creek, in the western
part of this area, occurs coal VIII, of the Ashley Survey, not
found in Indiana north of Vermillion County. Immediately be-
low this coal there is an under-clay, about four feet in average

10—Geclogy. . _
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thickrress, which will be found of good quality for many clay.
products. This under-clay rests on a bed of flinty fossiliferous
limestone, below which, and above coal VII, there is a bed of
blue to gray clayey or sandy shale, ranging in thickness between
20-and 55 feet. Where coal VIII is absent, as in many places
" along the west bluffs of the Wabash between Clinton and Terre
- Haute, this shale, with or without its overlying limestone forms
- the  surface, being extensively used for vitrified produets in the
vieinity of West Terre Haute. In a few localities it is too hard
and siliceous to be used alone, but for the most part it is a soft,
' fine grained, unctuous material, suitable in the highest degree

for manufacturing purposes. 7 ‘
Near the bottom of this shale deposit there is often a thin
band of limestone, and beloy the clay shale a layer of bone coal
7 and black sheety shale, the latter forming the roof of coal VII.
. Below coal VII, which is the principal vein worked in the vicin-
ity of Clinton, there is usually three feet of under-clay and then
a thick bed of sandy to clayey shale, which extends nearly down
to the horizon of coal VIb. A general section of this area from
above coal VIII to the bottom of the under-clay below coal VIb,

- would, therefore, run about as follows:

~
!

General Section in the Vicinity of Clinton.
Feet.  Inches.

1. Soil and €lag.....oovritirniiiiii i 9 0
2. Shale or under-Clay.......c.voveemeeeenareennns 4 ‘6
3.  Black shale or bone coal............c.covvvinnn 2 , 0
4, Coal VIII ... ..uiiinnenreeenennenoennnnnennns 4 4
§. Blue gray under-clay...........coiiiiiiiins 5 0
6. Limestone, gray, flinty, fossilifercus............ 2 8
7. Gray to blue sandy or clayey shale............. 53 0
8. Limestone, hard, flinty.................0cvouuns 1 .0
9. Dark blue shale.........coiiiiiiiinnneiinennns 5 8 -
3 10. Bene coal and black sheety shale............... 4 0
" 11, Coal VII oo eeaaaeanianannas 5 0
‘ 12. Under-Clay .....covviiiiinriiianniiierannnanns 3 0
. 13. Drab to blue sandy to clayey shale.......... v 60 0
N 14. Black sbeety bltuminous shale...........:..... 3 10
15, Coal VID .ivininiriiiniiiieneianenennarneen R § ‘8
16. Under-Clay ....oevuineneiiireninearaeaeananann 5 0

One and a half miles northwest ‘of Clinton, on the southeast
quarter of section 9 (14 north, 9 wést), the Clinton Paving Brick
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Shale Pit of Clinton Paving Brick Co., one and a half miles northwest of Clinton, Vermillion County
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Company erected, in 1893, 2 large factory for the manufacture
of vitrified brick from the shales of the vicinity. The principal
deposit of shale used lies 100 yards south of their plant.
In June, 1904, the following section was exposed, about 45 feet -
being in the vertical face and ten feet in a secondary and lower
pit: _

Sectzton at Pit of Clinton Paving Brick Company.

. Feet Inchies
1. Surface soil and clay..... s eres s 3 o -
" 2, Brownish red, sandy shale...... N 8 0
3. Soft blue clayey shale.......................... 39 0
4. Black sheety shale............c...ovviiiiiinn.. 2 0
5. Hard black bituminous shale................ ... 1 - 10 -
6. Coal VIb oo o1 6 -

About two and a half acres have been worked out down to
within eight feet. of the coal since the factory was erected. The
surface is stripped and then everything nsed down to the sheety
shale above the coal. ‘The two shales, Nos. 2 and 3 of the sec-
_tion, both form a portion of No. 138 of the general sectl,on above .
given, No. 2 being discolored by salts of iron leaching down from
the overlying surface. While of good quality, this upper layer
is rotten and shelly, breaking up readily into small quadrangular.
pieces. The main stratum of the shale, No. 3, is a soft, smooth
and unctuous material, wholly free from grit in its lower por-
tions. The upper 25 feet is more sandy, but when intimately
mixed in equal proportions, as they are in the dry pans, the two
layers form an ideal material for the making of paving brick.
The company does not own the land, but pays $100 a year for
the shale used. About 140 tons are required each day to make
31,000 block. The quarrying of the shale is let by contract, the
boss receiving 83 cents for getting out the material for each
" thousand brick and furnishing everything except the tfacks and
cars of tramway. Thirteen men, receiving an ‘average daily wage
of $1.55, are worked in the pit.

At a distance of 12 feet from the top of the shale stratum No.
2, is the first of several bands of rectangular pieces of iron car-
bonate, about one and one-half inches thick. These bands occur
at intervals of six inches and aré seen almost entirely around the
pit. Other scattered nodules of the same material are occasion-
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ally found in the shale, but not in sufficient size and quantity to
prevent their being ground and wused. Running obliquely
through the stratum of blue shale in several places are two or
three narrow curved faults or fissures, in which a material much
smoother and more unctuous occurs. This corresponds to the iron
sediment found in similar faults at the shale pit of the Indiana
Paving Brick Company, north of Brazil, Clay County.

‘When this shale pit was first opened the upper portion of the
main stratum was not as sandy as-at present, and the brick made -
of the material from this pit alone were apt to shrink too much

- in burning and to be too brittle, owing to the lack of silica.

Mixed with a more siliceous material, the blue stratum was found
to be capable of being made into a strong hard brick, with a very
low power of absorption. In order to furnish the proper amount
of silica, the company formerly used the yellow drift clay over-
lying the shale in another part of their yard, in the proportion
of three-fourths of the shale to one-fourth of the clay. Tater
they hauled from a point on Norton’s Creek the sandy shale
already mentioned,. which they mixed in equal pfoportions with
the No. 3 of their pit. The hauling proving teo expensive they,
in 1895, hit upon a shale deposit one-fourth of a mile east of
their works which, when mixed with the No. 3, gave good re-
sults. Finally, as their pit was opened farther back into the bluff,
the upper portion of No. 3 became of such a character as to
furnish all the necessary silica. The block now made are of an
excellent quality. .An analysis of an average sample of the ma-
terials used in 1895, which differ little, if any, from those now
used, was made by Dr. Noyes, and the chemical composition
found to be: -

Analysis of Mized Shales Used by thé Clinton. Paving Brick Company.

Silica (Si0;) ......covviiii... e ee s e eeneen 61.46
- Titanium oxide (TiO)..... S s 1.20
TAlumIna (ALOL) .. i e e s s 16.54
Water combined ........... e e, P 5.09
Clay baseand sand. ..........c..oiiininennnan. 84.29
Ferric oxide (FeOp)..%..... PN 3.77
Ferrous oxide (FeQ).... ...oonrvivinnnenns e 3.7
Lime (Ca0) ....uiiiriitiiiiinreroestneanenssones .66

Magnesia (M80) ..i.vivierierieirusncssanenenses 1.81
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Potash (K0) ...eievernenneenrniniiiineinninnn. 3.28 .
“Soda (Na;0) ©evvvvvveninnnnns SO eeeeen 109 ’
"Fluxes ................. P TIIPUNN e reeeaen - 1432
Carbon dioxide (CO).....covvvviiiiiiiiiiiiinnns 1.45
G PP 100.06
This shows a very close approximation to the standard average
composition of such clays, and proves the mixture well ﬁtted for
‘ the purpose to which it is put. : ’ N
Three-fourths of a mile southwest of Clinton, on' the northeast
quarter of section 21 (14 north, 9 west), coal VII, five feet six ~
inches thick, is being worked by a shaft 45 feet deep, by the In-
diana Bituminous Coal Oompany The section of the shaft at the
mine shows:
Section of Shaft at Miné of Indiana Bituminous Coal Company. -
. : " Feet.:  Inches. '
1. Drift and surface................ e e 17 (U
2. Blue shale ............ N AP 0
3. Limestone .............. ittt 0 6
L T 62 1 1 6 ‘
5. Black bltumjnous sheety shale ..... Lo earaanaeens 5 0
R 0, B 4 & S 5 6
7. Fire-clay ............... Jeeeenrear i 3 4 0
8 Sandstone. ..............cceiiiininn, P 0 0

Nos. 2 and 7 of the sectlon could be used in makmg many klnds
“of clay. wares. ,

At mine No. 5 of the Indiana Fuel Compdny, two miles south-
west of Clinton, in the southeast quarter of section 28 (14 north,
9 west), the sinking of the shaft disclosed the following section :

Section at No, 5 Mine of the Indiana Fuel Company. .
B ) Feet,  Inches.

1. Surface and yellow clay...... et .. 8 0

2. Shale, light gray sandy. .......cvveveerenenennn. 48 0 -~

B 008ttt i S | 0 ”

4. Under-clay ............eevn. R 4 0

5. Bastard flinty Hmestone..............ceveveun.. 1 6

6. Dark blue shale...........cviiiiieiinnanannnnnn 9 0 -
7. Black sheety shale......... e, 4 0 .
8 Coal VII ...ccevvvvvvvnnn.... e, 5 0 -
O, Under-clay . ....c..ciieiiinenerrennneesees eeene 2 - 6


http:BiJ:uminO'l.l8

, ,
150 REPORT OF STATE GEOLOGIST.

" Nos. 2 to 9 of this se(;_tion correspond to N_ds. T t0 12 of the
general section. The shales Nos. 2 and 6 and the under-clays 4

and 9 could be worked with profit, the fuel being on the spot and -
- transportation facilities at hand.

One mile farther southwest, in the northwest quarter of sec-
tion 33 (14 north, 9 west), a switch from the C. & E. I. Railway
has been run up a small tributary of Brouillet’s Creek to the J.
K. Dering mine. The shale stratum, No. 7 of the general section,

1is here said to be nearly 70 feet in thickness, and rises above the

level of the switch near the shaft about 30 feet. The foundations
of the buildings at the shaft rest directly on the shale. Coal VII,

" as mined, averages five feet in thickness. With the shale exposed,
. as it ig, it can be very cheaply obtained. - We have here, therefore,

an excellent site for a large clay industry. -

" Surface clays are used in Vermillion County for brick and tile
making only at Clinton and Rileysburg. At the former place an
alluvial clay is used to a depth of seven feet without stripping,
in the making of soft. mud brick. At Rileysburg, after. removing
12 inches of soil, the underlying clay is used for drain tile.

The. above comprise the principal and more available deposits
of commercial clays which came to my notice in Vermillion
County. Many others doubtless exist. Those mentioned are suf-
ficlent in quantity, and in quality suitable to make for centuries
many of the products which are now brought into Indiana from

. other States.

VIGO COTN TY

Vigo Oounty, in which the city of Terre Haute is situated, hes
on the- western border of Indiana, about midway between the
north and south boundary lines of the State. It is almost quad-
rangular in shape, but as the Wabash River forms its southwest-
ern border, the area of this portion is from one to five miles
wider than the center. The county has an extent of 24 miles

“from north to south and a little less than 17 miles in average

width; its area being about 402 square miles. It lies south of
Vermillion and Parke counties, west of Clay County, north of
Sullivan, and east of Clark and Edgar counties, Tllinois.

The surface rocks of the county belong wholly to the Coal

.

Measures Epoch of the Carboniferous Period, and are comprised
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~of alternating layers of sandstone, shales, coals and under-clays,

with an occasional thin stratum of limestone. These surface rocks
_ are everywhere, éxcept along the larger streams, covered either
by a thick layer of drift or, in the stream valleys, by alluvium.

“The Wabash River flows southwesterly through the county,
so that about one-fifth of the area of the latter lies west and four-
fifths east of the river. The immediate valley of the river is from
four to five miles wide, occupying about one-fourth the area of
the county. The river, at the ordinary stage of water, has an
average width of about 600 feet. Low water at Terre Haute,
near the middle of township 12 north, is about 445 feet above
sea level. The river and its flood plain occupy the western third
of the valley, the eastern portion being a broad terrace. The
flood plain or first bottoms rise from 14 to 20 feet above low water
in the river,. while limited areas of ‘second bottoms’ rise from
10 to 15 feet above the flood plain. The terrace oy the east rises
from 50 to 75 feet above low water in the river, but toward the
south, in Prairie Creek Township, it merges into' the flood’
plain.”* K ’

The highlands on either side of the valley have an elevation of
from 100 to 200 feet above the river, the bluifs in some cases
being quite abrupt. These bluffs form the borders of the uplands,
the latter being usually more or less broken by the erosion. of
small streams. These uplands extend to the confines of the
county, and are underlain with coal. With the exception of the
recent sedimentary clays of the river bottoms, all the commercial
clays of the county are found in the uplands, or outcropping along
the hillsides where the river terraces meet the uplands.

“The greater part of the county is drained by the Wabash and
its tributaries. The principal streams from the west are Brouil-
-~ let’s Creek, Coal Creek, Sugar Creek (with several large
branches), Clear Creek and Hawk Creek. These streams rise
in Illinois and flow southeasterly into the river through valleys
from one-quarter to a half mile wide and from 30 to 80 feet
in depth. The streams from the east are Otter Creek, Lost
Creek, Honey Creek, Prairie Creek, Turman’s Creek and Bus-
seron Creek. Portions of Pierson and Riley townships are
drained to the southeast by Splunge Creek into Eel River. The
" *8covell, 31st Ann. Rep. Ind. Dep. Geol. and Nat. Res., 189, p. 507. ‘ ‘ l

A
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valleys of the river and its tributaries seem to be the channels
of an earlier drainage system that have been partly filled with
-sand and gravel, so that in many cases  the beds of the present
streams are from 25 to 100 feet above the rocky beds of the
older channels. These smaller streams are, for -much of the
summer, “lost creeks,” a fairly good stream among the hills dis-
appearing in the sands and gravels of the main valley.”*
"In-Vigo County the conditions are especially favorable for
successful coal mining; for the growing of grain and market
garden products, for stock raising and for many forms of manu-
‘facturing. The clay industries along the west bluffs of the Wa-
bash have developed rapidly in the past five years, and there is
little doubt but that the county will soon become one of the
great clay industrial centers of Indiana.
Due mainly to the work of an energetic commercial club,

~ Terre Haute in the past two years has grown very rapidly, and

her population is now very near, if not beyond the 50,000 mark.
Her transportation facilities can not be excelled for a city of
that size, as no less than ten different railways either pass
through or have their terminals within her limits. These are
the St. Louis Division of the Big Four, and the main Division
of the Vandalia, both of which pass east and west through the
city and the full width of the county; the Peoria Division of
the Vandalia, running northwest to Peoria, Illinois; the T., H.
& L. Division of the Vandalia, northeast to Logansport and
South Bend; two of the main divisions of the C. & E. I., run-
ning northwest and northeast; the E. & T. H., running south;
the E. & 1. and the Southern Indiana to the southeast, and the .
Chicago Division of the Southern Indiana to the northwest. Con-
necting all of these is a belt railway passing nearly around the
city, while electric interurban lines extend east, north and west
and add to the traffic facilities.

Township 18 North, Ranges 8, 9 and 10 West, and Part of 7 West.
With the exception of the Wabash terrace or second bottom,

" in the west half of 8 west and the east half of 9 -west, this north-

lern tier of townships in Vigo County is, in general, a rugged

“Beovell, Loo. oit., p. 508.
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region, much broken and cut up by surface streams. Coal A2
has its eastern outcrop near Coal Bluff; while coal VII in this
area oceurs only west of the Wabash Rlver_and in a small-area
about Atherton. In the area covered by coal VI, sandy shales
or shaly sandstones predominate close to the surface, the layers
of workable clayey shales being few.

One mile northeast of Coal Bluff, in the southeast quarter of
section 5 (13 north, 7 west), a drilling near the Gladstone mine
ghowed the following strata between the surface and the under-
clays below coal IV :

Part of Section Near Gladstone Mine, Northeast of Coal Bluff.

- Feet. - Inches.
1. .Coal VA ..itiiiiiiit ittt inessceasonassans 1 3
2. White shale ........ ...t iiiiineieiineannnns 4 5
3. Blue shale ............iitiiiiiirenncvennnaess 15 0
4, Sandstone .........c..iiiiiiiiiiiiiiii i 10 0
5. Gray shale .,....................... PPN 3 0.

Place of coal V " .
6. Under-clay ................cu. e ieeea 7 0
T. Shale, bIe ....covitiniiirnreneoeansnsnes ee.. 25 (1]
8.- Sandstone ..... et teaettreere ey 7 3
9. Shale, 8ray .....cocveevenenns et e 4 0
10. Coal IV .e.iniiiiiiiiiiiiiiieiiaaes e 4 2
11. Under-clay .......oviivevinnnnirennnss Coveneas 3 0
12, Shale, DIRE . ....iviieiinrenrereensorcosnanessn 10 7

Of the strata passed through, Nos. 2, 3, 6, 7, 11 and‘1\2, aggre-
gating 65 feet in vertical thickness can, if necessary, be used
for clay products, and show a plentiful supply of clay working
materials in this area. Railway facilities are excellent, as both
the C. & E. 1. and the Big Four have spurs penetrating this
region.
~ One mile southeast of Coal Bluff, on the land of James Kes-

sel, G. W. Eppert and Leonard Carter, in the south half of sec-

tion 17-(18 N., 7 W.), a fair quality of potters’ clay occurs in
the valley of 4 small stream. - The clay is exposed at several
places in the bed of the stream, and test bores have shown it
to be from six'to 10 feet thick, and overlain with one to four
feet of soil and gravel. The bottom of the stream valley is about
. 250 feet in width, and 25 feet below the level of the surround-
_ ing region; the clay occurring at the depth mentioned over five
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to six acres in this bottom. It is very probably the partially ex-
posed and weathered under-clay of.coal VI, which is found seven
feet four inches thick, at a depth of 28 feet below the top of
the hills on either side of the valley. The clay is a very white,

fine grained, plastic material. It has been tested at Gas City-
and Brazil potteries and found to make a good grade of stone-
ware, its only drawback bemg that it has a tendency to stick to
the molds. -

" The strata accompanying coal VII occur in the vicinity of
Atherton, sections 6 (13 north, 8 west), and 1'(18 north, 9 west),
and it is very probable that the overlying blue shales will be .
found in quantity in these two sections, but no record of thelr
occurrenceé is.at hand.

On the west side of the Wabash a switch of the C. & E. 1.
‘Railway has recently been extended south from Clinton to Mine
No. 6 of the Indiana Fuel Company, on the land of T. Collins, -
in the northwest quarter of section 16 (13 north, 9 west). The
shaft of this mine is in the valley of a small stream, and on the -
north side of the switch where it turns from the river valley into
that of the stream there is an exposure of shale 22 feet thick.
This is a soft drab to blue clayey shale of excellent quality for -
the makihg of vitrified wares. An occasional nodule of kidney
iron ore is visible in the outerop. This shale forms the greater
part of the surface above drainage over a large area in this
vicinity, being exposed 35 feet thick, about 150 feet east of the
tipple of No. 6 mine. In this shaft coal VII occurs at a depth

-of 106 feet, the greater part of which is shale.

The Chicago extension of the Southern Indiana Railway is, at
this writing, being built up the Coal Creek Valley, through sec-
tions 20 and 19 (13 north, 9 west), and 24, 14 and 15 (13 north,
10 west), and_when completed will make available for the first
~ time fine beds of shale and veins of coal in the northwestern cor--
. ner of Vigo County. The spur of the C. & E. 1., above mentioned
as rupning south from Clinton on the west side of the Wabash
River, has been graded as far south as the Coal Creek Valley.
Near the point where this grade strikes the valley, in the north-
west quarter of section 28 (13 north, 9 west), occurs a fine out-
crop of shale. This exposure is,best seen on the north side of a
roadway, which runs east and west on the north side of Coal
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Shale Blaff on Little Vermillion River, five miles north Shale Bluff by side of Spur of C. & E. I. Railway, Fayette
of Dana, Vermillion County. Township, Vigo County.
(See p. 132.)
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Creek valley. Here it rises 15 or more feet above the level of
the roadway, and is a soft, gray to blue clayey material. At a

point 20 feet higher on the ‘hill and 200 yards back from the
" valley the shale is overlain with sandstone. If the C. & E. I
extension be completed this deposit of shale will be less than an

eighth of a mile north of its junction with the Chicago Division -

of the Southern Indiana, this junction being on the scuth side
‘of Coal Creek Valley at the point where the latter merges into
the Wabash River Valley.

Farther north thick beds of the shale overlying coal VII out—
crop at a number of localities. At Durkey’s Ferry, in the north-

~west quarter of section 21 (18 N., 9 W.), it is 18 feet thick and"

contains many ironstone nodules, some of which, when split open,
disclose very-fine impressions of fossil plants. ~

A general section of the Coal Creek Valley from the junction
of its forks in the northwest quarter of section 23 (13 north, 10

west), to its point of mergence with the Wabash River Valley, -

would show the strata to be about as follows:

Section Along the South Side of Coal Creek Valley.
Feét.  Inches.

1. Surface and boulder clay..,...........ccvvvnnnn 8 0
2. Brown sandy shale.............cvviiumuneenen L1 3
3. Drab to blue clayey shale with scattered iron- -
stone nodules .......... .. tiiiiiiiiiiiieinan 30 0
4. Dark gray fossiliferous limestone.............. 2 6
5. Black sheety bituminous shale................. 1 2
6. Coal VIIIA ..ovvrivneerinnnnneerneennsncrnnsns 1 (L
7. Under-clay, fine drab ............coviiviinne. 4 6
8. Shale, gray to blue, with one of two bands of i
. ironstone near its base....... B TR R 53 | 0
9. Coal VIII .....ooiiiieiniinnenianennenunnnnns 4 8
10. Under-clay .......c..ciiiiiiiiniiiiiiiinnnennes 7 0
11. Solid buff to gray limestone ................... 3 6
12. Gray sandy shale.............c.ccvunnn. N 6 Q-
13. Sandstone, massive buff {0 gray..... P 9 0
14. Shale, drab to buff...............c.ciiiiivnn 16+ 0

In the southeast corner of section 19, just west of the “Coal
Creek Hill” on the gravel road, there are exposures of a fine clay
shale in the ravines on the south side of the creek. Coal VIII
has been stripped a half mile farther up the creek, and the shale
outerops mentioned are those of No. 8 of the general section,
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“above the level of that stripping. ~The exposures are at the base
of the shale deposit, the upper portion being covered with weath- -
ered shale and other material, so that the exact thickness of the .
shale at this point could not be ascertained, but it is evidently
more than 40 feet. This deposit is not over 200 yards from the

- new Chicago and Southern Indiana Railway, with a good terrace
or second bottom between for a factory site. Coals VII and VI,
both of workable thickness, can be mined from ‘below the shale,
‘8o that the site is one well worth the attentlon of prospective clay
manufacturers. :

On the north side of the. creek at this point the sandy shale
and sandstone, Nos. 12 and 13 of the section, outerop 15 feet
above the bed of the stream, just west of ‘the bridge.

On the land of G. W. Leek, in the southwest quaster of sec-
tion 19 (18 north, 9 west), the bed of the creek is Just above
coal VIII, which has here been stripped in a number of places.
Near this point shale No. 8, 30 to 40 feet thick, outerops in bold
bluffs on the south side of the creek. On the north side, along
the grade of the railway, the shale is, in general, covered with
-drift and weathered material, two to six feet in thickness; the
. bed of shale itself running thinner, but averaging 18 to 25 feet.

The Coal Creek Coal Company owns in fee simple, or has uh-
der lease, about 1,800 acres of land along this valley, and controls
the finest deposits of exposed shale. One of the most available of
these is on the south side of Coal Creek, on the southeast quar-
ter of section 28 (13 north, 10 west). At this point the base of
shale No. 3 outcrops 15 feet above the level of the stream, with
black shale and a thin layer of coal VIIIa, below it. In Septem-
. ber, 1904, an old abandoned cornfield occupied 20 to 80 acres
of the slope of the hill above the shale outerop. In this in many
places the shale came to within twe or three inches of the sur-
face, so that no stripping would be necessary. The bed of shale
will here run 20 to 30 feet in thickness, and is of a soft, gritless;
very plastic material, suitable in the highest degree for vitrified
wares of mapy kinds. The grade of the railway is about 200
yards to the north, and coals VIII, VII and VI, all of workable
thickness, occur beneath the shale deposit. A dam across the
stream will conserve water enough for zll purposes or, if neces-
sity required, it could be secured from deep wells or piped from
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the Wabash River. One-fourth mile below this, also on the south
side of the creek, in the southwest quarter of section 24, shale
No. 8 outerops 30 feet thlck with a layer of ironstone boulders
in its lower third.

On the B. Swafford land, in the east half of section 15 (13

north, 10 west), there is a bluff of shale 25 or more feet in verti-
cal thickness, exposed along Coal Creek. The line of the Chicago
Division of the Southern Indiana Railway pdsses within a quar-
ter of a mile of this outerop. '

Just above the junction of the two forks of Coal Creek, in

the northeast of the northwest of section 23, the Coal Creek'

Coal Oompanv owns 80 acres. On it the old shaft ‘of the Eddmg— /

ton and Vermiliion mine passed through the following strata:

- Section of Eddington and Vermz'llz'on-Shaft.

Feet.  Inches.
1. Shale, light colored, fine quality............... .05 (1]
2. Limestone, impure and shaley................... 0 6
3. €Coal VIIIA ....covviriinrnnninoerermmnncnerannas 0 8
4. Shale, of good guality......... PUUTIRUR ... 84 0
5. Limestone, clayey ........... e, 8 o
6. Shale .....vvivirenrrnennerianens e L. 34 0
7. Coal VIII .....eovnevnnnnnns A 4 8

| Outerops of both shale and under-clay occur in numerous other )

places in the Coal ‘Creek Valley, but the above are all of which
I have especial record. There is little doubt but that in a few
years this region will be found a closc second to West Terre
Haute in the clay manufacturing business.

g Township 12 North, Ranges 8, 9 and 10 West.

East of the Wabash River there are but few beds of good
available clay material in this area. While coal VII occurs over
much of the region, it is too close to the surface to have much
shale above it, and that between it and coal VI is, in general,
- too sandy for clay wares. At Seeleyville the section exposed in
the shaft of the “Ray” mine of the Vigo County Coal Company,
disclosed 41 feet of sandy shale above the worked: seam. of coal
VI. This contained too high a percentage of silica and mica to
be of value. The under-clay of the coal is  but 18 inches thick.
A lack of time prevented my visiting the mines farther north
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‘along the I. & St. L. ’Ra:ilway, but from the records of bores

furnished me by the Coal Bluff Mining Company, I should judge

the conditions there to be about the same as at Seeleyville.
West of the Wabash River there occur, in the area under con-

sideration, the best known shale deposits of Vigo County, and.

“the only ones which, up to the present, have been developed to
any extent. These deposits are found in the bluffs of the Wa-
bash and occur, in the main, just above coal VII, which is the

* principal worked vein in the area. A conmnected section along
Sugar Creek, made from notes by Dr. J. T. Scovell, and pub-

lished in the 1898 Coal Report, p. 749, will serve to show the
average’ sequence and thickness of the strata in the upland area

west of the river: - ’

'

General Connected Section Along Sugar Creek,

' Feet.  Inches.  Feet,  Inches.
1

1. Surface, soil, and clay........ 0 1 0
2. Subsoil yellow clay........... 4+ 0 5 0
3. Boulder clay ................ 10+ 0 15 0
4. Shale ..........iciiihiiiinnn 5+ 0 20 0
5. Coal VIIT ................... ' 1 4 21 .4
6. Fire-clay and shale........... 3 0 24 4
7. Limestone, crystalline fossilif- ' =
CIOUS & ovvvvvnnesnsnennannnn 2 (1] 26 4
8. Shale, light colored to red..... 6to 12 0 38 4
9. Limestone, impure, flinty..... 1 0 39 4
10. Sandstone, massive .......... 11 0 50 4
11. Sandstone, merging into shale. 14 0 64 !
12. Shale, bluish with ironstones
in upper part............... 28 6 92 10
"18. Bone coal and sheety shale. ... 1 0 93 10
14, Coal VII .......ivviivinnnn.. 4 8 98 6
15. Fireclay ......coecveveven... 10 0 108 6

As shown by the above section, coal VIII, stripped on Coal
Creek, has been reduced in this area until it is not workable.
Below it-are commonly found the two beds of limestone from
five to 12 feet apart, and helow these sandstone and shale to coal
VII. The following extracts from Mr. Scovell’s descriptions of
the strata between coals VIII and VII may be taken as a gen-
eral description of this area and the strata mentioned in the
above section: ‘ \ ‘

“The fire-clay and shale (Nos. 4 and 6) on Coal Creek and
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northward are from six to 10 feet in thickness. Toward the south
the variation in thickness is through a wider range. In every
place that I have been able to examine this material it has been
a fine clay shale, free from grit. In a bluff on Coal Creek, on

the southwest of the northwest of -section 28—12—9, in the -

lower part of this shale, there is a thin layer of fine-grained,
siliceous rock, about ome foot in thickness. It is light brown
in color and is traversed by tubes of varying size, that possibly
may have been worm tubes. It seems to be of limited extent.

“The limestone No. 7, along Coal Creek and northward, is
flinty and nodular, often brittle, and breaking with a conchoidal
fracture. Toward the south this limestone becomes a hard,
somewhat crystalline rock, from two to three feet thick. The
.shale No. 9, below this limestone, is from three to 12 feet thick,
resting usually on limestone below. This is a fine clay shale,

“generally free from impurity of any kind, but sometimes it is
seamed with limestone, sometimes it is reddish or bluish, some-
times white or gray.

“In Fayette township, where examined, it was of a light color.
On section 23 (12 north, 10 west), and on the southwest quar-
ter of section 11 (11 north, 10 west), it is light colored, but on
the south half of section 25 (12 north, 10 west), and on the east

- half of section 15 (11 north, 10 west), and at other places it is
highly colored, but always of a fihe quality. Near the center
of section 23 (12 north, 10 west), the two limestones outerop in
the bank of Sugar Creek, and are separated by 12 feet of this
valuable shale.” But dbout a quarter of a mile west the limestones
outcrop again, with not more than three feet of shale between

them, and this containing quantities of limestone, generally in

boulders.

~ “The lower limestone, No. 9, varies greatly. In the southern |
part of the county it is seldom as thick and never of as” good:

quality as the upper one, and is called by the miners ‘bastard

limestone.” As it forms a thin layer over the sandstone below,

they sometimes fail to recognize it as a limestone.

“The sandstone belaw this limestone is sometimes massive and-

of uniform texture, forming a good quarry stone, as on the
southwest quarter of section 28, northwest of 28, and the south-
" yest quarter of 16 (13 north, 9 west), but towards the south it is
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fragile and shaly. It merges into the sandy shale, No. 11, which
sometimes has a peculiar wavy structure. These sandy shales
merge into the fine clay shales, No. 12, below, so that it is diffi-
cult to say how much there is of either of the three strata below
the limestone. Perhaps the following section on section 24 (12
north, 10 west), will be about an average. Sandstone, 12 feet;
sandy shale, 10 feet; clay shale, 30 feet.”™* )
One-half mile northwest of West Terre Haute, and just north
of the point where the Vandalia Railway strikes the upland, is
. a tract of fine shale covered land, to which special attention was
called in the 1895 clay report. In 1901 the Vigo Clay Company
purchased 143 acres of this tract in the northwest quarter of
section 19 (12 north, 9 west), and on it, ahout 50 rods north
of the railway, erected a large plant for the making of hollow
brick, fireproofing and kindred vitrified products from the shale
No. 12. At the point where opened, the shale was covered only
by drift material, a section of the pit in June, 1904, showing as
follows:

Section of Clay Pit of Vigo Clay Company.
» Feet.  Inches.
8

1. So§1 and gravel (stripped)........cooiiiiiiiin 1
2. Yellow clay and decomposed shale, stained by
oxide of Irom .......civviiniiiiiiiiniiiinnes 7 0
3. Blue shale .......cciviiiiiieiiiiinrerneennnnes 18 0
4. Ironstone band ...........c.ciiiivuinenncnannenes 1 4
5. Gray shale containing numerous particles of pyr-
ites of drom. ... ...l i i i e 13 0
6. Coal VII ........... e e, 5 6
7. Underclay ........... et e PP 8 0

Of the above, Nos. 2 and 8 were being mixed and used in

- the proportion in which they occur. The iron pyrites in the™

lower gray shale strata, No. 5, had caused the abandonment of

that portion of the pit. A separate coal shaft led down to the

coal mined for fuel. Wares made from the under-clay No. 7

alone were found too difficult to dry. - Mixed with the shale, in

" the proportion of one part to two, it made a fine product, but as

some difficulty had been experienced in getting it intimately

mixed, and as the shale occurs in plentiful quantity, the under-
clay was not, at the time, being utilized. :

*The Geology of Vigo County,<n 2Ist Ann. Rep. Ind. Dep. Geol. and Nat. Res., 1896, pp.
531-582, ' ' . '
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The mining of the shale in the pit is let by contract at 123
cents per car holding a cubic yard.- About 100 cars are used
daily, being elevated by steam power to the dump above the dry
pan. o
Water in abundance for this factory and the other three facto-
ries north is secured from the old Vandalia gravel pit, about a
‘third of a mile to the east. The hollow brick and other wares
made by the company are easily and cheaply burned, of excel-
lent quality, and have a wide sale. The company has been very -
successful from the beginning, having been far behind in their
orders for most of the time during the three years their factory
has been in operation. Some trouble is experienced with shrink-
age, as the raw material is very “fat” or plastic. The addition
of a small percentage of silica or ground sandstone would, doubt-
less, be of benefit. Eight or nine men are employed in mining
the coal for fuel. The coal contains quite a quantity-of sulphur
balls, which are separated, cleaned of attached coal and sold at
$3.00 per ton f. o. b. at the factory.* '

‘Just north of the plant of the Vigo Clay Company is that of
the C. M. Miller Mining and Manufacturing Company, erected
in 1904 for the purpose of making ordinary brick. Their clays
are, for the most part, purchased from the Vigo Clay Company,
being alluvial or river bottom clays obtained from the low ground
about a quarter of a mile east and hauled in wagons to the plant.

One-third of a mile farther north, on the southeast quarter of
the northeast quarter of section 18 (12 north, 9 west), the
National Drain Tile Company erected one of their four Indiana
plants in 1902, and began the making of drain tile in February,
1903, from the No. 12 shale. The factory is on a narrow terrace
or second bottom of the Wabash Valley on the east side of the St.
Mary’s road, and about 150 yards east of the east border of
" the upland. Several switches of the Vandalia' run to each of
the clay factories along this terrace, the Big Four just to the
north, and much the nearer to two of them, having, for some
unaccountable reason, failed to put in a spur. The pit of this
. company is just north of the plant, and shows three to six feet
- of brownish yellow decomposed shale, with 12 to 16 feet of blue

*Full.descriptions of this and other clay manufactories northwést of West Terre Haﬁte
will be found in a later section. ’

ll;Geolog‘y.
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shale beneath. This material is worked down to the black sheety -
shale, four to ten inches of which occur just above coal VII.
The latter is not, as yet, mined, but a slope shaft will be put in
as soon as the clay pit has been opened a little deeper. The
mining of the shale is let by contract at 32 cents per car holding
two cubic yards, delivered at the pan. Six rnen are worked in
the pit, five of whom receive an average wage of $1.75 per day.
Forty carloads of shale are taken out each day, this quantity
being sufficient to make a kiln of tile which is the daily output
of the factory.

Mr. J. F. Morris, the superintendent of this plant, informed
me that he had never seen a tile made from this shale deposit
crack in drying. The. extraordinary quality of the shale for
making hollow products is proven by this minimum of loss in
drying. He said that at the Summitville plant of the same
company, where he formerly worked, the tile are made of drift
or surface clay, and when five tile are put in the dry room, an
average of but little more than three are taken out in fit condi-
tion for burning. The loss by cracking in burning at the Terre
Haute plant is small, and it is not the fault of the clay, but of
the burner. The tile made at this plant range in size from four
to thirty inches, and are shipped to all parts of the Mississippi
Valley. A twenty-carload order for Lawrence, Miss., was being
loaded at the time of my visit. This plant and the one south
of Hillsdale, which uses practically the same material, are the
most successful of the four in operation by the company, the
demand for the output being at all times in excess of the supply.

The Terre Haute Brick and Pipe Company, in 1893, pur-
chased 100 acres of land two and a half miles northwest of Terre
. Haute, in the northeast quarter of section 18 (12 N., 9 W),
almost all of which is underlain with shale and coal. Just above
the high water mark of the Wabash River, and a few hundred
yards south of where the St. Louis Division of the Big Four
Railway strikes the uplands, this company erected, in 1894, a
modern plant for the making of paving brick, hollow brick and
vitrified wares. At this point the shale overlying coal VII comes
close to the surface, a section in the pit just west of the factory
showmg, 1n August 1904, as follows:

i




Shale Pit of Vigo Clay Co., one-half mile northwest of
‘West Terre Haute, Vigo County.

shale Pit of Terre Haute Brick & Pipe Co., one mile northwest
of West Terre Haute.
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_ Section of Clay Pit of Terre Haute Brick and Pipe Company.

o Feet,  Inches.
1. Soil and yellow clay...covvereiereinnennenenns 02 6
2. Decomposed brownish yellow shale............. 4 0
3. Blue clayey shale....... et trartana e 14 ]

About six inches of the top is removed by scrapers and the
remainder mixed as it comes from the pit. The main body of
blue shale is a soft, unctuous material, wholly free from grit,
and containing fewer kidney iron ore concretions than in the pit
of the Vigo Clay Company. In the pit it was seen to lie in
lamine one and a half to four inches in thickness. ~About 140
cars, holding one and a fourth cubic yards, are used each day-
to make 40,000 paving brick. The shale is mined for 15 cents
per car, but is hoisted by the company, who furnish cars, powder,
ete. 3 ' .

The shaft through which the Terre Haute Brick and Pipe
Company mine their coal is located in a ravine about one-third of
a mile northwest of their brick plant, near the center of their
tract of land. Coal VII is mined at a depth of 50 feet. A new
air shaft was being completed in August, 1904, which showed:

Section of Air Shaft Near Mine of Terre Haute Brick and Pipe Company.

Feet.  Inches.

1. Soil and alluvial clay...............ccovivnn.nn 2 8
2. Shale, light gray .......... e ettt ie s 25 0
3. Kidney iron ore or ironstone.................... 1 4
4. Bluish gray clayey shale ........................ 22 0
5. Coal VII ... it T4 10
6. Under- cL&ly .................................... 10+ 0

The upper ten feet of No. 2 shale contains more silica than
the lower portion, but when mixed with the latter renders it of
better quality for working. The under-clay below the coal is
not now being utilized, but will make a good grade of hollow
brick or sewer pipe. The coal is hauled to the brick plant in
carts and dumped by the side of the kilns. A tramway will
eventually be put in. for hauling both it and the under-clay. -In
addition to the land owned in fee simple, the company has under
lease the coal and clay on 200 acres to the north. :

“Just to the west of the land of the Terre Haute Brick and Pipe
Company is a 93—acre tract, owned by Hon Charles Whitcomb,
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all of which is underlain by the thick bed of No. 12 shale above -
coal VII. The coal on the tract is being mined, but the shale
has not; as yet, been used. It will be found:suitable for all
kinds of vitrified products and for drain tlle, pressed front and
ordmary brick.

" The same shale will be found beneath the surface of the
greater portions of- sections 12 13, 24 and 25 and the west -
halves of 6,7, 18 and 19-(12 N, 9 VV)

On the J ohn L. Walsh farm, northeast quarter of 7, the shale
is covered to a depth of five or more feet with surface soil and
hardpan. The upper 60 feet of a bore drilled 400 feet north-
west of the Walsh line, on the estate of the Sisters of Providence,
showed the presence of the following strata: ‘

Partial Section of Bore on Land of Sisters of Providence, Near St. Mary's.
‘ Feet.  Inches.  Feet.  Inches.

1, Surface .......veiivinienennnans 2 0 2 0
2, Hardpan ........ccivveverennnns 15 0 17 0
3. Under-clay .......cccovvunnunnn 11 0 28 0
4. Drab soapstone shale............ 3 0 31 0
5. Blue soapstone shale............ 11 0 42 0
6. Limestone .............ccc0oan 1 0 43 0
7. Sandy shale..................... 7 0 50 0
8. Limestone ...................... 2 6 52 6
9. Soft gray shale....... s 1 0 53 6
10. Blue sandstone ................. 1 0 54 6
11. Blue shale ............cvivuinns 6 0 60 6

Along West Little Sugar Creek, on the north half of section
15, and in the west half of section 9 (12 N., 10 W.), there is
a bluff nearly a mile and a half long, on the lands of M. G. Lee,
P. J. Ryan and Joseph Hickling, which is, in the main, composed
of an outérop of shale of good quality. In some Pplaces the -
exposure is 20 feet or more thick. The necessary stripping is
variable, averaging about seven feet, and is heavy at no point

- along t}e stream. The outcrops are underlain with two or three

workable veins of coal, and can be reached by a spur of the

Vandalia, a mile or so in length, Whlch can be readily constructed

up the valley of the creek.

“A deposit of fine clay on section 22 (12 N., 10 W.), i is said
to be suitable for encaustic tiling and hlgh-grade pottery wares.
A partial analysis of this clay by Dr. W. A. Noyes is as follows:
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S e 50.36
-8 0 1111 o S N 15.08
Oxide of irOM.. ... ...cviiiiviieiiiiiiieinnnnnnns 4.45
Loss by ignition.....ccoviireriererereenaanannes 13.98
, . —— 83.87
Undetermined substances ..............c.cvcvvnn 16.13
Total ..ot ittt it sioneienaes 100.00

“Prof. Noyes says that the undetermined substances -appear
to consist largely of lime. The clay, hé thinks, may be of value
for earthenware and similar products.”* '

On the “old Casto” or Thorp farm, in the southeast quarter of
section 28 (12 N., 10 W.) is an extensive outerop of shale No. 8
of the general section. This is within one-third of a mile of
the Vandalia Railway and by the side of Sugar Creek, in which
is found a never-failing supply of water. A vein of coal five
feet thick is found at a depth of 50 feet and another at 130 feet.
The shale is exposed to a depth of 12 feet, beneath four feet of
overlying soil and clay. It is a soft, light gray, unctuous mate-
rial, wholly free from grit or pyrites, easily cut with a knife and
very plastic when ground and moistened. Sample paving brick
have been made from it, which were very tough and almost non-
absorbent. The shale, according to analysis by Dr. Noyes, has.
the following composition :

Analysis of Shalefrom the Old **Casto’’ or **Thorp’’ Farm, Sugar Creek Town-
ship, Vigo County.

Silica (Si0Q;) ..... ittt eeeeas o arteneastnaranaeans 61.05
_ Titanium oxide (TiOz)..........c.viiinniienn... 1.20 .
Aluming (ALLOD «vvvevieriiniir i e iennennaans 21.46
‘Water combined ............ e e . 6.94
Clay base and sand.................ccoovven.nn 90.6DH
Ferric oxide (Fe,Og)............ e P 5.37
Ferrous oxXide (Fe0). ..o iiiirreeeeneerereeneann 71
CLAmMe (C80) v vie i e i 25
Magnesia (ME) «oeevvereeaiveeanannnnnss e .. 70
Potash (Ki0) . oovvveni ittt iiiiiierencinans 2.34
Soda (Na,0) ........ovvveniiini,ius e .30
Fluxes ........cov.n. B 9.87
Total .......von.. B 100.52

®Sgovell, Geol. of Vigo Co., 1896, p. 571.
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The analysis shows this to be a much purer and more refrac-
tory shale than the average, and it will therefore have a tend-
ency to shrink in burning, which can be readily overcome by
mixing with it some of the overlying surface clay or a shale
containing more silica. This analysis may be taken as fairly
representative of the average composition of the soft, gray, unc-
tuous No. 8 shale found in the uplands west of the Wabash
River. ‘

On the Larrimer land, in the northwest quarter of section 25 -
(12 N., 10 W.), occurs another large outcrop of shale No. 8. -
It is in a ravine one-eighth of a mile northwest of the coal mines
which are worked on the same land. This shale outcrops over
quite an area, and can be secured by easy stripping. It is under-
lain with two or more veins of coal, and can be easily reached
by a switch from the Vandalia, one mile distant.

Samples of this shale were made into bricks with a Boyd dry
press machine, and also into paving brick for Dr. J. T. Scovell.
The pressed front brick were of a rich dark reddish-brown color,
uniform throughout; had a clear metallic ring, did not shrink
much in burning, did not warp, and were tough, not chipping
easily. Architect Floyd, of Terre Haute, said of them ‘“that no
finer brick were ever laid in Terre Haute, and that they were
worth $30.00 per thousand, as well as one dollar was worth an-
other.” , '

The paving bricks shrunk considerably in burning, but did
not warp. They were hard and tough and absorbed but little

" moisture. Ome of them, tested for strength by Prof. M. A.

Howe,at the Rose Polytechnic shops, gave the following results:

“A brick from Vigo County shale.~—Cross bréaking test.—Area
of cross section 8.49 inches, supported on knife edges six inches
apart; the force applied by knife edge midway between the sup-
ports, using the Riehle testing machine. The brick broke under
a pressure of 6,040 pounds, showing a strength per square inch
‘of 2,900 pounds. In the compression test the brick was on cast-
iron é.upports, with pine bedding. Area, 6.27 inches. The speci-
men cracked at 88,000 pounds and failed at 95,500 pounds,
showing a strength per square inch of 15,230 pounds. A brick
made from the bottom land clay used by the Terre Haunte Pressed
Brick Company, when subjected to the same tests, showed a
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cross breaking strength of 1,300 pounds per square inch and a
- compression strength of 11,940 pounds per square inch. An-
other, composed of one-third shale from section 25 and two- .
thirds bottom land clay, showed a cross-breakmg strength of
1,700 pounds per square inch.”*
. On the land of (. A. Harris, southwest of the southeast
quarter of section 25 (21 N., 10 W.), the following strata are
to be seen in a ravine a short distance northwest of the barn:

Section on Land-of G. A. Hurris.

’ Feet.  Inches.,
1. Seoil and surface clay...... e ereaian Ceaeaan 2 0
~ 2. Limestone, flinty, fossiliferous................... 3 0
" 8. Soft blue shale....v....oivtiiiiiiiiiiii e, 7 4
4. Limestone in thin layers..............ccvvvavn.. 1 0
5. Sandy shale .......ccciiiimin i eiiinereernnnens 8 0
6. Soft blue shale......c.ovvriirtiiinaniennnnneenns 2+ 0

No. 3, here exposed, is evidently No. 8 of the general section
along Sugar Creek. Near the middle of the stratum is a band
of reddish purple shale a foot or so thick, which weathers into
small lenticular fragments. When ground and moistened it is
very plastic and tough, and would make a good modeling clay.
The limestone No. 2 has been quarried to some extent for
macadam. No. 6 is exposed in several places 150 yards farther
down the bed of the stream leading from the ravine. It is the
No. 12 of the general sectlon, and is doubtless of good, workable
quality and thickness. v

On the old Butz farm, noW owned by the G. W. Harris estate,
at the slope shaft of the West Terre Haute Coal Company, in
the southwest of the northeast of section 25 (12 N., 10 W.), the
following strata are exposed:

Section on G W. Harris Estate.

’ i Feet.  Inches.
1. Soil and surface clay...}......oviiviiiiiiiins 2 Q0
2. Buff to drab sandy sbale,....................... 28 0
3. Soft blue elayey shale ............oieiiinann, 22 0
4. Sheety shale and bone coal...................... 0 10
5. Coal VII ..............s eovns s 5 2
6. Under-clay in sump...... ittt e 6 8

!

*Sgovell, Geol. of Vigo Co., 21st Ann. R§p., - 569.

A
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Nos..2, 3 and 6 of 'the section are all of them of good quality,
capable of being made into many kinds of vitrified products. No.
2 by itself is best suited for ordinary or dry pressed brick.
Mixed with No. 8, it will add to the quality for paving brick or
sewer pipe. This exposure is two and three-quarter miles a little
south of west:of the court house at Terre Haute, and seven-
eighths of a mile south of the Vandalia Railway. A spur to reach
it would have to cross Sugar Creek, but otherwise the expense
would not be above the average for such distance. The same
strata will be found close to the surface over the 40 acres just
west, viz., the southeast of the northwest of section 25. Coal
- VIL, as here mined, is of excellent quality, being much freer

from sulphur than at some of the mines farther north. \ :

The above constitute all of the clay deposits visited west of
the Wabash River. The three large factories already in opera-

tion have fully tested the shales and under-clays and have proven -

their fitness for making almost every kind of vitrified ware used
in the State. Other tests have shown them highly suitable for
terra cotta, pressed front brick and ordinary brick. The under-
clays, when properly washed, will also make a good quality of
stoneware. Coal VII, 5 feet thick, is within 50 to 80 feet of
the surface, and is mined at a number of places; coal VI, 270
feet below the surface, is six.feet thick, and mined at the Deep-
Vein shaft, near the plant of the National Drain Tile Company.’
Other veins of coal of workable thickness occur below this.
Three railways pass through this area and another is graded to
within its border. Water in abundance can be had for the pump-
ing. With all these factors present, it is safe to predict that
within ten years clay factories of large size will be in sight of
one another on the west bluffs of the Wabash from below West
Terre Haute northward to Clinton and beyond.

From the alluvial or sedimentary clays, found in the lowlands
or flood plain of the Wabash River, ordinary soft mud brick are
made by a mumber of factories in the city of Terre Haute.*
These factories are located along the western border of the east-
ern river terrace, and the clays used are obtained 100 to 400
‘yards west and about 35 feet below the level of the yards. The

" *8ee statistical table near end of paper.
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clay has been deposited where found by the high waters of the
-annual overflows. Its thickness has never been determined, but
it is known to be more than 20 feet. It is very fine in texture, -
and, for-a river bottom clay, remarkably free from pebbles and
coarser impurities. It shrinks but little in burning, and forms
a strong and durable brick, which, on a large scale, can be made
for a little less than $3.00 per thousand, and usually bring $6.50
delivered in the city, the average cost of delivery being about
55 cents per thousand. Some of these common soft mud brick,
made from bottom land clay in the south part of Terre Haute,
and burned hard, showed, in tests made at the Rose Polytechnic,
a cross breaking strength of 570, 540, 890 and 920 pounds per
square inch, and a compression strength of 1,410 and 2,010
pounds per square inch. A brick two-thirds shale and one-third
bottom-land clay showed a cross breaking strength of 1,200 and
a compression strength of 5,070 pounds per square inch.

For a time dry pressed-front brick were made from this river
bottom clay. They were very hard and smooth, but the clay
had a tendency to burn into different colors. This necessitated
much labor in the assorting of the finished product. No less
than thirteen different shades were gotten from each kiln. This
was doubtless due, in part, to-the non-uniformity of chemical
composition, which such a clay must, of necessity, possess, but
more largely to the variations of the burning and position in the
kiln. Nevertheless, by careful assortment, the company was sue-
cessful in getting a good percentage of first-class brick, and the
“seconds” sold readily at fair prices for sidewalks and founda- -
tions. The clay, coming, as it did, from the river bottoms, was
quite full of moisture, and an artificial dryer was erected. This
did not prove a success, and the plant was finally changed into
one for making ordjnary brick. _

At Middleport, Ohio, similar sedimentary clays from the low-
lands of the Ohio River are used by two large factories for the
making of vitrified brick. They present the cheapest form of
clay which can be used for paving material, as they can be dug
by steam shovel for a nominal cost, and the labor necessary to
prepare them for use is almost nothing. On the other hand, the-
excessive plasticity of the material is against it, as it is dlﬂicult
to prevent faults of structure in forming the brick.
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The analysis of the Terré Haute clay (Noyes, chemist) is here
given side by side with that of a similar sedimentary clay from
the lowlands of the Ohio River, near Columbia, Ohio, and which,
according to Orton, “was worked into vitrified wares of high
grade.” C ‘

Analyses of Alluvial Clays from Terre Haute, Ind., and Colugbia, Ohio.

' Terre Haute. Columbia.
Bilica (810, (total)..................... 66.11 63.73
Alumina (ALOE) «.iviiiiiiiiieiinannen 13.78 17.17
Water combined ............cooenenns 6.34 4.90
Clay base and sand................ 86.23 85.80
Ferric oxide (Fe,0p). oo vvvviiievneenens 5.35 5.85
Lime (Ca0) ............. P 167 .58
Magnesia (MEO) ......ccovviieinenanns 1.78 97
Potash (K,0) ......... N 211 2.33
Soda (N2,0) vovvnininiinnnnnnenn, v.. 115 67
FIUXES veevvereneiernnnnnaenenennns 12.08 10.40

The physical tests above mentioned show that brick from
‘the Wabash alluvial clay did not rank'well as compared with
those made of the shale west of the river. The method of prep-
~ aration and burning the sample brick might have had much to
do with the low results obtained, as that method was doubtless
the same as for shale brick. The chemical analysis above given
shows nothing present which would affect the vitrification of the
clay under the proper burning.

Township 11 North, Ranges 8 and 9 West.

In this area occur the principal clay deposits of Vigo County, -
east of the Wabash River. Township 8 west corresponds to
Riley, and 9 west to Honey Creek of the civil townships. The
area is drained by Honey Creek, which flows a little south of
west across the two townships, and receives numerous small trib-
utaries from the north and south. Three railways, the E. & T.
H., the E. & 1. and 8. 1., cross the region and furnish the best
of transportation facilities. Coal VII occurs over the northern
half and southwestern corner of Riley, and the northeastern
corner and southern half of Honey Creek, and the shales above
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this coal form the most valuable clay resources of the two town-
ships. In section 81, in the southwestern corner of Riley, this
- shale is'50 feet or more in thickness.

\One mile northwest of Riley, on the land of the J. M. Sankey
estate, northeast quarter of section 17 (11 N, 8 W.), the E. & 1.
Railway runs by the side of a large deposit of soft, gray, clayey
shale. This is more than 20 feet thick, and lies above Coals VII
and VIb, the latter at this point be_ﬁng five to six feet in thick-
ness and mined less than one: ﬁfthiof a mile to the southeast.
The shale has been exposed in numerous places along the grade
of the railway and, on the hill to the west, has but about two
feet of soil and yellow surface clayfabove it. It is also exposed
in the ditches along the Terre Haute and Riley road just to the
east, and underlies the greater part|of the D. M. Wallace farm
on the east side of that road, the Wallace house standing on an
elevation of the shale. ‘

-This shale is very free from sﬂl(Ja and other impurities, and
can be made into all kinds of vitrified products, terra cotta and
dry pressed brick. With a railway already in .place and good
coal beneath it, it offers a most excegllent site for the location of
a clay-working factory. . :

At the Fisk mine, on the south‘rves’t corner of the Wallace
farm, coal VIb of fine quality, being'free from sulphur and burn-
ing to a white ash, is mined at a depth of 50 feet. A section of
the shaft of the mine shows:

Section of Shaft of Fisk Mine, One Mile Northwest of Riley.
. Feet.  Inches.

1. Soil and surface clay............. ... il 4 0
2. Blue gray clayey shale............ccovenerennnn. 8 0
3. Gray sandy shale................ooiiiiiiiains 3 6
4. Coal VII .. ..oiviiiniininnnen.n. U 1 6
5. Under-clay ................ i 1 8
6. Coal VII .............. e et e 1 6
7. Under-clay ........... eeaad SN e 4 .0
8. Black bituminous shale......... e 1 8
9. Sandstone .......... ..ttt 3 0
10. Limestone ........i....cc0eennin Seaeenas Tee.. 4 0
11. Black sheety shale................. N 12 0
12, Coal VID ..ttt it iiiiiin i iniaeniiaaes 5 0

0

13, Under-clay ....,.c.c0veiiieneeeranenrennianeanns 10
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Not over three acres of the coal have as yet been worked out
" by the present operators, who pay 8 cents per ton royalty. The
shales 2 and 3 and the under-clays 5, 7 and 13, aggreégating 27
feet, are all workable products, and should be used in connection
with the coal. Coal VII, here represented by two veins, sep-
arated by 20 inches of under-clay, could be mined with profit if
the mtervenmg clay were utilized.

Two miles west of Riley, on the southwest quarter of 18 and
the northwest quarter of 19 (11 N., 8 W.), and on the northeast
quarter of section 24 (11 N., 9 W.), there are outcrops of the
shale overlying coal VII on the lands of B. Franklin, Spencer &
. Hazelton and W. Fair. These exposures were made while grading
the east-west road that passes between the quarter sections men-
tioned. They are 8 to 12 feet in thickness, with 1 to 7 feet of
_ yellow surface clay above and bottom hidden. The shale is drab

to buff in color, but will be found blue at greater depths. It
" will make all grades of vitrified wares and dry pressed and ordi-
nary brick. The Southern Indiana Railway passes between the
outerops and within 350 fegt of all of them, while one or more
workable veins of coal will be found below them.
On the N. Jones farm, in the northwest of the northeast section
18 (11 N., 8 W.), a bore in search of coal passed through 52 feet
of blue clayey shale (soapstone) in the first 71 feet drilled. Coal
VIb, four feet in thickness, overlying seven feet of a good grade
of under-clay, was found at a depth of 117 feet.
On the old “Tuller” farm, in the northwest quarter of section

18 (11 N., 9 W.), is a bluff of shale 30 feet in thickness.. The
point where found is only one-quarter of a mile east from the
E. & I. and 8. I. Railways and one-half mile from the E. & T. T1.
Railway. A valley along which a switch could be -easily con-
structed leads-to all three. The shale is of good quality and con-
" tains a higher percentage of free silica than at the Sankey deposit
near Riley, but not too much. Coal has not been found here,
but borings will undoubtedly show the presence of ome or two
workable veins below the shale. A dam across Little Honey
Oreek, on which the outerops occur, would insure a plentiful
supply of water. , ,
Of this Tuller deposit Dr. Scovell wrote “Specimens taken -
“*Gool. of Vigo Co., 1896, p. 570. :
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s0 as to represent the average of the bluff, both sand and shale,
were sent to-H. S. Grimes, Portsmouth, Ohio, who had them
made into ‘Hallwood block’ pavers. When he sent the brick to
me Mr. Grimes wrote ‘that there never was a better brick made.”
They were of a rich brown color and apparently in every way a
first-class brick. They were considerably lighter than the ordinary
block and somewhat larger, as they did not shrink in burning.”

On the O. S. Smith land, in the northeast quarter of sectiofl ‘
36 (11 N, 9 W.) is-an exposure of good shale 12 feet or more
in thickness, above the creek. Coal VII occurs a few feet below
it, and is mined on the J. W. Smith farm, just to the west. On
- South Honey Creek, in the northwest quarter of section 25 (11
N., 9 W.), occurs a firie outerop of shale, and on the same creek,
in the southwest quarter of section 24, W1thm one-half mlle of
“the E. & T. H. Railway, is another exposure.-

The above constitute the principal visible deposits in Riley and
Honey Creek townships. A number of them well merit develop-
ment, as all the necessary factors for a successful clay manufac-
tory-are present.

Township 10 North, Ranges 8 and 9 West.

Coal VII, with its overlying shales, overlies the west half of
10 north, 8-west (Pierson Township) and the east half of 10
north, 9 west (Linton Township). The Southern Indiana Rail-
way runs northeast and southwest diagonally across Pierson, and
the E. & T. H. north and south through the eastern third of
Linton.

On the northwest quarter of section 6 (10 N., 8 W.), Pierson_
Township, there is a fine cliff of shale, known as the “Paint
Mine.” It is distant a mile and a quarter west from the Southern -
Indiana and one and three-quarters miles east of the E. & T. H.
Railways. For a number of years the shale was pulverized, bar-
reled and shipped to different parts of the country to be used as
a body for paints. The company worked under difficulties of
various kinds, but no fault was ever found with the material it
sent out. Coal VII is reported to lie 32 feet below the Paint -
bank, and to be 18 inches thick. As there is 15 to 20 feet of
shale over the Paint bank, there'is indicated a thickness of about
50 feet of a fine grade of shale. '
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On the north side of the road which runs by the “mine” the
shale is exposed above the water in South Honey Creek to a
_ thickness of 19 feet, with 3 to 9 feet of surface clay above it.
~Near the bottom of the exposure are two or three thin bands of

ironstone concretions. At the worked opening on the south side
of thesroad the cover of yellow clay is 10 to 13 feet and the
shale 164 feet thick. = At this point, in August, 1904, the shale
had weathered into cubical blocks, two to five inches in size, with
few or no iron nodules visible. It is of a light gray color, very
fine-grained and uniform in composition, and forms one of the
finest exposures seen anywhere in the State. Mr. W. P. Blair,
of the Terre Haute Brick Company, tells me that he has burned
pieces of the shale in his kilns, and that no better burning mate-
rial can be found. Dr. Scovell says that “in this locality there are
" several ironstone bands in this shale, with many nodules of the
same material. One owner of the quarry used to make hone
stones from these clay ironstone layers that were of the finest
‘quality. They were known as the ‘Fera hone stones.” The shale
from this locality makes good brick, but they are mottled gray in ~
color. If the ironstone were crushed with the shale, the mass
would doubtless make a brick of a good red color and great
strength. The material would m4ke a handsome stiff mud, re-
. pressed front brick.” , .

The same stratum of shale ouferops in a number of places
along South Honey Creek, north of the Paint Mine, forming the
surface rock over the greater part ¢f the southeastern quarter of
section 31. It is also exposed in g bold bluff about a half mile
south on the same stream, the quality there being fully as good
‘as at the Paint Mine. Another gdod exposure occurs on the S.
Hedges farm, in the southwest qudrter of section 17 (10 N., 9
'W.), where an outerop of coal VIIIlis overlain by 20 feet of clay
shale. : :

On the land of William Forbes, southwest quarter of section
28 (10 N., 8 W.), along a branch of Busseron Creek, is an
exposure of a good quality of the shale, overlying coal VII. The
point of outerop is four miles northwest of Lewis and three-quar-
ters of a mile north of a branch of the Southern Indiana Rail-
way. The outerop rises 8 to 10 feet above the stream and has -
a cover of four to six feet of soil and yellow surface clay. Just




Exposure of Shale at '* 01d Paint Mine,” Pierson
Township, Vigo County.
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“to the west, on the land of Theo. Walters, northeast of southeast

of /section 29, are several other exposures. Ome of these extends
- eight feet above the stream and is several hundred feet in length.
The shale is drab to light bluish gray in color, free from grit
and of fine quality for all vitrified wares, terra cotta and various
kinds of brick.

Less than one-quarter of a mile to the south, on the land of

Burr Hendrickson, in the southeast of the southeast of 29, a dril
hole showed :

Section of Bore on Burr Hendrickson Land.
Feet,  Inches.

1. Soll and surface clay. .... ..ot v inennenaans 6 0
2. Drab to blue shale........................ N 30 ()
3. Coal VII; poor quality..........coovriiiennnnnns 3 ()

The thickness -of the shale in this bore indicates that it will
be found over quite an area in this region. Away from the
streams the cover of yellow clay will run four to 10 feet, a part
of which can be mixed with the shale if the latter is ever worked.
Coals VI, V and IV, of workable thickness, should be found be-
low coal VIIL ) "

The deposits of Vigo County clays above mentioned are all
valuable, and a factory located at any one of them will, under

normal conditions, prove a paying investment. The city of Terre-
- . Hante will doubtless maintain in the future, as it has in the past;

a steady, onward growth, and will use clay products for buildings
and roadways to the value of many millions of dollars. With

large deposits of the raw materials suitable in the highest degree
for making such products, with the best of fuel for burning these
materials into their proper shapes, and with ten railways stretch-
ing in all directions, ready at a moment’s notice to carry the
surplus to less favored cities, there is no reason why the clay
industry should not soon take front rank among the varied manu-
facturing interests of the county.

CLAY COUNTY.

This county Hes a little southwest of the center of the State,
being separated from the Illinois line by Vigo and part of Sulli-
. van Counties. It lies south of Parke, west of Owen and the south
half of Putnam and north of Owen and Greene Counties. In



http:indicat.es

176 REPORT OF STATE GEOLOGIST.

geﬁéral shape it is long and narrow, having a length from north
to south of 30 miles, and a width varying from 10 to 16 miles, its
area being 360 square miles.

The Geological Epochs represented in the surface rocks of the

county are three—the Huron Group of the Lower Carboniferous .

and the Mansfield Sandstone and the Coal Measures of the Car-
boniferous Period. The rocks of the Huron Group outerop only
along Eel River and its tributaries, in the eastern third of the
center of the county. Here the streams have-eroded through the
overlying Mansfield Sandstone, which forms the surface above
and on either side of the outcrops of the Huron rocks; the area
covered by this sandstone being also limited to the eastern third
of the center. The Coal Measure rocks cover the western two-
thirds of the center of the county and extend clear across its
northern and southern thirds.

In general Clay County is very level, especially the western
half. ‘Some broken country occurs along the eastern margin,
especially along Croy’s Creek and east of Eel River, in Washing-
ton Township. Some rough country is also found in the northern
third, along the banks of the north and south forks of Otter
Creek, which cut deeply into the general level. With these
exceptions, the existing streams have either not channeled deeply
or their banks present rather gentle slopes. Eel River and many
of the streams running into it have broad bottoms, the Eel River
bottom becoming as much as five miles wide before leaving the
" county. Near the southwestern corner, on Splunge Creek, is a
large basin with very gentle slopes. A part of this basin is
_ “drainless, except by artificial means.

While the surface of the county can be thus described as gen-
erally level, drilling and mining have shown that, could the soft
surface deposits of sand, clay and gravel, laid down by the glacier
or since, be removed, the surface would be- found completely cut
up with valleys of the old pre-glacial streams and their narrow
intervening ridges. Except where some of the larger existing
streams have in part cut out the filling of their old channels, the
present surface gives no clue to the irregularities of the old sur-
- face: - As these old hidden valleys are often broad and up to 150
feet deep, they often cut out large strips of coal, and make almost
-valueless a piece of coal land that, judging only from the present
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Wabash River, drain thg orthwestern part of the county. The
rest of the county is drained by Eel River, which empties into

White River. Croy’s Creek, Six-Mile Creek, Hog Creek, Birch

Creek, Big Creek and Whlte Oak Creek are the prmmpal tribu-
taries of Eel River.

Clay County, especially in its northern half 1s well supphed.

with railroads. The.St. Louis Division of the Big Four crosses
. the northern edge of the county, while the Terre Haute and
Indianapolis (Vandalia) Railway, of the Pennsylvania System,
crosses at the latitude of Brazil, and, with its Center Point and
other branches, forms the chief outlet for the central portion.

The Central Indiana (Midland) runs north from Brazil through -

Carbon. The Momence Division of the Chicago & Eastern Illi-
nois runs northwest from Brazil, and, with several branches, serves
as the outlet for Chicago and the north. In the southern part of
the county is the Evansville & Indianapolis Railway, branching
at Saline City to Brazil and Terre Haute, where connections are
made in all directions. The final surveys of two other lines,. viz.,
the Indianapolis Divisions of the Monon and the Southern In-
diana, are now being made, and they will probably be completed
in 1905. They will-pass east and west through the southern half
-of the county, and will make easily available much coal and clay
“which has hitherto been of little value on account of a lack of
transportation facilities.

Clay County has long been noted as the mining center of
Indiana. Tts beds of non-caking block coal are the most exten-
sive found in the United States, and their development has added
much to the wealth and prosperity of the county. The beds of
bituminous coal underlying the western half of the county are

also of great economic value, and their working gives employment‘

to many hundreds of men.
Since 1890, however, another industry, based upon the clay
respurces of the county, has come to the front, and will soon out-

strip even that of coal mining in importance. Brazil, the county
12—-Geology.

N
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seat, has become, since that date, the leading clay manufacturing
center of the State. Eleven large companies, each with an
-invested capital of $40,000 to $200,000, have been formed, and
are to-day busily engaged in making from the under-clays and
shales of the vicinity many different kinds of clay products. Pre-
vious to the date mentioned, the clays of Clay County had re-
~ ceived little attention. Two potteries had used the under-clay of
coal V for making stoneware, and Weaver Bros. had, for 21 years,
made “stone” pumps from the under-clay beneath coal IV. Other
than this no use whatever had been made of a resource which is
destined to equal in value that of the seams of coal which: it
accompanies. '

Township 13 North, Range 6 and Part of 7 West.

This area, comprising 60 sduare miles, lies along the northern
edge of the county, and embraces the civil townships of Van
Buren, Brazil and Dick Johnson. It is well traversed with rail-
ways, and, except the southeastern corner of 13 north, 6 west, is
overlain with coals V, IV and ITI. Of these coal V is usually
known as the rlder vein, and coals IV and III as the “upper and '
lower block veins.,”

The main workable clays in the area are a bed of blue to gray
shale overlying coal V, a bed of similar shale between coals V
and IV, and the under-clays below coals V, IV and III. The
shale above coal V is in places black, bituminous and sheety; in
other places it acquires a thickness of 20 to 30 feet, in which
. case it is usually a drab or blue color, and has been found very
suitable for the manufacture of clay products. At some points
its middle portion is replaced by a shaly sandstone. The under-
clay below V is, when weathered -or properly ground and washed,
a good stoneware or potters’ clay, having been used for 40 years
in potteries in the vicinity of Brazil.

The space between coals V and IV is very variable in thick-
ness. In the Ashley shaft, just northeast of Brazil, it is over 35
feet. At the New Nickel Plate mine, a mile and a half farther
northeast, it is only about four feet at one point, but will average
about 20 feet. Its most prominent member is a massive-sand-
stone from five to 15 feet thick. This sometimes lies directly on

\ . y
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en it and the coal

: ver the field from 20 to 35 feet, with an average
- of about 30 feet. “Its most characteristic member is the mixture
of sandstone and shale known as “sand-slate” or “fake.” 'This
usually overlies shales, often reddish or brownish in color. Pure
sandstone is seldom found in this space, though noted occasionally.
A section of the “old Carbon shaft” may be taken as showing
the average sequence and thickness of the strata in the reglon
about Carbon: )

Section at Old Cdrbon Shaft.

Feet.  Inches. Feet,  Inches.

1. Clay and diift................ ... 12 .0 12 0
2, Clay shale «............ S .8 0 15 - 0
3. Sandstone ..................... 5 0 20 0
4. Gray clay shale................. 7 0 27 0
5. 00l V ooiliieiniineniniaens e 4 6 31 6
6. Under-clay «...........ciiinnenn 3 0 34 6
7, Clay shale {.........c.vvvvnnn... 2 0 36 6
8 Gray shale '« .......oovvurvnennn.. 3 0 39 6
9. Sandstone .L..............o.ol. 10 6 50 0
10. Dark gray clay shale............ 7 0 57 0
11. Coal'lV ............c.u.. e 3 0 60 0
12, Under-clay ..............cc.0... 2 6 62 6
13. Sandstone ............... ... ... 2 0 64 [
14. Sandstone and shale........... . 10 6 (63 0
15. Bluish shale .................... 11 V] 86 0
16. Coal III ........... e 4 0. 90 0

17. Under-clay. ;

Coal V occurs vei;y vear the surface in the viciuity of Carbon,
and is probably limi%ed to a verv small area or to a few isolated
pockets. Coal IV occurs from 50 to 60 feet below the level of
the Big Four Rallway at Carbon, and is largely worked out, but
its underlying clay has never been used.

One-fourth mile northeast of Carbon, on the land of James A.
Kerr, northwest quairter of section 5 (13 N., 6 W.), some good

deposits of clay are exposed alongside a sw1tch of the Big Four

Railway. A section through these clays at the point mentioned
shows: ‘

5, more often there is a stratum of dark blue Workable :
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Section on Kerr Land, Near Carbon.
- Feot.  Inches.

1. Yellow surface clay..........o.iveueuieneennnns 6 -9
2. Shale, blue gray, Clayey......oooviiiiirnrnrnenns 8 (1)
3. Coal IV .......oiiiiain... e 4 1
4. Light gray under-clay...........c.ooviivnennnnn. 6 4

These correspond to Nos. 1, 10, 11 and 12 of the general
“section, Nos. 2 to 9, embracing coal V and its -accompanying
strata, having been carried away by pre-glacial erosion. The yel-
low surface clay is grayish yellow in color, free from lime peb-
bles, and can be used for ordinary brick or for mixing with the
shale, No. 2, for Vltl‘lﬁed wares.

The shale oveﬂymg the coal weathers freely to a soft plastic
clay, which has every appearance of being suitable for paving
brick, sewer pipe, hollow brick and kindred products. Coal IV
has been mined to some -extent by slope shaft and the underlying
clay is therefore well exposed. Tt is a fine quality of light gray
under-clay, suitable for stoneware, hollow brick, terra cotta, con-
duits and numberless other wares, such as are made in quantity
at Brazil from the same stratum. In thickness the layer equals
that found at Brazil, while in quality it is as good, if not better.
Some trouble might be experienced in securing a lasting supply
of water on this tract, but aside from that, it is a most promising
site for a prospective clay manufactory.

On the 7land of John A. Wells, southwest of Carbon one-half
mile, southwest of southeast of section 6 (13 N., 6 W.), coal IV
has been stripped over an area of an acre or two. A section at the
pit, or place of stripping, showed:

Section on Land of John 4. Wells.
- Feet.  Inches.

B T 0 1 US| 6
2. Yellow clay ................. F T 5 0
3. Blue clay and sand, “joint clay”.................. 4 0
4. Blue gray shale...........cciiiiiiiiiiiiiinnnns 4 4
B, C0al IV ittt it et e 4 1
8. Under-clay ........ccciiviininans. L 6 2

The yellow clay, No. 2, is as fine a quality of drift clay as
occurs in central Indiana. It is very fine grained, free from im-
purities, and will make either a good dry pressed or a stiff mud
facing brick. It will also be fou_xid suitable for encaustic tile and
terra cotta. ' '
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The blue shale, No. 4, is a dark blue, very plastic material,
which will be found suitable for many kinds of-vitrified produets.
Its quality for some wares may be improved by mixing with the
No. 2 clay in the proportions of two to one or three fo one, as
* burned by itself it will probably shrink to some extent on account
of its “fatness.”

The under-clay, No. 6, is somewhat darker than that at Kerr’s

bank, but will serve for making all kinds of wares made from the '

same stratum of clay at Brazil. Samples of the three clays were
made into brick by the Anderson Foundry & Machine Works,
- which company, in reporting on the results, said: “We have in
our experience struck a great many different clays from yards,

"~ but never have we found three different samples from the same

place that make as nice brick as the clay you sent us. The brick
burn hard and have a ring which shows them to be of first-class
quality.”

This deposit is about one-third of a mile distant from both the
Central Indiana and the Big Four Railways, and can be easily
reached by a spur from either. The same clays occur over the
greater part of the 125 acres owned by Mr. Wells, but the cover,
on an average, will run four to six feet thicker.

On the south side of the Big Four Railway, two miles west of

Carbon, in the southwest quarter section 1 (18 N., 7 W.), is the

mine and clay factory of Benjamin Simpson. A section of the-

shaft, as given by Mr. Simpson, is as follows:

. Section®of Shaft at the Mine of the Simpson Fire Brick Company.
Feet.  Inches.

1. Soil and surface clay......... e teeaeeaes 2 0
2. Yellow surface clay.......... PN e 4 0
3. Gray to yellow, shaly sandstone. R SR I ¢ 0
4. Coal IV it e e i e é 10
5. Under-clay ............... : ‘ -8
6. Blue to gray shale . 0
T. CoalsIII . o.ooiieniniiiines e ettt 2
8. Under-clay merging into sandstone. .....,....... 7 - 0

The No. 2 yellow surface clay is of good quality, and was
shipped to the terra cotta and encaustic tile works at Indianapolis

for a number of years, it being used at the tile works as the body.

clay for red tile, The under-clay, No. 8, is a white, very siliceous

e
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material, three or four feet of which is mined and burned into fire
“brick, which have given good satisfaction wherever used. Some
of the under-clay is occasionally shlpped with the brick, and
brings $1.75 per ton, f. 0. b. the cars at the mlne

The under-clay, No. 5,.is softer and more plastlc than No. 8,
being of the same general nature as that from the same stratum
at Carbon and elsewhere in the area. Neither it nor the blue
- shale, No. 6, have been put to use. While the raw materials and
fuel are here present in sufficient quantity and quality to justify
a large output of clay products, the business seems not to be car-
- ried on in the most successful manner, the plant being idle for
several months each year.

On the north fork of Otter Creek, in the northern tier of sec-
tions of township 13 N., R. 7 W, are numerous outcrops of a
blue clayey shale, in every way suitable for vitrified products.
At the shaft No. 8 of the Brazil Block Coal Company (northeast
quarter of section 8) i is exposed to a depth of ten feet by the
side of the railway switch running past the mine. Both seams
of block coal are mined at this place. The upper one, No. IV,
is overlain with 14 feet of blue clayey shale and underlain with
three and a half feet of under-clay, both suitable for manufac-
turing purposes. The under-clay of the lower vein of coal con-
tains too much sulphur to be| of any value. Having the three
essentials, raw material, fuel| and transportation, present, this
is a most inviting site for a paving brick or sewer pipe plant.
~ Near the Glen No. 1 mine of the Coal Bluff Mining Company,-
on a spur of the C. & E. 1. Railway, southeast quarter of section 4
(13 N., 7 W.), are several strata of under-clays, which, taken
together, form a variety and quantity of different burning mate-
rials such as are seldom found on one piece of property. The
point mentioned is a mile and |a half -east of Coal Bluff and the
same distance west of Perth, a station on the Big Four Railway.
A connected section of a hill and bore at the base of the hill, as
furnished me by H. W. Jenkins, superintendent of the mine,
shows the presence of the following:
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Feet. Inches. PR T R ER G
1. Soil and surface clay... 10 0 N UNZE"R CLty
2. Potters* clay .......... 4 0_ SANDY
3. Coal Vb ............... 1 6 JSHAE
4. Under-clay ............ 8 0 A
5. Surface soil and clay... 6 0 GARY
6. Gravel and hard pan... 20 ] SANDSTONR, -
7. Under-clay ............ () 0 20
8. Gray sandy shale...... . 10 0 -
9. Gray sandstone ........ 20 0 CQR;. o
10. Coal Va ......... P 1 2 UNOIR-CLay
11. Under-clay ............ 8 2 -a
12. Drab clayey shale...... 14 0 ' N
13. Coal V ...owvnvnnnnnnns 2 0 BROWM
14. Under-clay ............ 11 7 "'
15. Coal IV ............... 4 0 €ORML
16. Under-clay ............ 5+ 0 S
UNDER-CLRY
0T
CO'IL w
l,

(
vuos R- cu\y

Fig. 7. Section near Glen Mine, east of Coal Bluff.

Nos. 1 and 4 'of the gection occur in the hill and 57 to 16 in

the drill hole at its base.

Samples of Nos. 2, 14 and 16 of the

section were sent in by Mr. Jenkins. Potters’ clay No. 2 is a
very light gray, gritless, plastif? material, which seems in every
way suited for stoneware, ﬂowqh pots, ete. It outerops in several
‘places around the hill, containipg 25 or 30 acres, and the cover
- above it varies from four to ten feet in thickness.
+.14.is the same vein worked in part at the Ayer-McCarel clay

“W@I’kﬁ, and- wholly by the McRoy clay works of Brazﬂ

\

Under-clay No.

It is a
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light gray, plastic clay, which can be burned into all kinds of -
hollow vitrified products. This clay alone fills all the interval

over 80 or 90 acres, between the rider vein of coal No. V and

the upper block vein No. IV. Since it forms the roof of the

latter, coal IV can not be mined unless the clay can be utilized, as

the latter falls too readily. :

The under-clay No. 16 is the characteristic dark gray unctuous
material found below coal IV all over Clay County. It has been
burned for years at several of the clay factories in Brazil, and
its fitness for hollow vitrified products abundantly proven. With
a four-foot vein of block coal between these two beds of nunder-
clay, and with a railway switch already in place, no better site
for a large clay industry occurs in Clay County. S

At the Gart No. 5 ghaft, in section 17 (13 N., 6 W.), north-
east of Cardonia, coal III, three feet four inches thick, is mined.
Above the coal is seven feet eight inches of blue shale of good
quality, - while below the coal the rock varies, in places being fire-
clay, in others sandstone, showing the rootlets of the coal plants,
and probably suitable for the uses to which gannister is usually
put. o ) ,

South of Otter Creek, in the ithmediate vicinity of Brazil, are
some of the best-known shale and under-clay deposits in the State.
As already mentioned, they are being utilized by eleven large
factories, six of which have been built since 1895. The oldest
of these is that of the Weaver Clay & Coal Co., established in
1872. The plant of this company is located on a switch of the
Vandalia Railway, near the northeastern limits of the city of -
Brazil, in the northwest corner of section 32 (13 N., 6. W.). At
this point the company owns six acres of land, the clay and coal -
used being secured from a leased 80-acre tract in the southeast
quarter of section 30, one-half mile to the north. A royalty of =
10 cents per ton is paid for the coal and 3 cents per ton for the
under-clay. A tramway has been built between the plant and
the clay deposit, both clay and fuel being hauled by mule power.
At the mine‘coal 1V, three feet six inches thick, is mined from a
slope shaft. Twelve men are worked at the mine in securing fuel
and clay, the contractor receiving 55 cents per ton for the clay
and $1.12 for the coal delivered at the plant: The under-clay is
seven feet thick, but only the upper four feet are used, the lower
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portion containing too high a percentage of small kidney iron ore
nodules. ] ' \

According to D. W. Weaver, who has been in the clay working
business for 32 years, it takes, on an average, two and a half
feet of block coal to furnish fuel sufficient to burn four feet of
under-clay into hollow brick.

In 1903 a well 486 feet in depth was sunk on the south side
of the Weaver-company’s boiler room. At this depth, in"a lime-
stone, a saline-sulphuretted water was found, an analysis of which
made by Dr. Blanchard, chemist of De Pauw Unlverslty, showeﬁa

the presence of the followmg constituents: E
Analysis of Water from the Deep Well at the Plant of Weaver Clay and Coal l
Company, Brazil, Ind.—Bases and Acid Radicals. |

Grs. per U, 8. Gallon.

Caleium (Ca) ............ e e g e :539.11
SOAIUM (NB) .+ et et vrriitier e eeererenrernnnnnanans " 1769.26
Potassium (K) ...ovvvvnnnnn.n. RN [ X- 1
Magnesium (Mg) ......c.ovtmiiiiiereinenineaaanans 610.76
Aluminum (AL) ............... et { 43.50
Chlorine (CL) ....onniiiiiiiiiiiii it aennnns 175.26
SUIDhAtE (80, «ovnerrererreinerteiarreeaaienaennnn i597.30 -
Carbonate (CO;) .. ..vvrviniiiniiiiiiiieerinenee.... 67921
Silica (S10,) .« oo vttt it i i e e i e . 7.50
Tron (@) vt ittt ittt iieiaesrneatcesnaaasonans 1.50

B P 4,042.77

These bases and acid radicals may be considered as combined,

as follows: | . oL

. b @Grs. per U. 8. Gallon.
Calcium sulphate (CaSOp)................ e ,191.70
Sodium sulphate (NauSO0) ... oo hovrenrvrinrerennanns . 53.28
Potassium sulphate (K,;80).. .00 .ienneriineninn... ' 23.48
Magnesium sulphate (MgSO,)J.......cooovviniialonnn, .619.83 -
Aluminum sulphate (AL(SOus.«.covvreereinneennn., ' 77.28
Calcium carbonate (CaCOg).. ... 0 cvviivr i, 709.43
Sodium carbonate (Na 005\ vt ririrrnenirrreanans ' 19.08
Potassium carbonate (K,COp........ e 1071 .
Magnesium carbonate (MgCO;).....c.ovvrvrennnnnnn.. 67148 ¢
Caleium chloride (CaCly......... e 1124.78
Sodium chloride (NaCl)...........c.ciiiiiiiiiiine, ’1@337.18
Magnesium chloride (MgCL).................... P 1195.54
Sulphuric acid (H,80,)....... SO e " 7.50
Ferrous oxide (FeO). ... cciviriririiiiiiiiiinanannn. i 1.50

L4 10 7 1 A 4,042,77
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Fig. 8. Map of Brazil and vicinity, showing the location of clay factorjes
and clay and shale deposits, ’



Pl XI.

Shale Pit at Excelsior Clay Works, one and three-quarters Shale Pit at Sheridan Brick Works, one and a half miles north
miles northeast of Brazil, Clay County. - of Brazil.



Hydrogen sulphide (HuS)......eueeeneeonneenraivnnn.. 4.941
Carbon dioxide (CO,)........ e erae et e 5163

Judging by the taste and odor, there is much more salt (sodium
chloride) and hydrogen sulphide gas present than in the water
from a well of approximately the same-depth at the plant of
Ayer & MecCarel, one and a half miles north of Brazil. Used
in plentiful quantity, the water will be found beneficial for many
kinds of stomach trouble, rheumatism, etc. At the Weaver plant
it is used for pugging the clays, and it is claimed that the wares
so pugged are much less liable to erack in drying than when
pugged- with ordinary surface water. "It contains too much salt
and. sulphur for use in boilers.

On a switch of the Central Indiana Railway, one and three-
fourths miles northeast of Brazil, in the northwest quarter of
section 30 (13 N., 6 W.), is the plant of the Excelsior Clay
Works, erected during the summer of 1895. The company owns ~
562 acres of land, and mine their coal from a slope shaft and clay
from a pit in a ravine 100 yards southwest of the plant. A sec-
‘tion of the clay pit in August, 1904, showed :

Section of Clay Pit at Excelsior Clay Works, Brazil,-Ind.
Feet.  Inches.

1. Surface soil and yellow clay...........ovvevnnnn 4 0
2. Hard DAD .. ...ttt it ittt it e 5 6
3. Blue clayey shale... .......coviiiiinnrrnnnnnnns 21 0-
4. Black sheety shale.........ccvvvviiinnieneneen. 3 6
5. Gray to buff sandstone........... RPN e 3 0
6. Coal IV ...ttt atirteareanrannsas 3 8
T. Under-clay ......coviiiiiiiiiiiiiniininnnnnannnns 6 .0

The yellow clay, shale and under-clay are all used at the fac-
tory, being hauled up a rather steep incline by steam power.
From 25 to 30 tons of the coal are mined daily, all of which is
used at the plant. The hard pan, No. 2, has to be hauled away
in carts and dumped. The shale is a dark blue, ﬁne-g"railied ‘
material, wholly free from grit, which, when ground and moist-
ened, becomes very plastic. It burns into a high-grade dark brown
hollow block or paving brick. The under-clay burns to a buff or
creamy white color, or, when glazed with salt, to a lemon yellow.
Tt is used mainly for light-colored hollow block, but fire brick

'
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made from it are used for the crowns, linings and floors of the
down-draft kilns used by the company in burning all wares, the
arches alone of the kilns being built of St. Louis fire brick. A
mixture of the shale and under-clay burns to a stone gray hue.
Southwest of the Excelsior Clay Works, one-third of a mile, in
the northeast quarter of section 25 (13 N., 7 W.), is the clay-"
working factory of the Ayer-McCarel Company. It was erected
in 1902 and equipped with all the modern machinery and devices
of an up-to-date plant.* The company owns 53 acres of land
" surrounding the plant, to which a switch of the Vandalia Railway
has been built. Only under-clays are used at their plant, about
135 tons being mined each day from a pit and slope shaft, whose .
openings are in a small valley about 100 yards north of the plant.
A section of the pit and underlying qtrata, as given by Mr.

McCarel is as follows:

Section in Clay Pit and Mine of the Ayer-McCarel Clay Company.

7 Feet.,  Inches.
1. Soil and surface €lay........coiiivivirireaiaann 2 0
2. Shale, drab to blue clayey....c.covivvivrenenns 25 0
ES T ' : 1 2 0 8
4, Under-Clay .....ccvvevivevonnnnnnn P eveaas 18 0
5. Black sheety shale................. e 5 6
6. 6

UnAer-clay . ...oieeevninersensocecensnnnenusaens 10

Coal IV, usually found above the lower under-clay, is lacking.
The black sheety shale, No. 5, is in part or wholly replaced by .
sandstone in mines to the east. Of the strata given, only Nos. 4
and 6 are at present used, though the shale is of excellent quality,
and will, in time, be utilized. Sixteen men are employed in the
mine at scale wages for coal mining, and make an average of about
$2.42 per day.

The upper clay, No. 4, is lighter in color, harder, coarser, con-
tains more silica, and is more refractory than the lower, the latter
being the typical dark gray, fine-grained, plastic under-clay found
beneath coal IV. About one-third of No. 4 is mixed with two-
thirds of No. 6 in making the wares at the factory. Block coal
mined on a separate tract belonging to the company is used as’
fuel. The water used for all purposes at the plant comes from

“For a further deseription of the clay industries about Brazil see the later section—
“The Clay Industries of Indiana.”




Inside the clav mine of Aver—MeCarel Combpanvy.
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a well 613 feet in rdepth. Tt has a temperature of 57° F., and

~ a distinet taste.and odor of hydrogen sulphide, but the amount

of mineral matter present is so small that no compounds are nec-
~ essary to remove scale from the boiler tubes. It is an excellent
drinking water, and is used at many of the residences and at the
larger hotels in the city.

Less than a quarter of a mile northwest of the Ayer-McCarel
plant is the plant and clay pit of the Sheridan Brick Works,*
established in 1898, for making ordinary soft mud building brick
from shale and surface clay. The plant is located on a switch of
the C. & E. I. Railway, over whlch a nominal switching charge
of $1.50 per car is made to other roads, the same as at all clay
plants about Brazil. A well 603’feet in depth furnishes the same
kind of water as is used at the Ayer-McCarel plant. Coal from
the Brazil distriet, both block and bituminous, to the amount
of 80 tons per day, are used at the plant.” Sand for the moulds
is obtained from Centreton, Morgan County.

At the clay pit, 150 yards east of the factory, the following-

section is exposed :

Section at Clay Pit of Sheridan Brick Works. (See Pl. XL.)
~ Feet. Inches.

1. Yellow €lay .ooovviiiiininieininnn.. e 10 0
2. Drab to blue clayey shale............c.cieveennns 22 0
8. €0al V i e e e i e 0 3
4, Under-clay .....oovviiiinnianinnns i 6 0
5. Shale, blue ........ ... i ittt i 11 0

In some parts of the pit a gray limestone three to four feet
in thickness occurs between the yellow clay and shale. This has
to be removed, but otherwise everything except the coal is used,

being scooped up by a steam shovel and loaded directly into cars

holding three cubic yards each. Eighty of these carloads are
used in making the daily output of 75,000 brick. Of the 22 acres
owned by the company but about three and a half have been
worked over in six years.

Two miles north of Brazil and: one quarter of a mile northwest
of the Sheridan Brick Works, on the south side of Otter Creek, -

‘near the bridge of the C. & E. I. Railway, is the upper pit of the

*For description of plant, see section IV.
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Indiana Paving Brick Company. Sinee 1891 this company has
used a stratum of blue shale 20 to 30 feet thick, which, at this
point, lies direetly over coal V, 10 to 20 inches thick.

The shale is gotten by blasting near the base of the worked
ledge, when large quantities of it, sometimes 20 tons, come tum-
bling down. It is overlain with three feet of shelly sandstone,
which must be separated and thrown aside. A1l the rest, includ-
ing four feet of yellow surface clay, is loaded onto cars on a
nearby railway switch and hauled to the factory in the western
suburbs of Brazil. ' In the exposed ledge the shale is seen to be
in lamine or layers from one-half to two inches thick. Some
narrow perpendicular clefts or faults were noticed down which
water, impregnated with oxide of iron, had passed, the water in
time evaporating and leaving the mineral in thin sheets in the:
crevices. . . . '

One-half mile south of this pit, on the west side of the C. & E.
I. Railway, near the center of section 25 (13 N, 7 W.), is the
extensive plant of the McRoy Clay Works, located on the former
site of the plant of the old Brazil Brick & Pipe Co. It is the most
extensive clay manufactory in the Brazil district, and makes a
specialty of electric conduits and hollow building block. The plant
has been almost entirely rebuilt since 1900, when the old plant
and 160 acres of land were purchased from the B. B. & P. Co.
The raw material used at this plant is the under-clay below coal
V or the rider vein. In August, 1904, this was being mined from
beneath a leased 30-acre tract east of the railway, a royalty of 2§
cents per ton being paid for the clay. No coal of consequence is
taken from the mine, but the clay runs up to 11 feet in thicknesg

“in some of the rooms, and 165 to 180 tons are used each day. Block
coal is used as a fuel, and the water used at the plant is’ pumped
from the city reservoir to a cistern at the works.

One mile northwest of Brazil, in the southwest quarter of sec-
tion 25 (13 N., 7 W.), is the Brazil factory of the American Sewer
Pipe Company, formerly belonging to the ,Monarch Sewer Pipe
Company. This company manufactures sewer pipe, flue linings,
wall coping, ete., from the under-clay of coal IV and from an
overlying shale. The shaft of their coal and clay mine is but a few
yards from their main building. A section to the bottom of the
vein of clay used discloses the presence of the following strata:
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Section at Shaft of American Sewer Pipe Company.

‘ Feet, Inches. Fz;l. Inches.

1. Soil and yellow clay.............. 12 0 12 0-
2. Boulder clay, blue................. 7 0 19 0
3. Gray clayey shale................ 33 0 52 0
4. Coal V ......... e . 2 3 . 54 3
5. Under-clay (potters’ clay) ........ 3 2 57 ;]
6. Blue clayey shale................ 19 0 76 5
7. Shale, dark bituminous, fossilifer- :
OUS ovnierininnnaeenssnnnnnanss 1 6 77 11
8 Coal IV ...ttt eeannns 3 6 81 b
9. Underclay ...........ccovvinnnnn 5 4 86 "9

The block coal, No. 8, is first mined and then the under-clay is
taken up. The latter is light gray in color, free from sulphur or
other impurities, hard when first mined, but weathers after a few
weeks of exposure into a fine-grained plastic mass. Scattered
through it are fragmentary fossil remains of the leaves and root-
lets of the coal forming plants of the old Carboniferous marshes.
It makes a strong and durable sewer pipe, which, with a salt glaze,
becomes a light reddish brown on the outer surface. Shale No. 6
is the high-grade laminated clay found in many places between
coals V and IV. A mixture of two-thirds of it with one-third of
the under-clay burns to a handsome dark brown color, and makes
a sewer pipe of great strength. Some of the wares, such as flue
lingings and chimney tops, are made of the under-clay alone, but
most of the sewer pipe is made from a mixture of the shale and
under-clay in the proportions mentioned. Shale No. 8 is also a
good product for many wares, especially if mixed with either of
the above. ‘ ) )

The men in charge of this factory are practical clay workers of
long experience in other states. They state that the block coal
found in the vicinity of Brazil cannot be excelled for burning clay
products. It contains less sulphur than any other fuel, and, as a
consequence, a better glaze is secured on the surface of all wares.

All clay and shale used are raised through the shaft by the
same power that runs the machinery of the plant, and then dumped
from a tramway leading from the tipple to near the dry pans. A
well 550 feet in depth was being completed in Aug'ust 1904, to
furnish water.” The company owns 134 acres surrounding the
plant, the latter being the enly Indiana representative of 36 simi-
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lar factories located in Ohio, M1ch1gan Pennsylvama and West
Vlrguna '
_ In the western suburbs of Brazﬂ, just north of the Vandalia
‘Railway, is located the oldest and best-known paving brick plant
in Indiana, that of the Indiana Paving Brick Company. This com-
. pany began making vitrified brick of the Coal Measure shales in
1891, and at the present time have an output of ten millions of
such brick a year. Their raw material was, for a long time, mainly -
. secured from their “upper clay pit,” already mentioned as located
near the Otter Creek bridge of the C. & E. I. Railway. At pres-
ent -they are using but three carloads, or 42 cubic yards daily
from that pit and are securing the remainder, about 100 cubie
yards, from a pit recently opened just to the northwest of thelr -
plant. A section at this pit, in July, 1904, showed

Section at *“Lower Clay Pit”’ of Indiang Paving Brick and Block Company. *
Feet.  Inches.
9

1. Soil and yellow clay .......... e et [
2. Decomposed shale and yellow drift clay mixed... 5 1)
3. Blueclayeyshale.........coo it 26 1)
L S 1 2 - 8
5. Under-clay .......civeiiuiiiiiiiiiiiiiiiiaa, 5 0

Of these strata, Nos. 1 to 3, from “the grass roots” down, are
used for the vitrified brick. The shale, No. 3, is a dark blue,
exceedingly fine grained material, free from any impurity ex-
cept a layer of iron carbonate concretions, three inches thick,
about three feet below the top of the shale stratum. The shale
‘weighs about 2,650 pounds to the cubic yard. Eight men are
worked in the clay pit, the company paying eight cents per car-
load for mining the shale. Each car holds three-quarters of a
cubic yard, and 130 carloads are used daily. The company owns
15 acres of land just west of the factory, all of which is under
‘lain with .shale, and have under lease four acres addltlonal on
which the present pit is located. ’

A new well, 6574 feet in depth, has just been completed to
furnish water. A record of the bore as furnished by the com-
pany is as follows:
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Record of Deep Well on Yard of Indiana Paving Brick and Block Company.
. 7 Fect.  Inches.

1. Yellow clay ...... e aishereeneia i aeans isees 33 0
2. Bhale ...........oiiiiiiiiinn, Crereaeeeaiaas 27 0
3. Coal ...t e, et eeeeae e, 1 0
4. Under:-Clay .....cvviviienererrasnneesanns PR 0 -
8. Shale ......iiiiiiriiii i i iiireetetirar ey 34 0
6. Under-clay .............. er et eie it eee B 0
7.. Shale ....... P 53 0
8 Black shale .......c.coiiiiiiiiiiiaiiiiinenans 42 0
9. Sandstone ............. .0 iiiinennn [P 101 0
10. White lime rock....c.oiiiiiiinirnnneissnnsans T1 0
11. Bedford rock (IMesStONe).......vveevvevenronens 133 0
12, Blue TOCK .....covvviiviiniiniiiiiiiiiiiin, 54 6

A partial analysis of the water, made in the laboratory of the
Pennsylvania Railway Co., at Altoona, Pa., showed it to con-
tain :

Partial Analysis of Water from Deep Well of Indiana Paving Brick and
' Block Company.

Grains Per Gallon. -

Total solid residue...... PP - )
Probable scale making matenal ....... e eteiee e 1,776
Chlorine ..........ccu0... Feereaniacan e ieaiaiaeaes 40.50

" The solid matter consists of sal’ﬁ, carbonates and sulphates of
lime and magnesia and free bicarbonate of soda. It is a satis-
factory water for boilers.

In sections 26 to 28 and 33 to 85 (13 N., 7 W.), northwest and
west of Brazil, but little mining has been done, and but few out--
crops of shale are visible. It is very probable that over much of
this area the stratum of sghale used by the Indiana Paving Brick
and Block Company occurs. It will, however, have a heavy .
cover and will in most places have to be mined if it is ever util-
ized. A drilling near the waterworks in section 35 is reported
to have shown the following section:

Drilling Near Water Works, West of Brazil:
- Feet. Im:hga.

1. Soil and yellow clay............ et aaienae 23 0,
2. Brown clay, probably decomposed shale........ 8 6
3. Blue to gray clayey shale...................... 16 0
T 0 ) 0 8
B. URAeT-CIAY . .uvvvverenenreervenreneneaenrnnnns 2 6
6. White sandstone .............cccoviiiiinnn, .. 8 6
T. Coal IV oot iiiiiiien i ietsranrensosonnnnnnas .3 2
13—Geology.
»
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8. Underclay .......c.iievieiiiienrneninianainss B

0
9. Blueshale ........ ..ottt ieiane, 4 0
10. Underclay ......covvivuvvninnennennns e 5 6
8

11. Blueshale ...........civvuneen. et 2

This section shows the presence of a plentiful supply of clay
working materials, beneath a heavy cover of drift.

Township 12 North, Ranges 6 and 7 West.

This area of 72 square miles embraces the civil townships of
Jackson and Posey, the whole of the former and the eastern third
of the latter being overlain with coals IV and III, with their
accompanying shales and under-clays. Over the western two-
thirds of Posey, coals V and VI occur often with a layer of work-
able shale above VI. Coal VII also covers the southwestern por-
. tion of the same township. That portion of this area immediately
about Brazil will be first considered.

On the Brazil Branch of the E. & I. Railway, one mile south-
west of Brazil, in the southeast quarter of section 1 (12 N.,; 7
W.), is located the plant of the Chicago Sewer Pipe Company.
This company began in 1893 to make sewer pipe from the blue
clayey shale overlying the No. V vein of coal and find it in every
way suitable for their purpose. At their pit, situated 150 feet
south of their plant, the following section is exposed: -

Section at Clay Pit of Chicago Sewer Pipe éompany.
‘ Feet,  Inches.

1. Surface soil and clay (stripped).................. 1 6
2. Reddish‘yellow drift clay..........covveenrennn. 8. 0
3. Decomposed shale and réddish clay mixed....... 5 0
4. Drab to blue clayey shale..........c...cooivunn. 10 0
. Coal V ...ttt 0 4
6. Under-clay ......coeininiiniiinirienriioeenanans 5 6

"~ In the making of sewer pipe and wall coping, a mixture of two
parts of the shales, 3 and 4, with one part of the yellow drift
clay, No..2, is used. The company owns 16 acres, and in 12
vears have used the clays down to No. 5 of the section only over
about one and a half acres. As their superintendent aptly puts
it, “We make and sell only a hole with a shell around it, and
the larger the hole the higher the price we receive for it.” The .

-~

&




Clay Pit and Plant of Chicago Sewer Pipe Co., one mile southwest of Brazil, Clay County.
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amount of clay used in the making of hollow goods like sewer
pipe is, proportional to the value of the output, much less than in
making vitrified brick.

The drift clay, No. 2 of the section, is rather coarse grained, .
but is very plastic and free from pebbles of lime. The shale is
of the same nature as that used at the plant of the Indiana Pav-
ing Block Company. By itself it burns to a dark cherry red;
mixed with the surface clay in the proportions mentioned, to a
brlghter red. Glazed with salt, the sewer pipe becomes dark
chestnut brown in color.

The members of the Chicago Sewer Pipe Company mvestlgated
the clays of Towa, Illincis and Indiana before locating their plant
at Brazil, and finally chose the present site as the one where clays
of a superior quality for making sewer pipe could be secured at
a minimum cost, and where fuel and transportation facilities were
of the best. o

Four hundred feet northwest of the plant of the Chicago Sewer .
Pipe Company is that of the Standard Pottery Company, which is
the largest stoneware factory in the State, their daily output
being 5,000 gallons for ten months in the year. - The clay used
is the under-clay of coal IV, and is gotten from the mine of the
Pyrah Coal and Clay Company, two and a half miles south of the
pottery; and from the W. B. Stone mine, one mile south of
Pyral’s. Only the clay from the upper 22 inches of the stratum
is used, and costs $1.00 per ton on board cars at the mine. - It is-
the soft, dark gray, plastic under-clay with traces of fossil plant
-remains, found beneath the upper vein of block coal over the
northern half of Clay County.- When properly . ground -and
washed, it becomes a light gray in color, and burns into an excel-
lent grade of stoneware.

On the Hoosierville Branch of the Vandalia Raijlway, two and
a half miles southeast of Brazil, on the northwest quarter of sec-
tion 8 (12 N., 6 W.), is the new clay-working industry of the
Continental Clay and Mining Company. It was erected in 1903,
and in April, 1904, began the making of hollow building block
and kindred products. The clay used is an under-clay mined
from a shaft, a section of which shows:
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Section of Shaft of Continental Clay and Mining Company.

. Feet Inches
1. Soil and drift clay...................... [ 11 0
2. Sandstone ........... e e e 15 0
" 3. Sandy shale .......vviiiiirii e 13 0
4. Blue clayey shale.............ooiiiiiivnnnnnnns 7 0
5. Coal IV ..ottt it e 3 5
6. Under-clay ..........coicivviiiiiiiiiiiin i, 5 -
7. Gray shale .............. P 4 10
< T 1 Y 0 11
9. Under-clay .......ccoviiiiiiiininrinnreraranasnns 5 6

The under-clay, No. 6, is alone uséd at present, but in time all
of the strata, from 4 to 9, inclusive, will be utilized. The under-
clay from below coal IV, now used, possesses the same qualities
as at the other different plants about Brazil, and, makes a hollow
building block which does not crack in drying, and which pos-
sesses great strength and durability when properly burned. The
company owns in fee simple twelve and a quarter acres of land
on which the plant is located, and have under lease the coal and
clay on a 280 acre adjacent tract, paying a royalty of two and
a half cents per.ton for clay and ten cents per ton for the block
coal. Water in abundance and of excellent quality for both steam
and pugging purposes is secured from a five and five-eighth inch
well, 485 feet in depth.

Over the greater part of Jackson Township (12 N., 6 W.), coal
IV occurs, averaging about four feet in thickness. In-many
"places it is too close ‘to the surface to work. In other places it
has been worked out. It usually overlies a good stratum of
under-clay, four to five feet in thickness, which could be very:
profitably used in connection with the coal. As already shown,
this clay will make the best of vitrified hollow ware and stone-
ware. ' )

At the Crawford No. 3 mine, one and a half miles northeast of
Asherville, coal IV is absent, and a reddish clayey shale, 16 feet
in thickness, occurs in the shaft just below the surface drift.
This.shale could be utilized for clay wares if necessity required.
The under-clay beneath the worked vein, coal III, averages but
about four inches in thickness.

In the vicinity of Hooswrvﬂle, in sections 18 and 19, coal IN
occurs, 20 to 50 feet below the surface, with four to eight feet
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of under-clay below it. This clay from the shaft of the Pyrah
Coal and Clay Co., southwest quarter of northwest quarter of sec-
tion 19, is, as already noted, used for stoneware by the Standard
Pottery Compauy.

The Brazil Branch of the E & I. Railway runs through the
land of the Pyrah Company, and a section of their shaft shows as
follows:

Section at Shaft of Pyrah Coal and Clay Company.

) Feet Inches.
1. Soil and surface Clay..... ... eevirrrrerenannen 23 0
2. Drab to blue clayey shale..... e e 24 0
8. 008l IV Lttt e s 3 9
4. Under-clay ................. e 8 0

"The under-clay, No, 4, is the soft dark gray, gritless plastic un-
der-clay found everywhere beneath coal 1V in this region. It has
been used from this mine for the making of encaustic tile, pot-
tery, stoneware and electrical supplies, and has everywhere given
good satisfaction. It brings $1.00 f. o. b. the cars at the mine,
the output in 1904 being distributed as follows: National Tile
Co., Anderson, 301 tons; Wallace Machine and Foundry Co.,
Lafayette, 8374 tons; Uhl Pottery Co., Evansville, 403 tons;
Standard Pottery Co., Brazil, 2,230 tons; total, 2,609 tons.

At the shaft of the Columbia No. 4 mine, near the center of
section 21, coal V occurs at 85 feet, coal IV, 105 feet deep, and
coal TIT 20 feet lower. The roof of coal IV is a blue clayey
shale; this shale in the air shaft filling all the 20 feet of inter-
vening spaces between coals V and IV. Tt would make vitrified
wares' of ‘good quality, and if utilized for such purpose, would
allow the mining of coal V, two feet eight inches thick.

On the land of Fred. Stearley, in the northeast quarter of sec- -
tion 27, there is an outcropping of gray, clayey shale along a
branch of MeIntyre’s Creek. This outerop shows a ten-foot face
and is 200 feet or more in length. It is but a few hundred yards
east of the Centre Point Division of the Vandalia Railway.*

In Posey Township (12 N., 7 W.), coal VI is the most impor-
tant coal mined. It occurs only in the western two-thirds of the
township and is,.in part of its area, overlain by coals VIa and

*For location, see map of vicinity of Centre Point, p. 201,
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VII. Between these two coals there is often a layer of blue, .
clayey workable shale, 12 to 20 feet in thickness.. On the Alfred
West farm, one mile west of Staunton, this shale was 20 feet
thick, and overlain with sandstone. At the San Pedro mine in
section 9, one mile northwest of Staunton, it is 12 feet th1ck and
occurs immediately below the drift. ”

Just above coal VI there often occurs a soft gray clay shale
resembling under-clay. At the Fortner mine, near the center of
section 10, coal VI is overlain with nine feet of this material, the
greatér part of which could be readily and cheaply removed, and
made into a good grade of vitrified ware.

South of Cloverland, three- fourths of a mile, in the bed of a
creek on the farm of John Williams, is an exposure of blue clayey
shale four and a half feet thlcif‘ Beneath this, coal VIa, two
and a half feet in thickness, has been worked by stripping. At
one point where the coal has been eroded some fine exatples of

“cone in cone”. were obtained from the underlying fire-clay.

These appeared as small cone-shaped masses of the fire-clay set
one within another. They had the appearance of small concre-
tionary or pressure structures, and were probably caused by the
slipping of certain of the hardened fire-clay layers.

On the land of Henry Stedman, one and one-half miles west of
Staunton, coal VI is mined, the vein in several places averaging
seven feet in thickness. A drift boulder clay rests directly upon
the coal, with no shale or slate intervening. Much of the coal
may have been eroded by the glacier before this deposit of clay
was made. “Hard pan,” where the term is correctly used, applies -
to the second layer of drift or boulder clay, which is often sepa-
rated from the first layer by a stratum of sand or gravel. It is
usually an impervious stratum of hard, dark gray to blue clay
. mixed with small pebbles, and constitutes the most common water
bearing horizon throughout the drift covered area of Indiana.
The pebbles and other impurities mixed with it- render it wholly
unfit for any kind of clay products.

Near the mouth of a ravine in the northwest quarter of section
17, coal VIa is exposed above drainage, the following ‘strata be-
ing visible:
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. Feet.
1. Brown to drab clayey shale.................. e . b
2. Blue clayey shale..................cciiiviiiiies... 10
3. Black sheety shale.......... e st es i ae e A 4
4,

Coal VIa with parting.............coiiiiiiiiiiennnen. 1

We have here 15 feet of good material for vitrified products

with coal VI of workable thickness and its under-clay below.
- A bore on the Kellar farm, in the southwest quarter of section

15, near a spur of the Vandalia Railway, showed 13 feet of

under-clay and gray shale above, and three feet of under-clay
beneath coal VI. As a rule, this coal is underlain by three to
four feet of under-clay which is, however, not of as good quaht}
as that beneath coal IV to the east.

Township 11 North, Ranges 6 and 7 and Part of 5 West.

This area, embracing 96 square miles, comprises the eivil town-
ships of Washington, Sugar Ridge and Perry. Coal VI covers
the surface of the western two-thirds of Perry, while east of this
coals T to V, with accompanying strata of shales and under-clay,
occur. In that portion of 11 north, 5 west, embraced in Clay
County, there is little commerecial clay of value. It is possible
that- the under-clay below outcrops of coals I and IT will, in a
number of places, be found suitable for potters’ use. In section

18, just northeast of Bowling Green, three feet of this blue shaly

under-clay occurs beneath coal I, here only six inches thick. The
same thickness of clay occurs beneath coal I on the Buell place in
section 7, two miles north of Bowling Green. 7

In the vicinity of Centre Point, close to the northern line of
Sugar Ridge Township (11 N., 6 W.), are a number of exposures
of drab to blue-.clayey shale, which will be found suitable for
making many kinds of clay products. Just northwest of the
. town, in the southeast quarter of the southwest quarter of section
4, on a 100 acre tract belonging to C. W. Mace, 'a test
shaft, 4x6x34 feet was sunk in 1903 to determine the quantity
and quality of the underlying clays. A section of this shaft
shows :
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Section of Test Shaft Near Centre Point.
Feet.  Inches.

1. Soil ....covviiiin.., AP 0 6
2. Yellow surface Clay..... ..o veririeinenannnnnns 5 - 0
3. Soft to hard sandy shale and sandstone.......... 6 0
4. Blue clayey shale...... et 17 10
B, €08l IV ...ttt iinsranrseneanaraneans 2 9
6. 0

Under-clay ....covevnninennenenns e 3+

The blue clayey shale, No. 4, is of the same character as that
used in several of the larger clay factories at Brazil, being a very
fine grained material, free from all grit, and when weathered or
ground and moistened furnishes a plastic clay, suitable for the
best of paving brick, sewer pipe, dry pressed or stiff mud facing
or ordinary brick, and similar products. In the making of brick
of any kind from it, much of the overlying surface clay and sandy
shale could be used. If sewer pipe or hollow brick be made the
shale will be best used alone or mixed with one-quarter to one-
third its bulk of the under-clay No. 6. The latter is a soft dark
gray plastic material, fit for hollow building block, terra cotta
and stoneware. In the shafts of neighboring mines it Tuns five
feet or more in thickness, and will doubtless be found of that
thickness on the tract under consideration. The test shaft is but
a few hundred yards from a spur of the Vandalia Railway and
one and a fourth miles east of the Brazil Division of the E. & L. -
Railway. Water in quantity can be secured in wells at an ap-
proximate depth of 450 feet.

Along a branch of Hog Creek, on the farm of W. T. Jenkins,
about two-thirds of a mile southeast of Centre Point are numer-

- ous exposures of a drab to blue clayey shale overcapped with 12

to 15 inches of gray sandy shale. One bore showed the blue
shale to be 11+ feet in thickness, and it evidently occurs over a
large area on both sides of the stream. In most places one to
three feet of yellow clay overlie the sandy shale capping. This
deposit can be easily reached by a spur of the Vandaha down the

creek valley.

In the southwest of the southwest of section 3, just east of
Centre Point, the same clay shale stratum outerops seven feet
thick on the land of H. B. Rogers. It lies just over coal IV,
which is here just at or-above drainage. Another exposure occurs
in and just above the ditch on the west side of the road leading
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from the Vandalia station to the town. This material can be
easily secured- and will be found suitable for clay products of
many kinds. The same stratum is also said to outerop in the
northeast quarter of section 9, along the branch of Hog Creek
Jjust south of Centre Point, but I did not see this exposure.

By the side of a spur of the Vandalia Railway, three-fourths
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Fig. 9. Map of Centre Polnt and vicinity, showing shale deposits.

of a mile west of Centre Point and one-third of a mile west of
the test shaft above mentioned, is the abandoned shaft of the old
Louise Mine. A large amount of under-clay has weathered out
on the dump, and a thick bed of shale was visible above the top
vein of coal in the sides of the old shaft opening.

One-fourth mile west, in the northeast of the southeast of sec-
tion 5, on the same spur of the railway, is the No. 5 mine of
Crawford & Co. A section of the shaft showed: -
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Section of Crawford No. 5 Mme, -near Centre Point.
Feet. Inches.

1. Soil and surface clay............. . 2 0
2. Blue clayey shale................coooinlon.n. 18 0
B. Coal IV .. e e e e e 3 6
4. Under-clay ................ e teatetae e 3 0
5. Black bituminous shale ......................... T 0
6. Coal TII ..o i ittt iieniaasennans 3 0
7. Under-clay ...........covvvnninnn. i i 2 0

Nos. 2, 4 and 7 are of good quality for vitrified clay wares, No.
5 being the fine grained, dark blue material found in the test
shaft. The under-clay, No. 4, from this point, if properly
washed, would make good stoneware. It will also be found excel-
lent for terra cotta and hollow building block. No. 5 is much
harder and darker, and would be suitable only for sewer pipe or,
mixed with shale, for paving brick.

On the Butts place, in the northwest quarter of section 5, coal
- ITIT has been stripped, a section at the pit showing:

i

Section on Butts Farm, near Centre Point.
Feet. < Inches.

B ¥ ;1 < N 4 0
2. Shale .......... N e e it 10 0
S 07T 5§ 5 G 3 0
4, Under-clay ....cvuiiiiinii ittt rinanttienetaenns 4 0

Both shale and under-clay are suitable for manufacturing pur-
poses. ’

On the Wm. T. Jenkins farm, three-quarters of a mile south
of Centre Point, in the southwest quarter of section 9, a bore for
a new gin shaft showed:

Section on Jenkins Farm.
Feet.  Inches.

1. Soil and yellow clay.....coviiiereenenenrarnnnns 9 0
2. Gray sandy shale and sandstone ................ 4 6
3. Blue clayey shale.. .. ...... ... ciiiiiiininnnnn 14 [§]
4000l TV © ottt it e e e 3 0
5. Under-clay ..... e st st ononntaatorsanaennunnannes 3+ 0

About 18 inches of under-clay No. 5 have to be removed for
height.. Both it and shale No. 3 are of the same nature as similar
strata in the test shaft. The coal is leased at a royalty of 10
cents per ton, and sells for $1.90 at the mine.
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Enough information has been given to show that Centre Point
is surrounded on every side by shales and under-clays well worthy
of development and manufacture. These. clays are underlain
with an excellent quality of block coal, than which no better fuel
" for their burning is in existence. Spurs from railways run
directly to or are within a few bhundred yards of many of the.
best deposits. Plentiful water can be had for the drilling. There
is no known reason, therefore, why the town should not be the
center of several clay industries of large size. -

In the vicinity of Ashboro, on the E. & I. Railway, in the north
half of section 17 (11 N., 6 W.), coal has been mined for many
years. A section at the Floaterman gin shaft, northwest quarter
of 17, will serve to show the sequence and thickness of the strata
in the region of the town:

Section at Floaterman Shaft, near Ashboro. ,. i

1. Surface soil and yellow.clay............ccocvnnn 9 0
2. Blue to gray clayey shale................co0uvtn 19 0
8. Coal IV i i i et et 2 6
4, UNAEr-ClAY «ovivnirenii et inainaniannananns L2 8
5. Gray shaly sandstone merging into shale ........ 14 10
G, Coal TIT ... os v iiiiierieincernnnesdennneeneans 3 0
7. Under-clay . ...viviiitiiiiii it 2+ 0

Of the strata given, Nos. 2, 4 and 7, and the lower portion of
5 could, if desirable, be made into many kinds of clay produets.

In Perry Township (11 N., 7 W.), but little mining has been .
done. Coals VIb and VI lie near the surface over much of the
area, but their accompanying strata are of little or no value for
making clay wares.

The under-clay beneath coal IV, in the v1cm1ty of Sahne Clty,
" has in several places been mined and shipped to the Tiffany
Enameled Brick Co., at Momence, Ill. In answer to an inquiry
regarding this clay the manager of the Tiffany Company plant,
made the following statement: “We have been able to get clays
from Saline City and Clay City that mixed with other clays from
Illinois have proven fairly satisfactory for the manufacture of
our dry-pressed enameled brick, but these are by no means ideal,
for the reason that they do not stand as high fire, without warp-
ing of the bricks, as we should like to put them to. In 1904, we
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used about 7,800 tons of the clay from the two places This cost
us about 60 cents per ton, f. 0. b. at the mines. The clays make
good pressed brick but need to stand more fire for enameled
brick.” |

Township 10 North, Range 7 and Part of 6 West.

This area of 60 square miles is mainly covered with coals IT to
V, and their accompanying strata. The greater part of section
31 (10 N., 6 W.), just south of Clay City, is a large hill or out-
lier of which the surfaee is 92 feet above the E. & I. Railway at
Clay City. In this hill coal VI, with its overlying stratum of
sandstone, occurs.

One mile northwest. of Clay City on a switch of the E. & L
Railway, in the southwest quarter of section 19, is an abandoned
_coal shaft of the Brier Block Coal Company. Coal IV was for-
merly mined here at a depth of 117 feet. The vein averaging
but three feet three inches in thickness, about 16 inches of the
under-clay was removed to make height. The proprietors worked
up a good market for this-clay, having during one year sold over
9,000 tons of it at 90 cents per ton on board the cars. It was,
while mined, used as the main body clay of many of the wares
made by the Encaustic Tile and Terra Cotta Works at Indianap-
olis. It was also shipped to Chicago and Cincinnati, where it was
made into ornamental brick, fire -brick and terra cotta. Some
very handsome tile brick made from this clay by Tiffany & Co.,
of Chicago, are on exhibit at the rooms of the Clay City Commer-
cial Club. This clay has essentially the same properties as the
under-clay of similar horizon at Brazil. When ground and wet
it becomes a very close plastic material, well suited for the uses
to which it-has been put. Immediately over the block coal at
this mine are 27 feet of blue clayey shale, the upper two-thirds of
which can be made into vitrified products. While the codl has
been worked out, much of the clay yet remains in this mine and
is still available.

A stoneware pottery was estabhshed at- Clay City in 1846, and
has been operated continuously since.* For many years the clay
‘has been obtained from a pit one-third of a mile farther south,
in the northwest quarter of section 82 (10 N., 6 W.). This clay

*For farther information concerning see under section IV.
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is the:outeropping under-clay of coal VI, and is obtained by strip-
ping six to eight feet of soil and surface clay, beneath which it
lies in a stratum three to five feet in thickness. Underlymg'thls
s a reddlsh rotten sandstone of unknown depth. Crystals of
gypsum (selenite) occur in some parts of the clay depomt but not
in sufficient numbers to prove harmful. This clay is, when
washed, very light, almost white in color, has good refractory
properties and is one of the best potters’ clays in the State.
Burned in a regulation down draft kiln it does not air-crack while
cooling. It was formerly used in quantities in the pottery in .
West Indianapolis, several thousand tons having been shipped
there. It brought $1.00 per ton on board the cars at the pit.
The same stratum of clay outcrops at several other points around.
Middlebury Hill south and southwest of Clay City, and can be
obtained in any desired quantity for stoneware manufacture.

For a time Mr. Griffith, the present potter, secured his supply
of clay from the land of Robert Guthrie, three miles southeast of
Clay City, and a fourth of a mile from the E. & I. Railway. At
this point a good potters’ clay is secured with but little labor from
beneath a thin seam of coal, where it is found in a stratum three
and a half feet in thickness.

One-half mile north of Clay City, in the southeast quarter of
section 19, on the Burnham farm is the mine of Burger & Terry.
Coal IV is here found 70 feet below the surface, a section at the
shaft showing:

Section of Shaft of Burger & Terry Mine.
Feet. Inches.

1. Surface and boulder clay..........oevuiunineen, 30 - 0
2. Gray to buff sandstone..............cooeeiunnnn 16 0
3. Blue clayey shale.................‘) ............. 24 )
4 Coal IV ........t..... ey . 3. 6
"B, UnNAer-ClaY ....ccnoeorsenseossosonssaanssansone 4 2

The under-clay, No. 5, is richer in silica and therefore more re-
fractory. than that at the Briar Block mine. Mixed with the pot-
ters’ clay found in the vicinity, in the proportion of one part to
two, its quality is improved for stoneware purposes, the mixture
producing a strong, close textured ware which does not air-crack .
and which stands up well under great heat.

By the side of the E. & I. Railway, two-thirds of a mile south-
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east of Clay City, in the northwest. quarter of section 32 (10 N,
6 W.), is the new plant of the Clay City Brick and Clay Com-
pany. This company began, in September, 1903, to make stiff
mud ordinary brick and drain tile from a mixture of shale and
overlying surface clay. A section at their pit and slope shaft,
200 feet west of the plant, showed as follows in June, 1904:

Section at Pit of Clay City Brick & Clay Company.

1. Soil and yellow surface clay .................... 15 0
2. Blue clayey shale................... [ 16 0
3. Coal V .. it e 2 10
4, Under-Clay ......ooviiuneinreneeestnsnnonnneens 8 0

After stripping one foot of soil, the surface clay and shale are
mined and hauled by steam power up a steep tramway to the dry
pan. The shale is a very pure light blue, fine grained material

. which, when properly manipulated and burned, will make a good
grade of vitrified products, such as paving brick, sewer pipe, hol-
low block, ete. The under-clay is light gray and very siliceous,
and will in time, be made into fire brick. The company had only
ordinary square up-draft kilns in operation, and were ‘making
about 30,000 ordinary brick daily. These were light cherry red
in color and of seemingly good quality. The plant is fairly well
equipped with modern clay working machinery, and with a num-
ber of round down-draft kilns, could turn out higher grade vitri-
fied products, the raw material being well worthy of being put to
better use than the making of ordinary brick.

The under-clay, No. 4, of the last section outcrops close to the
E. & 1. Railway, in a ravine on the John Miller farm, about one-
half mile southeast of the brick factory.- At the point of expo-
sure it is a tough, plastic. niaterlal sultable for terra cotta and
hollow brick.

On the line between Clay | and Owen counties, three miles east
and half a mile south of Cla} City, southeast of northeast of sec-
tion 84 (10 N., 6 W.), an exposure of shale and under-clay occurs
on the land of Fred. Burger. At the point mentioned coal TV
outerops along a small stream and has been mined by slope shaft.
A section of thé exposure shows :

~
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Section on Burger Farm, Southeast of Clay City.
Feet.  Inches.

Soil and yellow clay..... et ee ettt 3 Qo
Drab to buff shale..........oopeviiiiiiinn.n, 7. 0
Coal IV ... i e e e i 2 8
Under-clay ......ccoiiiiiinniinirinaronenananns e 0

The shale and under-clay are suitable for many kindg of wares,
« ‘Both coal and under-clay outerop in the branch 100 feet below

the mouth of the slope. A spur of the E. & 1. Railway runs with-
in three-quarters of a mile of the outecrop.

At the Westfall Bros.’ gin shaft, in the southwest quarter of
the southwest quarter of 34 the following section was exposed :

~

L

Section at Westfall Bros., Shaft.

Feet.  Inches.
Surface soil and yellow clay.................. .. 6 0
Drab sandy shale.....cooveierereneieenreoneons 11 0
COBI vttt iienitr it 2 10
UnAer-Clay . .c.vveeineeintnnnanneinnnneaneennn 4 0

About 18 inches of the under-clay is removed for height, and
samples from the dump showed it to be & soft gray, unctuous and
very plastic clay, suitable for terra cotta, encaustic tile, enameled
brick, hollow building block, ete. This mine is a quarter of a
mile north of the main line of the E. & I. Railway. This same
under-clay and its overlying coal outerops in the ravines over an
area a mile square around this mine.

On the Croft, Jett, Moody and other farms in section 33 to the
west, numerous bores have been sunk in search of coal, and
nearly the entire section is under lease by the Brazil Block Coal

Co.

All' of the bores show a three to four foot vein of under-

clay below coal V- when the latter is present, and usually a
stratum of ‘blue shale just above coal IV, with a five to seven foot
vein of under-clay beneath the latter. ‘
Around the slopes of the high hill already mentioned as cover-
ing the greater part of section 31, on which the village of Middle-
bury or Martz is situated, are a number of exposures of under-
clay. Amorg them is the stratum of potters’ clay above de-
scribed as used at the Griffith pottery in Clay City. A connected
section-of a portion of this Middlebury hill is given by Ashley as

follows:

/




CLAYS OF CLAY COUNTY. 209

Connected Sectiom About Middiebury.
Feet. Inches. Feet, . Inches.

1. Surface and drift.............. 0 tc 30 0 30 0
- 2. Sandstone ........... e 15 0 45 0
3. Coal VI .........connun. 7 0 52 0
4. Underclay ................... 3 6 55 6
5. Sandstone and shale........... 8 6 64 0
6. Limestone or blue calcareous
. shale ..............o0ivien Tto 3 0 67 0
7. Yellow shale ................. 2 0 69 , 0
8. Black bituminous sheety shale. 4 0 73 0
9. Coal V oiiiiieiiiiivencnnnnans 2to 4 0 i 0

" On the north slope of the hill, by the side of the road leading
from Clay City to Martz is an outerop of the potters’ clay, No. 4
of the section, on the land of Wm. Mulsom. The outcrop is on
the site of an old quarry where the limestone, No. 6, has been
taken out for macadam. The potters’ clay is here four feet thick
with three to seven feet of yellow clay above it.

On the land of Jameg F. Lankford, in the southeast qua.rter of
section 81, a half mile southeast of Martz, and one mile south-
west of the E. & 1. Rallway, a 200 foot bore has been sunk for
coal, a partlal section of which shows:

‘

. f
Section of Bore on”Lankford Farm, :
Feet.  Inches.

1. Soil and yellow clay.....|cco.viieininnneiiinn, 18 0
2. Sand and gravel ........ b e 2 2
3. Blue clayey shale ....... e 9 4
4. Sand rock ............. e e et .2 0
5. Black bituminous shale .[...................... 4 0
L 01 ) R P 2 9
T. Underclay ......ooiiiiiiiiiiiiiiiiiiii i, 9 2
8 8and rocK .....cuiiiiiiidiiiiii et e 5 0
. 9. Gray shale ...... S N 12 .0
10. Coal ..... T -2 6
11, Under-clay ...ooniini i iiiiniiiiinnneenaae. 5 0

No. 7 is a light gray, very siliceous under-clay. Samples of it
were sent to the Tiffany Brick Co., at Momence, Illinois, who
reported it well suited for making enameled brick, encaustic tile,
- ete. :

One-half mile northwest of Martz, in the northwest quarter of
section. 31, on the land of Chas. Cooprider, coal VI has been
stripped on a slope of Middlebury hill and is now being mined

14—@Geology.
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from a drift shaft. Where stripped it is said to have been in
places 11 feet thick. The under-clay at the mouth of the shaft
is nine feet thick and of good quality. ILess than a quarter of a
mile to the northwest a large area has been stripped on the slope

“of,the hill to secure the limestone betv'veen coals VI and V for

roadmaking purposes. Coal VI is here absent, but between the
surface deposit of yellow clay, seven to 10 feet thick, and the

_ limestone, is a stratum of potters’ clay. Except where staindd

with iron oxide, by the leachings from the overlying yellow clay,
1t is very white and siliceous with an occasional glistening scale
of mica visible. The stratum averages four feet two inches in
thickness and rests directly on the worked bed of limestone, here
five feet six inches thick. The stratigraphy shows this potters’
clay to represent the partially weathered under-clay of coal VI.
All the so-called potters’ clays of the State are but under-clays
of some coal seam. They occur in places where the coal is
absent and are usually covered only by a few feet of alluvial or
drift clays. Having been exposed for centuries to the leaching
waters from the overlying material, they have undergone a proc-
ess of natural washing which has rid them of many of their
hmpurities and left them very light in color and exceedingly
plastie, fit in every way for the manipulation of the potter.

An analysis of a sample of this potters’ clay as it.came from
the deposit, made for this report by Dr. Lyons, shows its chem-
ical constituents to be as follows:

Analysis of Potters’ Clay from Land of Chas. Cooprider, Murtz, Ind.

Billea (810, ...... P e 75.57
Titanium oxide (T10).c .. evvevevivuennenenenivenss .85
Alumina (ALOg ..ot ii it imiiie it it crnenes 13.97
B 7 < N 4.47
Clay base and sand............. T PN 94.86
Ferric oxide (Fe,0g) ..o ivvivieiiniiiniiiiiianacanes 1.47
Lime (Ca0) ........cocvvveun.n U :
Magnesia (Mg0) .......ciiriiiiiinrenencrecnneas A 71
Soda (Naz0) ..ovvrir e iirancriercnoreeannnns 46
Potash (K;0) ......covvevevvnnnn P B ¢4
1€ 5.36,
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From what has been written it will be seen that within a radius
of two or three miles of Clay City are numerous thick deposits
of shales, under-clays and potters’ clays, suitable for making the
best of many kinds of clay wares. Coal occurs either above or
below these clays in quantity sufficient to burn them. the E. &
1. Railway, with terminals at Evangville and Terre Haute, passes
within a short distance of all the principal deposits; while the
Indianapolis Division of the Monon, to be finished in 1906, will
offer a ready outlet to the east and north. Good water is avail-
able in abundant supply. Clay City has a population of nearly
2,000, and its Commercial Club is willing and anxious to secire
factories to develop these dormant clay resources. All persons -
seeking sites for clay working factories are invited to investigate
personally any or all of the deposits herein briefly described.

As has been shown, deposits of shale and clay cover a large
area of Clay County, and suitable locations for. factories for their
utilization are abundant. Those already erected in the vicinity
of Brazil have proven the clays fitted in the highest degree for
the making of many products. Their orders during the past ten
_years have for the most of the time been booked for months
ahead, and the trade has so far been worked up only in small
areas of the states of Michigan, Illiriois and Indiana. The sewer
pipe and paving brick industries were scarcely affected by the
panic of 1893-1894, as many cities kept their unemployed work-
men engaged in street repair, and the demand for those products
. 'was increased rather than diminished. Taking everything into
consideration, there is no reason why Clay County should not be-
come as noted for her clay industries in the future as she has been
for her deposits of block coal in the past.

OWEN COUNTY.

Occupying an area of 398 square miles southwest of the cen-’
ter of the State, is Owen, a county rich in undeveloped mineral
resources. 1t lies south of Putnam, east of Clay, north of
Greene and west of Morgan and Monroe counties. The county is
irregular in shape, its maximum length being 21 miles from
north to south. Tts northern third is 17 miles wide from east’
to west, while the southern two-thirds is 20 miles in width.
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The Geological Epochs represented in the county are seven in
number, viz., the Knobstone, the Harrodsburg, Bedford Odlitic,
* Mitchell and Huron limestones of the Lower Carboniferous, and
the Mansfield Sandstone and Coal Measures of the Carboniferous -
Period. * - .

The Lower Carboniferous rocks form the outeropping strata
over much of the gastefn part of the county and are most readily
recognized by the presence of heavily bedded limestone. This
limestone at places immediately underlies the Coal Measures; at
other places there is a considerable thickness of shale or sand-
stone between. The Knobstone and Harrodsburg limestone oc-
cur only along the eastern border of the county; the former out-
- cropping along the bluffs of White River near Gosport; the latter
being found over an area of several square miles above and be-
low that town, and also over a small area in the northeastern
corner of the county. The Bedford Olitic limestone forms the
surface of several parts of sections just to the west of the Har-
rodsburg and has been quarried extensively at Romona and near
Spencer. The Mitchell is the predominating limestone over the
eastern half of the county and has been used in a number of
places for macadam purposes. The Huron limestones and sand-
stones are exposed mainly along the streams of the western half,
where the overlymg Mansfield andstone has been eroded from
above. _

The Mansfield sandstone forms the surface of irregular
patches or tracts of the higher land in the western half. These
table lands often cover an area of a dozen or more square miles
and are ehamcteriied by possessing a less fertile soil than that
above the limestones. The Coal Measure rocks proper, lap over
* the western edge of the southern part of the county, covering an

area of 15 to 18 square miles north and south of Coal City, and
also a very irregular tract of -eight or ten square miles in the
vicinity of Patricksburg.

In the northeastern part of the county, near Qumcy, the ‘sur-
face is rolling, the valley of Eel River broad, level and shallow.
" From the northwestern to the southeastern corner stretches a
belt of high hills or ridges and deep, narrow valleys, the ridges
rising 150 to 250 feet above the valleys and up to 300 feet above
White River. To the southwest the hills become lower and
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broader, with broader valleys between. All but the southeastern
corner of the county lies in the drift area. Over its hillier part
the drift is shallow or wanting, so that it interferes but little
with observing the rocks. Towards the northern and southwest-
ern parts the drift increases in depth; but still probably aver-
aging less: than 20 feet and not often running over 30 feet in
thickness. . -

The principal stream is the West Fork of White River, which

flows across the southeastern cormer of the county from north-
east to southwest. Its tributaries are Mill, Rattlesnake and Fish
creeks from the north, and McCormack’s and Raccoon creeks
from the south and east. The South Fork of Eel River, rising
near the northeastern corner of the county, flows west or north-
west and joins the main or North Fork in the southwestern cor-
_ner of Putnam County. It then swings around through eastern
Clay County and, after receiving the Jordan, Six Mile and Lick
creeks, crosses the extreme southwestern corner of Owen County,
flowing a little south of east. All these streams furnish ample
drainage and have, by their erosion, rendered the greater part
" of the surface of the county very rough and broken.

Three railroads, the C., I. & L. (Monon), the I. & V., and the
E. & I, cut across, respectively, the northeastern, the southeast-
ern and the southwestern corners, leaving the center and north-
ern parts wholly without facilities for transportation. However,
the Indianapolis Divisions of both the Southern Indiana and the
Monon have been recently surveyed through the northern thlrd
and there is little doubt but that one or both will soon be con-
structed.

Township 11 North, Ranges 3. 4 and Parts of 2 and 5 West.

The Knobstone shale, which forms the oldest surface rocks in
Owen County, is' exposed north of Gosport in a bold bluff for
nearly half a mile just south of the junction of the “Monon” and -
I. & V. Railways. This exposure-is on the lands of Dr. John W.
Smith and Major A. H. Wampler, in the northeast quarter of -
section 31 and the northwest quarter of 32 (11 N., 2 W.). The
shale is here grayish blue-in color, free from lime and iron im-
purities, and with the proper manipulation will make a good arti-
cle-of pressed front brick or vitrified paving brick. Sample brick
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from a similar material at Martinsville, Ind., made by Boyd,
White & Co., of Chicago, are unexcelled in general appearance.
The railway facilities at Gosport are excellent; cheap fuel can be
obtained from the mines of Greene and western Owen counties;
and an abundant supply of water in White River.

In the vicinity of Gosport are also many deposits of the better
grades of surface clays. In a ravine on the land of D. W. Bus-
kirk, in the northern limits of the town, northeast quarter of
section 31 (11 N., 2 W), is an outerop of yellow clay which by
excavation has been shown to be eight feet in thickness. It is
much lighter colored and finer grained than the ordinary surface
clays of the surrounding hills, and judging from appearances will
make a good dry pressed front brick. To the west it becomes
more siliceous and approaches in character a fire-clay. The sur-
face clays overlying the outcropping Knobstone shales, as well
as the shales themselves, are suitable for ordinary soft mud brick,
and the mouth of the ravine, between the deposit of yellow clay
above mentioned and the two railways, presents an attractive
location for a combination plant, capable of making both dry-
pressed and ordinary brick.

Accompanying coal I, in the Mansfield sandstone area of the
northern third of Owen County, occur some deposits of potters’
clay and shale which, when the new railways are opened up, will
prove of value. The most available of these, and the only ones
examined for this report, are located in the vicinity of Cataract,
in township 11 N., 4 W.

One-third to one-half mile southwest of Cataract, on the land
of Dr. J. M. Jones, southwest gquarter of the northeast quarter
and the east half of the northwest quarter of seetion 2 (11 N,,
.4 'W.), are-some deposits of a fine grade of potters’ clay and some
.good shale. A connected section of the strata of the vicinity

shows: . .
Section on Land of Dr. Jones, near Cataract.
Feet.  Inches.

1. Soil and surface clay........cveviiiniiierienanes 2 0
2, Sandstone (.....iiiiiiiiiii it ii e 20 0
8. Coal I ......c..vuuns et reaes 0 2

-4, Underelay ........oeovevennnns i, 7 6

" 5. Soft blue clayey shale. .. .....c.coveiviveennennns 7 ]
6. Drab sandy shale ....... P - 0
7. Three thin bands of ironstone...........ccoovuuns 0 (a
8. 0

Blie clayey shale .............. FIPIRN R ™+
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On-the north slope of a high hill, in the east half of the north-
‘west quarter of 2, the under-clay No. 4 is expose'd in the gullies
and is covered only by two to three feet of soil and drift, over
quite an area. It is a soft, very light gray to white, plastic,
potters’ clay; is wholly free from grit and other impurities, and
-will make an excellent grade of stoneware. According to Dr.
Jones, this stratum of under-clay extends a half mile or more to
the north without rock or other heavy cover above it. '

To the southeast, on the north side of the east-west road, the
shales Nos. 5 and 6 are exposed to the thickness mentioned in
the section. - The upper blue shale is a soft, fine-grained, clayey
shale, very plastic when weathered. Numerous small nodules
-of kidney iron ore are weathered out on its surface, the lighter
particles of shale from around them having been carried down
the slope by eroding waters. This shale will make sewer pipe
and hollow building block, or, mixed with one-third its bulk of
the sandy shale below it, a good grade of paving or dry pressed
brick. Shale No. 6 is too sandy to be used alone, but can be
ground up with either the overlying or underlying stratum and
made into many kinds of products. :

The lower shale, No. 8, is exposed by the side of the stream
near the road at the base of the hill to a thickness of 7 feet.
It is of a fine quality of clayey shale, a little more siliceous than
No. 5, and suitable for all kinds of vitrified wares. Just over
it are three bands of siderite, or kidney iron ore, each two.to four
inches thick, and over these at the point mentioned about two
feet of yellow clay. These shale deposits also come close to the
surface over the north half of the southwest quarter of section
2, on the south side of the road.

Three-fourths of a mile southeast of Cataract on the land of
Rev. D. T. Poynter, west half of the northeast quarter of section
1, the following exposure is visible by the side of a small tribu-
tary of Eel River, the latter stream being one-fourth mile to the

east: .
Section on Land of D. T. Poynter.

B I T ) 0 4
2. Iron ore band (sidente) .......................... 0 3
3. Sandy Shale ....ocuivieieeseiniarrnrnnnerarinans 12 0
4. Coal—two thin bands ............coiiiiiviiienns 0 E7S
B. Under-Clay ......cecevveetereectsassonceccconnane 2 0
6.

Soft blue clayey shale.............. PP eee T+ 0
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Of these Noi. 8 is too siliceous to be used alome, but could be.
mixed with both Nos. 5 and 6. Some trouble might be expe-
rienced with sulphur, as numerous small crystals of pyrites were
visible in the under-clay. The blue shale is of good quahty for

. many wares.

Mr. Poynter states that the under-clay comes close to the sur-
face in several large fields on his farm, and, being practically
impervipus, whenever it rains the water is held for a long period
in the overlying soil, and renders it difficult to cultivate.

On the land of W. E. Meek, northeast quarter of section 10
(11 N., 4 W.), two and a half miles southwest of Cataract, just
southwest .of the junction of the Cataract and Vandalia and Cata-
ract and Bowling Green roads, the same shales and potters’ clays
were exposed as were noted as occurring on Dr. Jones’ land. The
potters’ clay and sandy shale are exposed in ditches by the road-
side just south of the road junction, and the lower, plastic blue
shale in a ravine 200 yards to the southwest, where it outerops
four feet thick, with a foot or so of drift above it. These shales
and under-clay accompanying coal I evidently have a wide distri-
bution in this region, and will eventually be used for manufac-
turing purposes.

‘On the Evans farm, in the northeast quarter of section 11 (11
N,, 4 W.), the following strata are exposed according to Col-

~lett ¥

Section at Evans’ Farm. .
. Feet.  Inches.

1. Soll and surface ................ et es e 16 1}
2. Yellow sandstone ..:.............. P 8 0
3. Blue shale with ironstone....... e, 10 . 0
4. Black shale ......ccviiiiiiiiiiininnnnnsennens 0 8
5. Under-clay .......c.ciieiiniiiiiniiiiinnennn, 2 0
6. Coarse sandAstone ........icvievniieriecniaaanan 28 0
7. Massive gritty sandstone, white and yellow.... 30 0
8. Soft white sandstone .............evvnenneenns 3 6
9. Blue clay shale ................,....oiiiil, 12 0
10. Band of kidney iron ore....... PR ‘0 8
11. Black clod or elay........coovuvunn... e 1 10
120 Coal L. ..ottt ittt nienvnannncseenns 1 8
13. Blue shale with ironore..........c.vvvivivven.. 12 0
14. Kaskaskia limnestone in creek.................. 11 0

*Seventh Ann. Rep. Geol. Surv. Ind., 1875, 342
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. This point was not visited by me, but from the description I
judge Nos. 3, 5, 9 and 18, aggregatmg 36 feet in vertical thick-
ness, to be suitable for clay working purposes. The iron ore,
mentioned as occurring'in 3 and 13, is evidently the kldney con-
cretions of siderite found in nearly all shale deposits.

Township 10 North, Ranges 4, 5 and Part of 6 West.

The more valuable deposits of clays and shales of Owen
County are found in townships 9 and 10 north, ranges 6 and 7
west. Here are located the principal coal veins; in fact, the only
ones of value in the county, together with their accompanying
shales and under-clays.

In the western part of Spencer, the county seat, Woods Bros. -

made, for 30 years, a good quality of ordinary brick and drain
tile from a yellow loamy surface clay, after stripping four to six
inches of soil. The same firm also made flowerpots and kindred
wares from an under-clay obtained at Powell’s hill, four and a
half miles west of Spencer. About $2,500 worth of these prod-
ucts were made in 1903. "On account of financial trouble, the
plant changed hands and was not run in 1904, and during that
year there was not a clay product of ahy kind made in the county.

On the land of T. J. Blakemore, in the southwest quarter of.

23 (10 N., 4 W.), three miles west of Spencer, is an outerop of
six to eight feet of blue shale in a ravine, the bottom being
hidden. The shale is light blue in color, very fine-grained, and
when ground and moistened will form a tough, plastic material,
suitable for vitrified brick, sewer pipe, etc.

In the northeast quarter of section 13 (10 N., 5 W.), two and
a half miles east of Patricksburg, is a case of the Mansfield sand-
stone being replaced by shale. In the northwest of the north-
* east is an exposure of massive sandstone 12 to 15 feet thick.
Toward the east the sandstone thins out. On the west side of
the drain, near the township line, a drift was driven a short dis-
tance under the sandstone, but ne coal was struck. A well in
the bottom of the branch just above this went through 50 feet of
blue shale. The road from the branch to the top of hill 50 to 60
feet' above shows gray shale all the way, making a thickness of
100 to 110 feet of workable shale.
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In the immediate vicinity of Patricksburg the lower block coal
ITT is found close to the surface in thick veins of great purity.
"On the land of John Andrews, one-half mile southeast-of Pat-
ricksburg, on the northwest quarter of the southeast quarter of
section 15 (10 N., 5 W.), a slope mine has been worked for some
years. A section at this point shows the presence of the follow-
ing strata: ‘ ‘

Section at Andrews Mine, South of Patv’icksbi;rg.

Feet.  Inches.

1. Surface and yellow drift clay................... 5
2. Blue gray clayey shale .................. RPN 21
8. Coal IIL... ...ttt it innoeanenenenannnnnn 5 2
4. Under-clay .........cooiiiiiiiiiiiiiann, e 4 3
5. Sandstone ..........c000.0.... e 31

The deposit of shale above the coal is one of the best I have

_seen in the State. 1t is of very fine texture, free from grit and

all traces of nodular iron ore. It is very similar to the seam
worked at Brazil into sewer pipe and other products. The under-
clay below the coal is, however, inferior in quality, containing

- a large percentage of pyrites and othér impurities and presenting

a shaly or laminated appearance.

— A short distance north of Patricksburg, in the southwest quar-
ter of section 10, are two slope mines where the same shale is
exposed to a thickness of 16 to 20 feet. The coal in these mines
is over four feet thick, pure non-caking block, equal to the best
in this or any other State. Both fuel and clay are here present’
in almost inexhaustible quantity. The one thing lacking is a rail-
way spur by which these resources or their manufactured wares

‘can be carried to the points where needed.

The horizon of coal T is found from 25 to 40 feet below that
of ITI, and the vein outcrops in many places north and northeast
of Patricksburg. ‘The under-clay of this coal is from three to
four feet in thickness, of good quality and suitable for terra
cotta, and in many places for potters’ wares. ,

Down the Lick Creek Valley, southwest of Patricksburg, the
shale overlying coal IIT comes to the surface in a great many
places. A railway from Woodside could be easily constructed
up this valley to Patricksburg, ‘and so open up the way for devel-
oping many of these deposits of shale and underlying coal.
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On the William Norris place, in the southeast quarter of sec-
tion 21, two veins of coal occur, a section of the exposure being
as follows: /

Section on the Norris Farm, Southwest of Patricksburg.
Feet. . Inches. Feet, Inches.

1. Soil ....... S 10 0 0 0
2. Gray shale .............. s .4 0 14 0
3. 00 IV ot 5 0 19 0
4. Shale and iron ore................. 30 0 ~ 49 0
5. Coal TII . ..uvuiiianenneninnnn, L2 2 51 2

Just across the line, in the northwest of northwest of section
28, coal IIT has been mined on the Devin place, formerly the
Sinks place. At an open drift the:coal measured two feet ten
inches in thickness. It is a semi-block to block, showing the slips
and splitting readily along the dull bands. Above it is 12 feet
of brown to blue shale, suitable for clay wares.

Near Woodside, or “Lancaster,” in the northwest of section 26
(10 N.,, 6 W.), are several mines from which the well-known
“Lancaster Block” coal is secured. An average section at these

mines shows:

Section near Woodside or Lancaster. .
Feet.  Inches.

1. Soil and yellow clay.........coviiiiinininnnnns 8 0
2. Blue shale ......... oot iiiiiiiiiiiiiiiiinaen. 13 0
3. Coal IV .. ... iiiivniinn e 4 0
4. Under-clay merging into sandstone.............. 4 0
%, Brown to black shale.................coivinnn 10 0
6. Coal TII .. ...ttt iennntinnnetonennsnnsans 3 6
T Under-clay ......ooeumniitiiinieinneennnsseannns 10 0

The shale overlying coal 1V is here 13 feet thick. The upper
eight feet could be utilized, but the lower part contains too much
bitumen. The under-clays Nos. 3 and 7 are both of good quality
for terra cotta or hollow building block. Only coal 1V has been
worked. These mines are located on a spur of the E. & 1. Rail-

- way. -

About 1887 John Andrews erected a factory at this point for
the purpose of making fireproofing, vitrified drain tile, brick, etc.
The ‘machinery with which it was furnished was old-fashioned
and the kilns constructed were patterned after those used in
Scotland two centuries ago. As ‘a result the enterprise proved a
failure, and nothing has been done since 1895. From $10,000
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“to $12,000 were sunk, one-half enough to have fitted the factory
up in good shape with the latest ‘improved machinery. All the
essentials of a successful clay industry are present, and a plant
constructed and carried on in modern style would doubtless
prove remunerative; but Old World methods of a century or
more ago cannot compete successfully with those of the present
age. ’

One and a fourth miles south of Woodside, in the northwest
quarter of section 35 (10 N., 6 W.), is-the Berger slope shaft,
where coal IV is reported to average four feet; ranging from
three feet six inches to four feet six inches, without parting.
Near the south line of the same section are the Crouse, Leohr and
Harbough drifts, on coals IV and II1, the two coals here being
" about 12 feet apart. The upper coal is said to range from three
feet six inches to four feet, with a blue shale roof and fire-clay
under. The lower bed is said to run from two to three feet,
being a fine quality of block coal. The interval between the beds
is composed of a good quality of shale for vitrified products.

Township 9 North, Ranges 8, 4,5 and Part of 6 West.

« Among the jars of clay in the State- Museum, collected by
former State Geologist 8. S. Gorby, is one filled with very fine
white kaolin, and having on the label the name of J. H. Ward,
Spencer, Ind. No other data accompanied it, and no such person
is known in the vicinity of Spencer. That deposits of kaolin simi-
lar in quality to that of Huron, Lawrence County, occur in Owen
County has long been known, yet but little has been done toward
their development.

An outcrop occurs on the land of Mrs. Hopewell five miles
southeast of Spencer, section 12 (9.N., 3 VV) A slope shaft was
put in a short distance a few years ago, and excellent samples
obtained. A visit to the place showed that the opening had been
closed by the soil washing down over it: A quantity of the
kaolin, stained by iron oxide, was lying near, but no specimens of
the better grade were secured. In the Geological Report for
1875, p. 359, Prof. Collett mentioned a similar outcrop as oceur-
ring in the northeast.quarter of section 7 (9-N., 3 W.), four miles
west of the one above mentioned. The kaolin probably underlies




CLAYS OF OWEN COUNTY. 221

the greater portion of 9 north, 3 west, but the thickness and
quality of the stratum can only be determined by a more exten-
sive investigation of the known outerops.

One and three-fourth miles southwest of F reedom, on the land
of John MecIndoo, northeast quarter of section 82 (9 N., 4 W.),
is a large deposit of pinkish red clay which lies near the surface.
The first outcrop visited was by the roadside about one-eighth of
a mile north of the I.-& V. Railway, where the vein of this clay
has been proven by digging to be six feet in thickness and over-
" lain with from five to seven feet of soil and yellow clay Far-
ther north and west it extends over quite an area, and in places
on the lands of A. J. Nelson and James Patterson it has been
stripped and shipped for a number of years to the U. S. Encaustic
Tile and the Terra Cotta. Works, at Indianapolis; the National
Tile Company, at Anderson, Ind., and to Newark, N. J. Prob-
ably 1,500 carloads have been sold, the clay being hauled in
wagons a mile and a quarter to Farmers’ Station, where it
* brought from, $1.50 to $2.00 per ton on board the cars. '
This is one of the high-grade commercial clays of Indiana,
. being very fine-grained and in most cases free from grit and
gravel, tough and exceedingly plastic. Streaks of a whiter color
occasionally run through it, which, when present in any quantity,
deteriorate its value for the uses to which it is at present put.
That found on the McIndoo land, above noted, contains fewer
impurities than at any other exposure visited, and it is more
accessible.to a railway.

A deposit of similar clay has been recently uncovered on the -
land of Zach. Messick, southwest of southeast of section 29 (9
N., 4 W.), one and a half miles northeast of Farmers, on the
north side of the Farmers-Freedom road. This exposure, in June,
1904, showed five feet of soil and yellow clay, overlying five or
more feet of the pinkish red clay, the bottom of the latter stratum
hot being reached. The lower part of this pit showed the clay
as shlpped to be a decomposed shale, as the laminze or la,yers of
pinkish shale, an inch or’two thick, were plainly visible at a
depth of eight or more feet from the surface.

On the land of J. R. Payne, near the center of section 29, the
same clay outerops in a ravine. In a well a few rods east of this
outerop the following section was exposed :




2292 .  REPORT OF STATE GEOLOGIST.

Section on Land Qf J. R. Payne,
Feet.  [ncpeq.

1. Surface and yellow clay...... e 10 0
2. Blue argillaceous shale .........oevevnevnnennnn. 14 0
3. Pinkish red plastic clay......cocviiveeivienennn. ? (1]

This would also go to prove that the pinkish clay is a decom-
posed shale, and not a surface deposit, as has been formerly
believed. This clay is used by the Encaustic Tile Company to
mix with less refractory surface clays in the making of red floor
tlhng It is too pure and refractory to nse alone, twisting and
shrinking out of sh#pe under the influence of great heat. When
it becomes more generally known it will probably be put to far
more extensive use than at present

On the land of Dr. A. B. Irwin, a mile and a quarter west of .
Farmers, and one mile from . the I. & V. Rallway, in the west
half of the northeast quarter of section 36 (9 N., 5 W.), outcrops
of under-clay, which has been weathered down into a good grade
of potters’ clay, occur in ditches along the roadside. These expo-
sures are on the slope of a hill a few hundred yards west of
the. Irwin reéiden’ce. A well near the house shows:

Section of Well at Residence of A. B. Irwin. )
' Feet.  Inches.

1. Soil and yellow clay.............ooviiiiiiiinnn, 11 0
2, Sandstone .. ... ...t it 31 0
3. Black shale ............ ... it 3
4, Coal TIL ..ottt it ciaetassnsananrans 3 4
5 Under-clay ......cvvvuieienenens e e 44

The under-clay No. § i3, where ex‘lposed, a very white and plas
tic, siliceous material, suitable for stoneware, hollow building
block, ete. It evidently underlies a large area in the vicinity; as
outcrops also occur on the south and east slopes of the hill or
upland tract. :

. At the Arney mine, in the northeast quarter of sectlon 9 (9 -

“N., 5 W.), both coals IV and IIT are mined. A gray clay shale,
seven feet in thickness, overlies coal IV, which is here three feet
four inches thick, while a gray siliceous shale, 11 to 13 feet thick,
lies just above coal IIT.

At the Berger mine, in the northwest quarter of section 19,
both coals are also worked, a section at the shaft showing 10 to
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12 feet of shale above coal IV and 18 feet between it and coal
IIT.  These shales at both mines could be used profitably for clay
wares in connection with the coal as fuel, were railway facilities
present. The Berger mine is less than one mile east of the E. &
I. Railway.

At the air shaft of an abandoned mine, 100 yards west of the
E. & 1. Railway, at Coal City, and but a short distance from the
Clay County line, is an exposure of shale of good quality. This
exposure is in the northeast quarter of the southwest quarter of
section 11 (9 N., 6 W.), a'record of the shaft showing:

Section of Air Shaft near Coal City.
* Feet.  Inches.

1. Surface and-yellow clay........... TN 7 0
2. Blue eclayey shale............ccoiiiiiiirnenans 28 0
B. Coal IIT ......ciiiiiiiiiinaarnnnnannnns ceiaeas 4 0
4. Under-clay ............. et e e e e 3 0

On the southeast of the southwest of the same section a bore
was put down 94.8 feet throngh the vein of block coal. Of this
distance 47 feet was composed of blue shale or soapstone.

For a number of years Mr. James F. Hyatt operated at Coal
City one of the largest ordinary brick yards in Western Indiana.
More than three millions per annum were made for part of the
time. The clay used was the yellow surface clay, which is here
free from lime and other impurities, and made a strong and
lasting brick, which found a ready market in many of the towns
of the adjoining counties. This clay at the yard of the old brick
‘ factoﬂy lies directly over the shale (No. 2) of the above section,
and a combination plant for making both ordmary and vitrified -
* brick could be operated which would doubtless prove a success.

Such are the more available and better known clay deposits of
Owen County. As already noted, not one of these deposits was
being operated in 1904. With raw material of excellent quality -
and fuel in close proximity for its burning both present, this
condition is due to both a lack of energy and a lack of transporta-
tion facilities. The officers of the railways entering this region
have not been far-seeing enough to put in spurs, at an expense of
a few thousand dollars, to the better known deposits. As.a result
the larger clay factories of the State have been located in other
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counties. Let us hope that the owners of the new railways
which will soon open up-the northern half of Owen County will
show a more progressive spirit, and that at least one, if not haif
a dozen, clay industries of large size will soon be erected w1thm
her bounds.

GREENE COUNTY.

Lying near the center of the southwestern quarter of the State
is the county of Greene, comprising a rectangle 30 miles long
from east to west by 18 miles in width from north to south. It
thus embodies an area of 540 square miles, which lies west of
Monroe, south of Owen and Clay, east of Sullivan and north of
Knox, Daviess and Martin counties.

‘The rocks of four different Geological Epochs form the surface
of the county, viz., the Mitchell limestone and Huron Group of
the Lower Carboniferous and the' Mansfield sandstone and Coal .
Measures of the Carboniferous Periods. The Mitchell limestone
comes to the surface only over small irregular areas in the north-
east and southeast corners of the county. The limestones and
sandstones of the Huron Group form the surface of the greater
portion of the eastern half of the county, being exposed every-
where along the streams which have worn their way down
through the softer overlying Mansfield sandstone. East of White
River the latter formation occurs in very irregular isolated areas
which comprise the crests of the hlgher ridges and hills of this
section of the county. West of White River the ‘Mapsﬁeld sand-
stone forms the surface of two large disconnected areas which lie
adjacent to that stream, and are separated by a narrow tongue of
the Coal Measures, which extends east to the river opposite
Bloomfield. - The Coal Measureseproper are practlcally limited to
- the western third of the county, only three or four 'small isolated
areas being found east of White River.

As already noted, the topography of this portion of the county
is very broken. The divides are usually very narrow, as are
the stream channels, with steep slopes between. As White River
is approached the topography becomes less broken. West of the
‘river are extensive marshlike prairies, evidently filled-up valleys,
while the divides between are broad rolls rising from 25 to 75
feet above the level prairies. In the northwestern corner of the
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county the stream channels are narrow, with rather steep banks,
rising to narrow divides.

'The county is divided into almost equal halves by the West
, *Fork of White River, which flows in a southwesterly direction
_ across .its center. With the exception of the northwestern and
southeastern corners, all of the drainage is into Whlte River.
The main branches from the east are Richland Creek, with its
tributaries, ‘Beech and Plummers creeks and Doans Creek,
while from the west are Eel River, Latta’s, Beech and Black
creeks. Indian Creek, a tributary of the East Fork of White
River, drains the southeastern corner, while the head waters of
Busseron Creek extend up into the northwestern corner.

The eastern end of the county lies within the boundaries of the
driftless area of the State.. Over the uplands of the rest of the
county the drift is generally met with, though usually less than

a score of feet in depth. In the lowlands and prairies the depos-

its are .found to be considerable, often over '100 feet in depth,
these places evidently being old preglacial valleys, which have
been filled up.

The western half of the county is exceptionally well supplied -

with transportation facilities. The Indianapolis & Vincennes
Railway crosses this portion in a southwesterly direction, keeping
west of and in the valley of White River. It also sends a branch
to the Linton coal field and Dugger, in Sullivan County. The
Evansville & Indianapolis Railway runs north and south across
the center of the county, also following the valley of White River
. for much of the way. The Effingham Division of the Illinois

Central, formerly the Illinois & Indiana Railway, Tuns to Switz

City from the west, while from the same place the Switz City
branch of the C., I. & L. Railway (Monon) runs southeast across
the county. The Southern Indiana extends from Elnora to
Linton and Terre Haute across the western third, Besides these,
the Indianapolis Southern is being built from Switz City north-
eastward, thus opening up a new area, and one or two other roads
or branches are being planned to reach the Linton coal field.

The western third of Greene County has, within the past ten
years, developed into one of the best coal-producing areas of the
State. The best beds of shale and clay also occur in this area,

being for the most part found west of the main hne of the I. &.
15—Geology._
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V. Railway, which follows approximately the western border of
the Mansfield sandstone. In the eastern half of the county the
sub-conglomerate coal I outerops and is mined in a number of
localities, but can nowhere be relied upon to supply more than a
local demand. Beds of shale-suitable for commereial purposes
_are rarely found above coal I, but the under-clay beneath it is
- oftentimes of excellent quality.

Townships 6, 7 and 8 North, .Ranges 8 and 4 West.

This area of 216 square miles COI&IpI‘lSQS the eastern two-fifths
of Greene County, embracing all of Beech Creek, Center and
Jackson townships and the eastern half of Highland, Richland
and Taylor townships. The Switz City Branch of the Monon
Railway crosses the southern third of the area, leaving the county
at its southeastern corner. The Indianapolis Southern Division
of the Illinois Central will scon be completed from east to west
through its center. Coal I, with underlying clay, occurs in scat~
tered localities over the greater part of the area, while coal III,
also overlying a good under-clay, is found over portions of the
three southwestern townships.

On the William Hanson farm, in the north half of the south-
west quarter of section 2 (8 N., 4 W.), the semi-block coal I
occurs 30 inches thick, with four to five feet of a good under-
clay beneath. On the James Barnes farm, in the southeast of
the southwest of the same section, the coal is three feet thick
and with four feet of under-clay below. At both places the
under-clay, when weathered or properly washed, will make good
stoneware or hollow building block. - ~

In the northwest of the northwest of section 29 (8 N., 4 W.)
occurs, near the roadside, an‘exposure‘i of blue to gray clayey
shale, 15 feet in thickness, overlain with brownish flaggy sand-
“stone. Coal I occurs beneath, probablj' in sufficient quantity to
burn the shale into any one of a number! of different kinds of clay

!
i
I

wares.

On the land of J. L. Sparks, in the east half of the northwest
quarter of section 6 (7 N., 3 W.), the horizon of coal I, here four
to 30 inches thick, underlies the top of the ridges. Above the
.coal is eight to 10 feet of bluish gray s%jlndy shale, while below it
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‘a fair grade of underclay, three to five feet in thicknmess, is
found. The shale is too siliceous for use alone, but could be
mixed with the under-clay for brick-making purposes. This point
is about one mile north of the survey of the Indianapolis South-
ern Railway.

By the roadside, a quarter of a mile east of Cmcmnatl, in the
northeast quarter of section 27 (7 N., 8 W.), is an exposure of
the under-clay of coal I, which has been weathered into a good
grade of light gray, very plastic, potters’ clay. In gullies on the
south side of the road the exposure is 5+ feet thick, with 33
feet of yellow clay above. The latter contains numerous small
nodules of iron carbonate, which, by erosion of the yellow clay,
are left lying on the stratum of potters’ clay. Good stoneware,
hollow building block, terra cotta and other products could be
made from this potters’ clay, which will be found underlying the
surface of the ridge running northeast and southwest, just east of
Cincinnati.

Samples of a high-grade potters’ clay were sent in to this office
in 1900 from the land of Mrs. F. Weaver, on Indian Creek,
southeast of Cincinnati, and about a mile and a half south of the
Old Virginia Furnace. It is a very light gray, gritless plastic
material, which can be used for the best of stoneware, pottery,
terra cotta, encaustic tile, hollow vitrified wares, ete. I did not
have time to visit the deposit, and was not able to ascertain the
thickness of the clay nor the character of the overlying strata.
The exposure is- stated to be within 300 yards of the present
survey of the Indianapolis Southern Railiway.

" On the land of A. J. Phillips, in the northwest of the north-
west of 28 (7 N., 3 W.), one-half mile southeast of Tanner Post-
office is a 14-foot exposure of a light gray sandy shale. Mixed
with one-quarter its bulk of a more plastic and less siliceous mate-
rial, such as the under-clay of coal I, it can be made into vitrified
wares of different kinds, but probably contains too high a per-
" centage of sand to work alone. The outcrop is along a small
stream about one mile south of the survey of the Indianapolis
Southern Railway. :

By the roadside just south of Rldgeport in the southwest quar-
ter of section 13 (T N, 4 W.), is an exposure of the weathered
under-clay of coal I, whlch underlies the east-west ridge, a third

~
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" of a mile wide, on which Ridgeport is located. The outerop at
the point mentioned is five to seven feet in thickness in the gul-
lies, and immediately underlies a heavy ledge of grayish sand-
stone, coal I being absent. It is a whitish, fine-grained, plastic
material, free from iron stains and other impurities, and was
used for a number of years in a small pottery at Ridgeport. The
principal outerop is on the land of Benj. Holtzelaw, one mile
north of the Indianapolis Southern survey. :

At the old Templeton mine, on the James Inman farm, north-
west of southwest of 20 (7 N., 4 W.), coal IIT has been mined
for 35 years from a slope shaft which opens beneath a heavy
overhanging cliff of sandstone at the head of a deep ravine.

* A section at the mouth of the slope shaft shows:

Section at Inman Mine. .
' Feet,  Inches.

1. Slope, concealed ........cccvevevrvsnnsnsinnnes 7 ?
2. Flaggy Sandstone .......eveveerrioneneeronensns 4 0
3. Sandy shale ..iivevvvreireisocnacrassoscerenens 8 0
4, Masslve sandstone, iron spotted, cross-bedded . 25 0
5. Coal III ......... N 2 10
6. Under-clay ...covvvevriierenccnannnecncnnones . 5 4

The under-clay, No. 6, is a high-grade material of its kind,
being a light gray, tough and very plastic clay, free from grit,
and suitable for hollow building block, flue linings, terra cotta,
conduits, and all products of a similar class such as are made at
~ the large factories about Brazil, Ind. '

The same grade of clay occurs beneath coal III on the Sher-
man Allen farm, in the northeast quarter of section 28 (7 N., 4
W.). The coal is here 32 inches thick and, like that at the Tem— :
- pleton bank, is a semi-block coal of good quality| for burning clay
wares. The under-clay is said to run 7 to 10 feet in thickness,
and contains occasional fragments of fossil platrt remaing. This
exposure is less than a quarter of a mile south of|the survey of the
“Indianapolis Southern Railway. Worked in connection with the
coal, the under-clay at either the Templeton or Allen mines will
well justify the installing of a large clay mdustry as soon as the
railway| furnishes an outlet. ‘

Along the roadway by the side of the P. H. Fuller farm, in
the north half of section 26 (7 N., 4 W.), is an exposure of light
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< gray shale, 15 to 22 feet in thickness. It evidently covers a large
area to the north and south of the road, and has a light, cover of
surface clay above. From samples at hand it is judged that it
can be made into sewer pipe, paving brick and kindred products.
The point of exposure is half a mile south of the Indmnapohs
Southern survey.

A bed of good potters’ clay is located on the land of L. J. Fau-
cett, northeast of southeast of section 31 (7 N., 4 W.), one-half
mile northwest of Mineral City, and but one-eighth of a mile
from a switch of the B. & B. Railway. It is exposed by the side
of a 'small stream, is five feet in thickness and covered with a
layer of soil four feet in depth. This clay is grayish white in
color and contains free silica in sufficient quantities to prevent air
cracking when cooling. It has been tested in a pottery at Worth-
ington and found in every way sultable for the makmg of the
better grades of stoneware. :
~ One-half mile south oceurs an outerop of shale in the side of
a bluff of Plummer’s Creek. The strata exposed at this point are
as follows:

Section on Plummer’s Creek.

’ Feet
1. Soll and yellow clay.....c.ooviiiinniiiineerinneaeanns 10
2. Gray sandy shale ........ccoiivniironennnnecnsnnannns 8 .
3. SANASTOIE . ettt ittt e i 6
4. Soft, blue, clayey shale.........cviiiiiniiiiiiinenes 8+

Shale No. 4 will make ‘sewer pipe or paving brick of good-
quality. No. 2 contains too much sand to work alone, but can be
mixed with the lower stratum and burned into ordmary or dry
- pressed brick.

On a hillside just west of Owensboro, and a short distance
north of the Bedford & Bloomfield (Monon) Railway, in the
northeast quarter of section 28 (6 N., 3 W.), is an outcrop of the _
under-clay of coal I, of excellent quality for the making of stone-
ware. It was long used for this purpose at the Reynolds pottery,
which was located three miles southwest of the deposit. The clay
stratum is between three and four feet in thickness, and can be
reached by easy stripping.

At the east end of the Little Monon tunnel, northeast of south-
east of 28 (6 N., 3 W.), the following section is exposed:
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Section at East End of Little Monon Tunnel.

Feet.  Inches.
1. Soft, dark Shale .........ecvverreirennnnronnans 20 0
2. Heavy sandy shale with sigillaria ............... 4 Q-
8. Bone coal I.......iiviieiiiioinianrecacennossons 1 0
4, Under-Clay ....oocveviinrnerorennecsennessnssnsnn 3 0
6. Olive green shale..... o testrtricrecreresttnenanas 3 0
6. Soft dark drab clay shale............cceveniivnnne 12 0
7. 0

Shaly limestone and shale...........c.ovvvvuinnn 3

Of the strata exposed, Nos. 1, 4 and 6 can be burned jnto a

~variety of vitrified products. Coal can be cheaply secured and
" the railway is on the spot.

On the J. D. Boruff farm, in the southwest corner of section
99, coal I, 18 to 21 inches thick, has nearly five feet of good
under-clay beneath. At the John Rawlins drift mine, in the
southeast quarter of 29, coal I, 18 to 26 inches thick, has a stra-
tum of drab clay shale above and five feet of under-clay beneath.
Both shale and clay can be utilized for clay wares.

One-half mile north of Koleen, on the north side of the valley
of Plummer’s Creek, is a high hill or ridge, on the side of which.
several strata of shale outecrop above and below the horizon of
coal I ‘These outcrops occur on the land of R. C. Wright, south--
east quarter of the northwest quarter of section 2 (6 N., 4 W.),
and are about a half mile from the B. & B. Railway. The shale
deposits run 8 to 20 feet in thickness, and are of a soft blue,

- clayey nature, very suitable for vitrified wares. To be utilized,

they would have to be mined from slope or drift shafts, as the
cover above is too heavy to strip. Coal I outerops 24 inches
thick, of good quality, for their burning. A spur from the rail-
way to the exposures could be easily and cheaply constructed.

On the land of J. B. Gibson, near Doans, in section 23 (6 N.,
4 'W.), are exposures of a blue clayey shale along a small stream.
These have proven by digging to be ten or more feet thick, with

'8 to 15 feet of cover above. When weathered it forms a tough,

plastic clay, which will be|found snitable for vitrified wares.

In the southwest quarter of section 16 (6 N., 4 W.), several
drifts have been opened dn Simon Eisenogle’s place. Coal IIT is
here from 30 to 40 mcheﬁ thick, with a 8-inch clay band near the
middle, while below the; coal is 10 feet of under-clay of good
quality for many kinds of wares.
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At the Alvin Philips mine, southwest quarter section 21, coal

~ IIT is worked by a shaft and by slopes. At the shaft the coal is -

16 feet deep. A section at the shaft shows:

Section at Philips Mine.

Feet. “Ipches
1. Surface clay ..........coviiiiiiiiienintinanans 8 0
2. Blueto gray shale .........cciiiieinnrenvrnnnns 8 0
E 0 5 5 2 6
4. Shale ..ttt e s 0 4
5. Coal III ..... e e e 1 0
6, Under-clay ......c.oiiiiiiiiiiinrniiiinnannens 5+ 0

The shale No. 2 and the under-clay could both be worked prof-
itably in connection with the coal as fuel.

In the southwest quarter of section 86 the under-clay below
coal TII is five feet thick, while at the M. A. Porter bank, in the
southeast quarter, it is four feet five inches, with three feet of
coal above it.

The above clay deposits were all that my limited txme allowed

me to visit in Greene County, east of White River. Kaolin, gim-

ilar to that found in Lawrence and Martin counties, is reported
to outcrop on the land of James Sullivan, in Beech Creek Town-
ship, southeast of northeast of section 10 (7 N., 3 W.), and on
that of W. R. Arthur, near Newark. The extent and thickness
of these beds have not as yet been investigated.

The under-clay below coal ITI, wherever the latter occurs, is
the best raw clay material in eastern Greene County. By itself
it will not make good paving brick, but can be made into a good
- quality of sewer pipe and hollow wares. The under-clay of coal
I is better suited -for stoneware or potters’ uses. The shalés of
this area are of rather poor quality, being for the most part too
siliceous to use alone. Combined with either of the above under-
clays, they can; however, be made into otdinary, dry-pressed or
v1tr1ﬁed brick.

Townskzp 8 North, Ranges 5, 6 and 7 West.

This area comprises 108 square miles, extending from White
River westward along the northern boundary of the county, and
embracing the civil townships of Eel River, Smith and Wright.

Coals IIT and IV, with their accompanying shale and under-clay

deposits, cover the greater part of the castern two-thirds of this

iyt
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area, while coal V ‘ocours near the surface in most of Wright
Township. The E. & I. and I. & V. Railways run through 8
north; 5 west, and the S, I. through the western third of .8 north,
7 west, the interval being without railway facilities. :
- West and northwest of Worthington, in 8 north, 5 west, are
many outerops of shales and under-clays. A pottery was operated
on a small scale in that town for more than 25 years. - The clay
was mostly obtained from the land of Mark Hays, three miles
west of Worthington. The stratum, occurring beneath an out-
crop of coal I, was but two and a half feet in thickness, and
required much washing to remove the impurities. A better
quality of potters’ clay is found on the land of H. S. Shouse,
section 12 (8 N., 6 W.), where it occurs in quantlty

At the plant of the Worthington Brick & Tile Co a mile and
a half west of Worthington, a surface clay six feet in thlckness is
used without stripping for making ordinary building brick and
drain tile, the value of the output in 1904 being $1,700. ‘

Northwest of Worthington coal from two to two and a half -
feet in thickness has been passed through in digging many wells.
Below this is a vein of under-clay three to four and a half feet
in thickness, which is suitable for terra cotta and kindred uses.
In most places this merges into a fine-grained shaly sandstone.

In the northeast of the southwest of section 7 (8 N., 5 W.),
- coal IV is worked on the Henry Watts place. The coal runs
from 34 to 36 inches, and is a block coal, with clay slips. The
roof is gray clay shale, 30 feet thick. Below the coal is three
or more feet of under-clay. -

In a well on the Darnell farm, in the southwest quarter of sec-
tion 10 (8 N., 6 W.), 28 feet of blue clay shale, overlain with 14
feet of soil, were noted above coal IV, with three feet of under-
clay beneath the coal. .

A seam of coal on the land of Mrs. S. J. Fuller, southwest of
northwest of section 12 (8 N., 6 W.), was being mined by strip-
ping, the following section being exposed: -

Section on Fuller Farm.

Feet.  Inches.
1. Soil and surface clay.,............ e 4 0
2. Drab clayey shale ................coiiiiiinns 4 0
b 7o ) 1 2 2
4, Underclay ..uueueveeeeneeienenaccncnsossasanns 3+ 0
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Nos. 2 and 4 are both free {from grlt and above the average
in quality. The location, however, is too distant from. transporta-
tion to allow them to be of present value.

On the land of Leander Maners, northwest quarter of section
25 (8 N, 6 W.),-two and a half miles southwest of Worthington
and two miles west of both the I. & V. and the E. & I. Railways,
coal IV is mined by a slope shaft. A section at the mouth of the
slope showed:

o Section on Maner’s Land.

. Feet.  Inches.
" 1. Soil and surface elay...........ovvivnineinnn. S 4 0
2. Drab to blue clayey shale...........x0ueeuennn LT 0
3. Coal IV ........vvvunns D U - 0
4, Under-clay ........oviiiiiiiiiiiiirinriiensines 5+ ]

The under-clay is a soft, unctuous material, free from grit,
“and will burn into vitrified wares of good quality. It underlies
a large area to the north and west of the mine and outcrops a
quarter o} a mile northeast. On the higher land it will probably
run up to 15 feet or more in thickness. The under—clay is a dark
gray siliceous material, with an occasional scale of mica visible.
" It will probably run too high in silica to make sewer pipe or hol-
" low block, but when mixed with the overlying shale can be used
for such products. It would, from appearance, burn into.fire-
brick, flue linings and other refractory wares. The coal mined
at this point is a good block coal, suitable for burning all kinds of
clay wares. ’ v
One-sixth mile southwest of Maners’ bank, in the southwest
quarter of 25, is the slope shaft of R. H. Talley, where the same
stratum of coal is mined. Here the shale deposit above the coal
is ten feet thick and the under—clay five or more feet in thick-
“ness, the latter being more plastic and less siliceous than at the
Maners bank. A spur from the I. & V. or E. & I. railways
could be readily put into either of these deposuts, and all the facll
ities for a good clay industry would then be present. . ‘
" On the W. J."Bonham farm, in the northeast of the ‘southeast
_of 16 (8 N., 7 W.), Wright Townshlp, coal V, two and a half feet-
in thickness, has beneath it six or more feet of a good quality of
under-clay. Along a branch in the south half of 18 (BN, TW.),
coal V and its underlying clay outerops in a number of places.
On the Louis Critchfield farm,-in the sotitheast of the southeast
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‘of the section, the coal is about six feet thick and has nearly ten
* feet of under-clay below it. The under-clay at both of the above
localities can be made into many kinds of clay wares.

At the Uffelman shaft, in the northwest quarter of section 25
~ (8 N, 7 W.), the following strata are exposed:

Section at Uffelman Shaft.
Feet. * Inches. = Feet.  Inches.

~1.. Soft blue clayey shale............ 18 0 18 0
2. Coal IV ...iiiiiviiiin... PP 2 6 20 6
3. Sandstone ...............cc0i...nn 14 0 34 6
4. Drab or blue clay shale.......... 10 0 44 6
5. Black shale ......s....... e 9 0 53 6.
6. Coal IIT ............covveininnn. 3 0 56 6
7. Underclay ..............cc.uunn. 1 6 , 08 0

Of the section, Nos. 1, 4 and 7, aggregating 29 feet, are suit-
able for vitrified products. - :

Township 7 North, Ranges 5, 6 and 7 West.

In this area of 108 square miles are situated the cities of
Bloomfield, Switz City and Linton, and some of the largest and
most productive bituminous coal mines of the State. All the
coals from I to VI are represented, but for the most part the
shales and under-clays accompanying them seem mnot so suitable
for manufacturing as in some of the counties to the northward. .~

Township 7 north, 5 west, is divided by White River into
nearly equal halves. FEast of the river and north of Bloomfield -
oceurs coal III, in the upper part of the ridges. The under-clay
below it is of excellent quality for many products, being of the
‘same character as at the Templeton bank, east of Bloomfield. At
the old Iron’s mine, in the northwest quarter of 25 (7 N., 5 W.),"
coal I, two feet thick, is directly overlain with two feet of blue
and ten feet of drab to yellow shale of workable quality. The
under-clay of the coal, aselsewhere below the same vein, when
properly washed, can be made into a good grade ‘of stoneware.

West of the river, in sections 4 and 5, there ig quite an area of
high land, underlain with coal III. On the Virgil Crance farm,
in the northeast of the northwest of section 4, this coal was for-
merly mined to some extent. A section of the old shaft on the
slope of a ravine shows= ‘
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Section on Crance Farm,
Feet.  Inches.

1. Soil and yellow clay ............. et reseasmnnen 5 0
2. Black bituminous sheety shale.................. 3 6
3. Coal IIT ........ it 2 10
4. Under-clay .......ccoiiiiiiiinnnrennnsiannsnnnns o+ 0

The point of outcrop is three and a half miles south of Worth-
ington and three-quarters of a mile east of the E. & I. Railway.
'The under-clay is of a light gray hue, and contains traces of fossil .
plant remains. An analysis of a sample of it was made for this
report by Dr. Noyes, and its chemical composition found to be
as follows:. '

Analysis of Under-clay Bencath Coal 111, on Crance Land, South of Worthington.

Sillca ($10,) ....c.vvvviiiiiiiiiiaiinns eeeseaes 73.82
Titanfum oxide (TH0) .....ovvvninvuninvnnnnnen.ns .60
Alumina (ALO;) -..... et rear ot ae e aeaan 1446
Comblnedeater [ 100 ) T 3.82
Clay base and sand.......overiieeereransannsse 92.70
Ferrie oxide (Fe,05). oo cvvvvn i iiiiii it iiianne, .83
Ferrous oxide (FeO)................ [N 1.95
Calcium oxide (Ca0) . ..vrvivrieneririnneerennnnnn .30
Magnesium oxide (MgO0). ... ..o v iiineiinenneaann .58
Potash (Bu0) +.vveervrennnnosrannseonenenaceanans 2,07
S0d8 (NA0) - iivtir ittt iieeiieneneraacoeennnenns .30
B 0 - SO 6.03
Carbon dioxide (CO.) . vv oot it iiii ittt ierronennns 04
Total ...oveviii ittt et taiaaes 99.67

The analysis of the Crance clay shows a refractory under-clay,
suitable for sewer pipe, terra cotta, flue linings, ete. Its composi- -
tion is very similar to that of an under-clay used in a large sewer
pipe factory at Walkers Statlon, Ohio, which showed the pres-
ence of : .

Clay base and sand. .........c.oiiiiiiiiii it 92,54
2 LB, - ... 694

The Crance deposit is at present inaccessible, but the analysis
may be taken as showing a close approximation to the average
composition of the under-clay beneat‘h coal I1I, in eastern Greene
County.

At Switz City, the Junctxon of the IL.&V,B. &B.and1 C.
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Railways, there is found, about three feet below the surface, a
thick stratum of ‘tough, blue drift clay, which makes a most excel-
lent drain tile. A factory for their production has been in opera-
‘tion for 15 years. At the pit just north of the plant the blue clay
has been excavated to a depth of 12 feet, and the deeper the clay
the better the tile. Below the blue clay, at a depth of 14 feet
from the surface, there occurs a thick stratum of soft blue, clayey
shale. Samples of this have been mixed with the overlying clay.
The resulting tile were tougher, of a better color, and easier
burned than those made of the upper stratum alone.
A bore sunk for coal in the edge of Switz City showed :

Section of Bore at Switz City.

Feet,  Inohes.

1. Soil and clay .......oe ittt ittt re e 4

, 2.\ Drab sandy shale ..........cccoviveueeneeenenn 8 2

3. Soft dark clayey shale.................c.coun. 8 4

4. Coal IV ttiiiiie ittt it e 3 1

B, UNAEr-ClaY ..ovvvrieevinrrrnerernrnranennneens, B 6

6. Dark sandstone .......... e 8

7. Blue clay shale ..........cc.oliiiiiianiennnn.. 13 8

8. Coal III? .......... e e e 4

9. Dark gray underclay .~ ............oioiinnn. 7 5
10. Blue shale ..........ciiiiiiniiiiiiiiinnnnnn, 6 8
11, Coal ......... et e e ee e e e, 6
12. Under-clay ......coeveveennn.. e P 10
13. Gray clay shale ..........coiiiviiininnennnnn. 10 6
14. Blue clay shale ............... i, 8 6

Of a total of 854 feet we have here 69 feet of clay working
- materials, which. can be made into many different products.
Combined with them we have three feet of block coal IV, one of
the best clay burning fuels in the State. Three railways are
already at hand, and a fourth being built. With this combina-
fiqn Switz City offers especial attractions for clay working indus-
tries. . '

. Two miles east of Switz City, in the southeast quarter section
13 (7 N., 5 W.), is the mine of John W. Bennet. A section at
the slope shaft shows:

"Section at Benneit Mine.

- Feet.  Inches.
1. Soil and yellow clay.....oovvviiinnnnennnn e 3- 6
2. Gray sandy shale .........ccviinirnriiennenenns 7 6
3. Soft blue clayey shale..............ovviiuvinns 10 0
