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Forestry, Charles C. Deam, State Forester.

Lands and Waters, Charles Goodwin Sauers, Acting Supt.

I'ish and Game, George N, Mannfeld, Superintendent.
Further submitted report on Game Warden Service by the Director.
Information service by Charles Parrish.
Plan of cooperation suggested by Indiana Audubon Society.
Financial report by E. W. Gallagher, Accountant,
List of Publications.

REPORT OF THE DIVISION OF GEOLOGY

W. N. LOGAN, State Geologist.

The geological force of the division as at present organized consists of :
W. N. LOGAN, Ph. D., Economic Geology.
E. R. CUMINGS, Ph. D., Stratigraphy and Paleontology.
C. A. MALOTT, Ph. D., Topography and Glaciology.
8. S, VISHER, I'h. D., Geography.
W. M. TUCKER, Ph. D., Hydrology.
J. R. REEVES, Assistant and Draftsman.
H. W. LEGGE, Preparator.

OFFICE FORCE

LUTHER S. FERGUSON, A. B., Assistant Geologist and Super-
visor of Natural Gas.

A. J. COLEMAN, Curator of Museum.

MISS ESSIE BOWLES, Clerk and Stenographer.

FIELD CORPS FOR 1920

W. N. LOGAN LUTHER S. FERGUSON
E. R. CUMINGS RALPH E. ESAREY
C. A. MALOTT GLENN G. BARTLE
J. R. REEVES JOHN M. FLEEHART
A. R. ADDINGTON MARSHALL A. HARRELL

O. H. HUGHES

NATURAL GAS INSPECTION
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Map showing distribution of geological resources of Indiaa.
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PUBLISHED REPORTS

Reports, books and papers were prepared and published by the Divis-
ion of Geology during the year as follows:

“Kaolin of Indiana,” publication No. 6, Conservation Department.

“Petrolenm and Natural Gas in Indiana,” publication No. 8, Conservu-
tion Department.

“Report of the Division of Geology,” Year Book, 1919. Containing a
report of the work and finances for the year and the following technical
papers: “Indiana Kaolin,” “Mineral Resources of Indiana: How They
Are Utilized,” “Minable Coal Under the Wabash River in Vigo County,”
“Waste in Coal Mining in Indiana,” and “Topographic Mapping in Indi-
ana.”

“A map showing Distribution of Oil and Gas in Lndiana,” Oil News.
“On Licensing of Oil Geologists,” Oil News. Also parts of “Turkey Run,”
and “One Hundred Years of Indiana’s Resources.”

OM. AND GAS REPORT

During the year a report of 279 pages on the subject of petroleum anil
natural gas was prepared and published. This report contains all of the
information that was available at the time of going to press. It contains
a discussion of the properties, origin, mode of occurrence, mode of accu-
mulation, and methods of exploitation of petroleum and natural gas. It
also contains a discussion of methods of prospecting, the value of surface
indications, and the general geological conditions under which oil and gas
accumulates in Indiana and reports of oil and gas conditions by counties.
The report is accompanied by a geological map of the State, a map show-
ing the distribution of oil and gas bearing areas, a map showing the pc-
sition of the Trenton limestone with reference to sea-level and a large
number of smaller maps. There are sixty-three illustrations.

KAOLIN REPORT

The “Kaolin of Indiana” was made the subject of a special report which
was issued during the year. The report deals with the chemical and
physical properties of the kaolin, its geological occurrence in the State, the
theories of its origin, its distribution and possible means of utilization.

Beds of kaolin occur at the contact between Chester shales and the Mans-
field sandstone and less abundantly at points of contact between Chester
shales and sandstones. The report contains 131 pages and 43 illustrations.
The demand for the report has been constant since its publication.

SUMMARY OF INDIANA GEOLOGY

Progress was made during the year on a handbook of information oa
the geological conditions and economic resources of Indiana. The necessity
for such a volume occurs through the exhaustion of the supply of special
reports on many phases of the geology of the State. The desire of many
persons, particularly teachers and students, for a comprehensive report on
the geology and natural mineral resources has created a strong demand faor
such a publication, and its preparation has been undertaken.

The preparation of the chapters on stratigraphy and valeontology is ia
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charge of Dr. E. R. Cumings. The chapters on topography and gliciology
are being prepared by Dr. C. A. Malott ,and the chapter on geography has
been prepared by Dr. 8. 8. Visher. The chapters on economic geoloyy have
been prepared by the State Geologist. Two of these chapters have been
published in order fo give them an advanced and somewhat wider distri-
bution. These are the chapters on kaolin, and oil and gas,

STATE FAIR EXHIBIT

On account of insufficient space the Division of Geology was unable to
make a very creditable display at the State Fair. A small part of the
building occupied by the Division of Fish and Game was available for our
exhibit. It is hoped that better facilities may be afforded us in tae near
future,

Two assistants were present the entire period of the Iair to gzive in-
formation to those visitors who were interested in the natural resources
of the State.

Samples of coal, oil shales, oil sands, clays, kaolin, and other minerals
were on exhibition and the attention of the visitors was called to these
resources and to the publications containing descripﬁons of them. Re-
ports were distributed and information was given on many of the phases of
Indiana’s geology and raw materials.

INVESTIGATIONS OF OIL SHALE

Field work on the distribution of oil shale was continued during the
year., The distribution and stratigraphical conditions of the New Albany
shale were studied in the field and samples were collected and tested in the
laboratory. Satisfactory progress was made in the investigation ¢f these
shales.

Samples of the carbonaceous shales overlying the coal beds in western
and southwestern Indiana were collected and are being tested in the lahora-
tory. The determination of the percentage of crude oil, gas, carbon, ash,
potash and various by-products of crude oil are being determinedl. The
results of these investigations will be presented in a published report as
soon as the work is completed.

FIELD WORK

The summer season is devoted largely to field work and during the
past season a study was made of the geology of the Clay City Quadrangle
and counties or parts of counties adjacent. The territory embraced Clay,
Sullivan, Vigo, Owen and Greene counties. The work included a study of
the topography, stratigraphy, structural conditions and economic geology
of the guadrangle and the adjacent territory.

The field party consisted of the following: W. N. Logan, C. A. Malott,
John R. Reeves, Luther 8. Ferguson, Ralph E. Esarey, Glen G. Bartle,
John M. Fleehart, Marshall A. Harrell, A. R. Addington, and O. H. JTughes.
Dr. E. R. Cumings studied the correlation of the Ordovician forma ions of
Indiana, Ohio, and Kentucky, in the field.

In-the coal area a large number of samples of coal, fire clay, and oil
shales were collected for investigation in the laboratory. These investi-
gations are being carried on as time from other duties permit.
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In the New Albany shale W. N. Logan, and J. R. Reeves collected sam-
ples of shale from Floyd, Clark, Scott, Jefferson, Jennings, and Barthclo-
mew counties. The percentage of crude oil contained in these shales is
being determined and the number and percentage of its by-products.

A large number of field investigations for citizens of the State woere
undértaken and completed during the year. The work was done without
expense to the Division, the expenses of the investigations being borne by
the parties interested. Investigations of this character were made in the
following counties: Bartholomew, Jennings, Jackson, Lawrence, Monroe,
Greene, Clay, Putnam, Orange, Davies, Spencer, Washington, Warrick, Van-
derburg, Brown, Hendricks, and Owen.

LABORATORY DETERMINATIONS

Numerous rocks, minerals, coals, clays and other mineral substances
were received during the year from citizens of the State with requests for
determination as to value or possible usefulness. For the larger number
of these samples it was possible to give the required information without
expense to the ecitizen but in some instances the services of a chemist Lad
to be secured and the expense borne by the individual seeking the infor-
mation. Both qualitative and quantitative tests were made with a min-
imum of expense to the citizen. The following is a summary of the deter-
minations made by the Division during the year.
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Some of these deferminations required many hours work in the prep-
aration of the samples and for the necessary chemical reactions. The work
requires part time of three men.

NATURAL GAS SUPERVISION

The supervision of natural gas conservation is in charge of the Division
of Geology. The Assistant Geologist acts as Supervisor of Natural Cas.
The following are serving as deputies: . N, Brown, Geneva; J. P. BHor-
ton, Montpelier; John Ersinger, Sullivan; W. T. Lee, Newcastle; Howard
Legge, Bloomington ; Geo. F. Meltzer, Shelbyville; Geo. W. Smith, Owens-
ville; Hershell Ringo. Muncie, and John Watson, Petersburg.

During the year these inspectors inspected the plugging of 406 wells.
Of these 209 were in the eastern Indiana oil field, 31 were in Sullivan
county, 9 in Gibson county, 5 in Monroe county, one in Lawrence county,
one in Jefferson county, two in Jennings and the remainder mainly in the
southwestern part of the State.
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For the inspection of these wells, 4,060 dollars were collected, 3,248
dollars were paid the inspectors and 812 dollars were turned into the funds
- of the Department as a partial offset to the office expenses incurred as a .
result of conducting the work.

ASSISTANCE TO INDUSTRIAL COMPANIES

During the course of the year there was an active demand by industrial
concerns for information in regard to Indiana’s raw materials. There was
a demand for locations of sand, gravel, building stone, coal, paint pigments,
rock salt, fuller’s earth, molding sands, refractory sands, kaolin, plastic
clays, cement materials, oil and gas, and oil bearing shales. These compan-
ies were given assistance in the office, laboratory and field.

MUSEUM

The collections in the museum were viewed by a large number of visi-
tors notwithstanding the crowded condition existing there. The number of
visitors registering during the year was 11,382 which was probably nct over
thirty per cent of the total number of visitors.

During the year donations were made to the museum by the following
persons: F. M. Roller, Mrs. John Heim, Mrs. Black, W. D. Cost, Frank
Hasselman, J. 8. Klingsmith, H. E. Taylor, Lester Horton, and Ceo. J.
Dyer, Indianapolis; Albert A. Orth, Terre Haute; W. T. Selmier, Otto; Dr.
Robt. F. Buehl, Richmond; C. W. Richards, Clarksville; B. F. Joanson,
Edwardsport; George Bishop, Mitchell; and M. E. Edgerton, Jackson-
ville, Florida.

The National Association of Audubon Societies presented the museum
with a collection of feathers from the Bird of Paradise, these feathers hay-
ing been confiscated by custom house officials. Specimens of fish and game
were donated by the Division of Fish and Game. A souvenir from the big
German gun, Big Bertha, was presented by General Harry Smith who had
received it from Bert A. Boyd.

A collection of Indian relics was purchased from Theo. L. Diekerson
estate, of Brookville, Indiana. The collection contains 100 axes, 80 pes-
tles, 600 arrow heads and a number of knives and other implements,

Loans. A model of the John MecCormick homestead of 1820, present
site of Indianapolis, was loaned by John Q. Adams of Indianapolis. A
collection of war relics were loaned by J. BE. Kimmel of Lafayette and W. G.
Shirley, of Indianapolis. Loans were also received from Mrs. Neva Youse,
Dr. Geo. Bruce, Chas. E. Jay and F. H. Smock, Indianapolis.

New museum cases are very much needed to properly display the coi-
lections, the old cases being so badly out of repair that the collections ecan-
not be adequately protected and the expense of repairing being equal to the
cost of new modern cases. Additional space for the collections is very
much needed as any one who has visied the museum can testify.

A catalogue of the specimens in the museum is being made and will
be published, it is hoped, at an early date.

OFFICE WOREK

The greater part of the time of the Assistant Geologist and the Sten-
ographer is occupied by the routine office work. This work consists of the
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answering of letters which request information concerning some phuse
of our economic resources, of sending out reports where such informat on
is contained in available reports, and in conferences with parties who
come to the office for information. Other duties include work on reports,
cataloguing well records, inspection of the plugging of wells which cannot
be reached by the deputy inspectors, proof reading, and attending to the
bookkeeping and other clerical work of the Division.

The following is a summary of the office work as far as it can be clas-
sified for the year ending September 30, 1920 :

At Office At Laboratory Total

OO rOCPIVed. i v dic sy ats o M avaie Amigie k& € aiy aexte e 2,320 250 2,570
Ticttors IBIled OUEN % 88 oo an 5 s i sla ms w Al 2,889 251 3,130
Geological reports distributed ................... 1,856 34 1,390
Geological maps distributed ..................... 247 247
Personal conferences held ......... ccoveenecncasns 648 324 972

THE BUILDING STONES OF INDIANA

W. N. LOGAN, State Geologist

Building stones usually include those used in the construction of edi-

Aces, Hlose use(l {]Ol' oruamen{al purposes ;D CODSI:I‘IIC‘.I‘OD, ﬂll(] ul&gé “é&jl !(u[

roofing, flagging and curbing.

The kinds of rock included under building stones are varieties of the
three great divisions of rocks, sedimentary, igneous and metamorphic.
The only igneous and metamorphic rocks in Indiana are those occurring
in the glacial drift. The boulders of igneous and metomorphie rock are
frequently used for interior and exterior rubble-work in the glaciated area
of the State. The main supply of building stone in Indiana is obtained
from the sedimentary division of rocks.

Properties of Building Stones. The value of a stone for building pur-
poses depends upon its chemical and physical properties. Color is one
of the important properties of building stones. Permanency and unifor-
ity of color are very desirable qualities. A stone may have a very pleas-
ing color in the quarry and change to a very different one when placed in
a structure. The color may be in the constituent grains or in the cementing
material which binds the grains together. Sedimentary rocks often con-
tain oxides of iron which produce red, yellow or buff colors.

A good building stone must have two kinds of strength. It must have
compressive or crushing strength so that it can withstand the weight placed
upon it without crumbling. The stone must also have transverse sirenzth
so that when it is supported at each end and weighed in the middle as in
window and door sills, it will not break.

A good building stone shounld have a low porosity so that it will not
absorb much water and thus will be better able to resist the action of frost.

A building stone should have good resistance to heat. It should not
crumble easily under the temperatures of ordinary fires. It should also be
able to withstand sudden changes of temperature so that if its temperature
is raised suddenly and then suddenly lowered the stone will not erumble,
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The chemical analysis may reveal little concerning the value of a build-
ing stone. The presence of minerals which may produce detrimenti! col-
ors during weathering may be revealed, and whether the stone shoild be
classed as calcareous, silicious, ferruginous or argillaceous.

The life of a building stone depends upon the climatic conditions of the
region in which it is used. The same stone will last for a much longer
peripd in a dry climate than in a humid climate. Its length of life wiil also
be determined by its position in the strneture. A porous rock in the founda-
tion will have a much shorter life than when placed higher in the wall.

GEOLOGY OF INDIANA BUILDING STONE

The Ordovician Limestones. 'These are generally thin and irregularly
bedded limestones. Serviceable in some outcrops for building purposes and
flags, but not contributing largely to our supplies of good building stone.
The Ordovician limestones outcrop in the counties in the southeastera por-
tion of the State, The position of outcrop is indicated on the geological
map.

Silurian limestone (Niagara) is widely distributed in Indiana Its
outerop is largely concealed in the north central and eastern Indiana by
glacial drift. In the southeastern portion of the State it is exposed in many
places.

The unweathered stone is often blue in color but white on wea hered
surfaces. It is generally thinly bedded and is much used for curbing, gut-
tering and flagging. It has also been unsed for structural purposes in build-
ings and bridges. 'The Silurian limestone has been quarried at the follow-
ing points: Anderson, Alexandria, Bluffton, Buena Vista, Delphi, @aton,
Greensburg, Harper, Holton, Huntington, Xokomo, Laurel, Longwoo«, Ma-
rion, Markle, Montpelier, Newpoint, Osgood, Peru, Sardina, St. Paul and
‘Westport.

Devonian limestones occur both north and south of the Silurian area.
The limestones are thin bedded and often blue in color. They have been
used for macadam, rubble, curbing, flagging and bridge piers. They have
been quarried at Decatur, Logansport, North Vernon, Speed and other
places.

Mississippian limestones, The Mississippian system of rocks in Indiana
couifain a wealth of good building stone. The divisions wheh contain lime-
stones are the Harrodshurg (Warsaw) the Salem (Oolitic), the Ree sville,
the Beech Creek, the Goleonda and the Glenn Dean.

The Harrodsburg limestone overlies the Knobstone shales and sand-
stones, and underlies the Salem when that formation is present. It is often
thin and irregularly bedded but beds of three or more feet in thickness are
not nncommon. It is often very fossciliferous containing crinoid stenis and
bryozoans. It has been used locally for building purposes but has had a
more extended use for rubble and. macadam. Its high calcium earbonate
content makes it desirable for the manufacture of lime and cement. 1'or its
distribution see the accompanying geological map.

The most widely used and widely known of the Mississippian limestones
of Indiana is the Salem, or Indiana Oolitic. This is the most widelr used
limestone for building purposes in the United States. The demands for it
are constantly increasing.
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BUILDING STONES

Indiana Oolitic., The superior qualities of the Oolitic limestone of Ir di-
ana are now widely recognized. It is a medinm fine-grained stone with
even fexture, composed of minute shells, the fragments of shells and ¢on-
cretionary grains (Oolitic) cemented by calcite. When first taken from he
quarry it is soft and easily carved, but under the action of atmosphcric
agents accompanied by the loss of gquarry water, it becomes harder.

Composition. The Indiana Oolitic consists essentially of calciuin car-
bonate which rarvely falls below ninety-eight per cent, and ranges even
higher than ninety-nine. It also contains on the average more than thiee-
(uarters of a per cent of magnesinum carbonate, a small amount of iron,prob-
ably in the form of a sulphide, and a small amount of insoluble matier,
largely silica. A detailed quantitative analysis reveals traces of minate
quantifies of other elements snch as aluminum, carbon, phosphorus, sodiam
and sulphur. Some compounds formed from these elements would be
detrimental if they occurred in sufficient quantities but this rarely ever
happens. The iron present is partly in the form of minute crystais of
pyrite which are widely distributed through the rock. Rarely are they
s0 concentrated as to form blotches by their oxidation.

Color. The color of the limestone varies through the shades of baff,
gray and blue. The prevailing color in the oxidized zone above the level
of ground water is blue. Gray shades occur both above and below the
level of ground water. The biue color is due to the presence of compounds
which are oxidized in the zone of weathering, the oxidation producing
the buff color which is permanent in so far as any change in the constituent
materials of the stone is concerned. The compounds present in the blue
stone which are oxidized are probably compounds of iron and of organic
matter. The oxygen is carried into the stone by ground waters which
were originally meteoric and in that state secured their oxygen. Siice
the level of ground water is a vacillating irregular line, and the penetration
of oxygen carrying waters was greater at some points than others and the
amount of oxygen carried was variable the line of contact between Tuff
and blue is a very irregular one. It requires only a short period of time
for stones of slightly different colors to assume the same hue after being
placed in a building. Light buff and deep blue stones may be used in ‘he
same building if care is taken to select the proper blending and avoid ‘he
juxtaposition of strong contracts.

Texture. The Oolitic limestone is composed of shells, fragments of
shells and true Oolites. These constitute the grains of the stone. Those
grains were deposited under sea water, the size and uniformity of The
grain being dependent upon the sorting action of the water. In the quieter
waters small grains of fairly uniform size were deposited. Where cur-
rents prevailed, larger particles were deposited, and where currents wore
shifting, fine and coarse grains succeeded each other in rapid succession.
The finer particles consist largely of the shells of foraminifera which ire
spherical, conical or disc shaped. Around some of these shells there ire
concentrie layers of calcinm carbonate, thus forming a pseud-oolite. Thore
are also true oolites present but the number is not large.

In the coarser varieties of stone larger shells or fragments of shells are
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present. Bryozoans, brachiopods, gastropods and other fossil forms pre-
dominate over the foraminifera. These are generally young forms of small
size but occasionally a large form is present both valves being present and
closed, indicating that it was probably floated to its position due to its
hollow condition.

The shells are composed of calcium carbonate and are cemented togzether
with crystals of the same mineral. The value of the stone for buvilding
purposes is greatly enhanced by the proper balance between the softer
grains and the harder cement.

Porosity. The property of having pores, minute spaces not fille¢ with
mineral matter is possessed by most rocks. In the Oolitic stone both vis-
ible or macroscopic and invisible or microscopic pores exist. The per-
centage of pore space varies with the size, shape and arrangement of the
grains. The pores, both visible and invisible, are of irregular shape and
are due to incomplete cementation in part and in part to cavities n the
interior of shells. There are bands of stone in which cementation has
been carried to a more perfect state resulting in high density and minor
porosity. In such instances circulating water carrying calcium carlionate
derived from upper layers have been the agents of cementation. Porosity
decreases the weight of a stone and excess porosity decreases its strength.
It is also a measure of its absorptive power and in a measure its resistance
to frost.

Absorption. The porosity of a stone is measured by the quantity ot
water it will absorb, The ratio of absorption is the ratio between the weight
of the stone and the weight of the water absorbed. The ratio of absorption
ranges from 1.13 to 1.95 in the Indiana Oolitic. The resistance of a stone
to frost action depends upon its absorptive power. The more water a stone
absorbs the greater the disrupting effect when the water freezes in the
pores of the rocks.

Specific Gravity. The specific gravity of the air-dried Oolitic stone
varies between 2.25 and 2.65. The average of a large number of samples
determined by the writer gave a specific gravity of 2.45. The specific
gravity of the unseasoned stone is higher, being nearer 3. The shipping
weight of the stone is estimated at from 175 to 185 pounds per cubic foot.
The actual weight per cubic foot may be determined by multiplying the
specific gravity of the stone by the weight of a cubic foot of water (6214
pounds) .

Crushing Strength. The compression or crushing strength of a stone is
measured in terms of load per square inch of surface required to erush
the stone. Tests made upon samples of Indiana Oolitic limestone indicate
that its erushing strength ranges from 4,000 to 10,000 pounds per square
inch. The stone of the minimum strength would sustain a wall con-
structed of Oolitic stone to a height of 329 feet and the stone of maximum
strength, a wall of 822 feet high.

Transverse Strength. The transverse or cross-breaking strength of a
building stone is measured in terms of the modulus of rupture which is
the weight necessary to break a bar of one inch cross section when resting
on supports one inch apart, the weight being applied in the middle. The
load required to produce rupture in the Oolitic stone varies from 81 {0 130
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pounds. The transverse strength of the stone is sufficient to meet ordinary
structural conditions. Cross-breaking is produced by defferential settling
of structures and where this is excessive, few stones are able to resist it.

Resistance to Heat. Building stones are sometimes subjected to high
temperatures and should be able to withstand not only the heat but the
contractional effects of sudden cooling. The failure of a stone may be due
to the failure of the individual grains or to the failure of the cement. The
grains and the cement of the Oolitic stone are each composed of calcinm
carbonate and there is probably little difference in the temperature
required to produce failure in these two constituent parts of the stone.
At a temperature varying between 800° and 1000° limestone is converfed
into lime and this is the temperature required to produce complete failure
in the Oolitic stone. Water suddenly thrown upon the stone when heated
to a temperature of approximately 1000° F only caused a slight crum-
ling of the stone. It may be #aid that the Indiana Oolitic has as great fire-
resisting properties as any stone of similar composition and higher resist-
ance than many limestones.

Resistance to Frost. The power of a stone to resist frost action depends
upon its composition, structure and density. These properties all affect {he
amount of absorption of the stone. The higher the amount of clay or
organic matter contained in a stone the more easily it is affected by frost
action. A layered rock resists frost action less easily than one of horo-
genous structure. The greater the density of the stone the more easily
it resists the action of frost. Being of fairly uniform composition and
homogenous in structure the property of resisting frost in the Indiana
Oolitic is dependent upon its density of porosity, which is somewhat
variable.

Distribution. The outcrop of the Salem formation which contains
the Indiana Oolitic limestone extends from Putnam County southward to
the Ohip River. The belt extends through Putnam, Owen, Monroe, L& w-
rence, Washington and Harrison counties. The width of the outerop
varies from a few rods to fifteen miles. Quarries of the Oolitic stone
occur near Romona, Stinesville, Ellettsville, Hunter Valley, Bloomington.
Clear Creek, Sanders, Oolitie, Bedford, Salem, Corydon, and Georgetown.
The main quarry district lies in Lawrence and Monroe counties, extending
from Stinesville to Bedford. Seventy-six large quarries are located in
these two counties and supply fifty-five mills which mill between ten &nd
twenty million cubic feet per year.

The Salem limestone dips southwestward at the ratio of about thirty-live
feet to the mile. At a short distance from the outcrop the bed passes
under an overburden of Mitchell and Chester rocks too heavy to be removed.
So quarrying is confined at the present time to the outcrop and to places
where the overburden is thin. When these areas are exhausted sub-sur-
face quarrying will doubtless be undertaken.

Mitchell Limestone. Overlying the Salem limestone is the bedided
Mitchell limestone. The layers of this stone vary in thickness from a few
inches to four feet. Perhaps on the average the layers range from one to
two feet. The stone is harder than the Salem and in some zones contains
much chert. It furnishes a very serviceable building stone and is especially
well adapted for basements and foundations, as it resists frost action



262 Year Boox

well. It is one of the best limestones in the United States for macadam
and has had an extensive use in Indiana for this purpose. It has also
been used extensively in the manufacture of lime and Portland cement.
It has been quarried at many points along its area of outcrop. It has
been quarried and used extensively in buildings at Spencer. Other quirries
are located at Bedford, Bloomington, Corydon, Abydell, Milltown, Mitchell,
Greencastle, Putnamyille, Marengo and Salem. Many quarries are located
convenient to highways which are to be macadamed, the length of haul
determining in most cases the location of the quarry. The distribution
of the Mitchell is indicated on the geological map. :

Chester Limestones. Ovyerlying the Mifchell in Indiana is a seres of
interstratified limestones, sandstones and shales of Chester age. The
lowermost bed of limestone, the Beaver Bend, is a cream-colored Colitie
limestone, varying from massive in some outcrops to thin bedded in
others. Its thickness is usually about tensto fourteen feet, thouzh in
places it attains more than twenty feet. It may be used for riabble,
macadam and lime, .

The Reelsville is usually about four feet thick, but attains a thickness
of ten feet. It is generally pyritiferous and on that account and because
of its thinness is of limited usefulness.

The Beech Creek limestone is normally about fifteen feet thick, but
attains in places a thickness of twenty-five feet. It is usually jointed,
breaking up into cubical blocks. It is usually massive, buf sometimes
thin bedded. The limestone has-been used for rubble, macadam and barned
locally for lime.

The Golconda limestone is coarsely crystalline in the lower par: and
Oolitic in the upper portion. It generally occurs in two ledges, which are
separated by a stratum of shale. It attains a thickness of thirty feet. It
has been used locally for building, rubble, and macadam. The Glen Dean
is the wuppermost Chester limestone and occurs only very locally.

The Chester limestones have been used locally in Owen, Greene, Monroe,
Lawrence, Martin, Orange, Crawford and Perry counties.

Pennsylvania Limestones. Beds of limestone are inferstratified with
beds of shale, sandstone and coal in the coal measures of Indiana. 'These
limestones are usually irrvegularly and thinly bedded. They are service-
able locally for the cruder structural purposes and for concrete and
macadam. One of these has been guarried near Farmersburg.

SANDSTONES FOR BUILDING

There are a number of geological formations in Indiana which contain
sandstones suitable for structural uses. The St. Peters sandstone lies too
deeply buried to be utilized in Indiana. The DPendleton sandstone ¢f the
Devonian outcrops in a few places and is used for structural purposes and
glass sand.

The Mississippian rocks contain a number of sandstones, some of which
are suitable for structural purposes. The Knobstone contains ledges of
sandstone which are thick enough and sufficiently indurated to be service-
able for building purposes. The sandstone from the Riverside division of
the Knobstone has been quarried at St. Anthony, near New Albany, and at
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Riverside. It has served a local demand in a number of places within
the area of its outerop.

.The Chester division of the Mississippian contains a number of sand-
stones which are locally useful for structural purposes. The Brandy Hun
sandstone, which lies between the Beaver Bend limestone and the Resls-
ville limestone, is in many places only a sandy shale or a thin bedced,
fissile sandstone, but in places ledges of indurated sandstone occur.

The Elwren sandstone, which occupies the interval between the Reels-
ville limestone and the Beech Creek limestone, is like the Brandy Run,
shaley in places and not often sufficiently indurated for good building
stone.

The Cypress sandstone lies upon the Beech Creek limestone and is
more uniform in thickness and properties than any of the other Chester
sandstonex. Indurated ledges of good structural qualities are of comiaon
occurrence. The Hardinsburg and the Tar Springs are other sandstones
of the Chester which exhibit loeal phases suitable for building stone. 'The
Chester sandstones have been guarried at Cannelfon, Fountain, Williams-
port and other places.

Pennsylvanian Sandstones. The principal sandstone oceurs at the base
of the coal measures and is called the Mansfield. In places it forms a
hasal conglomerate which has an iron oxide cement. In many places it
confains ledges of iron stone which are suitable for building purposes. It
varies in thickness from a few feet to two hundred feet. It has leen
quarried at Mansfield, Attica, Pottsville, Shoals and other places.

The Coal Measures contain other sandstones which are useful for strue-
tural purposes and are used locally. Such sandstones have been quar-ied
at Madison, Jasper and other places. Omne such sandstone is the Merom,
occurring in the southwestern part of the State.

CEMENT MATERIALS AND INDUSTRIES

W. N. LOGAN, State Geologist.

CEMENT

Cement is a caleined or cinerated material which has the property of
setting when mixed with water and of hardening in the air or under
water.

The class of cements which harden only in the air are called simaple
cements, and those which will harden under water are called complex
cements.

Simple Cements. Simple cements are caleined materials, which may be
divided into two classes: 1. Hydrate cements, which are manufactured
from gypsum by driving off a part of its water of crystallization. They
include such cements as plaster of paris, Keene's cement, Parian cement,
and cement plaster. They differ from each other in the addition of sinall
amounts of sand, limestone and clay, and in slight variations in methods
of manufacture. 2. Carbonate cements. These consist of quick limes pro-
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duced by calcination from various varieties of limestone, marble or dolo-
mite, the temperature of decarbonation being reached in the process.

Complex Cements. These are cements, the materials of whica have
been subjected to temperatures high enough to form new chemicsl com-
pounds. Four classes have been suggested: (a) Natural cements include
such brands as Roman and Rosendale cements, which are manufiuctured
by burning a silico-aluminous limestone at a temperature between decar-
bonation and clinkering. They exhibit no free lime, possess hydraulic
properties, and do not slack unless ground very fine. They are of lighter
weight, burn at lower temperatures, set quicker, have less ultimate strength,
greater variation in composition and usually contain a higher per cent of
magnesia than Portland cement.

The composition of the silico-aluminous limestones from which natural
cements are derived are of variable constituents, varying between moderate
ly wide limits—the Silica from 9 to 25 per cent; alumina from 1.5 to 1.;
ferric oxide from 1.34 to 6.30; lime from 22 to 36; magnesia from 2 to 18;
potash and soda from 1 to 6; sulphur trioxide from 1 to 2; volatile matter
(CO.+-H.0) 32 to 34 per cent.

The Devonian limestones of southeastern Indiana have been used
extensively in the manufacture of natural cement, but production has
fallen off until at the present time it is being produced at only one plant.

(b) Hydraulic Limes. These cements are manufactured by burning a
silicious limestone at a temperature a little above decarbonation. Tley are
of a yellowish tint and contain considerable free lime. They set slowly
and have little strength in the neat, but are of greater strength when mixed
with sand. They are of little economic importance in the United States.

(¢) Pozzuolan Cements. Cements of this class are made from an
uncalcined mixture of slaked lime and a silico-aluminous substance such
as voleanic ash or blast-furnace slag. The composition of the mixture may
vary between the following limits: Silica, 52 to 60 per cent; alumina, 9
to 21 per cent; ferric oxide, 5 to 22 per cent; lime, 2 to 10 per cent; mag-
nesia, 0 to 2 per cent; potash and soda, 3 to 16 per cent; moisture, 00 to 12
per cent. Cements of this type are manufactured in Ohio and Alabama.

(d) Portland Cement. Portland cement is the product obtained from
burning at a high temperature an artificial mixture of calecareous and
silico-aluminous rocks or slags. The mixture consists essentially of lime,
silica, alumina, and oxide of iron, though small quantities of magnesia and
other compounds are usually present. It was first manufactured in Eng-
land and so named because of its resemblance to the Portland building
stone of that country.

Raw Materials. The raw materials used in the manufacture of Port-
land cement vary widely in physical and chemical characteristics. In the
selection of materials the attempt is usually made to select for ore con-
stituent a rock high in calcium carbonate content and for the other one
highly aluminous in composition. The mixfure may be marl and clay;
limestone and clay or shale:; chalk and clay or shale; pure limestone and
argillaceous limestone or limestone and slag. Sometimes it is desirable to
mix two limestones if one contains too high a per cent of magnesia, but is
so sitnated in the quarry as to make its use essential to economy. Tt is
also desirable in some plants to mix two kinds of shale, say a highly
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silicious with a highly aluminous one. In Indiana the raw materials used
in the manufacture of Portland cement are marl and eclay, shale and
limestone, and slag and limestone.

Quarrying Raw Materials,. When surface clays are used the open pit
method is employed for securing the clay, which is loaded by steam shoveals
on cars for transportation to the plant. The marl is taken from the
bottom of the lakes by steam dredges.

The shale is taken from the face of an outecrop by blasting down the
shale and loading it on cars by the use of steam shovels. The limestone
is obtained from the outerop of a ledge of considerable thickness. Ho'es
about six inches in diameter are drilled about ten feet back from the
face of the guarry at intervals of twelve or fourteen feet to the depth
of the quarry, which is often sixty feet or more. Each of these holes is
charged at top and bottom with from 300 to 350 pounds of blasting pow-
der. The larger Dblocks of limestone are drilled and brokem up with
explosives and the smaller masses loaded on cars by the use of steam
shovels.

Crushing and Grinding. The limestone is crushed first in large rotary
crushers, then in small ones.

The crushed limestone and shale are dried in horizontal ecylindrical
ovens and then weighed and mixed in a proportion depending upon the
chemical composition of the limestone and shale.

The mixture is first ground in a fube mill until it is fine enough to
pass through a sieve of 65 meshes to the inch and then in a ball mill un-il
it passes a 95-mesh sieve.

. Burning. The pulverized materials are burned in horizontal ecylin-
drical revolving kilns which are constructed of steel shell lined with fire
brick. The kiln is placed on a slant and the raw material is admitted at
the stack or higher end, and works its way downward toward the lower
end, where the flames of the kiln are fed by crushed coal under an air
pressure of 55 pounds per square inch. The temperature attained is from
2,000 to 2,500 degrees F., which is sufficient to convert the raw material
into a clinker. The clinker drops through an opening in the lower end of
the kiln into a pit, from which it is elevated into a vertical cylinder, where
it is cooled. Gypsum is added and it is ground until it is fine enough
to pass a 250-mesh sieve. Being elevated to storage bins, it is then weighed
and sacked at one operation. This is the dry process used in most of the
plants in Indiana. The wet process is described under the discussion of
the Indiana Portland Cement Company.

CEMENT

Raw Materials. The raw materials for the manufacture of cement are
widely distributed in Indiana. The formations which contain suitable
materials range in age from the Ordovician to the Pleistocene. The outcrop
of these materials cover a large area in the State and the materials are
easily accessible to transportation facilities and to fuel supplies. Manv
small streams and a few large ones cross the outerop of the raw materials
and from these a sufficient water supply may be obtained.

Ordovician Limestones and Shales, TLimestones of this age attain a
thickness of thirty feet or more in a single ledge in the southeastern
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portion of Indiana. Excellent outcrops occur in Clark and Jefferson coun-
ties. 'The limestone is often argillaceous, but in many places is a soft
calcareous stone of whitish color. Associated with the Ordoviciar lime-
stones are beds of shale, which in places are highly calcareous, in other
places silicious. There is little doubt that in these limestones and shales
there are the proper materials for the manufacture of Portland cement.
Chemically some of the limestones contain more than 90 per cent of the
arbonates of caleium and magnesium, the latter varying from 6 to 10 per
cent,

Silurian Limestones and Shales. The Silurian limestones form the
bed rock of a large area in the southeastern, eastern and morth central
portions of Indiana. Much of the limestone of this age in the eastern
and north ecentral portions of the State contain too high a magnesia con-
fent to be exercised in selecting a location. Shales of a caleareous nature
are to be found associated with these limestones and Ordovician and Mis-
sissippian shales are near at hand.

Devonian Limestones. Devonian limestones suitable for the manufac-
ture of both natural and Portland cement, outcrop in southeastern Indiana.
These Devonian limestones attain a thickness of ninety feet. They outcrop
near beds of shale of Mississippian age, which may be used to obfain the
proper Portland cement mixture. The Devonian limestones are being
used in the manufacture of natural and Portland cement at Speed and
the New Providence shales of the Mississippian to form the mixture for
the latter.

Mississippian Limestones. The Mississippian rocks of Indiana occupy
a large area of outerop in Indiana and their strata contains an inexhaust-
ible supply of excellent materials for the manufacture of Portland cement.

Limestones. The limestones of the Mississippian which are suitable for
use in the manufacture of Portland cement may be grouped under the
Harrodsburg (Warsaw), the Salem (Oolitic), the Mitchell and the Chester.
The Harrodsburg, the oldest and lowermost member of this group of lime-
stones, attains a thickness of 150 feet. It is a highly calcareous 1 mestone
suitable for use in the manufacture of Portland cement. Overlying the
Harrodsburg is the Salem limestone, which is of high ecalcinm carbonate
composition and an excellent building stone. Only the grades of this stone
unsuited to building purposes and the waste from the quarries should be
used for cement. The thickness of the Salem lies usually betweéen forty
and one hundred feef. The percentage of calcium carbonate in the Salem
frequently runs as high as 98 per cent and one per cent or more of mag-
nesium carbonate and less than 1 per cent of silica, iron and alumina.

The Mitchell limestone which overlies the Salem where both ars present
is a compact bedded stone which attains in places a thickness of two or
three hundred feet. This limestone contains a higher per cent of magnesia
than the Salem, but rarely sufficient to render it unsuited to the manufac-
ture of cement. It is heing used at present in the manufacture of Portland
cement at Limedale and at Mitchell, a form of utilization for which it is
well suited. It is also valuable in the manufacture of lime and for road
metal.

The Chester division of the Mississippian contains a number of lime-
stones such as the Beaver Bend, the Beach Creek and the Golconda, which
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counld be used in the manufacture of Portland cement. These beds range
in thickness from ten to thirty feet. Because of the nearness of these
limestones to the thicker bheds of the lower horizon the necessity for their
use will probably not arise except in very isolated instances. Their high
carbonate content, freedom from detrimental impurities and nearness to
excellent beds of shale warrant their consideration if greater nearness to
fuel supplies or other ('(msidmjati(ms should suggest their use.

Mississippian Shales” The Mississippian formations contain an abund-
ance of shales suitable for use in the manufacture of Portland cement.
They are as widely distributed as the limestones of that period and are
within easy reach of their outcrop. These shales may be grouped uader
the Knobstone and the Chester divisions.

Knobstone Shales. These shales lie below the Harrodsburg limestone
and their outerop lies parallel with the outerop of the Harrodsburg and
the succeeding limestone and at accessible distances from these limestones,
The Knobstone shale -contains facies which are highly arenaceous in
character and others which are highly aluminous. In securing the proper
mixture for the Portland cement it is desirable to use a certain portion
of each of these shales. The shales are being used in the Lehigh plant at
Mitehell and the plant at Speed in the manufacture of Portland cemen'.

Chester Shales. Shales occur in the Chester at the horizon of the
Brandy Run, the Elwren, the Golconda, the Hardinsburg, the Imdian
Springs and the Buffalo Wallow. These shales vary in thickness from ten
to forty feet and some of them are in places wholly replaced by sandsfone.
Both aluminous and arenaceous facies of the shales prevail so that it is not
a difficult matter to make seleetions for the proper mixture. These shales
are being used by the plant located at Limedale.

Pleistocene and Post Pleistocene Marls, The glacial lake basins of
northern Indiana contain large quantities of marl, the calcareous secretion
of the plant chara. This marl is essentially caleium ecarbonate, containing
small quantities of magnesium carbonate, iron carbonate, silica, alumina
and organic matter. An analysis of a sample of the marl is given as
follows :

ANALYSIS OF SAMPLE OF MARL FROM JAMES LAKE

CHleIum CATHORREE oo s+ v e s i 1 @ et o < A4 Do S A7 it 28 92.41
DA esTuTY CHTHOBBEe . Uik . o pae o5 Sainee sipd v n 3im w Bms T lee s x g 2.38
Calotong: BRIPhate o ool s S s 7 g e A M R e ke 2 s 15
Farefer oides, SR e s e T L B e b B e SR SR 1% e 29
Tnaolulile ™ Cslllen SaB0) | te St a2 sy ps et et o LRI & e 2 e 1.16
Organic: matter ..., a~ A LN S s Bk Syl AT L 1.97

b R s, o B O o e oo T 1K 210 M et e 98.36

Workable deposits of marl occur in lake basins in counties in the north-
ern part of Indiana for the distribution of which see the article on marl
in this report.

Pleistocene and Post Pleistocene (lays. Near the beds of marls in the
northern part of Indiana there are beds of clay of Pleistocene and Post
Pleistocene age, which are adapted to dse in cement mixtures. The aver-
age of the analyses of eight samples of glacial clay which was used by the
Wabash Cement Company is given by Oglesbey as follows:
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ANALYSIS OF PLEISTOCENE CLAY
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Furnace Slag. From the iron smelters in Indiana a large supply of
slag is obtained which could be used in the manufacture of Pozzuolan
cement, which is made from granulated blast furnace slag ground with
dried quicklime or hydrated lime. The blast furnace slag may also be
used in the manufacture of Portland cement, in which the slag takes the
place of the silico-aluminous material of the shale Ground limestone,
instead of quicklime, is mixed with slag and the mixture cinderated. The
Universal Cement plant at Buffington uses slag from furnaces of the
Tllinois Steel Company.

CEMENT PLANTS

Indiane Portland Cement Company. 'The plant of this company is
located south of the Vandalia and Monon station at Limedale, near (ireen-
castle. The plant began operations in 1919. The raw materials used are
Mitchell limestone 78 per cent, Chester or Allegheny shale 11 per cent,
and surface clay 11 per cent. The capacity of the plant is 1,200 to 1,500
bbls. per day. The process used is the wet process. The limestons and
shale are crushed in gyratory crushers. The clay is disintegrated in the
wash-mill. The clay slurry, crushed shale and limestone are passed
through the kominuter and then through a vertical rotary screen in‘o the
tube mill. After being ground in the tube mill the slurry is discharged to
correcting basins, from which it goes to the mixing basin. From the mixing
basin it goes to the storage basin and from that through the feed tank into
the rotory kiln, which has a length of 240 feet and a diameter of 10 feet,
The clinker produced in the kiln is cooled in a rotary cooler, ground in a
kominuter and tube mill and stored in concrete storage, being of the silo
type. The following table shows the composition of the raw materials and
the product as furnished by the president of the company, Mr. Adsm H.
Beck:

Clay. Shale., Limestone. Cement.
L0888 OB IERIEION 2 iy v bivis via wiv miN: viais vt 7.23 12.41 43.44 1.65
BIHeR. CRHORY b oninterste naM ooais a0l s 5w T1L.77 51.32 1.88 22.32
APl CATIORY | oo vs wie sy v rideias i 12.10 23.53 25 6.19
Ferrie oxide (F'ea0s)i:un. s wsnsansa 4.62 7.21 29 3.27
1A bl B 0 ) MRl | SR SR i B .80 35 53.99 63.01
Magheali (M) . L0 v Sl s e e 1.00 kL GRS 44 .90
Sulphur trloxide (B8M8) ..couieninensos s R g 1.53

Leligh Portland Cement Company. A large plant of this compiuny is
located at Mitchell. The plant consists of two 10-kiln units and has & total
capacity of two and a quarter million barrels of cement per year. The
raw materials consist of the Mitchell limestone and two varieties of Knob-
stone shale, one a silicious and the other an aluminous variety. The lime-
stone used runs high in calecium carbonate, rarely falling below 96 per cent.
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The limestone is first erushed in large gyratory crushers, then in smaller
ones. The crushed limeéstone and shale are dried in horizontal rotary
ovens, then weighed and mixed. The mixture is ground in a tube mill until
it is fine enough to pass through a sieve of 65 meshes to the inch, then in a
ball mill until it passes a 95-mesh screen. The pulverized mixture is
burned in rotary kilns, which are fired with powdered coal under pressur.
The clinker formed is cooled in vertical cooling cylinders. Gypsum is
added and the clinker ground, stored and sacked.

Louisville Cement Company. The plant of this company is located 2t
Speeds, near Sellersburg, in Clark County. The raw materials used con-
sist of hydraulic limestone of Devonian age and Knobstone (New Provi-
dence) shale of Mississippian age. The limestone quarry is located near
the plant, but the shale is brought from a distance. The company manii-
factures a considerable amount of natural cement, but the larger part of
its product is Portland cement. The production of the former for 1919
was 300,000 bbls., and of the latter 800,000 bbls.

The composition of the raw materials and the finished product of tte
Portland cement is given in the following table:

Portlard

Constitugnt. Limestone. Shale. Raw Mix. Cement.
filen (BIOR) .ovciniivmnanbe nbdatieiin 4.78 65.54 14,94 21.52
Alumina, ete. (AlaOs)........ov0vnvnne 1.38 23.52 6.34 8.78
CalCazh. (CHCOY) . e e e 91.25 e S S
Caletam oxide. (€aO),. ... ite ondiane. LERE 1.87 41.85 63.26
Magnesia: (MEOY oo o vonrissinsonssinivg 2.59 5.00 1.94 3.72
Loss on Ignitlon. .. .oeusrae o ia sl wasla “ns 34.93 84
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Sulphuy trioxide (80s) ..iidsedesanesad Cor . e 1.r6

The composition of the hydraulic limestone and the natural cement is
given as follows:

Constituent. Natural Cement Rock. Natural Cement.
BHHEA SO0 v & o Sl s S i AR ek 19.02 21.92
Alamina, ete, (AlOR). . . oiies vils sp arismales s 5e olem .98 9.42
Lime (ORD) o 2eais e daleans s oo bin Cuaginis s o5 E5oas 34.68 47.63
Mognesla  (MEOY, ... o ol os ol il Al e Atk 8.47 12.47
TioRS 0B 1EBIEION . - 5k viv S i e r deiots v o s aists s ote o 36.85 8.56

Syracuse Plant of the Sandusky Cement Company. This plant was
established in 1900 and continued in operation for eighteen years. It was
shut down in 1919, but resumed operation in 1920. The materials used
during the first period of operation of the plant were marls taken from
" Lakes Syracuse and Wawasee and clay from near Lapaz, about thirly
miles west of the plant at Syracuse. The composition of these raw
materials and the product is given in the twenty-fifth annual report of the
Indiana Survey as follows, by S. B. Newberry:

Marl, Clay. Cemert.
(0011 PR o e e T R B e 1.74 55.27 22.08
e LD el Nl N B S S T Ve R P .90 10.20 4.80
THOD OXTAR Lahais an -5 5 wiaie)alatea s lirehase) alalaisl s, v ot BB ASiatatalh .28 3.40 1.6
) 511 TP e g TR (RRRES SR e S R S 49.84 9.12 65.44
VT L A AT R e & CHREEDRE A S | ek 1.75 5.73 3.82
Sulphur trioxide (80s)............. P AT 1.12 Sth. 5 0.0

R e s R i ) sole
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The marl contained organic matter, making necessary the use of a
large quantity of water to form a siurry. The expense of removing the
extra water in burning rendered it difficult for the manufactured coment
to compete with that produced by cheaper methods. Owing to labor con-
ditions and other difficulties the plant was run at a loss during 1917 and
1918,  Arrangements have been made for using limestone from Logar sport
and the proper machinery has been installed for grinding this raw material.
The capacity of the plant is about 50,000 bbls. per month.

Universal Portland Cement Company. The plant of this company is
located at Buffington. The plant has three separate producing units, Mills
3, 4 and 6. Power is supplied by transmission lines from Gary and South
Chicago and from the waste heat power plant at Buflington, 12,000 K W
by the former and 8,000 by the latter. Coal is used for fuel, that which
is used in the kilus being pulverized.

Kilns of Mills Nos. 4 and 6 are equipped with Cottrell dust precipitators,
using energy transformed and rectified to 65,000 volts direct current. The
efficiency of (hese collectors is more than 90 per cent, and dust collected
per kiln per hour is about 1,000 pounds.

Raw materials used in manufacture are granulated slag obtained from
the Dlast furnaces of the Illinois Steel Company and Illinois limestore.

Slag and limestone are dumped into their respective bins at opposite
ends of the raw-material building. When crushed to about 1% inches in
size, the limestone is dried in rotary driers, and is given a preliminary
grinding before delivery to hoppers above automatic, electrically operated
scales. Slag is fed direct to -the drier, then puiverized and elevat:d to
hoppers above the automatic scales.

At the scales the slag and limestone are proportioned to assure a uni-
form mixture, which is then ground in tube mills and elevated to hoppers
above the rotary kilns. In these kilns the mixture attains a temperature of
about 2500 degrees Fahrenheit and burns to a hard “clinker.”

After euring for about ten days the clinker is reduced to about 1% inch
size, and then is pulverized to pass a slanting sereen with 1% inch openings.
Gypsum is automatically added to regulate and refard the sefting. Other
tube mills comlete the grinding and deliver the cement to an inclined belt,
which conveys it to the storage bins. On the conveyor the cement is aufo-
matically sampled every eight seconds. Every hour the accumulated
sample is carried to the laboratories, where tests and analysis are made to
assure uniformity.

Trom the storage bins the cement is drawn. weighed, sacked and tricked
to the cars. (From the Guide Book of the American Institute of Mining
and Metallurgical Engineers.)

The capacity of the plant is 100,000 sacks per twenty-four hours.. The
analyses of the raw materials and finished product is given below :

ANALYSIS OF RAW MATERIALS AND PRODUCT

Slag. Limestone. Gypsum. Cement.
-5 G F R Gy (0 S Ve TR B 3y -, 34.48 2,22 2.06 19.61
SReing ORJsUh) e e e e 12.99 1.27 .40 7.71
Fertie axiad (EN0s) s wop 5o 25w 55 5 s D9 1.07 5 .40 2.22
FEOXE - CIEYn T Tl St el e e e 3 AR 1.20

Calelnm oxide (CO) . cssin oveonin viass s 42.78 52.58 3217 64.23
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Calcium sulphide (CaS) ...........c... 2.90 <1 o oy
Magnesia (MgO) «oseiscanedcanssseis 3.28 .78 S e 2.29
Manganese oxide (MnO:).............. 1.38 Sl 3 ey |1 |
Carbon @ioxide (COL) . ..ivvvcnaosiveese EAAS 42,08 SRR 39
Sulpkior trioxide (BOs) . vor i i s e E LA Loy 44.25H 1.98
Motstnre (TOY o c.h.inydinn s vt canis
BT S AIE o R | 0 RS et o 20.72 1.50

Wabash Portland Cement Company. The plant of this company is
located at Stroh, in Lagrange County. The plant is located between Big
and Little Turkey lakes and uses the marl from the lakes and glacicl
-¢clays for its raw materials. The composition of the raw materials and tle
products as given by the company are as follows.

Marl Clay Cement.
405 Ein a6 e T 8 S el R PN 50.20 11.24 62.£6
Masmneslsn (MBI 1 s S i rs o i e e sl ae 45 3.60 2.54
AMIINg CATORY il s s bl Rl ¢ ) s £ 6.0 8
Rareie oxide’ (I0egCha) « « .o eicis o sitmrs 5a 5 ats 5 oo o oxe aix s 1.20 17.12 2.4
ANEVIE ST TR e N N T R N SN My e s S 1.24 52.98 23.01
Bions o, AURon; - s warviiem s v e e TR NS 8 s 46.12 14.16 )
Sulphnr t2ioxide (BOg). cobs i aequ s iatn e oty s e itstate Glalte 1.80

« o=

The annual production is from 300,000 to 350,000 barrels of cement.

With the exception of the chemical laboratory and office, the who e
plant is under one roof. It is equipped with one steel rotary dryer, tule
mill for coal grinding, clay pulverizer, four continuous rotary kilns, size
5x60 feetf, daily capacity 480 barrels, three pug mills, three tube mills ard
four ball mills.

The marl is quarried by dredging with a clam shell bucket, loaded
directly into narrow gauge cars for haulage to the mill. The clay is
loaded with steam shovel into standard guage cars and unloaded direct y
into the plant. These raw materials are washed to remove deleterions
matter from clay and marl. Mixed in the proper proportions the raw
materials are ground in tube mills, burned in the kilns and the clink v
ground into the finished product.

FINANCIAL STATEMENT OF THE DIVISION OF GEOLOGY

OrricE EXPENSES October November December January February March

$308 33 $308 33 $308 34 $308 33 $308 33 $308 34

22 64 a0 .. iaen DRIRE Lo mes > 18 71

........... L& S0 - fy 8 e 9 50 17 5%

? 0 310 S TRt S| SRS R T A X o A LR e L S A 25 0)

I 100 34 60 220 4 05 4 60 9 87

Printing and Engraving...|............ Lo s R S e F s i 34 22

FieLnp EXPENsES
Balssdie . .ol e s ol B e 8338 33 830 00 $30 00 £30 00 360 00

Board and Expenses.. . ... 31 10 SRBE oyt o utie 2478 Sl sl s VIR o oty vt e )

Total. . e om0 81522643 $803 74 53;58 04 $404 73 ‘ $382 43
|
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FINANCIAL STATEMENT OF THE DIVISION OF GEOLOGY—Continued.

Orrice Expenses April May June July August Seyptember
Salaries $333 34 $333 34 $385 93 $333 34 $333 34 $333 32
Traveling Expenses,. 29 12 22 88 11 05 16 59 23 96 12 99
Postage...... 50 00 3
Miscellaneous. 100 1
R WKL . o o sl [d e s nan w spiioall s oid e sinn ey
Printing and Eng 235 76 212 29 8 20 1,000 19

Fmrp Expenses
L SR S S 30 00 30 00 183 33 300 00 50 00 60 00
Board and-BXDEOSEE:: - -+ . |- s s smaan sy ewes i mmh 104 55 468 83 38 88 124 52

1,392 85
Pield Bauinmenks Lo i oo fa s snineion |vasis ve vemviss 464 35 SRk S v e S 08
2 7 - R S $679 22 $610 62 | $2,175 91 | $2,459 05 $449 18 $532 32
Total AISDUPSEMENLE: & v iivtaiere o & iy 5 Rie Bl e g o e e e $10,525 00
Receipts
Gas fees collected in excess of deputy fees............... $530 00
GR0IoRICR]  TEDOTER. i s vocin ot s ey siwia Bl e o hidle x5 o meb e soih S s e 64 58
On hand:
Ong Bord TORIIRE CAT. « o« « 5ror i vt oo o 8 & bt e % I 425 00
One Porlll trRoK. i i cvis s n e« W srnaishs nmgid e ¥ vhis s ated 8 928 50
— §$1,048 08
Digbursements
T R S R P hor - PP (FORNR Rt R R $5,541 45
LY R P Py P o R SR o e e e | viniase s 32 70
(5735 L 202 3a ek 1o o) NP 8 TR, & I by By ORI GRS TR 203 60
POBERER 3 o siaraiv e o7ara sofe s teid (ala)5 s CaVe-H i Uod iy abati Fieisl arons Suat sty it 145 00
OIS STIODIIOE L 1% iiretots aiw6-5) 5ok siein on) sibbaim e A18) 5 A et e v Bh = S 171 09
Fleld equipment and SUPPIIEs. . ., o, vu o i vt vmagmmneanisoss 150 86
Menis  SnarIoARING BT . 55 3o s 405 Ve e stlh ate pg s eig St s e AT 474 99
REIIPORE. LREC | v s ol ohs o aiess e & 5 ERIo00d o sl aropares & s Rialn aols ta o 304 81
FOTOU BT o 14 € e oo e % o ASS  Be 3yd) S osiver ek I R S T A B 425 00
NRGTOr ORDEIIRAR oo SLaUR L St e v etoront oo deargny S M Soil s S 157 01
REORTa DR SR TOIODRONG i v oy oie o« hiwiple 1y ¥ Aviainm B ETAE « LG 283 124 66
Bxpress, freight an@ BPAYBRE: « . cvins ommasssiite s ihe B wes 3 41
Auto, Hvery -8n@ DOEL. ... oo s s e gbale’s s @ da 5 dimaie omh thibe s 198 52
State iy exBIBIC: 5. o alie. v Taihiogl Ly v 4 muas it e /s 75
NEBBERAT (3l x.s Salitnin e Talkireipistal 2 /00 X)siaks s ot S s o e i i i Ak 323 46
Printnt of DUBBCRLIONE. o .5 Vi vs vaona o s T 1 b e TEoer e s 1,954 33
PODOSTADRIC -SULYOY 2 cio = nits oa .50 fubisarn s A aste dame ik = dmas 882 40
—— $11,094 04



