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PREFACE

This report on the coal resources of Indiana is the tenth of a
series of State summary reports prepared by the Geological Survey
as part of a program to estimate the coal reserves of the United States.
Studies of the reserves in other States are contained in the following
publications: Geology of the Deep River coal field, Chatham, Lee,
and Moore Counties, North Carolina, Preliminary map, 1949; Coal
resources of Montana, Circular 53, 1949; Coal resources of Michigan,
Circular 77, 1950; Coal resources of Wyoming; Circular 81, 1950;
Coal resources of New Mexico, Circular 89, 1950; Lignite resources
of South Dakota, Circular 159, 1952; Coal resources of Virginia,
Circular 171, 1952; Lignite resources of North Dakota, Circular 226,
1953; and Coal resources of Colorado, Circular 258, 1953.

W. E. Wrather
Director
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COAL RESOURCES OF INDIANA

By Frank D. Spencer

INTRODUCTION

This report on the Coal Resources of Indiana has
been prepared in cooperation with the Indiana Department
of Conservation, Geological Survey, as a part of the
U. S. Geological Survey's program to reappraise the
coal reserves of the United States.

The first comprehensive estimate of the coal
reserves of the Unjted States was made by M. R. Campbell
of the U. S. Geological Survey in the period between
1907 and 1928. Even as late as 1928, however, there
had been no significant exploration or development of
many coal-bearing areas, and information about the
thickness and extent of coal was restricted to observa-
tions along outcrops.

In the years since 1928 approximately 11 billion
tons of coal has been mined in the United States. This
amount is more than one third of the total tonnage pro-
duced from the beginning of mining through 1950
(Bituminous Coal Institute, 1950, p. 12, 43). Asa
result of this mining and development, much new in-
formation about the thickness and continuity of coal at
depth has been obtained.

The growth of the strip-mining industry in Indiana,
which has taken place largely in the years since 1928,
has been accompanied by an extensive program of ex-
ploratory drilling by private companies andby a related
program of topographic mapping by the U. S. Geological
Survey. With this increased amount of reliabledata, it
has been possible to prepare a new and detailed summary
appraisal of the coal reserves in Indiana, classified
according to the thickness of the coal, thickness of
overburden, and relative abundance of information.

Sources of information

In preparing this report on the coal resources
of Indiana many sources were examined. Chief among
thesewere the Annual Reports of the Indiana Department
of Conservation; mined-out area maps of the Indiana
Bureau of Mines and Mining; Annual Reports, Bulletins,
and Folios of the U. S. Geological Survey; Technical
Papers and Mine InspectionReports of the U. S. Bureau
of Mines; and maps of strip-mined areas of the
U. S. Department of Agriculture. Information was
procured also from published and unpublished reports
and maps of the Indiana Department of Conservation,
Geological Survey. A large number of maps and drill
records from many coal-mining companies were used,
and in all more than 5,000 coal, cil, and water drill
records and logs were examined.

The data for the coal reserve estimates for all
counties south of Sullivan and Greene were gathered
and plotted, and the coal reserve estimates calculated

by the U. S. Geological Survey. The coal reserve data
for Clay, Greene, Owen, Parke, Sullivan, Vigo, and
Vermillion Counties were provided by the Indiana
Department of Conservation, Geological Survey, as
part of a program of detailed geclogic mapping in the
coal field area. Many of these data were plotted and
the coal reserve estimates prepared by that agency.
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ABSTRACT

The Indiana coal field forms the eastern edge of
the eastern interior coal basin, which is near some
of the most densely populated and highly productive
manufacturing areas of the United States. (See fig. 1.)
For this reason Indiana coal reserves are an important
State and National asset.

In dollar value the coal mining industry is the
largest of Indiana's natural-resource-producing
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Figure 1. —Map of the eastern interior coal basin.
2




industries. The total value of coal production for the
year 1950 was more than 100 million dollars, or more
than that of all other hatural-resource industries in
the State combined.

As estimated herein, the original coal reserves

of Indiana total 37, 293 million tons, of which 27, 320 mil-

lion tons is contained in beds more than 42 inches thick;
7,632 million tons in beds 28 to 42 inches thick; and

2, 341 million tons in beds 14 to 28 inches thick. The
remaining reserves as of January 1, 1951, total

35, 806 million tons, of which 18, 779 million tons is
believed to be recoverable. The distribution of the
reserves in these several categories is summarized by
counties in table 1.

Of the total original reserves of 37, 293 million
tons, 6, 355 million tons can be classified as measured;
8, 657 million tons as indicated; and 22, 281 million tons
as inferred. Strippable reserves constitute 3, 524 mil-
lion tons, or 9.5 percent of the total original reserves.
The distribution of the strippableand nonstrippable orig-
inal reserves is summarized intables 2and 3 by counties
and by several categories, according tothe thickness of
the bedsand the relative abundance and reliability of the
information available for preparing the estimates.

The distribution of the estimated 18, 779 million
tons of recoverable strippable and nonstrippable re-
serves in Indiana is further summarized by counties in
table 4, and the information is presented graphically
in figures 2 and 3.

The tables 1 to 4 and figures 2 and 3 include beds
in the 14- to 28-inch category, because thin beds have
been mined in many places. However, many operators
prefer to eliminate the thin beds from consideration

as reserves, particularly for deep mining. It is notable,’

therefore, that only a small part of the estimated re-
serves in Indiana is contained in the thinner beds. Of
the total estimated recoverable reserves of 18, 779 mil-
lion tons shown in table 4, only 1,233 million tons, or
about 8 percent, is contained in beds less than 28 inches
thick, whereas 17, 548 million tons, or about 94 percent,
is contained in beds more than 28 inches thick.

intermediate --ZI%/
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METHODS OF PREPARING RESERVE ESTIMATES

Because the coal beds in Indiana are largely
concealed by non-coal-bearing rocks and as most of
the available information about these beds is confined
to observations at the outcrops and in widely spaced
mines and exploratory drill holes, it was necessary
in preparing the accompanying estimate of the coal
reserves of Indiana to establish certain standardized
definitions and procedures to insure uniform interpre-
tation and classification of the data.

The distinctions thus established are based on
characteristics of the coal, relative abundance of
reliable data, and the point of view followed in pre-
paring estimates.

Classification according to characteristics of coal

The characteristics of coal considered in preparing
the reserve estimates are the rank, weight, thickness
of bed, and thickness of overburden.

Rank of coal

The rank of coal is determined by its physical
and chemical properties and is important, therefore,
in determining utilization. The rank assigned to
Indiana coal is based on the standard specifications of
the American Society for Testing Materials. (See
table 5.)

All of the coal in Indiana is of bituminous rank.
The greater part is of high volatile C bituminous rank,
the smaller part is of high volatile B bituminous rank.
Block coal and cannel coal, which occur in small
quantities in Indiana, are two varieties of bituminous
coal that have distinctive characteristics.

Block coal is divided into blocks by vertical
joints spaced 2 to 4 feet apart and by horizontal splits

along laminations of fusain (mineral charcoal) and
vitrain (bright coal). These regular systems of jointing
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Figure 2. ~Diagram showing comparison of recoverable coal reserves in Indiana according to: (a) Thickness (b)
abundance of reliable data.
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Legend: F.C. = Fixed Carbon.

Table5. Classification of coals by rank®

V.M. = Volatile Matter.

Btu. = British thermal units.

Class

Group

Limits of Fixed Carbon or
Btu. Mineral-Matter-Free
Basis

Requisite Physical
Properties

1. Anthracitic

1. Meta-anthracite...... Ceeeeneiens

2. Anthracite.......... eereeaees

3. Semianthracite..................

Dry F.C., 98 per cent or more
d’)ry V.M., 2 per cent or
less)

Dry F.C., 92 per cent or more
and less than 98 per cent
(Dry V.M., 8 per cent or less
and more than 2 per cent)

Dry F.C., 86 per cent or more
and less than 92 per cent
(Dry V.M., 14 per cent or
less and more than 8 per
cent)

Nonagglomerating b

II. Bituminous

1. Low volatile bituminous coal....

2. Medium volatile bituminous coal.

3. High volatile 4 bituminous coal.

4. High volatile B bituminous coal.

5. High volatile C bituminous coal.

Dry F.C., 78 per cent or more
and less than 86 per cent
(Dry V.M., 22 per cent or
less and more than 14 per
cent)

Dry F.C., 69 per cent or more
and less than 78 per cent
(Dry V.M., 31 per cent or
less and more than 22 per
cent)

Dry F.C., less than 69 per cent
(Dry V.M., more than 31 per
cent); and moist® Btu.,
14,000¢ or more

Moist¢ Btu., 13,000 or more
and less than 14,000¢

Moist Btu., 11,000 or more
and less than 13,000°

Either agglomeratingor
nonweathering:

1. Subbituminous 4 coal...........

Moist Btu., 11,000 or more

Both weathering and

and less than 13,000° nonagglomerating
. . 2. Subbituminous B coal........... Moist Btu., 9500 or more and
III. Subbituminous less than 11,000°
3. Subbituminous C coal........... Moist Btu., 8300 or more and
less than 9500°
PR 1. Lignite. . ...........oooiia.L. Moist Btu., less than 8300 Consolidated
1V. Lignitic 2.Browncoal..................... ‘Moist Btu., less than 8300 Unconsolidated

¢ This classification does not include a few coals which haveunusual physical and chemical properties and which come

within the limits of fixed carbon or Btu. of the high-volatile bituminous and subbituminous ranks.

All of these coals

either contain less than 48 per cent dry, mineral-matter-free fixed carbon or have more than 15,500 moist, mineral-matter-

free Btu.

If agglomerating, classify in onv-.volatile group of the bituminous class. .
¢ Moist Btu. refers to coal containing its natural bed moisture but not including visible water on the surface of the

coal.

4 It is recognized that there may be noncaking varieties in each group of the bituminous class.

¢ Coals having 69 per cent or more fixed carbon on the dry, mineral-matter-free basis shall be classified according to
fixed carbon, regardless of Btu.
There are three varieties of coal in the high-volatile C bituminous coal group, namely, Variety 1, agglomerating

and nonweathering; Variety 2, agglomerating and weathering; Variety 3, nonagglomerating and nonweathering.



are developed in a high degree. Block coals generally
are noncaking and noncoking. Most of this coal has
been mined out in Indiana.

Cannel coal is a lusterless, even-textured coal
with large conchoidal fracture. It is much cleaner
than ordinary bituminous coal. Cannel coal burns with
a yellow flame, taking fire readily, probably because
of a large percentage of gas content. Cannel coal is
composed of very finely divided plant fragments and
conspicuous spore coats, whichrarely exceed 10 percent
of the total volume. No known commérecial beds of
cannel coal are being worked at present in Indiana.

Weight of coal

In the preparation of tonnage estimates, it is
necessary to determine the weight of the coal in the
ground. Because all of the coal in Indiana is of
bituminous rank, the weight ofthe coal is fairly uniform
and varies significantly only with variations in ashcon-
tent. A consideration of the specific gravity of coal
from a number of localities in Indiana shows that the
specific gravity of a typical bed is 1. 32 or a weight of
1, 800 tons per acre-foot, and thisfactor has been used
to compute all reserve estimates presented in this
report.

Engineers and geologists employed by producing
companies often employ lower figures, whicharebased
on an anticipated loss in mining. Such a practice is not
suitable for use in a general report, however, for re-
coverability may vary greatly in different areas, in
different beds, and with different methods of mining.
The factor of 1,800 tons per acre-foot is, therefore,
intended to yield reserves of coal in the ground without
regard to the recoverability.

Thickness of beds

As the thickness of beds is often one of the
determining factors that govern the economic feasibility
of coal mining operations, the coal reserves of Indiana
are calculatedandtabulated inthreethicknesscategories
of 14 to 28 inches, 28 to 42 inches, and more than
42 inches.

Partings of more than three-eighths of an inch
inthickness are excluded from the bed thickness. Layers
of thin coal above or below thicker partings that
normally would be left underground in mining are also
excluded from the total bed thickness.

Thickness of overburden

All of the coal of commercial value in Indiana
lies less than 1, 000 feet below the surface and is
accessible by strip or shaft mining.

Because a large portion of Indiana's coal is ob-
tained by strip mining and as recoverability in strip
mining is higher than recoverability by underground
mining, it is important that reserves under thin over-
burden be calculated and reported separately. A ratio
of overburden to coal of 20 to 1 is considered the
maximum practicable stripping ratio. Maximum thick-
ness of overburden considered strippable is about
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90 feet. In preparing the present appraisal of coal
reserves in Indiana, three arbitrary categories of
overburden, 0-40 feet, 0-80 feet, and 0-90 feet were
established, depending upon the average thickness of
each bed. When sufficient information was available,
lines showing 40, 60, or 90 feet of overburden were
drawn. In general, reserves under less than 40 feet
of overburden are calculated for beds in the 14-28inches
range of thickness; reserves under less than t0 feet of
overburden are calculated for beds in the 28-42 inches
range of thickness; and reserves under less than

90 feet of overburden are calculated for beds more
than 42 inches thick.

Classification according to abundance
of religble data

The estimates of reserves are further divided
into three categories according to the relative abundance
and reliability of the information available. These
categories, termed "measured, " "indicated, " and
"inferred, " were established jointly by members of the
U. S. Geological Survey and the U. S. Bureau of Mines.

Measured reserves

To determine measured reserves, tonnages are
computed from positive information as to thickness
and extent, based on measured coal outcrop sections,
mine and pit workings, and drill holes. The points of
measurement are so close that the computed tonnage
can be considered to be within 20 percent of the true
tonnage. In general, the points of measurement are
not more than half a mile apart. If drill data is used
for calculations, the outer limit of a block of measured
coal is considered to be only a quarter of a mile beyond
the outermost drill hole. This distance is occasionally
reduced to one-eighth of a mile for calculating re-
serves of coal in beds considered to be sporadic.
Along an outcrop or extent line where the continuity of
the outcrop is measured in miles and suggests the
presence of coal at great distances in from the outcrop,
a belt of coal half a mile wide along the outcrop is
classed as measured.

Indicated reserves

Indicated coal reserve tonnages are generally
computed from more widely spaced drill hole and mine
data. Reserves calculated in this category are assumed
to extend half a thile beyond the areas of measured
coal. Occasionally, reserves in some of the nonper-
sistent coal beds below Coal II were classed as indicated
reserves for a distance of only one-eighth of a mile
beyond the limits of measured coal. Electric logs and
oil well drill logs were used to establish the presence
of coal classed as indicated if the information derived
from these sources could be checked and correlated
with nearby mine and coal-drill data.

Inferred reserves

Inferred reserves are based essentially on the
known geological characteristics of the individual beds.
Inferred reserves usually lie beyond the areas of
measured and indicated coals and are based on pro-
jections of the data used to compute measured and



indicated reserves. Occurrences of coal in isolated
wells, shown on electric logs and 0il well logs, also
were used in estimating inferred reserves. Reserves
in beds of doubtful continuity were classed as inferred
for a distance of no more than two miles beyond the
last point of observation. Reserves in beds that are
not persistent, if inferred, were classedas inferred for
a distance of only half a mile beyond the limits of in-
dicated reserves.

Distinction between original, remaining,
and recoverable reserves

Because several different points of view are
used in discussing coal reserves, it is necessary to
define the terms original, remaining, and recoverable
reserves as they are used in this report.

Original reserves

In this report all coal reserves in the ground
before the beginning of mining operations and having
a thickness of more than 14 inches are considered
original reserves. This includes coal in the narrow
weathered strip at the outerop; and coal underlying
roads, railroads, cities, and coal formerly present in
mined-outareas. The establishmentofa figure for
original reserves as a base is necessary for the suc-
cessful determination of remaining and recoverable
reserves, because the figures for remaining and re-
coverable reserves change annually with production
and mining losses, and because recoverability in mining
varies in different beds according to nature of the roof,
thickness of overburden, and method of mining. An
estimate of original reserves is therefore the stable
base from which other estimates can be derived.

Remaining reserves

Reserves remaining in the ground on January 1,
1951, are considered remaining reserves regardless
of the feasibility of extraction. Remainingreserves are
obtained by subtracting from original reserves the ton-
nage of coal produced and lost in mining to the date of
the appraisal or by subtracting the acreage in mined-out
areas from the original acreage and calculating the
tonnage in the remaining acreage.

Recoverable reserves

Recoverable reserves may be defined as the
part of remaining reserves that can be taken out of the

ground in mining. The percentage of remaining reserves

deemed to be recoverable varies in individual beds and
areas according to the quality and thickness of the coal,
the nature of the roof and floor, the amount of over-
burden, the presence of faults and cutouts, the amount
of ground water, the mining methods employed, and
many other factors which vary with the individual
mining properties.

A detailed study of past production as compared
to known mined-outareasin several counties shows
clearly, however, that overall recoverability in mining
coal in Indiana is about 50 percent of the coal in the
ground if mining is carried on by underground methods,
and about 80 percent if the mining is by stripping.
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The recoverable coal reserves in Indiana are
therefore considered to be 50 percent of the remaining
reserves to be mined by underground methods and
80 percent of the remaining reserves to be mined by
stripping methods. The percentage of recovery from
individual beds and areas may, of course, vary
considerably from this assumed average.

Methods of recording data and
making calculations

All of the reserve estimates in this report were
calculated for individual coal beds and each political
township. The first step in the preparation of reserve
estimates was the drafting of a map for each individual
coal bed in each county for which estimates are made.
Available U. S. Geological Survey topographic quad-
rangle maps, scales 1:24, 000 and 1:62, 500, were
used to make the base maps for counties. Indiaha
General Highway and Transportation maps and county
base maps prepared by the Indiana Department of
Conservation, Division of Geology, scale 1:63, 360,
were used for areas where no topographic maps have
been made. Coal outcrops, coal extent lines, drill
holes, mines, mined-outareas, and other pertinent data
for each coal bed were plotted on the individual coal
bed maps. The extent line marks the outer limits of
a coal bed below the surface covering of glacial material.
For estimating purposes this line is given equal weight
with the outcrop line.

Using the topographic maps, interpretive lines
were then drawn showing the respective overburden
zones, with particular emphasis on stripping coal
overburden ratios. Plotted thicknesses of coal were
used to draw lines of assumed equal coal thickness.
The possible area of the coal bed occurrence was then
divided into the measured, indicated, and inferred
categories according to the relative abundance and re-
liability of the available data.

The subareas of coal occurrence on the work
maps representing categories as to thickness, relia-
bility, and overburden, were then measured with a
planimeter, and the acreage calculated. Next, the
weighted average coal thickness within each measured
area was determined, and the reserve tonnage computed,
using the factor of 1,800 tons per acre-foot for the
weight of the coal in the ground.

Areas excluded

Knownareas showing faulting, erosional cutduts, or
lensing-out of coal were excluded from the estimates. Also
excluded were areas of coal having thicknesses less than
14 inches, and knownareas of dirty or unusable coal.

Limitation of estimates

This summary report is intended to show the
general order of magnitude of coal reserves in Indiana
in various categories, to delimit areas favorable for
further exploration, and to provide a reference to the
available sources of detailed published information.

Like all appraisals of mineral reserves, this
report is based largely on inferred data and on the



experience of the past. It will be noted by examination
of table 4 that only 15 percent of the total estimated
recoverable reserves in Indiana is actually measured
by drilling or mine development,and only 25 percent is
indicated. The remaining 60 percent is inferred from
geologic evidence and by projecting information from
known into unknown areas. Itiscertainthatthe present
estimate will be modified as additional detailed mapping
and exploration is completed, The amounts of measured
and indicated reserves should be increased with addi-
tional detailed mapping and exploration, and the amount
of inferred reserves should be decreased accordingly.
It is believed, however, that the total estimate is
conservative and is more likely to be increased than
decreased with additional exploration, mapping, and
development.

The recoverability of coal in mining is perhaps
the largest single factor influencing the magnitude of
reserves. Inthis report it has been assumed that only
50 percent of the coal in the ground will be recovered
by underground mining methods. This factor is be-
lieved to represent the approximate average recovery
obtained in large areas using present mining practices.
The recoverability on some properties is much higher,
however; and it is certain that the average recoverability
could be improved by the more widespread adoption of
more efficient mining methods. Experiments in new
methods of mining and using coal are continually in
progress and give hope of additional improvement in
recoverability beyond that now known.

COMPARISON OF PAST AND PRESENT ESTIMATES

The coal reserves of Indiana were estimated in
1899 by G. H. Ashley, who subsequently revised the
estimate in 1909 to allow for additional mine and explor-
atory data that had become available. In 1913
M. R. Campbell revised the Ashley figure by extra-
polation, assuming a larger tonnage per acre-foot of
coal. Table 6 showsacomparison of the present estimate
with earlier estimates.

Although much new mine and exploratory data
were available on which to base the present estimate,
it is smaller than the older estimates, in part because
more conservative methods were used to limit the
assumed extent of beds below the surface, because beds
less than 14 inches thick were omitted, and because
reserves were not calculated for Crawford, Fountain,
Orange, Putnam, and Warren Counties to which Ashley
allotted about 1 billion tons of reserves. Taking these

and other differences into account it is apparent that
the estimates are in fairly close accord. Inparticular,
it is interesting to compare Ashley's 1909 estimate of
13. 6 billion-tons of recoverable reserves in beds

30 inches or more thick with the present estimate of
17. 5 billion tons of recoverable reserves in beds

28 inches or more thick.

The present estimate is an improvement over the
previous estimates in that the reserves are classified
according to thickness, overburden, and the relative
abundance of reliable information and are calculated
and tabulated by beds for individual counties.

INDIANA COAL FIELDS
General features

The coal fields of Indiana are on the east side of
the eastern interior coal basin, This large structural
basin underlies a large part of the State of Illinois, a
part of northwestern Kentucky, and approximately the
southwestern fifth of the State of Indiana. (See fig. 1.)

The Indiana coal fields occupy an area of approx-
imately 6, 500 square miles. The coal-bearing area
is broad to the south, with a maximum east-west width
of approximately 80 miles, and wedges out to the north
in the southern part of Benton County. Its total north-
south length is approximately 200 miles.

The surface in the northern one-fourth of the
coal fields is a glacial till plain, which is relatively
undissected. The remainder of the area is a lowland
of aggraded valley areas.

The coal-bearing area of Indiana is part of
the Ohio River drainage system. Most of the
area is drained by the Wabash River and its
tributaries, the larger of which are the White
and Patoka Rivers.

The coal fields are crossed by numerous
roads and railroads. Feeder lines from the rail-
roads give adequate hauling facilities to all the
large coal-producing districts. Good, paved, all-
weather Federal and State highways cross the
coal-producing areas from north to south and east
to west. A supporting system of secondary, semi-
surfaced, all-weather roads furnish adequate means
for hauling coal by truck.

Table 6.—Comparison of estimates of coal reserves in Indiana

(in thousands

of short toms)

Bagis of estimate
Source Class Minimum average | Weight per acre- Reserves
thickness foot (toms)
Ashley, 1909--=cremmmmanad Recoverable in part; | Generally less 780 to 1,560 .1 46,864,000
original in part. than 14 inches.
Campbell, 1913-www—mweean Original-=--==--eeu-a 14 incheg~====w=md 1,770 2 53,051,000
Present report, 1953----- Origlnal —~-memeeemee 14 inches-------- 1,800 37,293,079

1 Part of this tonnage is recoverable reserves only.
2Derived by extrapolation from1909 estimate by Ashley.

12



Stratigraphy

The coal of commercial value in the Indiana coal
fields is in strata of Pennsylvanian age. In places
these strata unconformably overlie rocks that are of
Devonian age, but generally unconformably overlie
rocks of Mississippian age. The coal-bearing strata
are overlain in numerous places by unconsolidated
deposits of Pleistocene and Recentage. Glacial deposits
of Pleistocene age (Wisconsin stage) conceal most of
the bedrock in the northern part of the area as far
south as northwestern Vigo County and central Parke
County. South of this area older Pleistocene deposits
locally conceal the bedrock, but in many places they
have been removed by erosion. Where present, they
are generally thin, except in preglacial valleys.

The Pennsylvanian rocks include a basal sand-
stone unit overlain by a variable sequence of shale,
sandstone, limestone, coal, and clay that has a total
thickness of 1,000 to 1,400 feet. Figure 4 summarizes
various classifications of Pennsylvanian stratigraphy
in the State from 1899 tc 1951. This report follows
the classification of formations used by Wier, 1949-1951.
The Brazil, Staunton, Linton, Petersburg, and Dugger
formations have beenthe source of most coal production.
Small amounts of coal have been mined from beds of the
lower Shelburn formation, and a few beds inthe Mansfield
sandstone have contributed meager tonnages. The coal-
bearing formations from the Mansfield sandstone upward
asfarasthe Shelburnformationare discussed briefly in
the following paragraphs. Other formations of Pennsyl-
vanian age in Indiana are listed in figure 4.

Mansfield sandstone

The Mansfield sandstone, which unconformably
overlies strata of Devonian and Mississippian age,
ranges in thickness from a few feet to 400 feet. It
consists of massive sandstone that locally contains
conglomerate, shale, limestone, and coal. The base
is characterized generally by a coarse-grained con-
glomerate. The sandstone is light gray, buff, dark
brown, or red. The Mansfield includes three thin and
discontinuous coal beds that are named as follows:
Coal I (Zone), Upper Cannelton, and Fulda.

Three units in addition to the coal beds in the
Mansfield sandstone are named. (See fig. 4.) The
Hindostan beds, which are in the lower 50 feet, are a
series of thin fine-grained laminated beds. The Fulda
and FPerdinand limestone beds, which are separated
by an interval of about 15 feet, are thin, key beds that
occur near the top of the Mansfield in southern Dubois
County and northern Spencer County. The top of the
Mansfield sandstone is at the base of the Lower Block
coal bed or locally at the base of a thin underclay.

Brazil formation

The Bragzil formation, which conformably overlies
the Mansfield sandstone, ranges in thickness from
60 to 120 feet. It includes sandstone, shale, lime-
stone, and four named coal beds of minable thick-
ness. In ascending order the formation comprises:
the Lower Block coal, averaging 3 feet in thickness;
15 to 30 feet of sandy shale or sandstone; the Upper
Block coal, averaging 3 feet in thickness; 20 to 50 feet
of sandstone or sandy shale; the Minshall coal, ranging
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in thickness from 2 to 4 feet; 2 to 3 feet of shale; the
so-called Minshall limestone, ranging in thickness
from 2 to 8 feet; 8 to 12 feet of shale or fire clay; and
Coal II, ranging from 2 to 3 feet in thickness. The top
of the formation is at the uncomformity above Coal II.

Staunton formation

The Staunton formation, which unconformably
overlies the Brazil formation, is 30 to 90 feet thick.
It consists of sandstone, shale, thin sporadic noncom-
mercial coal beds and Coal III. The upper limit of
the formation isthe unconformity at the top of Coal III.

Linton formation

The Linton formation, which unconformably over-
lies the Staunton formation, is generally 60 to 75 feet
thick. At the type locality, north of the town of Linton
in Greene County, the formation in ascending order
comprises: sandstone and shale, 10 to 20 feet thick;
Coal IlIa, 8 inches thick; black shale, 2 to 5 feet thick;
limestone, 1% feet thick; sandstone and shale, 25 to
30 feet thick; and Coal IV, about 4 feet thick. The un-
conformity above Coal IV is the upper limit of the
formation.

Petersburg formation

The Petersburg formation unconformably over-
lies the Linton formation and ranges in thickness from
75 to 140 feet. In ascending order it consists of the
following units: sandstone and shale, 20 to 40 feet;
Coal IVa, 1 to 1% feet; shale, 1 to 3 feet; dark-gray to
black, impure limestone, 1 to 2 feet; sandstone and
shale, 40 to 75 feet;"Coal V, 3 to 5 feet; black shale,
4 to 6 feet; and the Alum Cave limestone member,

4 to 6 feet. The member is split into two zones, the
lower of which usually contains abundant fossils; it is
the highest unit in the Petersburg formation.

Dugger formation

The Dugger formation, which overlies the Alum
Cave limestone member of the Petersburg formation,
is 80 to 150 feet thick. At the type locality, northeast
of Dugger in Sullivan County, the formation contains,
in ascending order: sandstone and shale, 55 feet thick,
locally including two thin coal beds, which are Coals
Va and Vb, and a massive partly brecciated limestone;
Coal VI, in places absent, a maximum of 6 feet thick;
sandstone and shale, 40 to 50 feet thick, locally con-
taining a thin limestone bed called the Universal lime-
stone member; Coal VII, generally 25 to 4 feet thick;
and varying amounts of shale. The top of the formation
is the unconformity at the base of the Busseron sand-
stone member of the Shelburn formation.

Shelburn formation

The Shelburn formation unconformably overlies
the Dugyer formation and is 180 to 250 feet thick. It
consists of sandstone, shale, a few thin limestone beds,
and at least two thin sporadic, discontinuous coalbeds.
The formation includes several named members, of
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which the Busseron sandstone is the basal member.
The top of the formation is at the contact with the West
Franklin limestone. (See fig. 4.)

Structure

The coal-bearing rocks in Indiana lie on the east
side of the eastern interior basin and on the western
limb of the Cincinnati arch. The beds are monoclinal,
striking generally N. 10°-13° W, and usually dipping
gently in a southwesterly direction but locally may dip
in any direction. In general, the dips range from 20 to
50 feet to the mile, averaging between 20 to 24 feet.
Maximum dips of 100 feet to the mile are occasionally
seen, and the minimum dip is 10 feet to the mile. Dips
in the western part of the field appear to be greater than
those to the east.

Coal beds

At least 25 coal beds in Indiana locally attain a
thickness of 2 feet or more. Seven of these beds are
fairly persistent and have been mined at a number of
places in the State. Three additional beds are less
persistent butare minablelocally. Coal V is apparently
of minable thickness almost everywhere in the area of
its occurrence. The three coal beds estimated to con-
tain the largest reserves are, in order: Coal V, Coal
III, and Coal IV. Future investigations may establish
the correlation of the Millersburg coal with Coal VI
or Coal VII; one of them would then be among the three
coal beds of Indiana containing the largest estimated
reserves. Many of the coal beds are described in the
paragraphs below.

Coal I (Zone) Cannelton or Shoals coal

Coal I, which crops out in the eastern part of the
coal fields, is the lowest coal that attains a minable
thickness in the Mansfield sandstone. It is believed to
be the Cannelton coal in Perry County, the Shoals coal
in Martin County, and the Kirksville coal in Greene
County. Coal I is referred to as the Coal I (Zone)
because the coal occurs as lenses, generally in local
pockets, and the correlation is uncertain. The range
in average thickness of estimated reserves is 1.4 to
4.0 feet. The distribution of the estimated reserves
is shown in figure 5, and the reserves in the zone are
summarized intables 7 through 10. The area included
in the estimate extends as far north as Martin County.
From this area northward as far as Parke County, the
coal beds are in places 1, 5 to 3 feet thick, locally
attaining a maximum thickness of 4 feet. In Fountain,
Warren, and Benton Counties the coal is very thin and
unworkable.

Original measured and indicated reserves were
calculated for these coals of the Mansfield sandstone
in Dubois, Martin, Perry, and Spencer Counties.
These reserves are herein termed reserves of Coal I
(Zone) because of uncertain correlations between beds
in different localities. No attempt was made to calcu-
late inferred reserves in these counties. Because of
the small size of the mining operations in these
counties, the operators are exempt by law from filing
worked-out-area coal mining maps with the Indiana
State Bureau of Mines and Mining. On the other hand,
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the larger but older mines in or near Cannelton and in
a few other areas wereworked out and abandoned prior
to the enactment of State laws requiring filing worked-
out-area maps. The amount of coal estimated to be
mined out and lost in mining inthe CoalI(Zone), there-
fore, is somewhat incomplete.

The following proximate analysis on an as-
received basis of a sample from Coal I (Kirksville)
was taken from Logan (1922, p. 624):

Percent
Fixed cArbon=-—-=-=ececm e 32.96
Volatile matter---~e-emeeemcccmcceaa— 4o, 74
Molsture~-eemmem—mmcocecmcmccc—e e 17.42
ASNemm e e e e 4,30
Sulphup--====me——me e cc——— e ———— 2.76

Lower Block coal

Several coal beds appear in the stratigraphic
section between the Zone I coals and Coal II (Silverwood
or Upper Minshall). These beds, because of their
characteristics or locations, have been identified by
names rather than by roman numerals. The lowest of
these beds of noteworthy commercial value is the Lower
Block coal, which occurs at the base of the Brazil
formation.

The Lower Block coal has been recognized along
the outcrop from southern Parke County to Greene
County but because of a tendency to occur in narrow
basins has rarely been recognized more than 4 miles
from the outcrop. However, Wier (1960) reports
4,2 feet of Lower Block coal at a depth of 212 feet in
sec. 2, T. 8 N., R. 7W., Greene County, approxi-
mately 8 miles from the outcrop. Correlations of both
Upper and Lower Block coals with coals of nearby
basins are often made on the basis of position in the
stratigraphic section, because these coals thin or pinch
out betweenbasins and do not always show the distinctive
physical characteristics attributed to them. Coals in
Dubois, Martin, Perry, and Spencer Counties apparently
occupy the same stratigraphic horizon and exhibit
enough common characteristics so that they may
be correlated with the Lower Block coals of
Clay County.

The Lower Block coal has an average thickness
of 3 feet but has gitained a maximum thickness of
5 feet in the Brazil district. Here, the upper 8 to
10 inches consists of normal banded bituminous coal,
not jointed with any degree of reqularity; the middle
portion, 2 to 3 feet thick, has the pronounced joint
crevices that produce the typical blocky appearance of
the bed and a few inches to 1 foot of bone or soft coal.
The blocky portion of the bed is often separated from
the overlying and underlying coal by a thin layer of
clay. The fire clay that underlies this bed is inferior
in places. The roof rock of the Lower Block coal is
usually sandy shale or sandstone. The greater por-
tion of the known minable area of the bed has been
mined out although in 1951 a few truck mines were
producing coal which was said to be either the
Upper or Lower Block coal. Known distribution
of reserves of the Lower Block coal in Indiana
is shown on figure 6. The estimated reserves in
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Figure 5. —Map showing reserves of Coal I (Zone) in Indiana.
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the Lower Block bed are summarized in tables
7 through 10.

The composition onanas-received basis of several
samples of Lower Block coal is shown in the proximate
analyses tabulated at the bottom of the page (Logan, 1922,
p. 624). The samplesare: No. 1 from Cardonia near Cart
No. 5, Brazil BlockCoal Co.; No. 2Brazil, MineNo. 1,
Brazil BlockCoal Co. ; No. 3Carbon, near Eureka, Brazil
BlockCoal Co., No. 1;No. 4, Asherville, near Crawford,

BlockCoalCo., No. 3; Nos. 5, 6, 7southwest of Perth. Analyst

of first four is W. A. Noyes; of thelastthree, F. M. Stanton.

Upper Block coal

The Upper Blockcoal, inthe lowenpart of the Brazil
formation, containsestimated reserves inClay, Daviess,
Greene, and OwenCounties. Coalbeds probably of equiv-
alentageare found in Parke, Dubois, Martin, and Spencer
Counties.

The Upper Block coal shows commercial thickness
incomparatively small basins, ranging inarea from a
fewacresto several square miles. Thin, unminable coal
connects these basins. Theaverage thickness of the bed
in the areas where the reserves were estimated ranges
from 1.3to 3.6 feet. A 2-inchlayer of brittle coalisusually
present near the middle of thebed. Immediately underlying
this coal isa very fine fire clay, which is usually mined
with the coal and is considered a good marker for correla-
tion purposes. The stratigraphic interval between the
Lower and Upper Blockbeds ranges in thickness between
15and 30 feet. Much of the Upper Block coal hasbeen strip
mined, doubtless because of its valuable, underlyingclay
bed. Thedistribution of the estimated reserves in the
Upper Blockbed is showninfigure 7. Tables 7through 10
givea summary of the estimated reserves in the bed.

The proximate analysis on the as-received basis
of a sample of Upper Block coal from Woodside, Owen
County, is shown by Logan (1922, p. 625) as follows:

Percent
Fixed carbon~-—--—---- 47.4%0
Volatile matter----e-mececcmmcmceeeee 36.45
Moisture------- 12.73
AShem e e e 3.42
Sulphupr-=-e-eceemmmcec e e e e e .55
Calorles: 6,636

Minshall coal

The Minshall coal is 20 to 30 feet above the
Upper Block bed. It has an average thickness of about
4 feet and locally attains a maximum of about 8 feet.

ol

This coal usually has fire clay underlying it and shale
overlying it. Overlying the shale, and occasionally
overlying the coal, is a dark-gray, fossiliferous, thin-
bedded limestone unit locally called the Minshall lime-
stone. A coal believed to be the Minshall is mined
near the surface at Switz City in Greene County. Sim-
ilarly, in southeastern Daviess County on Sugar Creek,
a coal bed 2 to 8 feet thick is overlain by a limestone,
which has been correlated as the Minshall limestone
(Kugler, 1951, p. 17). Numerous drill holes in this
area show a coal bed having an average thickness of
2.0 feet in the approximate stratigraphic position of
the Minshall coal. South from Jasper in Dubois County,
a coal with a limestone roof has been called the Holland
coal at Buffaloville, Newtonville, and Lincoln City.
This coal is also believed to be stratigraphically equiv-
alent to the Minshall coal; however, it is too thinin
most places to be worked. The distribution of the
Minshall coal in Indiana is shown on figure 8. A sum-
mary of estimated reserves in the Minshall bed is
shown in tables 7 through 10.

The proximate analysis on an as-received basis
of a sample of the Minshall coal is reported (Logan,
1922, p. 625) from' the Gifford No. 1 mine, Williamstown,
as follows:

Percent
Fixed CAYDON-mm——cceecmmmmmmm e mmmm—ee 39.48
Volatile matter- ————————— 37.67
MOLStUPO-—mmmmmmmmmmmmmmm——————m e m e 13.12
ASNmm e m e mmm e mmmmmee 9.75
Sulphur - 2.95
Calories: 6,107

Coal II (Silverwood or Upper Minshall coal)

Coal II generally occurs 10 to 20 feet above the
Minshall coal. Locally, however, the limestone over-
lying the Minshall coal may be absent, thus allowing
the fire clay under Coal II to rest directly upon the
Minshall coal. The bed was being mined ona small scale
in 1951. Near Burns City in Martin County is a bed
that is believed to be correlativewithCoal II. Similarly,
in southeastern Daviess County on Sugar Creek is a bed
lying 20 to 25 feet above the Minshall coal. This bed
has an average thickness of 2. 4 feet and locally is of
considerable extent, Because of its stratigraphic
position, this coal is also assumed to be equivalent to
Cual II. The distribution of estimated reserves of
Coal II is shown on figure 9, and the estimated reserves
are summarized in tables 7 through 10.

Analyses of Lower Block coal, as-received basis

(percent)

No. 1 |No. 2| No. 3 | No. ¥ | No. 5 | No. 6 | No. 7
Fixed CArbon--=----emcmmc e oo 49.16 | 49.96 | 50.42 | 48.23 | 46.08 | 46.05 | 38.87
Volatile matter 37.11 | 35.16 | 3€.32 | 36.34 | 32.56 | 33.19 | 26.85
Molsture-----me-eemmm e oo 11.20 | 13.82 9.80 | 11.26 | 15.39 | 15.91 | 16.91
ASRm e e 3.5 | 1.06 3.46 4.16 5.88 4.85 7.37
Sulphur------ --- - 62 | 1.47 L34 .56 1.95 1.22 1.80
Calorles----cmeme—mocce oo 6,774 6'888 7,050 6:858 6’)"'89 —-—— 5,291
Btue—comccc e --- -l .- - — ---  [11,680 -— ©,524
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Figure 7. —Map showing reserves of Coal Vb and the Upper Block coal in Indiana.
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Figure 9. —Map showing reserves of Coal II and the underrider of Coal VI in Indiana.
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Coal Ila

Coal IIa, which lies above Coal II, is a
local bed that is of minable thickness in Daviess
County. The range in average thickness in the
area of estimated reserves is 1.5 to 2.7 feet. The
reserves are summarized in tables Z through 10.

Coal III (Seelyville or Staunton coal)

Coal III contains next to the largest esti-
mated coal reserves in Indiana. It has been
mined extensively at Coxville in Parke County
and at Clinton in Vermillion County. This bed,
which is the top unit of the Staunton formation,
is 30 to 90 feet above Coal II and 15 to 30 feet
below Coal IIIa.

Coal III is typically developed in northeast-
ern Vigo County, It can be traced north into
Vermillion County, and borings show it to be
continuous into the Danville, Ill., area. In
Vermillion County, where it has been called the
Hanging Rock coal, the average thickness of the
estimated reserves is 6 feet.

Southward from Clay County, Coal III may
be traced into Greene County, where it thins
rapidly on the outcrop. Identification of this coal
is therefore uncertain at numerous localities in
southern Indiana. However, a coal assumed to be
Coal III was being mined in 1951 south of
Cannelburg in Daviess County. Here, the coal has
a sandstone roof and ranges from 1.5 to 4.2 feet
in thickness. Locally this bed contains cannel
coal (Ashley, 1899, p. 659). In several places in
Dubois County, a coal bed ranging between 2 to
4 feet in thickness and assumed to be Coal III,
has been opened. In Spencer County a coal bed
ranging in thickness between 1.5 to 4 feet appears
at apparently the same horizon as Coal III. Drill-
ings in southern Gibson, eastern Vanderburgh,
and western Warrick Counties show the presence
of a coal bed, called Coal III, having amaverage
thickness of 5.5 to 6 feet. The distribution of
Coal II in Indiana is shown on figure 10. The
estimated reserves of Coal III are summarized in
tables 7 through 10.

Clay and pyrite partings are common in
Coal II and range from 5 or 6 inches to more
than 2 feet in thickness. Several - to l-inch
bands of pyrite or shale are usually present.

Sandstone rolls impregnated with pyrite frequently
occur in this bed. Coal III usually has a red
ash due to the presence of the pyrite in the coal.
At the Dyna mine in eastern Vanderburgh and
western Warrick Counties, large amounts of salt
water, encountered when the coal was opened,
were so detrimental to the operation that the
mine was abandoned.

The composition of Coal III on an as-re-
ceived basis is given in the proximate analyses
nos. 1 through 6 tabulated at the botfom of the
page (Logan, 1922, p. 626). Analyses 7 and 8
are of samples of cannel coal from this bed
(Ashley, 1918, p. 20). The samples are as follows:
No. 1, Coxville, Cox No. 3, Brazil Block Coal Co.;
Nos. 2 and 3, Rosedale, Parke County Coal Co.;
Nos. 4, 5, and 8, Hymera No. 4, Consolidated
Indiana Coal Co. (see 33d Ann, Rept. Ind. Geol. Surv.);
Nos. 7 and 8, cannel coal from Coal III, Daviess
County, Indiana (Ashley, 1918, p. 20).

Coal IlIa (Velpen coal)

Coal ITla, which is 15 to 30 feet above
Coal I, is too thin for mining in many areas.
No reserves have been estimated for this bed
although it is exposed in several places in Spencer,
Pike, Daviess, Clay, Parke, and Vermillion
Counties. It is usually overlain by shale or sand-
stone. Locally, where the sandstone between
Coal Illa and the next coal bed above is com-
paratively thick and massive, it resembles the
Mansfield sandstone, and this fact has, doubtless,
caused erroneous correlations in the past.

Coal IV (Linton or Survant coal)

Coal IV is estimated to contain the third
largest reserves in Indiana. Because of its excep-
tionally desirable qualities, it has been extensively
worked and prospected near Linton, Green County.
The average thickness near Linton is more than
4 feet, the maximum thickness is 7 feet. Al-
though it is too thin to be mined in some places,
it is of workable thickness in Daviess, Greene,
Knox, Parke, Pike, Vermillion, Vigo, and
Warrick Counties. A bed 8 feet thick believed by
Ashley (1899, p. 1301) to be at the stratigraphic
position of Coal IV farmerly was worked at the
Coal Knobs, north of Rockport, Spencer County.
Coal IV has been mined in Knox County north of

Analyses of Coal III, as-received basis

No. 3 | No. 4 | No. 5 | No. 6 | No. 7} No. 8

40.80 | ¥41.35 | 41.85 | 40.49 | 26.30| #42.00
38.62 | 38.62 | 37.76 | 36.09 | 49.00| u8.50
12.26 | 10.45 9.22 | 10.45 ——
8.32 9.58 | 11.17 | 12.62 | 23.10 6.00
471 4,04 3.94 4.39 1.40 1.00

— | 6,525 | -—- | 6,204 | --- -

(percent)

No. 1 | No. 2
Fixed carbon=-msss-scccmmmuuaeao - 46.45 | 39.35
Volatile matter-------cemcceccaaaa. 41,88 | 39.49
Molsture----=--==-e-e—e e e 6.49 | 11.54
AShm e e 5.18 9.62
BUlphUre-ee e 2.93 L.
Calories-—-----c-commmmoommoeoee e 6,897 | 6,475
Btu-------c--oo | e-= 11,655

-— 11,745 | --- |11,185 | --- —-
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Edwardsport. It is presently being worked in Sullivan,
Greene, Daviess, and Pike Counties. The distribution
of Coal IV in Indiana is shown on figure 11 andthe esti-
mated reserves are summarized intables 7 through 10.

Northward from Linton, Coal IV maintains its
normal thickness in places but generally is thinner.
Southwest of Linton, a medial parting becomes prom-
inent, attaining a thickness of 10 to 20 feet and sepa-
rating the upper 2 to 3 feet of coal from the lower 1 to
2 feet. Southward, Coal IV maintains its normal thick-
ness in eastern Knox County but thins to the west.
Coal IV is about 3 feet thick in Daviess and Pike
Counties but thins in Warrick County and either

disappears or is unworkable in Vanderburgh County.
The Survant coal of Fuller and Ashley (1902a,b) in
Pike County is Coal IV.

The roof of Coal IV, the top unit of the Linton
formation, is usually gray shale but occasionally is
sandstone, and the floor is usually sandstone or clay.
The stratigraphic interval betweenCoal IV and Coal III
is normally 60 to 65 feet but occasionally thins to as
little as 20 feet.

The composition of Coal IV on an as-received
basis is given by Logan (1922, p. 626)in the following
proximate analyses of samples from six localities:

Analyses of Coal IV, as-received basis

(percent)

No. 1 | No. 2 | No. 3| No. 4| No. 5| No. 6
Fixed carbon---—--===—=-=----- ———- 45.38 | 46.35 | 46.20 | 44.45 | 47.01 | 46.23
Volatile mAtEer-----=-—m--ommmemmemooom oo 35.54 | 32.57 | 32.07 | 35.9% | 33.04 | 33.48
Molsture-----==--mmmmmmmmome --| 13.53 | 13.98 | 13.58 | 13.70 | 14.23 | 12.15
Ash- 7.55 7.10 8.15 5.90 5.72 8.14
B I8 g et .95 .96 91| 2.66 89| 1M
Calories--- 6,521 -— | 6,344 | 6,628 | 6,512 6,534
Btu----e--mooee - -] 11,738 | --- |11,%19 [11,930 |11,722 | 11,761

The samples are as follows: Nos. 1, 2, and 3 from
northwest of Linton, Greene County; No. 4, Diamond,
northwest of Mine No, 9, Brazil Block Coal Co.,
Parke County; Nos. 5 and 6, Dugger No. 4 mine,
Island Coal Co., Sullivan County.

Coal IVa (Houchin Creek coal)

Coal IVa in the Petersburg formation occurs
typically about 20 feet above Coal IV. A coal bed
appearingtobe IVa has been called Houchin Creek coal
(Fuller and Ashley, 1902a,b) in southern Pike and
northernWarrick Counties. Thecoalbed is thin, rang-
ing generally from 12 to 18 inches inthickness; however,
itis minedlocally in small areas. The coal bed is over-
lain at Houchin Creek by black shale and limestone.
The distribution of the estimated reserves in this bed
is shown in figure 6, and the estimated reserves are
summarized in-tables 7 through 10.

Coal V (Petersburg coal bed or Alum Cave coal)

Coal V in the Petersburg formation contains the
largest estimated reserves in Indiana and is the most
widespread minable coal in the eastern interior basin,
cropping out almost continually from the Ohio River

Analyses of Coal V,

to Vermillion County. In 1951 Coal V was being mined
inGibson, Daviess, Knox, Greene, Pike, Sullivan, Vigo,
Vermillion, and WarrickCounties. The distribution of
Coal V inIndiana is shown onfigure 12, anda summary of
the estimated reserves isgivenintables 7 through 10.

Coal Vhas an average thickness of 5 feet; locally,
however, it has attained a maximum thickness of
11 feet. Although the bed is persistent, it may be cut
out locally for some distance. The areas of coal
cutouts appear to have restricted, channellike forms.
The top of Coal V has an undulating surface giving rise
to many small so-called "plainstype structures. " The
quality of the coal varies, butitis usually a good steam
coal and is generally sold for household use. Locally,
the bed becomes very shaly and has a high ash content.
Although in places the roof is composed of sandstone,
it is usually composed of 3 to 10 feet of black shale
containing large pyrite concretions, many of which
project downward into the coal. - The black shale or
sandstone is overlain inturn by 4 to 6 feet of limestone
calléd the Alum Cave limestone member, which is the
top member of the Petersburg formation. The interval
between Coal Vand Coal IV isgenerally 100to 125feet.

The composition of Coal V on an as-received
basis is shown in the following proximate analyses:

as-received basis

(percent) o o

No. 1 | No. 2 | No. 3 | No. 4 | No. 5| No. 6

Fixed carbon 49,16 | ¥1.64 | 4h.u2 | b7.27 | 42.17 | 43.53
Volatile Matter-——commemmm e e 37.99 | 36.31 | 32.48 | 34.71 | 42.60 | 40.64
Moisture - 6.50 | 10.30 | 12.08 | 12.88 6.49 7.06
Ash~--- - e 6.35 | 11.75 | 11.02 6.14 8.74 8.77
Sulphur--—-m—ceemmme e - 1.85 4,23 3.65 1.70 3.18 3.64
Calories-- 6,981 | 6,232 | 6,117 | 6,556 | 7,002 | 6,811
Btu-- - --- {11,218 (11,011 (11,801 - |12,260
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The samples are as follows: No. 1, Cabel and Kauff-
man, Mine No. 9, three miles southwest of Washington,
Daviess County; No. 2, West of Linton, Greene County;
No. 3, Bicknell, Knox County; No. 4, Ayrshire, Pike
County; No. 5, Alum Cave, Phoenix No, 1 mine, New
Pittsburg Coal and Coke Co., Sullivan County; No. 8,
Booneville, Big Four mine, Warrick County.

Coals Va and Vb

Coals Va and Vb are two thin beds of the Dugger
formation lying between Coals V and VI. Bed Va is the
lower of the pair and is 10 to 15 feet above Coal V; bed
Vb is 30to 35feet above Coal V. The estimated reserves
inCoal Vb, which is of workable thickness locally, are
limited to Knox County. (See fig. 7.) The reserves of
Coal Vb are summarized in tables 7 through 10; no
reserves have been estimated for Coal Va.

Coal VI (Dugger coal)

Coal VI of the Dugger formation is typically de-
veloped in Sullivan County, where it is locally 6 to
8 feet thick. The coal is characterized by a shale roof
and floor and two thin shale partings in the middle of
the bed. The interval between Coal V and Ccal VI is
normally about 75 feet but has a range in thickness of
60 to 100 feet. North of Sullivan County Coal VI splits
or pinches out. Sullivan and Knox Counties contain the
largest estimated reserves. In Gibson County the bed
included as Coal VI (see fig. 13) is possibly the lower
unit of the Millersburg bed. A coal in Posey County
called Coal VI by the petroleum companies is included
with the estimated reserves of the lower unit of the
Millersburg coal bed. The estimated reserves of
Coal VI are summarized in tables 7 through 10.

Tabulated at the bottom of the page are prox-
imate analyses on an as-received basis of samples
from Coal VI. Analysis No. 1 was made by the
U. S. Bureau of Mines. Analyses Nos. 2 through 6
were taken from Logan (1822, p. 628). The samples
are as follows: No. 1, Vandalia Coal Co., Mine No. 17,
Sullivan, Sullivan County; No. 2, Bicknell Coal Co.,
Knox County; Nos. 3 and 4, Star City mine 29,
Consolidated Indiana Coal Co.; Nos. 5 and 6, West
Terre Haute, Fauvre Coal Co., Vigo County.

An underriding coal 3 to 8 feet below Coal VI
-occurs in Knox Countyand is possiblya split of Coal VI.
The distribution of the estimated reserves in the under-
rider is shown in figure 9, and the estimated reserves
are summarized in tables 7 through 10.

Millersburg coal

. The Millersburg coal, which consists of two
widely separated benches, is at the approximate strati-
graphic position of both Coal VI and Coal VII. Because
the correlation of the Millersburg coal is uncertain,
thebedwas considereatobe a separatebedin estimating
the reserves.

The Millersburg coal is best developed at Little
Ditney Hill about three miles south of Elberfeld in
Warrick County, where it is 70 to 100 feetaboveCoal V.
At this locality it averages 7 feet in thickness and is
a maximum of 10feetthick. The thickness of a medial
parting in the coal becomes so great in places that in
effect the Millersburg is two coal beds, separated by
a stratigraphic interval ranging from 1% to 22 feet in
Warrick County, 12 to 40 feet in Gibson County, and
30 to 40 feet in Posey County. The distribution of the
reserves is shown in figures 14 and 15, and tables 7
through 10 summarize the estimated tonnages.

Following is a proximate analysisonanas-receiveda
basis of a combined sample of both benches of the
Millersburg coal (No. B-52064, U. S. Bureau of Mines):

Percent
Fixed carbofi==-m—mcemmocc e e 46.80
Volatile mattepr—me——-——————— e 28.40
Moisture-- - 15.90
AShem e e e 8.90
Sulphur=eeceem e e e e .90
Calories: ---
Btu: 10,610

This sample was taken from Ingle Coal Co. mine, at
Ditney Hill, 2 miles south of Elberfeld, Warrick
County.

Coal VII

Coal VII, which lies normally 35 to 50 feet above
Coal VI, contains its largest reserves in Sullivan
County. In Sullivan and Greene Counties, it lies
15 to 20 feet above the Universal limestone member of
the Dugger formationand immediately below the massive
Busseron sandstone member of the Shelburn formation.
The average thickness of the bed is 3.4 feet where the
reserves were estimated. The roof is usually shale,
but locally it may be sandstone, which is rolling and

Analyses of Coal VI, as-received basis

(percent)

No. 1 | No. 2| No. 3 | No. 4| No. 5| No. 6
Fixed carbon hoo71 | 48.54 | u6.14 | 42.29 | 42.08| 40.91
Volatile matter-. 33,91 | 35.22 | 31.65 | 29.40 | 34.80 | 34.80
Moisture 11.15 7.61 | 13.99 | 12.17 | 12 82| 13.53
Y —————] 12.23 | 8.63 | 14.32 | 9.16 | 10.30| 10.76
Sulphur-- - - 2.01 | 1.67| 2.31{ 4.66| 3.27| 3.15
Calories—--- 6’137 6’489 6’291 1 5,732 6’117 61082
Btu~emmm — - 11,04 | --- |11,32% |10,318 |11,119 | 10,948
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Figure 13.-—Map showing reserves of Coal VI in Indiana.
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irregular. Coal VII is mined extensively west of
Terre Haute in Vigo County and a small amount is
mined south of Cakland City in Gibson County. A coal
in Vanderburgh and Posey Counties called Coal VII by
the petroleum companies may just-as logically be
called Millersburg (upper bench) and has been treated
as such in this report. The distribution of estimated
reserves of Coal VII in Indiana is shown on figure 16
and the.estimated reserves of Coal VIlare summarized
in tables 7 through 10.

The proximate analysis on an as-received basis
of a sample of Coal VII is given below:

Percent
Fixed carbon- -— 42,10
Volatile matter----—-----=--eeece—- 35.50
MoiStUre-——==remm—em—mm——m e e 13.70
Ash--- -- -- 8.70
Sulphur-m-====——mm—mmm e 3,00

Btu: 11,360

The sample was taken from Macksville, Red Bird
mine (U. S. Bureau of Mines, 1920, p. 29).

At least four thin coal beds occur above Coal VII
in the southwestern part of the State. Althoughall of them
probably have been worked locally, these beds are of
small economic importance, and no reserves were
calculated for these beds.

PRODUCTION OF COAL IN INDIANA

During the 112 years of commercial coal produc-
tion in Indiana, more than one billon tons of coal has
been mined. The maximum production for one year
was 30 million tons in 1918. In 1944 almost 28 million
tons was produced, and the production of 20 million tons
in 1950 placed Indiana sixth in the ranks of coal pro-
ducing states. (See table 11.)

History of production

The presence of coal in Indiana was noted as
early as 1763 (Ashley, 1899, p. 5). A small amount
of coal was dug by Robert Fulton for his steamboat
"Orleans" in 1812. Twenty years later, in 1832, coal
was being mined at numerous points in Indiana, and
as early as 1840 was being transported on the White,
Wabash, amtl Ohio Rivers. Duringthe year 1870, nearly
500, 000 short tons of coal was mined in the State.
Since 1876, Indiana has been among the first eight
bituminous coal-producing states. The Office of State
Mine Inspector was created in 1879, and the U. S.
Bureau of Mines office for the State of Indiana was
established at Vincennes in the fall of 1918. An inter-
esting account of early mining in the State is contained
in a report by Eavenson (1942).

Coal mining had become a large industry by.1892;
in that year over 4,494, 811 tons of coal were mined with
more than 7,600 people employed in the mines. In
1897 Indiana was eighth (Nicolls, 1897, p. 115) in
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bituminous coal production. Production tonnages
rose to peaks during the war years of 1916-1919 and
1942-1946 with the maximum annual production of
30, 678, 634 tons in 1918, Coalproduction for 1950 was
19,957,029 tons. The total known production of coal
inIndiana from 1840 through 1950 is 988, 000, 000 tons.
Table 11 shows the production of Indiana by counties
from 1900 through 1950. Clay, Greene, Knox, Pike,
Sullivan, Vigo, and Warrick Counties produce more
than 90 percent of the State's present coal production.
In 1950, a total of 170 mines were known to be operat-
ing in 17 counties, and 9, 500 men were employed in
the industry. Doubtless several more small mines
were operated of which there has been no mention in
inspectors' reports.

From 1917 through 1950, Coal V has furnished
more than 50 percent of the coal production of Indiana;
in some years the percentage has closely approached
70 percent. The second largest production came from
Coal IV for the period 1917-41; percentages of the State
production from Coal IV ranged from 12 to 32 percent.
During the years 1942-43 and 1945-50, Coal VI sup-
planted Coal IV as second largest producing coal bed
with a total of 11 to 18 percent of the State's total
production. Coal III held second place in production
for the year 1944 but dropped to third-place from 1945~
50 with an average of 11 to 13 percent of Indiana's
annual production (Coal Trades Association of Indiana,
1951, p. 21-22).

Underground mining

The first methods used in mining were of necessity
quite simple. Coal was opened along the outcrop and
drifts drivendown the dip. Cross entries weredriven,
and then rooms were worked from these. These early
coal mines were called "coal banks, " undoubtedly
because they often were developed near the bank of a
stream where the coal cropped out above the water
level.

Later, methods used to reach coal buried too
deeplor impossible to drift upon involved the sinking
of a slope. As:- the demand for coal increased and
better machinery became available, shafts were sunk,
and hoists and loading equipment were installed. Most
of the minesare now mechanized. Ofthe 19,957, 029 tons
mined in 1950 in Indiana, 9,217,462 tons or 46 percent
were mined by approximately 6, 400 men using under-
ground methods.

Strip mining

Production by strip mining was first recorded
in 1917, and as early as 1924-25 Indiana led the Nation
intonnage of strip-mined bituminous coal. Approximately
43 percent of the State's production was strip mined
in 1935 as compared to the national average that year
of 6.4 percent. Of the 19,957,029 tons of coal produced,
10, 739, 567 tons or 54 percent of the State's production
in 1950 came from the strip pits.

More than 3,000 people were employed during
1950 in the strip-mining industry. Heavy equipment
is in use in the State; of 25 stripping shovels employed
in the industry, four have a capacity of 40 cubic yards
or more and several handle 15 to 25 cubic yards.



Table 11.-—Recorded coal production in

Year Clay Daviess Dubols Fountain Glbson Greene Knox Owen Parke
1900--—---- 1,165,302 : 276,625 _— 4y, 232 66,889 723,255 60,749 - 649,665
190L-m—mmmm 1,080,164 238,699 — 34,826 116,526 9k ,621 94,579 -— 631,032
1902--——--- 1,315,046 217,326 10,094 17,099 105,468 1,663,785 119,225 _— 1,155,457
1903 =mmmmmm 1,242,958 183,692 58, 18,660 81,946 2,303,512 117,046 -— 989,983
190K~ mmmm e 960,094 143,877 b 13,833 41,452 98,257 2,440,420 173,406 -— 924,001
1905------- 781,574 101,429 b 7,200 52.655 99,322 2,458,665 293,480 -—- 750,314
1906------- 1,101,228 135,985 b, 14,700 ¢ 84,169 142, huy 2,307,486 333,833 --- 707,027
1985 ------- 1,266,507 120,996 ,460 4 41,270 207,472 2,773,944 374,099 --- 655,312
1908--mmmmm 863,649 77,034 b 12,320 4,800 188,500 2,361,404 428,821 _— 644,062
1909---=---- 958,732 877 b 35,404 4 12,650 232,599 2,612,686 642,727 15,904 730,082
LN Yo E— 980,016 87,374 b 8,290 j 8,422 296,753 3,439,002 1,003,909 10,690 764,115
1911---omem 779,372 79,466 & 4,119 5,625 247,128 2,563, 879,323 22,693 521,567
1912---n--- 700,323 105,079 5516,500 4 5,066 228,557 2,636,509| 1,212,596 30,707 523,150
1913------- 564,957 »0 , T-948| 4 6k, 002 227,100 | 2,780,708 1,760,748 127,285 507,508
191 Y 454,009 91,608 5,400 4 40,764 280,636 2,230,085 1,619,083 111,355 331,845

295,451 79,061 b 3,000 : 23,800 271, 2,324,634 2,212,315 91,318 166,648
629,522 78,537 (e) $ 13,1 333,9 2,440,311| 2,752,213 (<) 281,697
1,141,029 147,224 --- 20,910 471,575 3,498,038 3,119,922 & 87,3718 387,055
1,572,582 215,808 - 4 15,280 609,693 3,426,168|  3,822,853| ¢ 266,520 313,996
1,006,780 320, 249 & 25,500 413,317 476,613 2,021,868 2,965,658 97,115 92,912
1920------- 1,370,402 343,572 b 7,675 4 2,571 823,057 2,878,868| 3,705,711 121,928 105,254
1921 fommeem 547,480 271,104 b 9,144 4 2,527 658,127 1,885,479 2,736,111 77,345 28,249
1922mmmmmmm 452,901 123,794 1,200 4 2,640 513,702 1,946,445 2,507,063 40,827 116,546
1923=--mm-- 645,393 171,931 & 7,455 4 2,514 542,200 2,393,322/ 3,510,842 93,986 110, 263
1924 # cmmmem 730,617 96,4221 8 10,241 4 2,083 846,362 1,873,695 2,364,015 107,671 »534
1925 =mwmmmm 974,415 38,247 () k73,450 1,003,766 1,274,544 2,821,785 83,148 (.g
1926------- 1,176,169 29,732 - kY6051 1,315,129 1,275,647 3,101,144 T, T4 (e
1927 ------- 783,412 56,803 --- k34,08 1,031,913 1,122,967) 1,289,762 22,830 (e)
1928---—-—- 883,957 75,906 - k2,230 1,104,149 1,439,618 118,940 23,455 (e)
1929------- 1,073,364 50,658 - --- 1,091,975 1,447,405 1,473,171 88,936 -
pLoT T EA—— 942,954 23,161 b 8,300 - 857,189 1,722,181 1,434,581 92,178 18,091
1931 ~mmmmmm 637,100 17,863 b 7,578 k21,846 862,131, 1,622,929 1,459,138 110,571 (e
1932------ 504,925 22,947 ¢ 5,800 (e) 1,138,834 1,729,638| 1,561,318 142,380 (e
1933 mmmmmmm 641,533 17,151 4 g,sso (eg 1,097,863 1,694,687 1,368,634 48,178 (e
1934--mmmm- 916,287 23,740 718,263 (e 1,067,526 1,614,489 1,413,493 e) 33,435
1,058,949 25,807 —— (e) 1,205,334 1,604,419 1,596,196 141,680 34,150
1,077,917 33,233 (e) 43,1171 1,207,177 1,852,959 1,977,198 211,3%9 115,203
1,256,247 46,001 25,424 39,637 | 1,289,822 2,099,806| 1,933,215 159,835 113,929
1,137,434 66,033 19,265 44,746 | 1,050,714 1,908,372 1,599,582 92,561 118,230
1,318,283 60,369 14,172 32,591 (=) 2,147,834 2,122,107 () 132,949
1,358,941 69,342 8,751 , 489 973,715 2,247,473 2,466,614 30,992 143,899
2,013,710 83,139 13,906 85,844 | 1,157,862 2,591,ggg 2,868,350 . 118,957
2,129,947 123,730 14,9 86,931 1,212,387 2,925, 3,142,857 43,319 122,544
1,916,129 126,712 9, 81, 1,035,661 2,663,606 3,525,675 222,162 65,182
1,501,383 69,394 17,458 (e) (e) 2,443,267 3,957,887 199,130 21,995
1945 e 1,857,074 84,577 () 88,245 1,019,007 1,159,099 3,969,151 1,962 41,164
1946 -mmmmm 1,874,585 46,485 22,340 87,338 745,581 1,090,684 3,496,951 14,731 30,644
1925 ...... 2,077,512 61,122 24,789 78,215 951, 142 1,357,598 3,699,743 S THL 95,830
1948 e 1,902,673 507,934 31,997 * 169,091 74,806 930,402 3,205,688 15, 4oL e)
1949 -om e 1,156,039 353,258 7,410 69,188 456,471 671,211 2,237,527 126,084 70,605
1950------- 1,199,396 411,178 7,900 69,858 669,408 464,855) 3,128,026 189,307 19,200
Total
1900-50-- | 56,466,323 6,389,321 482,067] 1,737,730 | 32,485,645 | 102,031,790| 100,079,060 3,450,064] 13,468,281"
a Figures, }’900-23, from U. S. Geol. Survey, Mineral Resources of tse United Ststes; 1924-31, from U. S. Bureau of Mines, Mineral Resowrces of the United Snze;;e l?:}%:;m u. S;eBnm hofhl;'neso.::h'
mn headed * counties.” /Includes n,

etals Yearbook. ~ Includes Martin Co. < Inch

s Martin and Warren Ca.
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Includes Warren Co. °Small production combined with another ¢
Pexry, and Dubois Co. SIncludes Petry Co. " lncludes Crawfoed Co. 'Exclusive of wagon mine production. /Wagou mines served by rail.

or included in colf
Inclodes Parke Co.

Includes Spencer, Vanderburgh, and Dubois Co.



Indiana, 1900-502 (in short tons)

Other
Perry Pike Spencer Sullivan Vanderburgh | Vermillion Vigo Warrick countles and Total
small mines

24,077 245,433 9,106 939,989 192,5%2 649,525 1,151,643 249,064 36,000| 6,484,086
16,822 269,268 18,885 910,725 193,716 684,253 1,362,041 286,068 36,000 6,918,225
21,577 510,017 16,274 1,268,945 218,112 718,102 1,652,798 416,062 € 21,037 9,446,424
24,941 505,564 19,948 1,788,358 241,088 915,171 1,826,393 435,797 2 31,089| 10,734,692
26,218 408,391 17,511 2,061,212 258,254 1,068, 427 1,756,250 416,311 34,275( 10,842,189
17,018 452,396 16,935 2,571,818 300,112 1,302,667 2,189,603 447,576 & 32,4881 11,895,252
13,261 497,957 19,256 | 2,415,847 302,919 | 1,342,478 2,197,459 447,995 28,216| 12,092,560
17,965 516,418 25,9161 2,897,840 317,371 1,442,103 2,724,743 568,522 26,775| 13,985,713
10,601 460,180 13,206 2,602,543 263,171 1,142,802 2,735,399 482,613 23,785| 12,314,890
15,603 447,122 11,118 3,227,515 271,644 1,443,099 3,562,554 488,194 52,769| 14,834,259
26,317 697,385 9,096 4,035,934 398,293 | 1,635,623 4,181,799 768,706 38,091| 18,389,815
16,683 467,623 9,551 3,261,787 279,109 1,673,621 2,793,352 545,132 51,838 14,201,355
15,904 599,337 10,306 3,091,368 302,074 1,547,126 3,564,046 691,475 45,5951 15,285,718
14,910 583,637 8,479 3,084,419 280,522 2,085,311 4,237,274 685,020 60,915| 17,165,671
13,800 578,693 8,510 2,999,148 288,191 2,135,836 4,767,828 624,770 59,571| 16,641,132
11,075 646,166 6,695 2,587,108 227,331 | 2,734,546 4,688,838 577,473 59,516 17,006,152
(e) 815,304 6,746 | 2,763,433 330,135 | 3,420,088 5,285,542 774,116 1167,993| 20,093,528
(e 983,974 5,081 3,528,902 384,199 4,212,638 7,303,343 1,169,386 78,675 26,539,329
(e 1,139,412 8,456 4,346,857 347,440 | 4,205,808 8,935,376 | 1,399,746 52,639| 30,678,634
(e 1,024,973 25,720 3,096,059 264,760 2,844,845 5,802, 244 781,317 52,358| 20,912,288
15,997 1,422,013 32,713 | 4,523,306 370,993 3,521,187 8,232,106 | 1,583,232 260,000| 29,350,585
8,064 1,035,469 7,472 3,418,435 224,665 2,185,886 6,364,245 859,707 i --= 20,319,509
8,500 1,359,328 12,g$$ 3,184,684 208,678 2,146,848 5,519,218 805,310 182,465] 19,132,889
feg 1,818,324 6, 5,510,510 ,584 | 3,247,298 6,781,735 986,661 791,204 26,229,099
e 2,000, 247 9,933 4,919,197 287,403 2,208,293 5,079,692 859,808 -— 21,480,213
9,213| 2,136,333 (%) 4,572,83%0 (e) 2,326,337 4,781,606 891,474 ! 237,816| 21,224,966
6,212 2,597,749| ™ 287,224| 4,661,026 (<) 2,371,258 5,262,588 | 1,019,639 -— 23,186,006
(e) 2,719,593 (e) 3,588,488 (e) 1,922,491 3,700,573 | 1,290,740  ho2,100| 17,935,758
(e) 1,949,578 (e) 2,984,478 (e) 2,060,776 3,364,612 | 1,767,073 * 303,808 16,378,580
9,515 2,484,370 (e) 2,949,614 (e) 2,190,892 3,955,684 1,226,712 ° 301,972| 18,344,358
{e) 2,709,804 (e 2,778,758 (e) 1,682,563 2,963,978 | 1,023,355 = 232,869 16,489,962
7,508 2,721,304 m 225,815 2,257,984 (e) 1,433,158 2,049,717 860,523 -— 14,295,165
(=; 2,697,570 £9,71k| 1,532,541 205,444 | 1,049,310 1,578,485 | 1,019,202 ? 35,465 13,323,573
(e 2,068,234 €9,556( 2,104,447 135,251 | 1,34k,433 2,274,609 923,361 # 25,465( 13,761,052
(e) 2,440,081 (e) 2,288,226 160,649 1,268,344 2,549,449 883,931 T 115,730| 14,793,643
g.) 2,728,767 & 11,154 2,261,687 () 1,091,780 2,892,804 965,516 5 135,971 15,754,214
.; 3,121,493 8,104 2,248,518 154,174 884,044 3,561,278 1,304,529 t 21,623 17,822,536
(e 3,208,339 22,046 1,916,977 151,081 637,538 3,465,691 1,358,516 “ 40,560 17,764,754
24,110| 2,649,045 81,318 1,393,515 (e) 524,393 2,889,998 | 1,031,027 ¥ 128,141| 14,758,484
26,84k | 3,396,68% (e) 1,498,804 (<) 187,621 3,279,406 | 1,251,760 | * 1,173,348| 16,942,772
29,881 3,580,806 91,791 1,638,087 (e 562,593 3,903,394 | 1,597,437 ¥ 106,277| 18,868,572
41,054 4,253,896 144,940 2,059,467 (e 519,039 3,751,630 2,611,389 * 168,992| 22,483,929
45,354 4,426,500 121,625 2,094,488 b 106,390 501,138 4,329,483 3,960,521 — 25,388,051
25,465 3,905,445 110,351 2,276,089 90,609 472,883 4,655,755 3,877,079 b 5,006| 25,064,583
8,298 4,197,668 180, 254 3,044,807 (e) 509,235 5,643,213 4,375,701 | * 1,392,193 27,961,883
2,450 4,093,828 205,888 | 3,087,887 (e) 399,006 5,205,128 | 3,920,772 * 47,373 25,182,611
2,450 3,458,816 248,350 2,844,162 - 268,079 4,004,972 | 3,459,445 b 1,334 21,696,947
1,200| 4,050,615 221,614| 3,802,850 —— 450,303 4,315,096 | 4,252,827 --~ | 25,449,097
1,220| 3,665,386 204,730| 3,399,350 --- 558,180 | 4,590,215 | 3,892,175 , oo | 22,889,257
3,200 2,603,867 168,408 | 2,360,902 --- 442,501 3,238,395 | 2,581,776 52,914 16,549,756
--- 3,127,263 84,283 2,496,945 -— 393,719 4,426,343 3,268,301 ¢ 1,047 19,957,029
563,307 100,437,755 2,773,695 143,178,866 8,064,894 | 76,895,204 | 201,329,603 | 71,964,842 6,40%,298) 928,201,745

™Miacludes Vanderburgh Co. "chindes Spencet, Vanderbucgh, and Perry Co. ®Includes Spencer, Vaoderburgh, and Mattia Co. P Includes Fountain, Parke, and Warren Go- 9Includes Perry and Spencer Co. "Includes
Eounuin. Owen, and Warren Co. ~ Includes Fountain, Vanderburgh, and Warren Co. ' Includes Dubois, Martin, and Petry Co. ~ Incindes Perry, Warren, and Martin Co. ~ Includes V’anderburgh, Warren, and Martin Co,
Includes Gibson, Owen, Spencer, Vanderburgh, Martin, and Warren Co. *Inclodes Martin, Owen, Vanderburgh, and Warren Co. ¥ Includes Fountain, Gibson, and Vanderburgh Co. *Includes Dubois and Vanderburgh Co.
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Figure 16, —-Map showing reserves of Coal VII in Indiana.
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There are more than 80 loading shovels used in the
industry ranging in size from 1 to 5 cubic yards.
Approximately 65 draglines, which vary in size from

23 to 25 cubic yards, are in use. More than 50 bull-
dozers of varying sizes and 100 large capacity tractor
trucks of 18- to 32-ton capacity are employed in the
industry; numerous smaller trucks are also employed.
Eleven steam locomotives andthree electric locomotives
pull a total of 110 railroad cars, exclusive of regular
haulage from the mines by feeder line railways.

The average overburden moved is approximately
35 feet. The maximum overburden stripped in most
mines islessthan 90 feet, but occasionally overburden
more than 100 feet thick has been moved from small areas.

RECOVERABILITY IN MINING

Underground mining operations in various parts
of the United States usually have a recovery of not
more than 50 percent of the original reserves. The
recovery is dependent on methods and conditions
existing in the mines. Careful estimations of tonnages
mined and lost in mining were made during the progress
of this study. Comparisons of calculated tonnages of
coal in the ground with actual production tonnages in
Knox, Vanderburgh, and Warrick Counties show an
extraction of 55to 60 percentand a corresponding loss
of 40 to 45 percent, These calculations were made on
mines having no wash plant.

Most of the larger mines in the State have wet
cleaning plants. As impurities are extracted and
discarded, there also exists another pair of efficiency
factors. The first is the qualitative efficiency or the
percentage loss of impurities removed from the coal.
The second is the quantitative efficiency or "bankloss"
which is the loss of coal in the refuse dump in terms
of feed coal. Neither of these losses are actually
mining losses, but they contribute to the total coal loss
and therefore are included in the percentage of loss
by mining.

Some other factors which contribute sizable loss
in extraction efficiency are: coal left in the roof, coal
lost because of faults, and loss of coal between adjacent
mines and in hazardous mining areas. Certainly these
and other factors are sufficient to produce final tipple
production figures showing extraction of not more
than 50 percent of the original reserves for coal mined
by underground methods. This convenient figure is
therefore the one used in computing recoverable re-
serves of coal to be mined by underground methods.

Roy Kattman (1950), Chief Engineer of Enoco
Collieries, Inc., estimates mininglossatapproximately

40 percent for his company; however, washing losses
reduce the actual recovery to 60 percent.

H. P. Miller (1951), assistenttothe Chief Engineer,
Ayrshire Collieries Corporation, has conducted wash-
ability studies on samples collected from diamond~-drill
cores on deep reserves of Coals III, V, VI, and VII
and estimated the amount of recoverable coal using, the
washing yield percentages obtained intheir laboratories
and using extraction percentagesgiven at the bottom of the
page. The estimated total recoveries are as follows:

Washing plant Total

yield Extraction recovery
Seam percentage percentage (percent)
IIT-mmmm- 71.8 50 36
Vemomommm 84.9 55 b7
VI-mmmmem 76.1 55 L 40
VII--a--- 8k.5 55 47

*Includes a 2 percent total loss for clay seams.

The recovery of coal in strip mines is relatively
high, depending upon mining conditions. Mr. Miller
(1951) estimates a 10 to 25 percent loss of the attempted
mined tonnage in strip mines in Indiana. The tabulation
at the bottom of the page is the recovery cited by
Miller (1951) for individual strip operations of the
Ayrshire Collieries. Robert A. McClevey (1951},
Engineer of Sunlight Coal Corporation, Warrick County,
estimates a 15 percent loss of the attempted mined
tonnage on the Millersburgcoalbed, CharlesR. Barnard
(1950), Engineer of Enoco Collieries Company, Pike
County, estimates that usually the loss is 20 percent
of the attempted mined tonnage on Coal V. The fore-
going data from the engineers of three of the largest
strip-mining organizations in the State suggest that
80 percent is the average recovery of the coal in the
ground in strip mining in Indiana; and this convenient
figure has been used in this report to compute recover-
able reserves of strippable ccal.

USE OF COAL IN INDIANA

Although Indiana produces more than 20 million
tons of coal annually, and exports about 25 percent of
this amount, the coal is not suitable for making
metallurgical coke. Indiana's thriving steel industry
is thus dependent upon the Appalachian Basin states
for coking coal, which is imported in amounts greatly
exceeding the exports of noncoking coal. A study of the
distribution and use of coal in the United States during
1946, prepared by the U. S. Bureau of Mines (1948},
which takes into account about 90 percent of the total

Recovery in some Indiana strip mines

Sunspot mine, Vermillion County------——eoemmmmemoomo No. VII Seam 75 percent (Raw)

Chinook mine, Clay County---—=---m—omemmmemmaenoo ~--—- No. III Seam 75 percent (Washed)
Ayrshire mine, Pike County---=----mcmcmmmmmommm o] No. V Seam 90 percent (Raw)

Ayrshire mine, Pike County---=--me=ecemmmocmmommoo No. IV Seam 85 percent (Raw)

Patoka mine, Pike County----——=-=—-mo—mmmeme oo No. V Seam 90 percent (Raw)

Patoka mine, Pike County----—-m-comommommmmmmmmmmeooo No. VI  Seam 80 percent (Raw)
Undeveloped Boonville field, Warrick County---------- No. V Seam 80 percent (Assumed washed)
Undeveloped Newburgh field, Werrick County----- v —————] No. V Seam 80 percent (Assumed washed)
Undeveloped Millersburg field, Warrick Millers- Seam 80 percent (Assumed washed)

County. burg.
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coal production, provides a reasonably accurate
picture of the movements and use of coal in
Indiana in that year. The résults of this study,
which are summarized in the tabulation at the
bottom of the page, show that Indiana produced
nearly 22 million and imported 16 million tons of
coal in 1946 to make a total of 38 million tons
produced and imported. Nearly 14 million tons
of the imported coal was obtained from West
Virginia, eastern Kentucky, and Virginia, and most
of this amount was used in byproduct ovens to
manufacture coke for the steel industry. Of the
noncoking coal produced in Indiana, nearly 7 mil-
lion tons was used by railroads in Indiana, and
surrounding States and Canada; and 5 million tons
was shipped to surrounding States, particularly
Illinois, Wisconsin, Iowa, and Minnesota, for use
other than by railroads. The remainder was used
for heat, light;and power by industry, for the
production of electricity by the utilities, and for
domestic heating.

Although the use of coal as a source of energy in
Indiana has decreased somewhat in recent years owing
to the availability of natural gas and fuel oil, a rel-
atively large proportion of the energy produced in
Indiana is obtained from coal. A breakdown of the use
of bituminous coal and competing fuels prepared by
the Bituminous Coal Institute (1951, p. 96) shows that
of the total energy used in Indiana in 1949, bituminous
coal supplied 72. 3 percent; fuel oil, 20.0 percent;
natural gas, 7.1 percent; and hydroelectric power,
Q. 6 percent.

The coal of egy and nut sizes is used by the
railroads. Nut and slack sizes are largely used by
general industries and electric generating plants through-
out Indiana and in the several surrounding States, Both
coarse and small sizes are used by other phases of
general industry. Large quantities of specially washed
coal are consumed by household stokers.and small
industries. Locally, small mines produce mine-run
and unprepared screened coal for household use.

Coal produced and used in Indiana in 1946

(Sources: U. S, Bur, Mines, 1948a, b)

origin

Produced or imported (tons)

Produced 10 INALANA. ceeeeerveesessessenraasssssestasassasesossssossssscsannnsscsssans 21,696,947

Imported from:

West Virginia, Virginia, and eastern Kentucky..eeeeeeeeaseeeess 13,738,744

T113IN018.ceeeesscoscconessossenosonssesesosnssassssssssssscnsasansae

Western KentuUCKy.veeeeeeoeescececccacesscsascssscssscscssasssascns
PennsSylvania. . cvueeieeccecssososssnsssosscssssssessssssssssscss

1,989,664
414,594
209,516

ON10.eeueeeceassnsscesscassnssssoncsssscssssasssssssasassssassacs 142,426
IPOtALl IMPOTEEAe s s vanacesesosenscesoorosassccssnssnssossssssnsassasassssssss 10,499,044

Total produced and IMDOTLE.e s cesssoreeasessosasecssscsessenssescanscnssnsssnss 38,196,801

Used by railroads or

Destination exported (tons)
Used by railroads in Indiana, surrounding States, and Canada......eeceeeescecsssssssss 0,877,142
Exported to:

T11AN0L8 . e et taeeanasssennsessssoscsensoocnnsassnssannsasscanans 3,330,446
WiSCONSIN, s iuesoeenosoceasseseosessnscacsassaccsscascsasesonnsns 728,665
1 - 620,881
MINNESOta . cvvveresessssasasssnsossosssancsosssssscssvssoasssases 118,399
MIChIgAN. cevensensseoasrosscsnsassssssassecsassassncssasssnasse 101,930
LEKE POPES . eeesesarsorsorssrossosoassssssscasosssssssssanssnsnns 61,790
ONi0. eieeeennronssssonmeosossansassssasosssasncsassasnssssasasss 30,832
KenbUCKY . ceeeeeeersecnsnenssnnocesssasssssscssssassasasssnsasces 5,907
MISSOUPL. s teeeseseroscesossocsotsocscsosassasssssanonsaenassasess 4,843
SOULN DAKOLB . e e v veeransonesossessrssnscosssssssosesnesccsncssses 2,143
NEDTBSKA . s evessesosssrssosascnsosnassasesncssossensacsanasnnss 1,543
KBNSBS . e vieeeeeuiaseresssasosasssesssrancssscanssssosesnnssssns 103

Total eXPOrted..seeceeeeseeescesasssaconsnnsas Cedeccesesiietsensaesienaases 5,007,482

Total used by railroads and €XpOrted.....ceeeeeeeecceeoscenenesaseesa. 11,884,624

Total used in Indlana by other than TailroadS......eceessseocassacesss 26,312,267

Total used in Indiana, aNA EXPOTLEA..c.cvereereneraneeacrscasvcasssasscssaseeses 38,196,891



CONCLUSIONS

On the basis of the conservative estimate of re-
serves presented herein, it is apparent that Indiana's
coal supplies are more than adequate for the foresee-
able future.

Because of the many variable factors that must
be taken into account, however, it is impossible to
estimate the life expectancy of the reserves with any
satisfactory degree of accuracy. These factors include
the observed increase in population and use of energy
in this country, the ready interchangeability of fuels
at most installations, the variations in efficiency in
the recovery and use of fuels, the availability of pe-
troleum from other continents, and the possibility of
new fuels being developed or old fuels being exhausted.

If, for example, it should become desirable to manu-
facture synthetic liquid fuels from coal, the needs for
coal will be enormous, for our use of liquid fuels is
very great, and half of the energy in coal is consumed
in the conversion. Nevertheless, it is possible to
make interesting comparisons between present rates
of production and the total estimated recoverable
reserves.

Taking into account only beds 14 inches or more
thick for strippable reserves and beds 28 inches or
more thick for nonstrippable reserves, and using the
1947 peak production rate of 14 million tons for strip
mined coal, and the 1918 peak production rate of
29 million tons for deep mined coal as the assumed
average rates of production of these two classes
of coal in the future, the following are obtained:

Relation of maximum annual production to total estimated recoverable reserves in Indiana

Years of production at rates assumed
Class of reserves
Measured | Indicated | Inferred | Total
Strippable (Beds 14 inches or more thick under
thin overburden)--———=acmmmo—morecmec—a————————————] 78 63 28 169
Nonstrippable (Beds 28 inches or more thick
under thick overburden)--——-——om oo 56 118 362 536
Total-mmmmmmmm e ———— 134 181 370 705

It is therefore apparent that Indiana has recover-
able strippable coal reserves sufficient to supply the
needs of several generations, and that the recoverable
reserves of coal in more deeply buried beds are at
least 3 times that of the strippable reserves. These
reserves vary considerably in accessibility, and only
the measured reserves in the thicker beds are regarded
as being immediately available, The total reserves in
all categories, however, give comfortable assurance
that the needs of the State for noncoking coal can be
met in any emergency for many years to come.
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