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CONTRIBUTIONS TO ECONOMIC GEOLOGY

COAL RESOURCES OF ARKANSAS, 1954

By Boyp R. HaLEY

ABSTRACT

Coal of Pennsylvanian (Des Moines) age underlies approximately 1,700 square
miles in the western part of the Arkansas Valley region in west-central Arkansas.
The coal ranges in rank from low-volatile bituminous to semianthracite; the
greater part is classed as low-volatile bituminous. Coal produced in this area is
mined from the Lower and Upper Hartshorne coal beds of the McAlester forma-
tion and from the Charleston and Paris coal beds of the Savanna formation in
Sebastian, Scott, Logan, Franklin, Johnson, and Pope Counties. The Lower
Hartshorne coal bed at the base of the McAlester formation has been the source
of most of the coal.

Reserves of coal in the Arkansas Valley coal field are estimated as follows:
original reserves 2,272 million short tons; remaining reserves 2,080 million short
tons; and recoverable reserves 1,040 million short tons. The estimated original
reserves included 1,816 million short tons of low-volatile bituminous coal and
456 million short tons of semianthracite. These summary reserve estimates are
subdivided in this report and listed in categories of rank, county, and individual
coal bed. The estimates are also qualified in relation to coal-bed thickness,
amount and reliability of data, and amount of overburden.

Lignite is present discontinuously in rocks that are exposed over an area of
approximately 6,125 square miles in the Gulf Coastal Plain of Arkansas. The
lignite-bearing rocks are in the Tokio formation of Cretaceous age, and the Wilcox
group, the Claiborne group, and the Jackson formation of Eocene age. The
lignite beds are lenticular, and individual beds probably do not extend over an
area larger than about 2 square miles. The original reserves of lignite in known
deposits under less than 100 feet of overburden are listed by counties in this report
and are estimated to be 32 million short tons. The total reserves of lignite in
Arkansas are tentatively estimated to be 350 million short tons. The total
amount of lignite mined in Arkansas since the beginning of mining probably does
not exceed 100 thousand short tons.

INTRODUCTION
LOCATION OF COAL RESERVES

Important reserves of low-volatile bituminous coal and semianthra-
cite occur in the west-central part of Arkansas, and lignite occurs in
the southern and eastern parts of the State (pl. 58). The bituminous
coal and semianthracite is produced from an area of about 1,700 square
miles in the western part of the Arkansas Valley region. All the coal
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796 CONTRIBUTIONS TO ECONOMIC GEOLOGY

produced in this area for out-of-State consumption and most of the
coal produced for local consumption has been mined from coal beds
of Pennsylvanian age, including the Lower Hartshorne and Upper
Hartshorne coal beds of the McAlester formation and the Charleston
and Paris coal beds of the Savanna formation, in Sebastian, Scott,
Logan, Franklin, Johnson, Crawford, and Pope Counties. Coal is
produced for local use from other coal beds in these counties and in
Perry, Conway, Yell, Washington, and White Counties, but the total
production is small and the reserves in these coal beds are negligible.

Lignite has been produced from lignite-bearing rocks that are
exposed discontinuously over an area of approximately 6,125 square
miles in the Gulf Coastal Plain of Arkansas (pl. 58). More than 95
percent of the lignite has been produced from the lignite-bearing rocks
of the Wilcox group of Eocene age in Ouachita, Dallas, Hot Spring,
Saline, and Pulaski Counties.

PURPOSE AND LIMITATIONS OF THIS REPORT

This report on the coal resources of Arkansas was prepared by the
U.S. Geological Survey in its program of compiling a comprehensive
and detailed State-by-State estimate of the coal reserves of the United
States. It is the most accurate estimate that can be made with the
information now available. However, when additional information
on thickness of coal beds has been obtained by further surface and
subsurface exploration, and when detailed geologic maps have been
prepared for coal-bearing areas that have not been adequately mapped,
it will be possible to improve the accuracy of the estimate, particularly
by increasing knowledge about measured and indicated reserves.

The sporadic distribution of the lignite beds and the scarcity of
thickness data have precluded the preparation of a complete estimate
of lignite reserves. A more complete estimate of the lignite reserves
would require an intensive mapping and core-drilling program.

ACENOWLEDGMENTS

The estimates of reserves in this report are based upon data obtained
from published reports and unpublished records of the U.S. Geological
Survey and the Arkansas Geological and Conservation Commission;
published reports of the U.S. Bureau of Mines; drill-hole records of the
Reynolds Mining Corp., Little Rock, Ark.; well logs; reports by local
residents; field observations by the writer; and mine maps in the files
of county clerks.

This report was prepared with the cooperation of the Arkansas
Geological and Conservation Commission. Its preparation also was
aided by the information and cooperation provided by many individ-
uals and other organizations. N. F. Williams, director, Arkansas
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Geological and Conservation Commission, provided aerial photographs
of Johnson County, county maps, and data from the files of the com-
mission. M. E. Barker, former director of the Institute of Science and
Technology at the University of Arkansas, made available aerial
photographs of Logan County in the files of the university. J. W.
Fitzjarrell and J. H. Berry, former and present Arkansas State mine
inspectors, supplied information about the production of coal. J. H.
Moser, chief geologist, Reynolds Mining Corp., provided data on
Arkansas lignite.

RESERVES OF LOW-VOLATILE BITUMINOUS COAL AND
OF SEMIANTHRACITE IN THE ARKANSAS VALLEY
COAL FIELD

The coal-mining industry in Arkansas is centered in the Arkansas
Valley coal field (pl. 58), where coal, ranging in rank from low-volatile
bituminous to semianthracite, has been mined for at least 80 years.
The original reserves of coal before mining in the Arkansas Valley
coal field are estimated to have been 2,272 million short tons. The
accumulated production to January 1, 1954, totaled 96,284,973 tons,
and the losses in mining over this period are estimated to have been
equal to the production. Subtracting the estimated production and
mining losses from the original reserves leaves remaining reserves of
2,080 million short tons. Subtracting estimated future mining losses
of 50 percent from the estimated remaining reserves leaves recoverable
reserves of 1,040 million short tons. A summation of these reserves,
by counties and for the State, is listed in table 6.

The distribution of the estimated original reserves by coal bed,
county, rank, thickness of the coal, abundance and reliability of data,
and amount of overburden is shown in bar graphs (figs. 43 and 44).
All coal included in the estimates is overlain by less than 3,000 feet of
overburden except for about 417,000 short tons in the Lower Harts-
horne coal bed in Sebastian County (pl. 59). This small tonnage,
which has an overburden only slightly in excess of 3,000 feet, is in-
cluded in tables 1 and 5 under the category for coal with more than
2,000 feet of overburden and is included in that category in figure 44.

In making an estimate of the coal reserves of a large coal field,
the total amount of coal included in the estimate is dependent upon
such factors as (a) geologic characteristics of the coal field, (b) amount
and distribution of the information on the thickness and other char-
acteristics of the coal beds, and, to some extent, (¢c) the interpretations
used by the individual in making the estimate. A comparison of the
coal reserves estimate for Oklahoma (Trumbull, 1957, fig. 2, tables 1
and 2) with this estimate of Arkansas coal reserves illustrates the effect
of these variables upon the estimate of reserves.
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B.—DISTRIBUTION BY COUNTY
FiaURE 43.—Distribution of coal reserves of different rank, by bed and county.

In the Oklahoma coal field, which has an overall area of approxi-
mately 14,550 square miles, the reserves originally present before
mining are estimated to be 3,673 million short tons, and in the
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FIGURE 44.—Distribution of original reserves of coal by rank, amount of overburden, amount and reliability
of data, and by thickness of the coal. Tonnages in millions of short tons.

Arkansas Valley coal field, which has an approximate area of about
1,700 square miles, the original reserves are estimated to be 2,272
million short tons. The two coal fields are underlain by about the
same number and thickness of coal beds. This apparent anomaly of



800 CONTRIBUTIONS TO ECONOMIC GEOLOGY

adjoining coal fields having an area ratio of 8.5 to 1 and an estimated
reserves ratio of only 3 to 2 is caused by the different geologic char-
acteristics of the two coal fields and by the relative amount and
distribution of coal thickness information.

The more important coal beds in the southern part of the Oklahoma
coal field have dips in excess of 45° for long distances along the out-
crop, are more than 3,000 feet below the surface in much of the coal-
bearing area, are irregular in thickness and extent, and eannot be
correlated on opposite sides of the large synclines. The coal beds in
the northern part of the Oklahoma coal field are generally less than 14
inches thick and dip gently and uniformly to the west, but are unpre-
dictable in thickness and continuity. Therefore, the estimate of
Oklahoma coal reserves does not include large amounts of coal that
probably exist in many areas where data are lacking and, in the opinion
of the appraiser, could not be extrapolated from nearby areas, nor
does it include the large amounts of coal that fall beyond the cutoff
points established for inclusion in the reserves estimate, namely a
minimum bed thickness of 14 inches and a maximum overburden
thickness of 3,000 feet.

The coal beds in the Arkansas Valley coal ﬁeld have gentle dips,
are everywhere less than 3,200 feet deep, and can be correlated by
surface mapping or stratigraphjc similarity on opposite sides of the
synclines. These three characteristics, together with abundant coal-
thickness information, permit liberal extrapolation of data over large
areas in Arkansas. As a result, the total estimated reserves of coal in
Arkansas include a larger percent of estimated inferred reserves than
the total estimated reserves of coal in Oklahoma. Also, the total
estimated reserves of coal per unit area is larger in Arkansas than in

Oklahoma.
CLASSIFICATION OF RESERVES

The estimate of the reserves of low-volatile bituminous coal and of
semianthracite in the Arkansas Valley coal field was prepared accord-
ing to procedures adopted by the U.S. Geological Survey in 1949
(Averitt, 1949, p. 225, 226). The estimate is based on original reserves
of coal in the ground before mining, because areas in which the coal
had been mined could not be accurately delineated with available
mine maps. In calculating the reserves the coal was classified accord-
ing to rank, weight, thickness, thickness of overburden, and availability
of data. The criteria used in this classification are described in the
following paragraphs. The resulting estimates of coal reserves of
different rank are listed in tables 1 and 2 by county and coal bed; the
estimates are subdivided into categories of abundance and reliability
of information, thickness of the coal bed, and amount of overburden.
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RANK OF COAL

The rank of coal in the Arkansas Valley coal field was determined
according to the classification established by the American Society
for Testing Materials (1939, p. 1-6); the classification is given in
table 3. The percentage of dry mineral-matter-free fixed carbon in
the coal ranges from about 80 percent in the southwestern part of the
coal field to about 89 percent in the eastern part. Therefore, the
coal ranges in rank from low-volatile bituminous coal to semian-

thracite.

The percentage of dry mineral-matter-free fixed carbon

in the coal was determined by using the following approximation

formula:

Dry mineral-matter-free fixed carbon=

FC

where: FC=percentage of fixed carbon,
M =percentage of moisture,
=percentage of ash, and

N

TaBLE 3.—Classification of coals by rank]

=percentage of sulfur.

100— (M+1.14+0.18

)XIOO!

{Symbols: FC, fixed carbon; VM, volatile matter; Btu, British thermal units.
From American Society for Testing Materials (1939, p. 2)]

Limits of fixed carbon or

Requisite physical

Class Group Btu mineral-matter-free properties
basis
I. Anthraeitic...__. 1. Meta-anthracite...... Dry FC, 98 percent or more

II. Bituminous 3

2, Anthracite_.-..__._..

1. Low-volatile bitumi-
nous coal.

2. Medium-volatile bi-
tuminous coal,

3. High-volatile A bi-
tuminous coal.

4, High-volatile B
tuminous coal.
5. High-volatile C
tuminous coal,

bi-
bi-

See footnotes at end of table,

(dry VM, 2 percent or
less).

Dry FC, 92 percent or more
and less than 98 percent
(dry VM, 8 percent or less
and more than 2 percent).

Dry FC, 86 percent or more
and less than 92 percent
(dry VM, 14 percent or
less and more than 8 per-

cent),

Dry FC, 78 percent or more
and less than 86 percent
(dry VM, 22 percent or
less and more than 14 per-
cent).

Dry FC, 69 percent or more
and less than 78 percent
(dry VM, 31 percent or
less and more than 22 per-

cent).

Dry FC, less than 69 percent
(dry VM, more than 31
percent); and moist ¢ Btu,
14,000 $ or more.

Moist ¢ Btu, 13,000 or more
and less than 14,000.5

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

Nonagglomerating.2

Either agglomerating or
nonweathering.®
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TABLE 3.—Classification of coals by rank—Continued

[Symbols: FC, fixed carbon; VM, volatile matter; Btu, British thermal units.
From American Society for Testing Materials (1939, p. 2)]

Limits of fixed carbon or Requisite physical
Class Group gtq mineral-matter-free properties
a5is

III. Subbituminous..| 1. Subbituminous A | Moist Btu, 11,000 or more | Both weathering and
coal. and less than 13,000.5 nonagglomerating.

2. Subbituminous B | Moist Btu, 9,500 or more

coal, and less than 11,000.5

3. Subbituminous C | Moist Btu, 8,300 or more

coal, and less than 9,500.5 .
1. Lignite. Moist Btu, less than 8,300... Consolidated.
2. Brown co8l...coooo_ Moist Btu, less than 8,300...{ Unconsolidated.

IV, Lignitic

! This classification does not include a few coals which have unusual 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 percent dry, mineral-matter-free fixed carbon or have
more than 15,500 moist, mineral-matter-free Biu. .

2 If agglomerating, classify in low-volatile group of the bituminous class. .

31t is recognized that there may be noncaking varieties in each group of the bituminous class.

4 Moist Btu refers to coal containing its natural bed moisture but not including visible water on the
surface of the coal.

8 Coals having 69 percent 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, agglom-
erating ?ﬁld hnonwea,thering; Variety 2, agglomerating and weathering; Variety 3, nonagglomerating and
nonweathering,

The percentage of dry mineral-matter-free fixed carbon in low-
volatile bituminous coal and in semianthracite at each of 24 localities
in the Arkansas Valley coal field was determined from the averaged
coal analyses listed in table 4. The generalized distribution of the
coal, shown on plates 59, 60, 61, and 62 was determined by plotting
and contouring the percentages. The coal analyses are from reports
by Fitzjarrell (1953, tables 2 and 4), Croneis (1930, p. 361-365 and
pl. 45), Hendricks and Parks (1937, p. 209 213), Fieldner, Smith, and
others (1918, p. 29-30, 160-163), Fieldner, Selvig, and Paul (1922,
p. 22-24, 119-124), Fieldner, Cooper, and Osgood (1928, p. 7-21),
and from U.S. Bureau of Mines analyses of samples collected by the
writer and others,

WEIGHT OF COAL

The average weight of coal used in calculating the coal reserves
of the Arkansas Valley coal field is 1,800 short tons per acre-foot for
bituminous coal and 2,000 short tons per acre-foot for semianthracite.

THICKNESS OF COAL

In calculating and reporting the reserves of low-volatile bituminous
coal and of semianthracite, the following standard categories, based
on thickness, have been used: thin (14-28 inches), intermediate
(28-42 inches), and thick (more than 42 inches).
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TABLE 4.—Averaged analyses of coal from the Arkansas Valley coal field

[Samples on *“as received’’ basis]

Proximate analyses, in per- Dry
cent min-
Num- eral-
Sample . ber of Sulfur | matter-
No. Mine Coal bed anal- (per- | free
(pl. 62) yses | Mois- | Vola- |Fixed cent) | fixed
ture tile | car- | Ash carbon
matter | bon (per-
cent) !
1 | Central No. 10..... Lower Harts- 8 2.6 18.2169.91 9.3 1.0 80.2
2 | Central No. 1...... 4 3.3 17.5 [ 70.6 | 8.6 1.8 81.1
3 | Central No. 6. 6 3.4 17.9 { 69.0 | 9.7 2.0 80.5
4 | Majestic Coal Co.. 3 3.4 16.4 | 71.6 | 8.6 .9 82.2
5 | Bianea. 3 5.7 15.5 | 73.3 | 5.5 1.5 83.2
6 | Skinner. 3 3.9 16.2 | 77.0 | 2.9 .7 82.9
7 | Barr Coal Co...... 3 3.9 15.4 [ 75.8 1 4.9 1.0 83.7
8 | Great Western 3 2.0 17.0 { 7L.7 { 9.3 1.6 8L.8
9 | Central No. 12.... 2 .9 17.6 | 73.4 | 8.2 2.3 81.7
10 | Western No. 18..__ 3 2.0 1471770 6.3 11 84.6
11 1 1.0 20.0 | 74.3 | 4.7 2.5 79.4
12 | Superfuel Co....... 4 1.8 18.1169.1( 11.7 2.5 81.2
13 | Eureka Coal and 3 1.7 17.5 | 71.4 | 9.4 2.6 81.4
Mining Co.
14 | Jewel Mining Co.. 2 2.2 16.6 | 72.2 | 9.0 2.2 82,3
15 | Quality Coal Co... 3 3.0 14.5 | 78.4 | 4.1 .7 84.8
16 | Western Coal and 2 2.7 14.0{ 73.56 1 9.8 3.2 85:3
Mining No. 2.
17 | Melton No, 1_____. 3 2.6 140(76.3| 7.1 1.9 85.3
18 | Fernwood Coal Co. 3 2.3 11.2180.3| 6.2 1.2 83.5
19 | Clark and Me- 7 2.8 11.9 | 76.2 | 9.1 2.4 87.6
VéVilliams Coal
0.
20 | Arkansas Coal Co.|..... L [+ S, 4 6.6 11.7|77.8] 8.9 .7 87.2
21 | Jack Lee.ann___.. Chartlte)ston (Phil- 1 L1 16.1 173.6 | 9.2 6.1 8.5
pott).
22 | Skidmore Bros, do. 1 1.4 14.4179.8 | 4.4 1.0 85.2
23 | New Deal Coal Lower Harts- 5 4.6 1.6 | 77.1 | 6.7 1.5 87.7
Co.and K & 8 horne.
Coal Co.
24 | Bernice NO. 3.ceefomnan do. . 4 2.7 1.2 770 9.1 2.0 88.4

1 Calculated by means of formula on p. 810.

Thicknesses of coal beds used in computing the reserves have been
adjusted to exclude partings of rock more than three-eighths of an inch
thick and benches of coal normally left in mining. Areas in which
the partings constitute more than one-half the coal bed were omitted
from the calculations.

THICKNESS OF OVERBURDEN

The major overburden categories that have been adopted by the
U.S. Geological Survey (Averitt, Berryhill, and Taylor, 1953) have
been modified in this report by dividing the 0- to 1,000-foot category
into three parts: 0 to 60 feet, 60 to 500 feet, and 500 to 1,000 feet.
The reserves of coal that can be obtained by strip mining are listed in
the 0- to 60-foot category. The reserves that are most easily and
economically mined by underground methods are listed in the 60- to
500-foot category, and the reserves of coal to be mined after depletion
of the shallower reserves are listed in the 500- to 1,000-foot category.
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Reserves of coal are also listed in the 1,000- to 2,000-foot and the
2,000+ foot overburden categories.

ABUNDANCE OF RELIABLE DATA

In the Arkansas Valley coal field, the reserves of each coal bed are
classified as measured, indicated, or inferred, depending upon the
amount and reliability of data on coal thickness.

Measured reserves are computed for areas in which positive infor-
mation is available from mine workings, drill holes, and outcrops.
The points of known thickness of the coal are spaced so closely that
the calculated-reserve tonnage is believed to be accurate within 20
percent of the true tonnage. Coal classed as measured is usually less
than one-quarter of a mile from a point of known coal thickness, but in
some areas of known coal bed continuity, measured reserves may be
as far as three-eighths of a mile from the point of known thickness.

Indicated reserves are computed from data projected a reasonable
distance from a point of known coal thickness, the amount of projec-
tion being dependent upon the continuity and known change of
thickness of the coal bed, and upon known geologic structure in the
immediate area. In general, reserves classed as indicated are in a belt
one-quarter to three-quarters of a mile wide surrounding a block
of measured reserves.

Inferred reserves are computed from more widely scattered points
of known coal thickness, from assumed continuity and change in
thickness of the coal bed, and from geologic characteristics of the
coal field. Inferred reserves are computed from data projected beyond
the area of measured and indicated reserves and are more than
half a mile from any point of known coal thickness. In areas of known
coal-bed continuity, the coal may be classified as inferred because
of insufficient data on coal thickness.

The coal reserves are listed in figure 44C and in tables 1, 2, and 5
as measured, indicated, or inferred, but the areas of measured and
indicated reserves have been combined and shown as one area unit
on plates 59 and 60.

ORIGINAL, REMAINING, AND RECOVERABLE RESERVES

The estimated reserves listed by rank, county, and coal bed in
tables 1, 2, and 5 are original reserves; that is, they are the amount
of coal believed to have been present before mining began. Total
original reserves of all coal in each county in the Arkansas Valley
coal field are listed in table 6, together with the remaining reserves
(original reserves less the coal mined and lost in mining), and the
recoverable reserves (remaining reserves less the estimated future
mining losses).
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METHOD OF RECORDING DATA AND MAKING CALCULATIONS

The estimated reserves of low-volatile bituminous coal and of
semianthracite presented in this report were calculated from work-
sheets compiled for each coal bed. Data plotted on the worksheets
were as follows: State and county boundaries; faults; anticlinal and
synclinal axes; strikes and dips of the strata; outcrops of the coal beds;
and extent, depth, and thickness of the coal beds. The worksheets
were constructed at the scale of 1:24,000 from published and
unpublished topographic maps.

TaBLE 6.—Estimated original, remaining, and recoverable reserves of coal of all
ranks in the Arkansas Valley coal field, through 1954

[In millions of short tons]

Produc- . Recover-
County Original tion and | Remaining able

reserves ;nining reserves reserves 2
osses !

289.9 @) 289.9 144.9

230. 4 24.0 206. 4 103.2

361.8 29.8 332.0 166. 0

198.9 19.6 179.3 89.6

23.4 6.5 16.9 8.4

104.2 1.9 102.3 51,2

a] 1,063.0 109.3 953.7 476.9

Other counties and (or) small mines. 4) L5 T SRR AU
Total - a—— 2,271.6 19L1 2,080. 5 1,040.2

1 Mining losses are considered to be equivalent to tonnage of coal produced. 3

2 Remaining reserves less estimated future mining losses, assuming 50 percent recoverability.
8 No production recorded for Crawford County.

¢ No reserves estimated.

$ Not inciuded in total because no reserves estimated.

Lines showing changes in thickness of 1 inch were drawn between
points of known coal thickness, thereby establishing the areas of thin,
intermediate, and thick coal beds and also providing a basis for
determining the weighted-average thickness of the coal. Areas in dif-
ferent overburden categories were delineated by lines of equal over-
burden thickness drawn between points of observed and computed
depths to the coal. The areas of low-volatile bituminous coal or
semianthracite were delineated by a generalized rank line (pl. 62).

The areas defined by political and geologic boundaries, and by
categories of rank, overburden, and thickness of coal, were subdivided
into areas of measured, indicated, or inferred reserves, this classifica-
tion being dependent upon the number and reliability of observations
of coal thickness. Each subdivision on the worksheet was measured
with a planimeter to determine the acreage. The acreage, the
weighted-average thickness of coal in the area, and the weight of coal
per acre-foot were multiplied together to produce a tonnage estimate
for each subdivision. The combined estimates for each of the sub-
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divisions are totaled and tabulated in the appropriate categories in
tables 1, 2, and 5.

The tonnages of coal reserves recorded in this report represent a
minimum total. Additional information about the thickness and
extent of the coal beds will, in all probability, increase the estimated
total tonnage of original reserves, and will certainly increase the
amounts of measured and indicated reserves.

COMPARISON OF PAST AND PRESENT ESTIMATES

Original estimates of the coal reserves in the Arkansas Valley coal
field by Campbell (1908) and Steel (1910, p. 4) cite the original re-
serves of coal at 1,626 million and 1,095 million short tons, respec-
tively. Campbell’s estimate is more acceptable because it is based
on data pertaining to all coal beds thicker than 14 inches in an area
of 1,600 square miles, whereas Steel assumed that all the coal in
Arkansas was equivalent to one coal bed with an average thickness of
3 feet over an area of 310 square miles. Subsequent estimates by
Hendricks in 1939 (p. 283, table 3) and by Averitt, Berryhill, and
Taylor in 1953 (p. 4, table 1) are based on Campbell’s estimate, with
minor modifications to account for production and estimated mining
losses. The estimate presented in this report is larger than the
previous ones, but is regarded as more accurate because it is based on
more complete information about the thickness and lateral extent of
the coal beds and the geology of the coal field.

GEOLOGY OF THE ARKANSAS VALLEY COAL FIELD

The Arkansas Valley coal field includes all the areas in the Arkansas
Valley region that are underlain by the Hartshorne sandstone. The
extent of each of these areas is limited by the location on the surface
of the ground of either the contact between the Atoka formation and
the Hartshorne sandstone, or of the trace of a fault between the Atoka
formation and a younger formation.

Four formations crop out in the area of the Arkansas Valley coal
field. From oldest to youngest, they are the Hartshorne sandstone,
and the McAlester, Savanna, and Boggy formations (pls. 58 and 63).
These formations are the productive coal measures described in this
and previous reports.

STRATIGRAPHY

The generalized columnar section (fig. 45) and most of the descrip-
tions of formations were obtained from reports published by Collier
(1907, p. 11-22), Croneis (1930, p. 116-147), Hendricks, Dane, and
Knechtel (1936, p. 1342-1356), Hendricks (1937, p. 1403-1421), and
Hendricks and Parks (1950, p. 69-80). The writer has modified the
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FIQURE 45.—Generalized columnar section of the formations and coal beds in the Arkansas
Valley region.
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generalized columnar section and the formation descriptions from
these older reports to accord with his observations in the field. In
this report the ateas of the outcropping Atoka formation are not
included in the Arkansas Valley coal field. However, the Atoka
formation is described in this report because it contains coal and
underlies the areas of the productive coal measures.

ATOKA FORMATION

The Atoka formation of Pennsylvanian age consists of beds of sand-
stone, siltstone, shale, and a few thin beds of coal and is the oldest
coal-bearing formation exposed in the Arkansas Valley region. The
lower part of the formation has been intruded at places by igneous
rock, but little metamorphism is evident in adjacent rocks (Croneis
and Billings, 1930, p. 153). The thickness of the formation ranges
from about 1,500 feet in the northern part of the area to more than
9,000 feet in the southern part (Hendricks, Dane, and Knechtel, 1936,
fig. 3).

The coal beds in the Atoka formation are not mined on a large scale
because of the thinness and poor quality of the coal, but two of them
have been mined on a small scale to supply local demand. The most
extensively mined coal bed in the Atoka formation is near Centerville
in Yell County (pl. 61). Reserves have not been calculated for any
of the coal beds in the Atoka formation.

HARTSHORNE SANDSTONE

The Hartshorne sandstone of Pennsylvanian (Des Moines) age
is defined in this and in previous reports as the first continuous
sandstone below the Lower Hartshorne coal bed. The Hartshorne
sandstone overlies the Atoka formation with a contact that has been
regarded as unconformable by Hendricks and Parks (1950, p. 73).
The Hartshorne sandstone is a continuous sandy zone composed of a
single bed of sandstone or clayey sandstone, or several quartzose
sandstone beds intercalated with thin beds of shale. In some locali-
ties, thin lenticular coal beds are present in the shale members. The
Hartshorne sandstone ranges in thickness from about 10 feet to about
300 feet and is the basal stratigraphic unit of the productive coal
measures of this report.

McALESTER FORMATION

The McAlester formation of Pennsylvanian (Des Moines) age,
which conformably overlies the Hartshorne sandstone, consists of
sandstone, siltstone, shale, and coal. The thickness of the McAlester
formation ranges from about 500 feet in the northeastern part of the
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area to 1,820 feet in the western part (Hendricks, Dane, and Knechtel,
1936, fig. 4; Hendricks and Parks, 1937, p. 199).

Four of the eight coal beds in the McAlester formation have been
mined, but only the Lower Hartshorne and the Upper Hartshorne are
considered to be of economic importance. The Lower Hartshorne
coal bed is near the base of the McAlester formation, and the Upper
Hartshorne coal bed is 60 to 90 feet above the Lower Hartshorne coal.

SAVANNA FORMATION

The Savanna formation of Pennsylvanian (Des Moines) age, which
overlies the McAlester formation with a minor unconformity (Hen-
dricks and Parks, 1950, p. 76), consists of shale, siltstone, sandstone,
coal, and a few thin beds of limestone. The thickness of the Savanna
formation ranges from 750 feet in the eastern part of the area to 1,610
feet in the western part (Hendricks, Dane, and Knechtel, 1936, fig. 5;
Hendricks and Parks, 1937, p. 199).

The Savanna formation contains the Charleston, Cavanal, Paris, and
five unnamed coal beds. The Charleston and Cavanal coal beds are in
the lower part of the formation and the Paris coal bed is in the middle
part. Only the Charleston and Paris coal beds have been mined.
The Cavanal coal bed is reported to be 18 inches thick in a locality
in the southwestern part of the area.

BOGGY FORMATION

The Boggy formation of Pennsylvanian (Des Moines) age overlies
the Savanna formation unconformably (Hendricks, Dane, and
Knechtel, 1936, p. 1350). Only 900 feet of beds in the lower part of
the formation is present in Arkansas, and this sequence consists of
shale, limy shale, siltstone, and sandstone. Coal has not been found
in the Boggy formation in Arkansas.

STRUCTURE

The Arkansas Valley coal field is in a composite syncline containing a
number of anticlines and smaller synclines and is cut by normal and
reverse faults. The structural relief 13 more than 2,350 feet as meas-
ured on the Lower Hartshorne coal bed, which ranges from about 600
feet above sea level to an estimated depth of 1,750 feet below sea level.

Structurally, the area may be divided into two parts along a line
from Bonanza through Charleston to Russellville. South of this line,
the rocks have been strongly folded and in some areas overturned as
much as 15° beyond the vertical. 'The faults have relative displace-
ments indicative of reverse or thrust faulting. North of the line, the
rocks have been less strongly folded and generally dip less than 25°.
Most of the faults are normal faults, but a few reverse faults are
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present. Coal mining is adversely affected by the folds and faults,
particularly in the southern structural parts.

COAL BEDS

Nineteen coal beds were studied before estimating and computing
the reserves of coal in the Arkansas Valley coal field. Only four of
these coal beds, the Lower Hartshorne, Upper Hartshorne, Charleston,
and Paris, are considered to be of economic importance, and the
estimates of reserves in this report are restricted to coal in these four
beds. The Cavanal coal bed, which has been mined in Oklahoma, is
reported to be 18 inches thick, locally, in western Arkansas but its
reserves of coal were not computed. Mining of other thin coal beds
provides a small amount of coal for local use. The production and
reserves of these and the Cavanal coal bed are considered negligible.
The location, extent, and thickness of most of these thin coal beds
are shown on plate 61.

LOWER HARTSHORNE COAL BED

The Lower Hartshorne coal bed is the most extensive coal bed in
Arkansas and has been the source of most of the coal produced in the
State. It extends over an area of about 1,300 square miles and is
more than 14 inches thick over an area of approximately 740 square
miles (pl. 59). It is more than 8 feet thick in an area west of Hunting~
ton in Sebastian County. The rank of the Lower Hartshorne coal
ranges from low-volatile bituminous in the western part of the Ar-
kansas Valley coal field to semianthracite in the eastern part (pl. 59);
however, most of the Lower Hartshorne coal is considered to be of
low-volatile bituminous rank.

UPPER HARTSHORNE COAL BED

The Upper Hartshorne coal bed extends over an area of about 28
square miles and is more than 14 inches thick over an area of about
16 square miles (pl. 60). It has a maximum thickness of about 34
inches, and is considered to be a low-volatile bituminous coal.

CHARLESTON COAL BED

The Charleston coal bed extends over an area of about 120 square
miles and is more than 14 inches thick over an area of approximately
52 square miles (pl. 60). It has a maximum thickness of about 23
inches. All of the Charleston coal in the western part of the Arkansas,
Valley coal field, where it is thicker than 14 inches, is considered to.
be of low-volatile bituminous rank. Some of the Charleston coal in,
the eastern part of the field, where it is less than 14 inches thick, may
be semianthracite (pl. 60). The coal bed in Franklin and Johnson
Counties that is known locally as the Philpott coal bed is considered.
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to be a part of the Charleston coal bed. The estimated original
reserves of Philpott coal have been listed with the estimated original
reserves of Charleston coal in table 1, but are identified by the coal-
bed name of Charleston (Philpott).

PARIS COAL BED

The Paris coal bed underlies three small areas in Franklin and
Logan Counties (pl. 60). It covers an aggregate area of 18 square
miles and ranges in thickness from 14 to 32 inches. The Paris coal is
considered to be of low-volatile bituminous rank.

PRODUCTION OF COAL IN THE ARKANSAS VALLEY COAL FIELD

Written reports on Arkansas coal date back to 1818, according to
Winslow (1888, p. 27), and the existence of coal must have been known
long before that. Coal was mined by manual methods from small
wagon mines and strip mines prior to the construction of the steam-
operated Old Spadra mine in Johnson County during 1870. Coal
mining did not become economically important until 1873, when the
Little Rock and Fort Smith Railroad reached the Coal Hill area in
Johnson County. The production of coal increased approximately
100 percent in 1883 when the St. Louis and San Francisco Railroad
reached the Hackett-Greenwood area in Sebastian County. Other
coal-bearing areas in the Arkansas Valley coal field became com-
mercially productive as railroad transportation became available.

The recorded tonnage of coal produced in Arkansas, as listed in
table 7, includes indeterminate amounts of bituminous coal from
White and Washington Counties and lignite from Quachita County.
Correetions to table 7 have not been made for this small amount of
coal produced outside the Arkansas Valley coal field.

A blend of low- and high-volatile bituminous coal produces a coke
of good quality and high yield per ton of coal. Because of the rapid
expansion of the western steel industry in the postwar period, increas-~
ing quantities of low-volatile bituminous coal from Arkansas have
been shipped to Colorado, Utah, California, and Texas for use in
coking-coal blends. The amount of Arkansas coal shipped to coking:
plants, by State and year, is shown in table 8.

FUTURE OF COAL MINING IN THE ARKANSAS VALLEY COAL FIELD

The recorded production of coal mined in the Arkansas Valley-
coal field for the calendar year ending December 31, 1954, was 477,268
short tons, the lowest recorded production since 1890. The coal is.
used for steam generation, home heating, blacksmithing, and in
steel mills and metallurgical plants. As more fuel oil, natural gas,
and possibly atomic power become available, the amount of coal
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TaABLE 8.—Amount of Arkansas low-volatile bituminous coal used by the coking
industry

[In short tons. From U.S. Bureau of Mines (1943-52, and 1954)]

State in which coal was used—
Year Total
Alabama| California | Colorado | Illinois | Texas Utah Other
States
.......... 38,662 |aceoee oo eom oo 2,628 |occcaaaaos 41,288
.......... 44,673 7,958 2,401 | 169 55,201
34, 566 60, 140 1 3 IR 54 175 95, 609
.......... 58,776 58,317 5,075 56, 988 182 179, 338
.......... 57,456 120,706 {.oooooo_- 64,072 | 147,761 |..._.._._.| 380,994
- 7,024 64, 661 47, 849 4,833 9,260 |-cnocmne 8,303 141,930
) PR 81, 557 173,370 | coeea .| 254,927
__________ 90, 146 201, 636 384 (o] 292,166
.......... 62, 529 174,279 270,491 |.o—oec_...| 507,209
45, 541 221,436 ||l 324,259 | . - 591, 236
Total......| 7,024 578,566 | 1,065,601 | 12,088 | 130,320 | 745,926 8,478 | 2,548,988

mined will be dependent upon the requirements of the steel and
metallurgical industries and upon the needs of small consumers.
The demand by the steel and metallurgical industries of the United
States for Arkansas coal was 591,236 short tons for the year ending
December 31, 1953 (U.S. Bureau of Mines, 1954, p. 12, table 15).

RESERVES OF LIGNITE

The estimate of the lignite reserves in Arkansas was prepared on a
basis of original reserves of lignite before mining. The original
reserves of lignite in known deposits are estimated to be 32 million
short tons. This estimated total pertains to known deposits of lignite
thicker than 30 inches and under less than 100 feet of overburden.
Lignite under more than 100 feet of overburden has been found in
cores from core drilling and in rock cuttings from wells drilled for oil
throughout much of the Gulf Coastal Plain. Therefore, an estimate
of 32 million short tons in beds less than 100 feet below the surface
probably represents less than 10 percent of the total reserves of
lignite in Arkansas. On the basis of this assumption, the total reserves
of lignite in Arkansas are tentatively estimated to be 350 million
short tons. A more accurate estimate of the lignite reserves in
Arkansas would be dependent upon data obtained by an intensive
mapping and core-drilling program.

METHOD OF RECORDING DATA AND MAKING CALCULATIONS

The estimate of the lignite reserves in Arkansas was prepared by
the following method. Thickness data pertaining to lignite deposits
more than 30 inches thick and under less than 100 feet of overburden
were plotted on a worksheet having State and county boundaries.
Each lignite deposit represented by a thickness figure was assumed
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to have an extent of 40 acres. The weight of the lignite was as-
sumed to be 1,750 short tons per acre-foot. The thickness of the lig-
nite, in feet, the weight per acre-foot of lignite, and the assumed
acreage were multiplied together to produce an estimated tonnage
for the lignite deposit. The estimated tonnages of lignite in all
lignite deposits in each county were totaled (table 9).

The minimum lignite thickness of 30 inches and the weight of 1,750
short tons per acre-foot of lignite are standards adopted by the U.S.
Geological Survey (Averitt, 1949, p. 226). The overburden limit of
100 feet is adopted by the author in order to present information about
shallow reserves of lignite, which are of greatest current interest.
The unit of 40 acres per lignite deposit is used in this report because
the lignite is in lenticular beds that cannot be traced or correlated
with any certainty over distances greater than half a mile.

TaABLE 9.—Estimated original reserves of lignite in deposits more than 30 inches
thickTand lying beneath less than 100 feet of overburden

{In thousands of short tons]

County Total County Total

Ashley.
Bradley.
Cathoun
Clark.

Craighead
Cross....
Dallas.
Grant

1 Incomplete thickness data, or lignite less than 30 in, thick.
COMPARISON OF PAST AND PRESENT ESTIMATES

The first estimate of the reserves of lignite in Arkansas was made
by Taff (1900, p. 325), who estimated that a single township in
Quachita County contained more than 75 million short tons of lignite.
Taff made his estimate on the assumption that the lignite beds were of
continous extent and thickness. In all probability, Taff’s assumption
of continuity is erroneous because the lignite beds are abruptly lentic-
ular elsewhere in the Gulf Coastal Plain of Arkansas. Campbell
(1908) estimated the reserves of lignite in Arkansas to be 90 million
short tons. Subsequent authors (Hendricks, 1939, p. 283, table 3,
and Averitt, Berryhill, and Taylor, 1953, p. 4, table 1) have quoted
Campbell’s estimate. The estimate of 32 million short tons in beds
less than 100 feet below the surface and the tentative estimate of 350
million short tons for total reserves are a more useful and accurate
pair of figures than the single figure previously available.
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GEOLOGY OF THE LIGNITE DEPOSITS

Rocks containing lignite are exposed in an area of about 6,125
square miles in the Gulf Coastal Plain of Arkansas (pls. 58 and 64).
From oldest to youngest, these rocks are the Tokio formation of
Cretaceous age, and the Wilcox group, the Claiborne group, and the
Jackson formation of Eocene age. These rocks contain numerous
beds of lignite ranging in thickness from a fraction of a foot to more
than 22 feet. Beds of lignite are more abundant and generally thicker
in the Wilcox group.

STRATIGRAPHY

TOKIO FORMATION

The Tokio formation has a maximum thickness of about 350 feet
and consists of beds of sand, clay, clay containing fragments of lignite,
and one reported bed of lignite (Dane, 1929, p. 177). The formation is
exposed in Sevier, Howard, Hempstead, Pike, and Clark Counties
(pl. 64). The extent and thickness of the lignite bed is not recorded.

WILCOX GROUP

The Wilcox group, about 650 feet thick, consists of beds of gravel,
sand, clay, sand containing fragments of lignite, clay containing
fragments of lignite, and beds of lignite. The Wilcox is exposed in 11
counties in southern Arkansas and in 4 counties in northeastern
Arkansas (pl. 64). Lenticular beds of lignite and lignitized plant
fragments are present throughout the Wilcox group, but most of the
lignite beds are in the lower and middle parts of the group. The beds
of lignite are Ienticular and cannot be traced by surface or subsurface
methods over a distance greater than half a mile. Thickness measure-
ments of as much as 22 feet have been recorded for some of the lignite
beds in the Wilcox group.

CLAIBORNE GROUP

The Claiborne group ranges in thickness from 500 to 700 feet and
consists of beds of sand, clay, clay containing fragments of lignite,
and lenticular beds of lignite. The Claiborne group is exposed in 12
counties in southern Arkansas and in 2 counties in northeastern
Arkansas (pl. 64). The lignite beds attain a thickness of 6 feet in
Ouachita County, but generally they are thin and of small extent.

JACKSON FORMATION

The Jackson formation ranges in thickness from 100 to 700 feet and
consists of beds of clay, limy clay, marl, and a few thin beds of lignite.
The formation is exposed in 6 counties in southeastern Arkansas
(pl. 64). The lignite beds are thin and of small extent.
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STRUCTURE

The strata in the Gulf Coastal Plain of Arkansas have a regional
dip of about 5°S. or SE. Normal faults are present in Miller,
Lafayette, Columbia, Nevada, Ouachita, and Union Counties. Broad
anticlines and shallow synclines interrupt theregional dip in some areas.

LIGNITE

Lenticular beds of lignite and fragments of lignitized tree limbs,
trunks, and stumps are present at many different stratigraphic posi-
tions in the Wilcox and Claiborne groups. However, most of the
lignite beds are in the lower and middle parts of the Wilcox group.
The extent of the beds of lignite is difficult to determine but it is prob-
able that any one bed does not extend over an area of more than 2
square miles.

The lignite is dark brown to brownish black and, where free of
impurities, massively bedded. It is soft but tough, and breaks with
a conchoidal fracture. When exposed to weathering, the lignite
turns black and tends to crack irregularly from the surface inward.
An average of the proximate analyses of 14 lignite samples, on an ‘“‘as
received basis” (Selvig and others, 1950, p. 22-23, table 2), is as
follows: moisture, 39.1 percent; volatile matter, 30.2 percent; fixed
carbon, 21.1 percent; and ash, 8.6 percent. An analysis of the chem-
ical and physical properties of representative samples of extractable
material (principally montan wax) from Arkansas lignite is listed in
table 10. The properties of samples of three commerical grades of
montan wax are included in table 10 for comparison.

PRODUCTION OF LIGNITE IN ARKANSAS

Lignite has been mined intermittently in Ouachita County since the
early part of the 19th century. Originally, the lignite was mined as
fuel for sawmills, cotton gins, steam locomotives, and steam generating
plants. The lignite was reported to yield from 10 to 38 gallons of oil
per ton when processed in oil-distilling plants (White and Thiessen,
1913, p. 18). Lignite as a solid fuel was replaced by natural gas and
petroleum by 1900, when the liquid product of the lignite distilling
plants could not match the low cost of the petroleum. Only that
amount of lignite needed locally for fuel was mined from about 1910
to 1938. From 1938 to 1945 a processing plant used Arkansas lignite
as a source of “Vandyke brown,” a type of dye. The amount of
lignite used in this plant is unknown but the total over those years
probably was less than 10,000 short tons.

Data pertaining to the amount of lignite mined in Arkansas are
incomplete, but total cumulative production is estimated to be less
than 100,000 short tons.
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FUTURE OF LIGNITE MINING IN ARKANSAS

The lenticular nature and small extent of the individual lignite beds
in Arkansas prohibit the large-scale mining necessary to meet the
demands of large steam-generating plants or heavy industry. There-
fore, the amount of lignite produced in Arkansas in the future will
probably depend upon the requirements of small processing plants
using the lignite as a source of “Vandyke brown,” montan wax,
basic chemical compounds used in making plastics, and possibly
such rare elements as vanadium, cobalt, nickel, gallium, and ger-

manium.
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