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COAL RESERVES OF EASTERN KENTUCKY
By J. W. Huppwg, E. J. Lyons, H. L. Smrry, and J. C. FErM

ABSTRACT

Estimated original reserves of high-volatile bituminous coal in the Eastern
Kentucky coal field, in billions of short tons, are given below. These include
remaining reserves for Floyd, Harlar, Knott, Letcher, and Pike Counties as
estimated by the U.S. Bureau of Mines.

Thickness of beds Measured | Indicated | Inferred Total
(inches) reserves reserves reserves reserves
J4-28 e ccemamccccccccmmccmac—a- 1.4 4.7 6.6 12.7
28-42 3.2 5.4 4.2 12.8
More than 42 4.6 2.5 1.0 8.0
Total reserves 9.1 12.6 11.8 33.5

Small-scale mining started in Kentucky before 1800 and large-scale mining
began early in the 20th century. Prior to 1956 approximately 1.7 billion tons of
coal were mined in eastern Kentucky, and, assuming 50-percent recovery, an
equal amount was lost in mining. Recorded production from the principal
producing counties, in millions of tons, is as follows: Harlan 424, Pike 281,
Letcher 207, Perry 193, Floyd 178, and Bell 108, Production from the 32 remuin-
ing counties is 309 million tons. )

Remaining coal reserves in eastern Kentucky on January 1, 1956, are estimated
at approximately 33 billion tons in beds more than 14 inches thick, including
20 billion tons in beds more than 28 inches thick. Approximately 73 percent
of the remaining coal reserves are in 10 contiguous counties, Pike, Harlan, Knott,
Perry, Leslie, Letcher, Breathitt, Floyd, Martin, and Magoffin, which are in
the middle and southeastern parts of the field. Each of the other 28 counties in
the coal field have less than 1 billion tons of remaining reserves.

Physiographically the Eastern Kentucky coal field is a part of the Appalachian
Plateau province, and the western boundary of both the coal field and the plateau
in Kentucky is the westward-facing Pottsville escarpment. Local relief ranges’
from a few hundred feet in northeastern Kentucky to more than 2,000 feet in
southeastern Kentucky. Five main streams and large numbers of secondary
and tertiary tributaries have cut the plateau into a fine-textured topography
composed of narrow sinuous ridges and steep-sided valleys. This dissection of
flat-lying coal-bearing rocks produces many miles of outcrops and permits drift,
contour open-pit, and auger mining.

The coal-bearing rocks of eastern Kentucky are the Lower, Middle, and Upper
Pennsylvanian, the Lee, Breathitt, and Conemaugh formations, respectively.-
The Lee formation consists of a lower shale, siltstone, and coal-bearing member

1



2 COAL RESERVES OF EASTERN KENTUCKY

and an upper cliff-forming sandstone member. It is exposed along the Potts-
ville escarpment, in Pine and Cumberland Mountains, and in the structural
uplift along the Irvine-Paint Creek fault. The Breathitt formation consists
mainly of shale, siltstone, and sandstone. Principal key beds in the Breathitt
formation are the Upper Elkhorn No. 3 and Fire Clay coal beds, and the Magoffin
and Vanport limestone members. The Breathitt is the surface formation in
most of the Eastern Kentucky coal field, being absent only where it has been
removed by erosion, especially just east of the Pottsville escarpment, or covered
by the Conemaugh in northeastern Kentucky. Both the Lee and Breathitt
formations thicken rapidly toward the southeast. The Conemaugh formation,
distinguished by red and green beds, is composed mainly of shale, siltstone, and
sandstone, but also contains a few thin limestone and coal beds. Of the esti-
mated 33.5 billion tons of coal reserves for eastern Kentucky, 1.5 billion are in
the Lee formation, 32 billion in the Breathitt formation, and 22 million in the
Conemaugh formation. ]

The Eastern Kentucky coal field is a part of the Appalachian coal field which
extends -from Pennsylvania to Alabama and -includes parts of Ohio, West Vir-
ginia, Virginia, and Tennessee. The rocks in the eastern Kentucky region are
in the relatively undisturbed western part of the Appalachian geosyncline
between the closely folded Appalachian Mountains and the Cincinnati arch.

- Three broad gentle northeastward-trending synclines partially control the
pattern of coal-bed outerops. The Irvine-Paint Creek fault separates the Pitts-
burg-Huntington syncline in the northeastern part of the field from the Eastern
Kentucky syncline in the central part; and the Pine Mountain fault separates
the Eastern Kentucky and the Middlesboro synclines. The youngest rocks,
the Conemaugh formation, occur only in the Pittsburg-Huntington syncline,
and progressively older rocks cap the highest hills in the synclines to the south-
east. The youngest extensive coal in the Eastern Kentucky syncline is the
Skyline (Richardson) coal bed and an older bed, the High Splint (Hazard N o. 7,
is the youngest extensive bed in the Middlesboro syncline.

Different coal-bed names have been used in individual drainage basins within.

the three synclines, and their correlation is uncertain. For convenience in
discussing the coal beds, the Eastern Kentucky coal field is divided into six coal
reserve districts, the Princess, Licking River, Big Sandy, Hazard, Southwestern,
and Upper Cumberland, whose boundaries are along drainage divides, county
lines, and geologic features. Within each of these districts coal-bed names are
mainly local and the usage reasonably consistent.  Most of the estimated coal
reserves are in the Big Sandy, Hazsrd, and Upper Cumberland reserve districts.

More than 190 local names, many of which are synonyms, have been applied
to coal beds. in eastern Kentucky, but there are 33 recognized coal beds which
are tentatively correlated throughout the Eastern Kentucky coal field. The
beds couta.mmg the largest estimated original reserves are:

Billions of : Billions of

short tons | - ) o short tons
Upper Elkhorn No. 8accecicacaoo 49| Amburgy 2. 3,_---; _____________ 2.3
Fire Clay . ccuecccans —e—— - 4. 2| Upper Elkhorn No. 2.___________ 2.2
Upper Elkhorn No. 1. __.._--_.__ 2. 7| Hazard No. 7 ..... (PR 1.8
Fu'e Cla.y Rlder _________________ 2.7 : -

More than one—thlrd _about 11.7 billion tons, of the original reserves are in the
Lower and the three Upper Elkhorn coal beds. , e



COAL RESERVES OF EASTERN KENTUCKY 3
Part 1. PREPARING THE ESTIMATES

By J. W. Huobpig, E. J. Lyons, H. L. Smrra, and J. C. FerM

The Eastern Kentucky coal field is part of the Appalachian coal
region, which extends from Pennsylvania through Ohio, West Virginia,
Maryland, Virginia, Kentucky, and Tennessee to Georgia and Ala-
bama (see insert on pl. 1). The part of the Appalachian coal region
within Kentucky includes approximately 10,600 square miles and
contains large reserves of coking coal and coal that can be blended to
form satisfactory grades of metallurgical coke. All the coal-bearing
rocks in eastern Kentucky are of Pennsylvanian age. About 190
names, many of which are synonymous, have been given to the various
coal beds, but precise correlation between all beds and areas has not
been established, largely owing to lack of detailed geologic mapping.
- This estimate of the coal reserves of eastern Kentucky was prepared
by the U.S. Geological Survey in cooperation with the Kentucky
Geological Survey and the U.S. Bureau of Mines. It shows only the
general order of magnitude of the coal reserves in eastern Kentucky,
outlines areas favorable for further exploration and study, and gives
references to detailed published information. The estimate is believed
to be conservative, and undoubtedly detailed mapping, exploration,
and development will locate additional coal reserves.

NATURE AND SCOPE OF THE REPORT

Since the extensive use of bituminous coal began, both public and
private agencies have been interested in the amount of coal available
and have made estimates of coal reserves. A general program of
reappraisal of the reserves of the United States was begun about 1947
by State and federal agencies because the older estimates were con-
sidered inadequate for modern use. Recent revised estimates of the
coal reserves of 13 individual States and of the entire United States
have been published. This report on the coal reserves of eastern
Kentucky is a part of the national program of the U.S. Geological
Survey and a continuation of a special study of coking coal reserves
started by the U.S. Bureau of Mines.

Some parts of the Eastern Kentucky coal field were excluded from
this estimate (pl. 2). These include areas where the coal has been
removed by erosion, areas known to have coal less than 14 inches in
thickness, and areas where little or no information was available. A
few of the omitted areas have reported small coal production, but
their reserves probably are not large. The area excluded amounts to
about 13 percent of the total area of the Eastern Kentucky coal
field, and most of it, except for that part along the Pine Mountain
fault, is in the western third of the field.



4 COAL RESERVES OF EASTERN KENTUCKY

The report is divided into four parts: part 1 deals with the defini-
tion of terms and the methods used in preparing the coal reserve
estimates; part 2 is a summary of the topography, climate, water
resources, general geology, and coal reserves of the entire Eastern
Kentucky coal field; part 3 consists of six reports which summarize
the available data about the coal beds of six reserve districts; and part
4 includes all the tabulated data on coal reserves.

SOURCES OF DATA

The estimate of coal reserves presented in this report is based on
data from the following sources, in approximately the percentages
given: Field reconnaissance, 52 percent; coal-company data supplied
to the U.S. Bureau of Mines or to the U.S. Geological Survey, and
geologic literature published before 1951, 30 percent; mapping from
1949 to 1955 by the U.S. Geological Survey, 16 percent; mapping
from 1950 to 1953 by the Kentucky Geological Survey, 2 percent
(pl. 2).

Field reconnaissance, which consisted of visits to mines and acces-
sible. outcrops to determine the thickness, character, altitude, and
stratigraphic position of the coal beds, averaged about 2 weeks for a
7%-minute quadrangle. Supplemental information was obtained
from geologic reports and company records.

A second important source of information was the pubhshed maps
and reports and record data supplied by the U.S. Bureau of Mines.
Estimates for Floyd and parts of Knott, Letcher, and Harlan Counties
were derived entirely from U.S. Bureau of Mines data, and for Pike
County principally from U.S. Bureau of Mines data and a.report.of
the U.S. Geological Survey by Hunt and others (1937). Estimates
for parts of Elliott and Lawrence Counties were prepared entirely
from the reports of Phalen (1908) and Crandall (1884). Information
about the southeastern part of Clay County and the adjoining parts
of Leslie and Knox Counties was obtained largely from private
sources. Appraisals of the coal reserves of the Hyden, Cornettsville,
Blue Diamond (Troublesome), and Buckhorn quadrangles and for
parts of the Bays, Dingus, and Cannel City quadrangles were taken
directly from reports of the U.S. Geological Survey prepared between
1950 and 1954. A report of the Kentucky Geological Survey (Hauser,
1953) furnished data on which the estimates of the Paintsville quad-
rangle are based.
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METHODS OF PREPARING COAL RESERVE ESTIMATES

The teim ‘‘reserve’ is used to include deposits of coal which are
currently minable as well as those deposits which are potentially
minable and are described or classified as indicated or inferred. The
objective of a reserve study is to estimate the total number of tons of
coal in a certain bed or beds in a specified area. Any such estimate
is based on assumptions about the thickness, extent, and correlation
of the coal beds as well as on the establishment of cutoff points relat-
ing to minimum thickness, maximum overburden, and accuracy or
reliability of the information concerning the coal beds. An estimate,
therefore, is of value only to the extent that definitions are given and
methods explained. In order to get comparable results in preparing
estimates on coal reserves, the U.S. Geological Survey has adopted a
set of standard deﬁmtlons procedures, and assumptions which were
prepared jointly by members of the Geological Survey and the Bureau
of Mines and include recommendations of the National Bituminous

‘Coal Advisory Counml These are discussed in the succeeding para-

graphs.



6 COAL RESERVES OF EASTERN KENTUCKY

COAL CLASSIFICATIONS

The classification and description of most.coal deposits are based
on several characteristics of coal which are termed rank, variety,
grade, weight, thickness of bed, and thickness of overburden. These
characteristics are discussed under separate headings below.

RANK OF COAL

American coals are classified by rank in accordance with the stand-
dard classification of the American Society for Testing Materials.
(See table 1.) Rank is defined by the percentage of fixed carbon and
the Btu content, calculated on a mineral-matter-free basis, and is
independent of grade or quality, which is in part a function of ash
and other impurities in the coal. The percentage of fixed carbon
increases from the lowest to the highest rank of coal as the percentages

TaBLe 1,—Classification of coals by rank!

Legend: FO, fixed carbon; VM, volatile matter; Btu, British thermal units
|From American Society for Testing Materials (1955, pt 5, p. 1023)]

Class Group Limits of fixed carbon or Btu, Requxsne physieal
mineral-matter-free basis properties
1. Anthracitic....... | 1. Meta-anthracite____.. Dry, FC, 98 percent or more
. dry, VM 2 percent or less).
2. Anthracite...cccean-- Dry, 92 percent or more and less

than 98 percent (dry, VM, 8
percent or less and more than
2 percent). :
3. Semianthracite..-...- Dry, FC, 86 percent or more and | Nonagglomerating.®

less than 92 percent (dry, VM,
14 percent or less and more

. than 8 percent).
.1 Bituminouss.__.| 1. Low-volatile bitum- | Dry FC, 78 percent or more and
inous coal. less than 86 percent (dry, VM,

22 percent or less and more
than 14 percent).
2. Medium-volatile bi- | Dry FC, 69 percent or more and

tuminous coal. less than 78 percent (dry,VM ,
31 percent or less and more .
than 22 percent). - Co !
3. High-volatile A4 bi- Dry FC, less than 69 percent | . :
tuminous coal. (dry V'M, more than 31 per-
cent); and moist 4 Btu, 14,0005
or more.
4, High-volatile B bi- | Moist¢ Btu,. 13,000 or more and
tuminous coal. less than 14.000.8
5. High-volatile C bi- | Moist Btu, 11,000 or more and | Either agglomerating
tuminous coal. less than 13,000.% or nonweathering.®
IIT. Subbituminous.| 1. Subbituminous 4 | Moist Btu, 11 000 or more and | Both weathering and
coal. less than 13 000.5 nonagglomerating.
2. Subbituminous B | Moist Btu, 9 500 or more and
coal. less than 11,000.
3. Subbituminous C | Moist Bta, 8,300 or more and
Jess than 9,500.5 .
IV, Lignitic.....__. 1. Moist Btu, fess than 8,300.--.-..] Consolidated.
- 2. Moist Btu, less than8,3C0. -

Unconsolidated.

1 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 these coals either contain less than 48 percent dry mmeraLmatter-free fixed carbon or have more tham
15,500 moist mineral-matter-free Btu.

PIf agglomerating, classify in low-volatile group of the bituminous class,

3 Ttisrecognized that there may be noncaking varieties in each group of the bituminous class.
" ‘ M}ns}f Btu]refets to coal containing its natural bed moisture but not including visible water on the sur-
ace 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.

o There are three varieties of coal in the high-volatile C bituminous coal group: (1) agglomerating and non-
weathering, (2) agglomerating and weathering, and (3) nonagglomerating and nonweathering.
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of volatile matter and moisture decrease. Most of the eastern Ken-
tucky coals range in rank from high-volatile B to high-volatile A
bituminous coal. High-volatile C bituminous coal has been reported
at a few localities, but these occurrences may be due in part to the use
of analyses of weathered material.

VARIETIES OF COAL

Varieties of bituminous coal in the Eastern Kentucky coal field are
common banded, splint, and cannel (includes true cannel and boghead).

Common banded bituminous coal consists of alternating layers or
elongate lenses of bright and dull material with fewer bands or lenses
of soft powdery particles of fusain. - In some coal beds the bright bands
predominate and in others the dull bands predominate. Splint coal,
which is characteristic of certain.beds, is grayish black, dull, has a.
compact structure, and is relatively hard and tough. Another vari-
ety of dull coal is cannel, which is nonbanded massive dustless and
dark gray to black and which has a greasy luster and conchoidal frac-
ture. It ignites easily and burns with a smoky yellow flame. Coal
of this variety may be either true cannel or boghéad; the two being

“differentiated, according to the definitions given in the American Soci-

ety for Testing Materials (1954, p. 111), by the presence of large quan-
tities of spore exines in cannel in contrast with abundant algal remains.
in boghead. To distinguish true cannel from boghead requires ex-
amination of thin or polished sections. Throughout this report the
term ‘““cannel’ is used in a broad sense to include both the true cannel

.and the boghead varieties.

Both the common banded and splint varieties of bituminous coal

from the Eastern Kentucky coal field are excellent steam coals for

generating electrical power, for industrial use, and for space heating,
but their rank is such that they can be used for the manufacture of
metallurgical coke. The coal mined in Harlan, Letcher, and Pike
Counties yielded coke in beehive ovens for many years and now yields.
coke in byproduct ovens. The quality of the coke produced, however,
is improved if the Kentucky coal is blended with low-volatile coal from.
the Pocahontas mining area in West Virginia and Virginia.

Only a small amount of the estimated reserves is cannel coal, which
was once in demand at a high price as fireplace fuel, but which at.
present has no special market.

GRADE OF COAL

The quality or grade of coal is determined by size designation, cal-
orific value, amount of ash, ash-softening temperature, and amount.
of sulfur. Too few analyses are available for large areas in eastern
Kentucky to permit classification of reserves by grade. The analyses
are concentrated for the most part from areas of active mining and are:

620706—62——2
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limited to the outcrop of certain key beds. Definitions used in cal-
culating coal reserves permit the inclusion of beds containing as much
as 33 percent ash, but very little of such high-ash coal is included in the
estimates contained in this report. Since 1940, analyses of mine,
tipple, and delivered samples of eastern Kentucky coals have been
published by Rice and Moran (1941), Fieldner and others (1942, 1944).
The maximum amount of ash and sulfur reported in these publications
was 22.3 percent ash for the top bench of the Lower Elkhorn coal and
4.7 percent sulfur for the Lily coal, but most of the analyses were of
coals having less than 10 percent ash and less than 3 percent sulfur.

WEIGHT OF COAL

The weight of bituminous coal in the ground is affected to a marked
degree by its ash content and to a lesser degree by its content of fixed
carbon, moisture, and volatile matter. Although the weight of bitu-
‘minous coal in the ground may vary considerably from place to place
and bed to bed, the calculation of tonnages of reserves is greatly sim-
plified if an average specific gravity factor is employed. The conven-
ient intermediate figure of 1,800 tons per acre-foot, or 150 tons per
acre-inch, is widely accepted for this purpose and has been used uni-
formly throughout the present report.

THICKNESS OF BEDS

The coal reserve estimates prepared by the U.S. Geological Survey
are divided in most instances into three categories, based on the thick-
ness of the coal beds. These categories are termed ‘‘thin,” “‘inter-
mediate,” and ‘‘thick.” Coal beds classified as ‘‘thin’’ are 14 to 28
inches thick, ‘“‘intermediate,” 28 to 42 inches, and ““‘thick,”” more than
42 inches. These thicknesses have been determined primarily by
mining practices: 14 inches is approximately the minimum thickness
of coal minable by hand methods, and beds thinner than this are ex-
cluded from the estimate; 28 inches is the minimum thickness usually
considered for machine mining and hand loading; 42 inches is the mini-
mum thickness for completely mechanized mining. Recent develop-
ments of new mining equipment would permit changing these limits
somewhat, but in order to keep the categories comparable with other
recent reserve estimates prepared for other States, these definitions
have been retained in this report.

Partings more than three-eighths of an inch thick were omitted in
determining the thickness of an individual coal. Beds or parts of beds
made up of alternating layers of thin coal and partings were excluded
if the partings made up more than one-half of the total thickness.
Benches of coal, which lie above or below thick partings and normally
would be left in mining, also were omitted.
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THICKNESS OF OVERBURDEN

No classification by categories according to thickness of overburden
has been made in this report, but almost all the coal lies under less
than 1,000 feet of overburden. Some coal in the Black and Little
Black Mountains in Letcher, Harlan, and Bell Counties lies under
thicker overburden, but the amount is so small that no advantage
‘would be gained by placing it in a separate category. Categories
of less than 1,000 feet of overburden were not practicable to calculate
because the sinuous line of outcrop and steep topography restrict
reserves in these categories to narrow strips difficult to measure.

CLASSIFICATION ACCORDING TO ABUNDANCE AND RELIABILITY
OF DATA

Estimates of coal reserves presented herein are divided into three
categories termed “measured,” ‘‘indicated,” and ““inferred,” according
to the abundance and reliability of data upon which the estimates
are based.

MEASURED RESERVES

Measured reserves are those for which tonnage is computed from
coal bed thicknesses actually measured in outcrops, trenches or pros-
pect openings, mine workings, and drill holes. The points of obser-
vation must be so closely spaced and the thickness and extent of the
coal so well-defined that the computed tonnage of measured reserves
may be considered to be accurate within 20 percent of the true tonnage.
Although the spacing of the points of observation necessary to demon-
strate continuity of a coal bed varies in different places according to
the character of the coal beds, geologic structure conditions, and other
factors, the points of observation for measured coal are in general no
greater than half a mile apart and are at least three in number.
Measured coal is considered to extend not more than a quarter of a
mile beyond the outermost observation point.

INDICATED RESERVES

Indicated reserves are those for which tonnage is computed partly
from specific measurements and partly from projections of visible
data for a reasonable distance on geologic evidence. The points of
observation are generally about a mile apart but may be as much as
1% miles apart for beds of known geologic continuity. Areas of
indicated coal, in general, are not considered to extend more than
three-quarters of a mile from any observation point. '

INFERRED RESERVES

Inferred reserves are those for which quantitative estimates are
‘based largely on broad knowledge of the geologic character of the
bed or enclosing rocks and for which few measurements of thickness
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are available. The estimates are based on an assumed continuity
for which there is geologic evidence. In general, inferred coal may be
"considered to extend as much as 2 miles from the nearest observation
point, but in places where continuity is less certain inferred coal may
extend less than a quarter of a mile from the observation point. :

DISTINCTION BETWEEN ORIGINAL REMAINING, AND RECOVER-
ABLE RESERVES

Reserve estimates can be presented in terms of original reserves,
remaining reserves, or recoverable -reserves, but the estimate of
original reserves is the basic figure from which the other two estimates
are derived.

ORIGINAL RESERVES

Original reserves are:those which were in the ground, including the
narrow weathered zone along the outcrop, before mining. - The. esti-
mate of original reserves is subject to change only as new information
is gained by additional geologic mapping, exploration, or development.
of the coal beds.

. REMAINING RESERVES

- Reserves that are in the ground at the date of appraisal‘are con-
sidered remaining reserves regaii‘dléss of the feasibility of ‘extraction.
The estimate of remaining reserves is obtained by subtracting from
the estimate of orlgmal reserves the amount of coal that has been
produced or lost in mining. These last figures may be obtained either
by measuring the mined-out areas and computing the tonnage of
coal mined or lost in mining, or by using the recorded production
figures and making an allowance for mining losses. The first method
method is the more accurate, particularly for small areas or individual
beds, but detailed information on mined-out areas is unavailable
for much of the coal-bearing area in eastern Kentucky, and it was
necessary to use the recorded production figures for such areas. Re-
liable estimates of the mined-out areas by beds were made and pub-
lished by the U.S. Bureau of Mines for Pike, Floyd, Knott, Letcher,
Harlan, and Perry Counties (Dowd and others, 1951a, 1951b, '1952;
Wallace and others, 1953, 1954a, 1954b). U.S. Geological Sutrvey
reports by Stafford and Englund (1953), Williamson and Adkison
(1953), Johnston and others (1955), Englund (1955), and ethers also
give estimates by beds of coal mined and lost in mmmg ﬁor several
areas.
RECOVERABLE RESERVES

Recoverable reserves are those that are in the ground at the date
of appraisal and that actually can be produced in the future: This
estimate is obtained by subtracting estimated future losses in mining
from .the remaining reserves. Mining losses vary in different beds
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and areas according to the thickness and quality of the coal, the
nature of the roof and floor, the amount of overburden, the mining
methods employed, and many other factors.. Dowd and others
(1951a; 1951b, 1952) and Wallace and others (1953, 1954a, 1954b)
report the following recovery figures for past mining in eastern Ken-
tueky: Pike County, 55.08 percent; Floyd County, 53.23 percent;
Knott County, 53.13 percent; Harlan County, 57.40 percent; Letcher
‘County, 54.10 percent; and Perry County, 56.00 percent. In other
parts of the Eastern Kentucky .coal field the recovery may be as
little as 30 to 40 percent. In a few areas, where'conditions are fa-
vorable; it may be as great as 80 or 90 percent. As much as 90 percent
also may be recovered in strip-mining operations, but the percentage
decreases to between 60 and 80 percent when the operation is sup-
plemented with augering. Strippable.coal, however, makes up only

a small part of the total reserves and only a small part of past produc-
tion.

Averitt and others (1953, p. 13) estimated a natlonmde Welghted
average. of 50 percent recoverability for underground mining. Be-
cause the range in eastern Kentucky probably is somewhat similar
to that. in other parts of the nation, a recoverability factor of 50
percent was used in this report.

‘METHODS OF RECORDING DATA AND MAKING CALCULATIONS

All the reserve estimates in this report were calculated for indi-
vidual beds using counties and 15- or 7)4-minute quadrangles as
areal units. Work sheets were prepared from published or manu-
script topographic maps of the 1949-55 series that for the most part
had scales of 1:24,000, 1:20,000, and 1:15,840, but a few were pre-
pared from maps that had scales of 1:31,680, 1:48,000, and 1:62,500.
The work sheets of the U.S. Bureau of Mines for Pike, FIOyd Knott,
Letcher, Harlan, and Perry Counties, from which remaining; meas-
ured, and indicated reserves were determined, had a scale of 1:14;400.
Theoutcrop line of a particular coal bed was drawn on a work sheet
and the locations of the outcrops, prospects, mines, and drill holes
from which data had been obtained were plotted. Where data were

sufficient, isopach lines representing coal thicknésses of 14, 28, and 42

inches.-were drawn to divide the sheet into areas containing coal
14 t0-28 inches in thickness, 28 to 42 inches, and more than 42 inches.
In -addition; the sheet was divided into areas containing measured,
indicated, and. inferred coal on the basis of spacing and reliability -of
data. The weighted-average thickness of the coal bed was computed
for each area-delimited by the two sets of lines.

-..The areas thus outlined on the work sheets were measured with a
planimeter to obtain the acreage underlain by coal in the different
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thickness and reliability categories. The tonnage was calculated by
multiplying the number of acres by the weighted-average thickness
of coal to the nearest inch by the factor 150, the assumed weight of
bituminous coal in tons per acre-inch. The calculation and tabulation
of the data by quadrangle and county in categories according to
thickness and reliability of the information was made by IBM ma-
chines. In the machine operations it was necessary to calculate and
record all figures to the nearest 10,000 tons in order to preserve small
figures obtained in calculating reserves of small areas and in thin beds.
This order of accuracy is not implied for the larger figures and totals.
For most figures the nearest 1 million tons is all that need be con-
sidered, and this position is marked by decimal points in tables
9, 10, 11, and 12.

In reporting in the text on reserves in individual beds in the several
reserve districts, the figures have been taken directly from tables 10
and 11, and digits to the nearest 10,000 tons have been preserved to
facilitate checking of the reserve district totals against the tables.
As use of a decimal point to indicate millions of tons might be con-
fusing in the text, the figures are presented with a conventional
comma marking the million position, and additional zeros have been
supplied to fill out the number to the unit position. The digits and
added zeros to the right of the million position have no significance
other than to aid in the proper reading of the larger number.

Because the sources of information and the type of data were not.
the same for all areas comprising the Eastern Kentucky coal field, the
procedures for estimating the reserves differed for different areas.
Information obtained from reconnaissance fieldwork or from older
geologic literature was interpreted very conservatively to allow for
possible errors in correlation. Information obtained from recently
completed detailed geologic mapping, or from areas of intensive explo-
ration and development, was interpreted to the fullest extent that the
information would permit. The estimates for Pike, Floyd, Knott,
Letcher, and Harlan Counties are based on information supplied by
the coal companies to the U.S. Bureau of Mines. . The .Bureau of
Mines prepared estimates of measured and indicated reserves of those
areas, for which remaining (not original) reserves are given in tables
9 to 11. The estimates of inferred coal for these five counties were
prepared by personnel of the U.S. Geological Survey from work sheets
of the U.S. Bureau of Mines. For the Paintsville 15-minute quad-
rangle, Hauser’s (1953) figures were revised to conform with the thick-
ness categories used in the rest of the appraisal, but his basic work
was accepted unchanged. The southwest quarter of the Dykes 15-
minute quadrangle and the northwest quarter of the Cumberland
Falls 15-minute quadrangle (see pl. 1) were mapped by John R.
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Hutchins, of the Department of Economic Development of Kentucky,
and the reserves were calculated by the U.S. Geological Survey
personnel.

PAST AND PRESENT ESTIMATES

The only previous estimate of the coal reserves of the entire Eastern
Kentucky coal field was made by M. R. Campbell during the period
from 1913 to 1929. This estimate has been reprinted by Hendricks
(1939) and by Averitt and others (1953). Campbell (1913, p. 534)
estimated the Eastern Kentucky coal field to contain 67,806,460,000
short tons of coal in an area of 10,270 square miles. In 1929 he esti-
mated a total of 123,327,000,000 short tons for coal reserves in both
Kentucky coal fields, but separate figures for the Eastern and Western
coal fields were not published. These older estimates probably were
based on an assumed average thickness of coal per 100 feet of coal-
bearing strata throughout the estimated areas of the coal fields.

A number of workers have made estimates for various parts of the
Eastern Kentucky coal field.

Wentworth (1927) estimated the minable coal in the Middlesboro
Basin to be 4,314,000,000 tons.

Eavenson (1934), in a paper discussing the availability of high-
volatile coals for gas and metallurgical use in West Virginia, Virginia,
and Kentucky, estimated the reserves in several thick coal beds and.
showed the areas of minable coal for individual beds on maps with a.
scale of approximately 1 inch equals 16 miles. His estimated reserves
for the Lower Elkhorn, Harlan, and Upper Elkhorn No. 3 coal beds in
Floyd, Harlan, Knott, Letcher, Martin, and Pike Counties amounted
to 1,990,100,000 tons. These reserves include only coal more than
42 inches thick containing less than 6 percent ash and 1 percent sulfur.
Eavenson’s estimate cannot be compared directly with the estimate
given in this report, which includes coal in the 14- to 42-inch category
and some coal that has a higher ash and sulfur content.

Hunt and others (1937) estimated the reserves in Pike County at.
8 billion tons of coal in beds 12 inches or more thick, minable by drift.
mines. The estimate was based on the assumption that there were
15 coal beds with a density of 1.3 that averaged 20 inches in thickness
across 35 percent of each of the 46 geographic divisions into which the
county was arbitrarily divided for the purpose of the estimate. Hunt.
regarded the estimate as too small rather than too large.

In the period from 1950 to 1955 estimates of the coal reserves of the
Hyden (Johnston and Heck, 1950), Cornettsville (Johnston and others,
1955), Buckhorn (Stafford and Englund, 1954), and Blue Diamond.
(Troublesome) (Williamson and Adkison, 1953) 15-minute quad-
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rangles and of the Cannel City (Englund, 1955) 7%-minute quadrangle
have been published by the U.S. Geological Survey.

The U.S. Bureau of Mines, in the period from 1951 to 1954, pub-
lished estimates of the measured .and indicated coal in Pike (Dowd
and others, 1951a), Letcher (Wallace and others, 1953), Floyd (Dowd
and others, 1951b), Knott (Dowd and others, 1952), Harlan (Wallace
and others, 1954a), and Perry (Wallace and others, 1954b) Counties
as separate county reports. The estimates were reported as remain-
ing reserves in thickness categories for measured and indicated coal
for each 15-minute quadrangle, or part of a quadrangle, within the
county. These estimates of the U.S. Bureau of Mines have been
used in this report with minor changes. The correlations of the coal
beds have been modified where later information has made revision
of the correlation unavoidable. In a few quadrangles additional
information obtained after the U.S. Bureau of Mines prepared their
reserve figures has permitted the addition of some measured and
indicated coal.

The present estimate of the original reserves of the Eastern Ken-
tucky coal field is approximately 33.5 billion tons, about half of
Campbell’s 1913 estimate. The present estimate is smaller because
(1) more conservative methods were employed to estimate the
extent of coal beds underground, (2) no allowance was made for
possible coal in deeply buried beds, and (3) about 13 percent of the
coal-bearing area had to be omitted for consideration for lack of
reliable data as to the thickness of the coal or the number of coal beds
present. Campbell attempted by extrapolation to estimate the
total amount of coal present in the full thickness of coal-bearing
rocks throughout the entlre coal-bearing area, and thus obtained a
larger total.

Part 2. GEOLOGY AND GEOGRAPHY OF THE EASTERN
KENTUCKY COAL FIELD -

By J. W. Hupbig, E. J. Lyons, and J. C. Ferm

TOPOGRAPHY

The Eastern Kentucky coal field is part of the Appalachian Plateau,
a large intricately dissected upland that extends from New York to
Alabama. In eastern Kentucky the western margin of the plateau
is a westward-facing escarpment, called the Pottsville escarpment
(McFarlan, 1943), formed by Lower Pennsylvanian sandstone. and
Mississippian limestone. At the Tennessee State line the escarpment
is about 700 feet high, but northward it becomes lower and is absent
in many places.
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Differences in landforms and relief provide a basis for division of
the Appalachian Plateau into sections, three of which are repre-
sented in the Eastern Kentucky coal field (pl. 1). The Cumberland
Plateau and the Cumberland Mountain sections extend northward
from eastern Tennessee into southeastern Kentucky, and the Kanawha
Plateau section extends southward from West Virginia and Ohio into
northeastern Kentucky.

The Cumberland Plateau in eastern Kentucky is a broad benchlike
upland of relatively low relief. It extends northward, in a belt
ranging from 15 to 40 miles in width, along the western border of
the coal field from the Kentucky-Tennessee State line to the vicinity
of Frenchburg, Ky. The western margin of the plateau is the
Pottsville escarpment, characterized by sandstone cliffs, as high as
150 feet, and deep narrow valleys, and narrow ridges. The Cumber-
land Plateau, to the southeast of escarpment, has been formed by
the removal of the less resistent rocks overlying the sandstone. The
boundary between the Cumberland Plateau and the adjacent Kana-
wha Plateau and Cumberland Mountain areas is-an irregular line of
hills or mountains whose strong local relief contrasts sharply with
the weaker relief of the Cumberland Plateau.

The Kanawha Plateau forms the largest part of the Eastern
Kentucky coal field. It is a hilly or mountainous upland with narrow
crooked valleys whose divides are irregular steep-sided ridges with
sharp crests. Most of the land surface slopes moderately to steeply,
but a few of the ridge crests that represent the old plateau surface are
flat. Flood plains of moderate size have formed on resistant sand-
stone along some of the major streams, but most of the smaller creeks
lack flood plains. The Pottsville escarpment is not as well developed
in this section as it is in the Cumberland Plateau area to the south.
The local relief of the Kanawha Plateau increases from 300 or 400
feet in the north near the Ohio River to about 2,500 feet in the south
where it borders the Cumberland Mountain section along Pine
Mountain.

The Cumberland Mountain section has two contrasting types of
topography. North of Pine Mountain the rocks are gently dipping
sandstone and shale, and the topography is similar to that of the
Kanawha Plateau except that the relief, as a whole, is greater. In
Pine Mountain and to the south, the rocks dip much more steeply,
and the topography is characterized by ridges and valleys that have
a strong northeast trend parallel to that of Pine and Cumberland
Mountains. This area has the greatest relief in eastern Kentucky,
and the highest mountain in the State, with an altitude of 4,145 feet,

is near Benham in Harlan County.
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CLIMATE

The Eastern Kentucky coal field lies in the belt of temperate
humid continental-type climate. The mean annual temperature is
about 58° F. The lowest average minimum monthly temperatures
are in January, and the highest average maximum monthly temper-
atures are in July. Temperatures rarely exceed 100° or drop below
zero. The frost-free period is approximately 175 days between April
25 and October 15.

Precipitation averages about 4 inches per month but is somewhat
less in February, June, October, and November, and somewhat more
in January, March, May, July, and September. The mean annual
rainfall ranges from 42 inches in the northeastern part of the coal
field to about 50 inches in the southeastern part. The lowest recorded
annual rainfall is 33.4 inches, measured in 1941 at Paintsville in the
central part of the coal field, and the highest is 63.1 inches, measured
in 1950 at the same station. During a 24-hour period, rainfall
frequently is 3 to 4 inches, occasionally 6 to 10 inches. Thunder-
showers may occur in any season, but are most frequent between
March and September.

DRAINAGE AND WATER RESOURCES

The streams that drain the Eastern Kentucky coal field are tributary
to the Ohio River. The principal streams that flow directly into the
‘Ohio River are the Big Sandy River, the Little Sandy River, Tygarts
‘Creek, the Licking River, the Kentucky River, and the Cumberland
River. Because of the many valleys and steep slopes, the area is well
«drained; swamps, marshes, and other poorly drained areas are local
and unusual.

The streams that drain the Eastern Kentucky coal field provide
the principal water resources of the area. Surface water along the
‘Ohio River is adequate for coal-washing and preparation plants, for
many industrial uses, and for public-water systems; but elsewhere in
eastern Kentucky the water supply is inadequate for many industrial
uses during periods of minimum flow of the streams or after a series
of dry years. The mean flow of many of the rivers in eastern Ken-
tucky is relatively large (table 2), but the minimum daily flow during
dry seasons is extremely small, and the annual available supply is
small.

Large quantities of water would be available on a year-round bsais
in most of the area only by use of reservoirs. The only large reser-
-voir within the Eastern Kentucky coal field is that formed by Dewey
Dam in Floyd County. This dam controls a drainage area of about
207 square miles and has a pool with a total capacity of 93,300 acre-
feet at the altitude of the spillway crest (Wells, 1953, p. 285).
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TaBLE 2.—Surface-water discharge at selected eastern Kentucky stations
A verage flow is given for entire record period to October 1952, Data from U.8. Geological Survey Water

Supply Papers]
Record minimum daily
Mean flow flow
Gaging station Dranlage | Oct. 1951~ | Average
area (sq mi)] Sept. 1952 | flow (cfs)
(cfs) Amount Date
(cfs)
Levisa Fork, Fish Trap, Ky....... 386 566 427 0.1 11/9/39
Levisa Fork, Paintsville_.._._...__ 2,143 3,183 2,302 8.4 7/23-25/30
Tug Fork, near Kermit, W. Va 1,185 1,703 1,309 23.0 0/14/39
Little Sandy River, near Grayson, Ky.... 398 700 500 2.0 10/26/39
Tygarts Creek, Greenup...cceeeeoccvoacanx 241 374 316 No flow ot 18/%3;2%
Licking River, Salyersville. .. 140 253 164 No flow |ocacecuooo-
at times

‘Licking River, Farmer._ . ..oo.oocooooaaaae 826 1, 457 1,054 N 10/14/30
North Fork K’entucky River, Hazard...._ 465 707 505 1.0 10/14352}
North Fork Kentucky River, Jackson..... 1,105 1,934 1,259 No flow 10/16/30
Middle Fork Kentucky River, Tallega. .- 530 963 654 2 9/17/49
South Fork Kentucky River, Booneville.. 720 1,478 1,000 .1 137}-'1;:22
Kentucky River, Lock 14, Heidelberg- ... 2, 648 4,934 3,519 4.0 10/20/30
Poor Fork, Cumberland_._______._.__.____ 82.1 169 141 2.1 10/8, 9/41
«Cumberland River, near Pineville....._... 822 1,728 1,306 6.1 9/17/39
Cumberland River, Cumberland Falls. ... 1,997 3,990 3,164 8.5 9/19, 20/32
South Fork of Cumberland River, near

Stearns..... - 942 1,017 1,810 11.0 10/4/48

Ground water in the Eastern Kentucky coal field is insufficient for
large users but can supply individuals and small communities (Baker
and Price, 1956, p. 16). The shale, siltstone, and sandstone that
underlie most of the coal basin transmit water mainly through joints
and cracks. Many of the coal beds are water bearing but the quan-
tity transmitted is small. Some of the sandstone beds are moderate-
ly porous, but they are only slightly permeable and yield water
slowly. In the Paintsville area Baker (1955) found that most wells
-yielded less than 10 gallons per minute and only one yielded as much
as 100 gallons per minute. Similar small yields were found in the
London area by Otten (1948) and in the Prestonsburg area by Price
(1956). Fresh water is produced from both the Breathitt and the
Lee formations, but some wells in both formations yield water with
'a high content of dissolved solids and water that is not potable.

TRANSPORTATION

Transportation facilities for hauling coal from mine to market in
the Eastern Kentucky coal field include railroads, highways, and
waterways (pl. 3). Railroads hauled about two-thirds of the total
tonnage produced in 1955. The companies operating within the coal
field are the Louisville and Nashville Railroad, the Chesapeake and
-Ohio Railway, the Norfolk and Western Railroad, the Southern Rail-
way System, the Carolina, Clinchfield, and Ohio (the Clinchfield)
Railway, the Kentucky and Tennessee Railway, and the Morehead
and: North Fork Railroad. Of these, the Louisville and Nashville
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and the Chesapeake and Ohio serve the largest area and carry most of
the coal shipped.

The Louisville and Nashville Railroad provides service for a large
coal-producing area in the southwestern part of the Eastern Ken-
tucky coal field. The Eastern Kentucky division of the railroad ex- .
tends from Winchester southeastward along the Kentucky River and
its tributaries into an important mining area in western Breathitt,
Perry, and Knott Counties. The Cumberland Valley division ex-
tends from Corbin eastward into Bell, Harlan, Knox, Clay, and
Letcher Counties and has a spur line from Barbourville northward to
the Manchester area in Clay County. The main line along the west-
ern side of the coal field serves principally as an outlet for coal destined
for middle western and southern markets.

The Chesapeake and Ohio Railway serves a large area in the north-
eastern half of the Eastern Kentucky coal field. Its main coal-
hauling operation is the Big Sandy division,; which extends southward
from Catlettsburg along the Big Sandy River and Levisa Fork to
the coal-producing region in Johnson, Magoffin, Floyd, Pike, eastern
Knott, and eastern Letcher Counties. The Ashland-Lexington
division of the railroad serves a relatively small coal-producing area
in Boyd and Carter Counties. The main line along the Ohio River
provides outlets to coal markets in middle western and eastern sea-
board areas.

The Norfolk and Western Rallroad serves eastern Pike County
adjacent to Tug Fork, and the Southern Railway System serves a
small coal-producing area in McCreary and Pulaski Counties. The
Kentucky and Tennessee Railway is a short coal-hauling line that
connects with the Southern Railway System in MeCreary County.
The Morehead and North Fork Railroad, another short line extending
south from the Chesapeake and Ohio Railway at Morehead, formerly
hauled coal but today derives most of its revenue from the trans-.
portation of clay and ceramic products. The Carolina, Clinchfield,
and Ohio Railway has only a spur line extending into the southeastern
part of the coal field to connect with the southern terminus of the
Big Sandy Division of the Chesapeake and Ohio Railway at Elkhorn
City.

Truck haulage over pubhc highways is the second major method
of coal transportation in eastern Kentucky, accounting for the ship-
ment of about one-third of the total production in 1955. Trucks
serve as a means for moving coal directly from the mine to the market
and also for conveying it from the mines to railroad loading. facilities.
This last service is important to small underground operations and
to strip mines, which in many instances are relatively short-lived
and do not justify construction of spur lines.
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Waterways are the least important form of transportation in the
Eastern Kentucky coal field, principally because the streams in the
major coal-producing areas are not navigable. Relatively small
tonnages are shipped on the Kentucky and Cumberland Rivers.
The Big Sandy is navigable approximately to Louisa in Lawrence
County (fig. 3), but the locks were not in operation in 1955.

STRATIGRAPHY
' GENERAL DESCRIPTION

The Pennsylvanian rocks in the Eastern Kentucky coal field are
divided into three formations. In ascending order they are the Lee
formation of Early Pennsylvanian age, the Breathitt formation of
Middle Pennsylvanian age, and the Conemaugh formation of Late
Pennsylvanian age. The Monongahela formation of Late Pennsyl-
vanian age has not been recognized in eastern Kentucky, although
it is present in Ohio and West Virginia a few miles from the Ken-
tucky State line. The classification of Pennsylvanian rocks used in
this report is compared in table 3 with other classifications for eastern
Kentucky, Virginia, and Tennessee.

The Pennsylvanian rocks consist principally of sandstone, siltstone,
and shale and contain small amounts of limestone, ironstone, and
coal. North of the Irvine-Paint Creek fault (pl. 4) the lithologic
character and the intervals of the Pennsylvanian rocks are similar to
those in Ohio, Pennsylvania, and northern West Virginia, whereas
south of the uplift the rocks and coal beds are more like those in
southwestern Virginia, southern West Virginia, and Tennessee
(Wanless, 1939). Southward the rocks thicken greatly and contain
more sandstone and conglomerate beds, and the interval between
coal beds increases.

COAL BEDS

The coal beds constitute only a small part of the total volume
of Pennsylvanian rocks in eastern Kentucky, but, because of their
economic importance, an understanding of their extent, continuity,

‘shape, and characteristics is of prime interest.. In the Eastern

Kentucky coal field coal beds range in thickness from microscopic

films to as much as 19 feet, and in area from bodies a few feet across

to major beds that extend over most of eastern Kentucky and into
adjacent States. The coal beds range in shape from sheets to elon-
gate, rodlike bodies, to discshaped or irregular lentils. The thick
coal bodies tend to be elongated toward the north and east. Wide-
spread coal beds may be continuous sheets of coal, isolated lentils
at the same horizon, overlapping lentils at successive horizons that
are not strictly contemporaneous, or semi-isolated tongues and splits
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TaABLE 3.—Systems of classification of Pennsylvanian strata used in eastern Ken-
tucky, Virginia, and northern Tennessee

:
Northern Tennessee Northern Virginia Kentucky Northern Classification
(Wilson, Jewell, and Luther, Tennessee (Campbell, Cumberland Kentucky used in 4
1956) (Wanless, 1893) Gap Field (Phalen, this report |,
1946) (Ashley and 1908)
Glenn, 1806) e e et
C h c n |
formation formation |
Upper Freegort | Upper Freeport (|
_coal coal :
Allegheny
formation
Brookville coal
L\ ——_| g ™~
'\/ Harlan
Cross Mountain group sandstone
Bryson
Anderson formation
Frozenhead sandstone formation - i
" . Red Springs coat 8 {
Pilot Mountain Hignite i 1
Vowell Mountain group sandstone formation t .
Lower Hignite i Breathitt
coal formation
Pewee coal ! '
. ’ Catron |
Red Oak Mountain group Scott formation Wise formation
formation
Windrock coal Poplar Lick coal i
Graves Mountain group 't
Pioneer sandstone Pioneer Mingo formation {
. sandstone
indian Bluff group f Jellico Bennett Fork ) '
- formation coal H
Jellico coal Blue Gem coal 1
o ladevi Hance
Briceville sandstons formation Pottsville |
Slatestone group formation formation. |
i
Uily. coal
Poplar Creek coal Corbin Norton
sandstone formation Catbin sandstone
Duskin mamber
Crooked Fork group f Creek
ormation Naese
i Rockcastle sandstone
s Rockcastle conglomerate sandstons
o
2| Vandever formation R s‘?n'ads‘::ﬁ’e 5 Rockcasthe,
{2 3| Newton Lee g
H < | ®|_sandstone group s
ola -
=1 Newton sandstone E 5| FEastiand Lee 2
|s 1 eatyville, shale: membar;
£ 8 Herbert sandstone of Miler (1917)
S “ sandstone
I
2 p 4 Whitwell
1 g Whitwell shale ‘5 shale
- Sewanee e
Sewanee conglomerate conglomerate ::::g:iogﬁtm'glqme(ate;
. Gizzard [ }(1910) live: Hill fire
Gizzard group formation T clay }nember'm....
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of coal extending from sheetlike lentils. Continuous sheets of coal
may be thin or absent locally because of nondeposition of removal
shortly after deposition by decay, fire, erosion, or other causes. In
many places channels have been cut in the coal beds and filled with,
sandstone, shale, or siltstone. Coal beds terminate horizontally by
gradual thinning, by grading into other sediments such as black
shale, by splitting into several beds, or by ending abr uptly in sharp.
contact with a channel-fill deposit.

Bed characteristics and chemical and physical properties of coal
beds also change. Locally, coal beds may have peculiar partings;
distinctive benches of laminated, splint, or cannel coal; riders; un-
usual chemical composition; and unusual roof or floor rocks; but.
few of these features have a regional extent. Such variations are.
to be expected because it is unlikely that conditions were identical
throughout a coal swamp the size of the Eastern Kentucky coal field
during the period of accumulation and formation of the coal. The.
type, manner, and rate of accumulation of the vegetable matter-
and inorganic sediments, as well as other factors affecting the forma-
tion of the coal, must have changed.

The extent, persistence, termination, and characteristics of coal
beds in eastern Kentucky can be determined only where there has.
been extensive mining, core drilling, prospecting, and careful geologic
mapping. In much of the coal field, the extent and continuity of
the coal beds have not been determined. Plates 5 through 14 show-
the probable extent of 12 coal beds. The Upper Elkhorn No. 3:
and the Fire Clay coals seem to be extensive and continuous; the
Lily seems to be composed of contemporaneous isolated lenses of
coal; and the Hazard, Hazard No. 7, and Francis coals and the coal
beds in the Lee formation seem to be extensive coal zones composed
of overlapping lenses. Additional geologic mapping and prospecting-
will be required to prove or disprove these speculations.

LEE FORMATION OF EARLY PENNSYLVANIAN AGE

The Lee formation, named by Campbell in 1893, is composed
principally of sandstone, conglomerate, siltstone, and shale. Thick:
orthoquartzitic cliff-forming sandstone and conglomerate beds are
the most conspicuous members of the formation. The coal beds.
are markedly lenticular and discontinuous.

The Lee is well exposed in four general areas: (1) the Pottsville
escarpment along the western margin of the coal field, (2) northeast.
of Paintsville in the Irvine-Paint Creek uplift, (3) Pine Mountain,
where the rocks have been upturned by thrust faulting, and (4)
Cumberland Mountain along the southeastern border of the coal
field.
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The thickness of the Lee formation in the Pottsville escarpment
along the western edge of the coal field decreases northward from
about 670 feet at the Kentucky-Tennessee State line to about 100
feet at the Ohio River. Thick orthoquartzitic cliff-forming sand-
stone beds—separated by beds of shale, siltstone, and coal—are
prominent in the southern part of this area, but northward the
sandstone beds grade laterally and vertically into shale and siltstone
and become thinner and fewer in number. In the area of the Irvine-
Paint Creek uplift, the Lee formation is about 500 feet thick and con-
sists of thick beds of sandstone and interbedded shale and coal. In
the Pine and Cumberland Mountains the Lee formation ranges from
about 1,000 to 1,500 feet in thickness and is composed almost en-
tirely of sandstone separated by relatively thin zones of shale and
coal.

‘Named members of the Lee formation along the western margin
of the coal field include the Olive Hill fire clay of Crider (1913), the
Tivingston conglomerate of Miller (1910), the Beattyville shale mem-
ber (Miller, 1917) in the lower part of the formation, and the Rock-
castle sandstone and Corbin sandstone members (Campbell, 1889)
in the middle and upper parts of the formation, respectively (table 3).
The Olive Hill fire clay member occurs in separate lens-shaped bodies,
generally less than 3 feet thick, near the base of the Lee formation in
the northern part of the coal field in Greenup, Carter, and Elliott
Counties. This bed is the source of most of the flint fire clay used in
the manufacture of high-refractory brick in eastern Kentucky. The
Livingston conglomerate member is a local elongated body of sand-
stone and conglomerate which occupies a channel in the limestone of
Mississippian age near Livingston in Rockecastle County. Similar
elongated bodies occupy other channels in the Mississippian limestone
at Heidelberg, Ky., and other localities. The Beattyville shale mem-
ber includes siltstone and fine-grained sandstone and two to four
coal beds. Overlying the Beattyville in many parts of the coal field
is the Rockcastle sandstone member which is composed of sandstone
and conglomerate. This member is as much as 200 feet thick and
forms cliffs that are especially prominent in Rockcastle and Pulaski
Counties. The Corbin sandstone member, at or near the top of the
Lee formation, is a sandstone or conglomeratic sandstone from 100
to 200 feet thick. It is not well indurated, forms rounded outcrops,
and weathers to a pinkish color. Although it is not so resistant to
erosion as the Rockcastle, the Corbin underlies an extensive upland
of low relief in Laurel, Whitley, and McCreary Counties, and in
southern Rockcastle County, where the overlying Breathitt has been
removed by erosion.

The continuity and correlation of the coal beds of the Lee formation
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are not certain, but in many areas three beds that occur in the.for-
mation at about the same stratigraphic position relative to each other,
probably represent three distinct coal horizons. The names Hudson,

Beaver Creek, and Barren Fork have been assigned to these beds for
use in this report, but locally other names are used. The composite
areal distribution of the coals of the Lee formation is shown in plate 5.

At some places the base of the Lee formation is marked by a dis-
conformity. Along the western margin of the coal field near Heidel-
berg and Livingston and in the area of the Irvine-Paint Creek uplift,
rocks of the Lee formation lie disconformably on sandstone, shale,
or limestone beds, which range from Early to Late. Mississippian in
age. In Pine and Cumberland Mountains the Lee formation and
the underlying Bluestone formation of Mississippian age seem to
grade and interfinger into .each other through a succession of sand-
stone and shale tongues.

No one criterion can be used at all localities to distinguish between
the Lee and older formations. Contrasting types of sediments above
and below a sharp contact is characteristic of the relation at most
localities. TFor example, the red and green shales of the Pennington
formation of Mississippian age are easily distinguished from the dark-
colored shale and siltstone or the sandstone and conglomerate of the
Lee formation of Pennsylvanian age. The contact also is sharp and
easﬂy recognized where rocks of the Lee formation rest on Mississip-
pian limestone. At many localities, however, the rocks above and
below the contact are similar, and it is necess"ary to use the lowest
coal bed, flint clay, or underclay as a guide in finding the base of the
Lee formation

The contact with the overlymg Breathitt formation is graditaonal,
and the boundary is arbitrary.

BREATHITT FORMATION OF MIDDLE PENNSYLVANIAN AGE

Campbell in 1898 proposed the name Breathitt for the rocks over-
lying the Lee formation in Breathitt County northwest of Pine Moun-
tain. As used in this report, the Berathitt formation includes all
the rocks between the Lee and Conemaugh formations. These rocks
have been variously named and subdivided in eastern Kentucky and
adjoining States (table 3). Phalen (1908) used Pennsylvania, West
Virginia, and Ohio terminology in northeastern Kentucky, dividing
the rocks into the Pottsville, Allegheny, and Conemaugh formations.,
Wanless (1946) used Tennessee nomenclature in southern Kentucky,
including, in ascending stratigraphic order, the Briceville, Jellico,
Scott, and Anderson formations. These divisions were based. partly.
on key coal and sandstone beds, and partly on general characteristics
of the rocks. Wilson and others (1956) abandoned these names and

620706—62——3 o
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proposed new group and formation names for northern Tennessee,
basing their subdivisions on selected key sandstone beds and coalbeds.
In the Cumberland Gap coal field, Ashley and Glenn (1906) sub-
divided the post-Lee strata into the Hance, Mingo, Catron, Hignite,
and Bryson formations using selected coalbeds as formation bound-
aries. Campbell in 1893, using the Gladeville sandstone as the key
bed, divided the rocks above the Lee formation in Wise County, Va.,
into, in ascending order, the Norton, Gladeville, Wise, and Harlan
formations. The Gladeville has been recognized in Letcher County,
Ky., in the area southeast of Pine Mountain, where McFarlan (1943)
and Wanless (1946) applied Campbell’s names; in Harlab and Bell
Counties the Gladeville has not been recognized and the Virginia
nomenclature is not used.

None of the proposed systems of subdividing the rocks between
the Lee and Conemaugh formations are applicable throughout the
entire Eastern Kentucky coal field, but all are included in the Breathitt.
formation of Campbell and this name is used in this report.

Over most of the Eastern Kentucky coal field the Breathitt forma-
tion is at the surface, and its outcrop area is the largest of any of the
coal-bearing formations in eastern Kentucky. In the northern part
of the coal field in parts of Carter, Boyd, and Lawrence Counties,
however, the Breathitt formation is covered by the Conemaugh; in a.
few areas in the coal field where it has been completely removed by
erosion the Lee formation is at the surface.

The upper part of the Breathitt formation has been removed by
erosion over most of the outcrop area. The full thickness of the
Breathitt is preserved only in northeastern Kentucky, where the
overlying Conemaugh formation is present; in this area it is about.
475 feet thick. Thickening of the Breathitt formation southward
is indicated by the change in thickness of the rocks between two coal
beds in the formation, the Upper Elkhorn No. 3 and the Hazard.
At the Ohio River this thickness is about 150 feet, increasing to about.
300 feet in southern Lawrence and northeastern Morgan Counties,
to about 600 feet in central Pike, southern Floyd; Knott, northern
Perry, and central Clay Counties. This formation reaches a maximum

" thickness of about 1,300 feet south of Pine Mountain.

The contact of the Breathitt formation with the underlying Lee
is placed at the top of the uppermost cliff-forming sandstone or at.
the base of a coal bed, variously known as the Lily, Horse Creek,
Manchester, Swamp Angel, Zachariah, or River Gem, which lies on
or a short distance above the uppermost cliff-forming sandstone. In
areas where the cliff-forming sandstone beds are absent or thin, par-
ticularly in the northern part of the coal field, the contact is defined
by a key bed, such as a coal, ironstone, or sandstone, whose position
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relative to the uppermost cliff-forming sandstone has been determined
elsewhere.

The Breathitt formation consists of shale, siltstone, sandstone,
ironstone, calcareous rocks, and coal. Most of the commercial coal
of eastern Kentucky is in this formation. The shale beds are dark
or light gray and contain fossil plants—stems, leaves, and fronds—
and ironstone at many places. Some of the siltstone and sandstone
beds also contain plant fragments, particularly stems and trunks.
The sandstone beds are characterized by an abundance of minerals
of the clay-mica type and rock fragments. The sandstone beds in
the upper part of the formation, particularly in thesoutheastern
part of the coal field, are feldspathic. Ironstone occurs as concretions,
usually in shale or claystone, or ranges from separate concretions to
nearly continuous beds or layers with a maximum thickness of 3 feet
(Crandall, 1884). Calcareous rocks make up a very small part of
the formation, but several zones contain large siltstone or sandstone
concretions cemented with calcareous material, and at least one zone
of limestone, the Magoffin beds of Morse (1931), is widespread. The
rocks below the coal beds are shale or clay, siltstone, or sandstone,
and in most places contain roots and rootlets. Many of these rocks
are slickensided as a result of compaction, due to dewatering of the
sediment and compression of roots and rootlets. Marine fossils are
present in the calcareous rocks at many localities, and brackish-
water and marine fossils occur in some of the noncalcareous rocks
which contain plant fossils. -

- A few beds or zones have distinctive properties and are sufficiently
widespread to be useful as key beds throughout the Eastern Kentucky
coal field. These are, in about their relative order of importance,
the Fire Clay coal, the Magoffin beds (Morse, 1931), the Kendrick
shale member (Jillson, 1919), and the Upper Elkhorn No. 3 coal bed
and .its equivalents.

The Fire Clay coal is characterized by a hard medlum—brown flint-
clay parting, generally in the lower third of the coal bed. -In some
places, however, the coal above or below the clay parting is missing,
and in a few localities only the parting occurs, underlain by soft clay
or shale containing abundant rootlets. The parting is not continuous
or constant in its properties but may change in thickness, color, or
hardness even in a particular mine. The flint-clay parting in the Fire
Clay coal is widespread and most typical in the general drainage area
of the Kentucky River, particularly in the Hazard mining district,
and is common elsewhere in the Eastern Kentucky coal field except
in.the northern part. Flint-clay partings are also present in the
Amburgy and Hazard coals and their equivalents, but are less charac-
teristic of those beds.
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The Magoffin beds are widespread and well known in the central
part of the Eastern Kentucky coal field and have been found in a few.
localities in the southern and southwestern part, whereas in the eastern
and northern parts of the field the Magoffin beds apparently have a
limited distribution. At most places they consist of a basal bed of
silty or argillaceous crinoidal limestone less than 1 foot thick, overlain
by dark calcarious shale or siltstone 1 to 5 feet thick, which contains,
or is overlain by, individual concretions or a layer of concretionary .
limestone. The entire unit is represented in some places only by a’
fossiliferous calcareous shale or siltstone or silty limestone. The
Magoffin beds contain marine fossils in all outcrops.

The Kendrick shale member is a widespread marine zone in the
eastern and central parts of the coal field, north of Pine Mountain.
South of Pine Mountain and in the southwestern part of the coal field,
the member has not been widely recognized. The Kendrick consists
of a medium- to dark-gray shale, siltstone, or fine-grained sandstone
containing silty limestone concretions which average 2 feet in diameter
but which reach a maximuru diameter of slightly more than 10 feet.
Marine fossils are abundant in some localities but are absent in others.
Similar fossiliferous marine shale beds containing limestone concre-
tions are not uncommon in other parts of the Breathitt formation in
some parts of the coal field, and may be erroneously identified as the
Kendrick member. _ -

The Upper Elkhorn No. 3 coal bed has no particularly distinctive
properties to aid in its identification but, because it has been mined
or prospected over such a broad area, it can be identified throughout
much of the coal field by tracing from mine to mine. It is correlated -
with the Millers Creek, Van Lear, Warfield, Little Caney, Tom Cooper,
Darby, Keokee, Rhoda, and “C” coal beds. More coal has been
produced from the Upper Elkhorn No. 3 bed, and it contains more
remaining coal reserves, than any other coal bed in the Eastern
Kentucky coal field. The wide distribution of the coal bed (pl. 8)
makes it useful as a key bed, and other coals can be correlated on the
on the basis of their stratigraphic relation to the Upper Elkhorn No. 3
coal. :

Thirty-seven coalbeds have been identified in the Breathitt forma--
tion in the Eastern Kentucky coal field. All these coal beds are not
present in any one of the reserve districts, and only three, the Upper
Elkhorn No. 3, the Amburgy, and the Fire Clay, have been identified
throughout the entire coal field. The correlation of a number of the
coal beds between mining areas and districts is tentative, and undoubt-
edly additional geologic mapping, exploration, and mining will change
some of the correlations shown in table 4.
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. CONEMAUGH FORMATION OF LATE PENNSYLVANIAN AGE

The Conemaugh formatlon oceurs in a small area in Boyd Carter,
and Lawrence Countles Its maximum thickness is about 500 feet,
‘which:does not represent the full thickness of the formation because
‘the upper part has been removed by erosion. The contact between
the Conemaiigh” arid the inderlying Breathitt is placed at the top of
‘s coal bed or at the base of a sandstone tentatively correlated with
ithe Upper Freeport coal and the Mahonmg sandstone member of
Pennsylvema ,

- The Conemaugh formation consists mamly of shale some of which
ls red, green, and purple, and siltstone and. sandstone. It also con-
itains several marine limestone and chert beds, which are traceable.
Only two coal beds were found in the Conemaugh in eastern Ken-
tucky, and neither is of commercial value.

!%«: N GEOLOGIC STRUCTURE

.

5 The ma]or structural features: of- the -Eastern- Kentucky coal field
‘are the Allegheny synclinorium, the Irvine-Paint Creek uplift, the
‘Eastern’ Kentucky syncline, and the Cumberland overthrust block
{(pl. 4):

The Allegheny synchnonum extends from the vicinity of Pittsburgh,

Pa., .across West. Virginia to Carter, Boyd, and Lawrence: Counties,
Ky ., where it is bordered on the sotth by the Irvine-Paint Creek
'uplift (pl. 4). The youngest Paleozoic rocks in the Eastern Kentucky
‘coal field, the Conemaugh formation of Late Pennsylvanian age, are
‘preserved in this synclinorium.
- The Irvine-Paint Creek uplift is an eastward-trending zone of folds
and faults—including the Irvine-Paint Creek fault, the Paintsville-
“Warfield “anticline, “the “Jobnson' Creek “fault, ‘and othérs—which
‘extends entirely across the Eastern Kentucky coal field and divides it
into two provinces. Most of the faults are normal and are down-
‘thrown on the south. Generally there is an anticline parallel to the
fault on the downthrown block. Pairs of structures showing this
relation are the Irvine-Paint Creek fault and the parallel Paintsville-
Warfield- anticline, and the Johnson-Creek fault ‘and the anticline
south of it.

Between the Irvine-Paint Creek uphft and the Cumberland over-
thrust block is the Eastern Kentucky syncline (McFarlan, 1943), a
broad basin divided by the Paint Creek uplift into an eastern basin
.centering largely in Martin County and a western one which is most
prominent in Breathitt, Perry, and Leslie Counties. The syncline
dies out to the southwest.
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The Cumberland overthrust block, about 120 miles long and aver-
aging about 25 miles wide, is bordered on the nortbwest by the Pine
Mountain fa,ult; ‘on the northeast by the Russell Fork fault, on the
southeast by the Hunter Valley and St. Paul faults , and on the south-,

west by the Jacksboro fault. The Hunter Valley, St. Paul, and‘

Jacksboro faults are east and south of the area shown on plate 4.:
The Pine Mountain, Hunter Valley, and St. Paul faults are low-angle

trust faults that strike northeastward and dip southeastward. The
trace of the Pine Mountain fault is parallel to the northwest face of
Pine Mountain. The Russell Fork and Jacksboro faults are nearly

vertical, and the displacement is largely horizontal. Southeast of .

Pine Mountain, within the Cumberland overthrust block, is the.

Middlesboro syncline whose axis trends northeastward parallel to the
long dimension of the block. In the syncline the rocks dip less than

15° in most places, as contrasted with the steep dips of the rocks in

Pine and Cumberland Mountains. The Rocky Face fault transects,

the Cumberland overthrust block in a southeast direction and divides-

the Middlesboro syncline into two subbasins,

The geologlc structure, in general, has little effect on coal-mmmg

operations in eastern Kentucky except in regard to mine drainage.:

In a few areas, however, particularly near the Rocky Face fault, the.

Pine Mountain overthrust, and some of the faults of the Irvine-Paint,

Creek uplift, the coal is too disturbed to mine profitably. Also, in
the steeply dipping beds of Pine Mountain, the coal beds are too
difficult to mine because of their attitude. Apparently nowhere in
the Eastern Kentucky coal field has folding been sufficiently intense
to increase greatly the rank of the coal, although, in a general way,
the ratio of fixed carbon to volatile matter tends to increase south-
eastward toward the area of strongly folded rocks in the Appala,chmn
Mountains.

Part 3. RESERVE DISTRICTS OF ATHE EASTERN KEN-
TUCKY COAL FIELD
BOUNDARIES AND NAMES OF THE DISTRICTS

In the past the Eastern Kentucky coal field has been divided, for:
purposes of discussion, into major drainage areas—such as, the Blg

Sandy-Elkhorn dramage, the Licking River drainage, the Kentucky;

River drainage, and the Cumberland River drainage. This was done.
because the drainage determined the transportatlon routes, and the
drainage areas outlined in a general way the mining districts within_
which particular coal beds were mined. The names given to the coal,
beds, in most instances, were peculiar to one district, although some
names were used in several districts.
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- As mining. development continued and transportation facilities
were improved, the natural drainage lines became less significant, and
the growing areas of coal production became more significant. These
more compact areas soon became known as coal-producing districts

and were named in many instances for the town or towns that provided

the commercial services for the district, such as the Corbin, Hazard,
Harlan-Benham, and the Barbourville-Middlesboro producing dis-
tricts (pl. 15). Some of these extended into adjacent States.

In this report the Eastern Kentucky coal field has been divided into
six reserve districts whose boundaries, except along Pine Mountain
and the western edge of the field, are county lines (pl. 15). These
districts coincide to some extent with drainage areas, because the
county lines in many places follow drainage divides. Division on the
basis of counties is advantageous because previous reports on coal
production and some of the reports on reserves have been published
in county units. The one district for which county lines do not deter-
mine the boundaries is the Upper Cumberland River reserve district,
whose area and extent are delimited by geologic structural features.

The divisions used in the present report are to some extent arbitrary,
but drainage, coal-name usage, and coal production, or lack of it, also
have been determining factors. Numbering of six the reserve districts
has been discretionary from north to south. The six districts are:
The Princess district.

The Licking River district

The Big Sandy district

The Hazard district

The Southwestern district

The Upper Cumberland River district.

SO

COAL BEDS OF THE PRINCESS RESERVE DISTRICT
By Joun C. FErM
LOCATION

The Princess reserve district occupies an area of about 1,350 square
miles in the northern part of the Eastern Kentucky coal field and
includes all of Boyd, Carter, Greenup, and Lawrence Counties and

the easternmost part of Lewis County. The name of the district is

derived from a small mining community in northwestern Boyd
County.

Plate 1 shows the location of the district and plate 2 shows the areas
within the district for which coal reserve estimates have been prepared.
Reserves were not estimated for the western part of the district, as
previous reports (Crandall, 1884, and Phalen, 1908) indicate that the
coal there is of negligible economic importance.
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DRAINAGE AND TOPOGRAPHY

The Princess reserve district lies within the highly dissected
Kanawha section of the Appalachian Plateau province and, like the
rest of the Eastern Kentucky coal field, the landscape consists mainly
of steep-sided hills with narrow ridgetops alternating with narrow,
winding valleys. The general character of the terrain, however, is
more subdued than in other parts of the coal field. Local relief
exceeds 500 or 600 feet in only a few places and some of the major
streams have wide alluvial valleys.

All streams flow either directly or indirectly into the Ohio River,
which flows northwestward along the northern margin of the district
(pl. 1). The three principal tributary streams to the Ohio River in
in this district are Tygarts Creek, the Little Sandy River, and the
Big Sandy River. Tygarts Creek drains the western parts of Carter
and Greenup Counties; the Little Sandy River and its tributaries,
East Fork and Little Fork, have a large drainage area which includes
most of Carter, Greenup, and Boyd Counties. Lawrence County is
drained principally by the Big Sandy River and its tributaries, Levisa
Fork, Tug Fork, and Blaine Creek.

TRANSPORTATION

Trausportation in the Princess reserve district is provided by an
ample network of roads and railroads (pl. 3). In addition to the
heavy-duty arterial highways shown on the map, numerous light-duty
all-weather roads extend to the remote parts of the district. This
road system is very important to the local coal industry, as many of
the mines either are located some distance from the railroad or are
too small to support rail-loading facilities. Operations which are
large enough to require rail transportmon are served by the Chesapeake
and Ohio Railway.

SOURCES OF DATA

Data used in preparing coal-reserve estimates were assembled from
a number of sources (pl. 2). Estimates for Boyd, Carter, and Greenup
Counties were made from field-reconnaissance information supple-
mented by reports of the Kentucky Geological Survey (Crandall,
1884) and the U. S. Geological Survey (Phalen, 1908).

Data for the Lawrence County estimates were gathered mostly from
published literature. Estimatesin the northern part, including parts
of the Webbville and Louisa 15-minute quadrangles, were made from
information in the reports by Crandall (1884, 1905) and Phalen
(1908). Data for the Lawrence County part of the Paintsville 15-
minute quadrangle were compiled by L. D. Harris from a report by
Hauser (1953). Harris and H. L. Smith prepared estimates for the
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Lawrence County part of the Inez 15-minute quadrangle from field-
reconnaissance data supplemented by published information (Crandall,

1905),
STRATIGRAPHY

‘The coal-bearing rocks of the Princess reserve district include the-
Lee, Breathitt, and Conemaugh formations of Pennsylvanian Age..
The Lee formation, the oldest of the three, disconformably overlies
Mississippian rocks and the contact is an erosion surface with at
least 100 feet of relief. :

LEE FORMATION ‘

The Lee formation consists mostly of sandstone and siltstone with -
lesser amounts of clay, shale, coal, “iron ore,”” and limestone. The,
most conspicuous units of the formation are the sandstone beds,-
which attain thicknesses from 100 to 300 feet in the southern part.
of the district. ~ In other areas, particularly in the northwestern part
of the district, the sandstone units are locally absent or are repre-
sented by one or two beds 2 to 3 feet thick. Sandstone beds in the
Lee . formation, regardless of thickness, are generally quartzose,’
which is the only method of distinguishing. the Lee from the lower:
part of the Breathitt in some areas. In Greenup and Carter Counties
the upper contact of the Lee formation is placed at the top of a 2-
to 5-foot-thick persistent quartzose sandstone directly underlying the
Grassy(?). coal, the lowest stratum of the Breathitt formation. In
Lawrence County, the top of the Lee is considered to be the top of
the uppermost. cliff-forming sandstone member.

The thickness of the Lee is quite variable. Within local areas
some of this variation is probably due to differential sedimentation
on the uneven, pre-Lee erosion surface. There is a pronounced
regional thickening from north to south. In Greenup County, on.
the Ohio River, the Lee averages about 175 feet in thickness;.in -
Lawrence County it attains a maximum thickness of 350 feet.

BREATHITT FORMATION

The Breathitt formation overlies the Lee and consists mainly of.
L siltstone, sandstone, and shale, in that order of abundance. Minor’

constituents, other than coal, are clay, “iron ore,” limestone, and
chert. The sandstone beds of the Breathitt, unlike those of the
Lee, are typically nonquartzose or ‘‘dirty”’ and some are feldspathic.
The base of the formation in the Princess reserve district is defined
as the base of the Grassy(?) coal bed, and the top as the top of the
Upper Freeport coal bed. Like the Lee, the Breathitt formation
thickens from north to south. In the northern part of the district
it is about 475 feet thick; in the southern part it probably averages
800 feet. The main zone of thickening appears to be in the lower
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- part of the formation below the Princess No. 5 coal bed. The princi-
. pal coal beds and key beds. of the Breathitt formation in the Princess
. reserve district are shown on. figure 1.

FEET
0 Tz
[ E1e)
g5
- 50 Ja=
. 44
o : 32
. - 100
= Y.
g6
<=
2(
mE
zx
g2
z .
5
.. 12
. | <
5 g
g
L& E
g T
[re =
<
= )
he )
=
L X@ XX !
& Fire Clay rider coal bed
Fire Clay coal bed
. Whitesburg coal bed —
a» o | ——————— Kendrick shale member
~—Gun Creek coal peg
E — TOm COOl
Per cogy bed )
a \ ,
& —_— SY0) coal peg '
= ; Unnameg
QE: \Unnamed
(o]
Q .
" ) ~—_
s - _Unnamed - - T~ ’ . :
Coal "* Limestone Limestone Chert Ironstone

concretion

FIGURE 1.-—Gei1efalized geoldgic columns for the Princess reserve district.
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Included within the .Breathitt formation in the Princess reserve
- district are six relatively thin units which, because of their lateral
persistence and distinctive lithologic character, are of considerable
importance in local or regional correlation. These beds, in ascending
order, are the Kendrick shale member, flint clay parting in the Fire
Clay coal, Magoffin beds, “main block ore,” black flint, and the
equivalent of the Vanport limestone member of the Allegheny forma-
tion. The lower three of these beds are widespread in the southern
part of the Eastern Kentucky coal field, but in the Princess reserve
district they are less persistent and- are lithologically different from
their southern equivalents. ,

The Kendrick shale member, directly overlying the Gun Creek
coal, is very irregularly distributed and has been definitely recognized
only in Carter County. Ellipsoidal limestone concretions containing
marine fossils occur at a few places, but generally the Kendrick is
represented by a dark siltstone or sandstone with marine fossils.

The flint clay parting in the Fire Clay coal bed in the Princess
reserve district is much less persistent than in districts to the south.
At a few localities in Carter and Greenup Counties it is a nonpersist-
ent bed of flint or semiflint clay 1 to 2 inches thick. It has no cor-
relation value within the district, as nearly all the coal beds of the
Breathitt formation locally include similar partings.

The Magoffin beds, lying between the Fire Clay and the Princess
No.3 coal beds, are fairly widespread in Greenup and Carter Counties,
but are not typical of the Magoffin in the Licking River and Hazard
reserve districts to the south. Limestone has been found at only one
locality, and the position of the Magoffin is generally marked either
by a siltstone containing marine fossils or by a thin sandy limonite
‘“ore’” bed. The Magoffin beds have not been recognized in Lawrence
County.

The next overlying key beds of the Breathitt formation—the ‘“main
block ore,” the black flint, and the Vanport limestone member equiv-
alent—are reasonably persistent in the Princess reserve district. The
oldest of these, the “main block ore,”” which is generally 35 to 40 feet
above the Princess No. 3 coal bed, in most localities consists of a 1-foot
bed of silty limonite containing a few marine fossils. In most places
the bed itself is not exposed but the position is indicated in large areas
of Greenup and Carter Counties by shallow trenches from which the
iron ore was formerly mined.

The black flint, lying about 45 feet above the “main block ore,” is
associated with the Princess No. 5 coal bed and, where best developed,
includes two units. The lower unit, a 2- to 3-inch hard blocky flint-
like parting containing plant fossils, is within the coal bed itself. The
upper unit, & 3- to 4-foot bed of dark hard granular flint containing
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marine fossils, lies 2 to 5 feet above the Princess No. 5 coal bed. Both
units are extremely resistant to weathering and can be found as ledges
or abundant loose float where other beds are not exposed. The lower
flintlike parting has a relatively wide areal extent and has been found
in many places in southeastern Greenup, northwestern Boyd, and
eastern Carter Counties. In Lawrence County, beds probably equiv-
alent to the flintlike partings are present at two localities. The first
is a series of ridgetop outcrops extending from Blaine about 5 miles to
the east. In this area a thin flinty layer has been found within a 15-
to 20-inch coal bed. A second locality is about a mile north of Louisa,
where Phalen (1908) reports a 6-inch coal bed that changes laterally
to black flint. In contrast, the upper marine flint bed is found only
in a small area of about 16 square miles in west-central Boyd County
and in Carter County. .

The youngest and most persistent key stratum in the Breathitt
formation is the Vanport limestone member equivalent of Allegheny
age. This bed is 60 to 75 feet below the Princess No. 7 coal bed and
20 to 50 feet above the black flint. In the northern part of the district
the Vanport equivalent is a 2- to 5-foot bed of light-gray massive lime-
stone containing marine fossils, but in a few localities the limestone is
apparently replaced by fossiliferous chert. A thin limonite bed gen-
erally overlies the Vanport equivalent whose stratigraphic position
is indicated in some places by shallow abandoned open-pit iron mines.
Directly underlying the limestone is a 5- to 20-foot bed of clay, which
is mostly of the plastic variety but which contains a few 1- to 4-inch
layers of flint clay. This clay bed is apparently more persistent than
either the limonite, limestone, or chert, and can be found in many
localities where the other rock types are absent. The Vanport lime-
stone member equivalent crovs out in a broad area extending through
eastern Greenup, eastern Carter, and western Boyd Counties, and is
reported by Crandall (1884) to be an excellent marker bed in northern
Lawrence County.

3 CONEMAUGH FORMATION

The Conemaugh formation overlies the Breathitt and represents
the youngest Pennsylvanian rocks in the Eastern Kentucky coal field.
The lower limit of the formation has been defined (Phalen, 1908, p.15)
as the top of the Upper Freeport coal bed and the upper limit as the
base of the Pittsburgh coal bed. In Wayne County, W. Va., which
adjoins the Princess reserve district on the east, the Conemaugh is
reported to be about 500 feet thick (Kerebs and Teets, 1913, p. 114—
117), but in Kentucky the upper 100 to 200 feet has been removed by
erosion. The Conemaugh formation in the Princess reserve district
consists of siltstone, shale—some of which is red—sandstone, a few
thin coal beds, and limestone. Several limestone beds are relatively
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‘Persistent but, of these, only the Cambridge limestone member was
‘extenswely ‘used as a key bed in this study. The Cambridge is in the -
lower- -part of the Conemaugh, 110 to 120 feet above the Princess No.
'8 coal bed. ‘It has an average thickness of about 2 feet and is generally
8 silty, fossiliferous- limestone. In some localities the Cambridge
*member contams abundant layers gnd nodules of fossiliferous chert
'Whlch owmg to its resistance to weathering, forms - conspicuous
‘ledges. The Cambridge crops out in a large area in Boyd and eastern
“Carter Counties and is reported by Crandall (1884) and Phalen (1908)
to be very persmtent in the northern part of Lawrence County.

f’ . 4 COAL-BED NOMENCLATURE »

-Coal beds have been found in at least 22 stratigraphic positions in
the Pennsylvanian rocks of the Princess reserve district. Of these,
however, only 13 individual beds or zones consisting of 2 or more beds
‘have sufficient thickness and areal extent to be included in the reserve
‘estimate. Each coal bed in the Princess reserve district has at one
time been given a name, but usually these names have been applied
only in a small area and a uniform system ‘of coal-bed nomenclature
has not been established. In this report an attempt has been made to
simplify the nomenclatural system by using only one name for each
bed within the district and, where correlations are reasonably certain,
by adopting names from adjoining districts. It has been necessary,
however, to continue usage of local nomenclature where (1) no equiva-
Jent bed has been recognized in adjoining districts, (2) correlations in
adjoining districts have not been definitely established, or (3) local
‘usage has considerable economic significance. The resulting revised
nomenclature is shown on figure 1.

The coal beds in the Lee formation are thin and erratic in distribu-
tion and, therefore, have not been differentiated or given specific
names.

Correlations of beds in the lower part of the Breathitt formation
have been established between the Princess and Licking River reserve
districts, and Grassy, Tom Cooper, Gun Creek, Whitesburg, Fire
Clay, and Fire Clay rider are names introduced from that area.
Stratigraphic equivalence of coal beds in the middle part of the
Breathitt cannot be definitely demonstrated in different parts of the
district and a dual system of nomenclature has been adopted. Im
the southern part of the district—in Lawrence County and in the
Big Sandy reserve district to the south—the three major coal beds
in this part of the stratigraphic section are referred to as Peach
Orchard, Torchlight, and Richardson. In the northern part of the
district—in Boyd, Carter, and Greenup Counties—the approximate
equivalents of these beds are the Princess No. 3 and the Princess No. 4
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" coal beds, and the Princess No. 5 coal zone. This system of numbered

beds represents an adaptation of nomenclature first used by Crandall
'(1884). Most of the coal beds of the upper part of the Breathitt and
‘Conemaugh formations can be traced throughout the district and are
designated Princess Nos. 6 through 10, also after Crandall. There
is some doubt, however, about the correlation of Crandall’s Princess
No. 8 bed in Lawrence County. Phalen (1908) refers to this bed as
the No. 9, whereas Hudnall and Pirtle (1949) apparently consider it
correlative with the Princess No. 7. Lacking conclusive evidence,
this report has tentatively accepted Crandall’s correlation.

" GEOLOGIC STRUCTURE

Geologic structure governs in a large measure, the areal distribution
of the coal-bearing rocks (pls. 4-11, 13, 14). The largest and most
important structural feature in the district is the Allegheny synclin-
orium. The axis of this large, northeastward-plunging downwarp
extends from the junction of the Elliott, Carter, and Lawrence County
lines in the southwest to the Big Sandy River about 9 miles south of
Catlettsburg. ~Outcrop areas of the Conemaugh formation are
‘restricted mainly to the deepest parts of this basin in the southeastern
half of Boyd, northern Lawrence, and southeastern Carter Counties.
On . the northwest flank of the basin the regional dip is toward the
southeast. In most of Carter and Greenup Counties the dip seldom
exceeds 50 feet per mile which results in broad outcrop areas of both
the Breathitt and Lee formations. In southern Carter County the
dip locally increases to about 200 feet per mile and the outcrop areas
of the Breathitt rocks are narrower. The dip of beds on the southern
flank of the synclinorium in Lawrence County is similar to the north-
west flank, but the outcrop areas of the Lee and the lower part of the
Breathitt are much more restricted than in the northern part of the
district. This is due mainly to the increased thickness of the Breathitt
rocks, which tends to offset the effect of the dip of beds on the width
of outcrop area.

The south flank of the Allegheny synclinorium is broken in southern
Lawrence County by the southwestward-trending Walbridge fault.
South of the Allegheny synclinorium there is an eastward-plunging
anticline, which is a part of the Paint Creek uplift. The lower part
of the Breathitt and the Lee are exposed in southwestern Lawrence
County along this uplift.

.COAL BEDS OF THE LEE FORMATION

In the Princess reserve district the coal beds of the Lee formation
are either too thin (less than 28 inches) or not persistent enough
laterally to have any commercial importance. Estimated original

620706—62—4
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reserves in these coal beds amount to only 9,690,000 tons, and more
than half of this is in beds less than 18 inches thick.

‘Coal beds are locally present in at least three stratigraphic positions
in the Lee formation, but no attempt has been made to correlate them,
either within the district or with beds in adjoining districts. The
outcrop area of coal beds of the Lee includes a large part of western
Carter and Greenup Counties, but places within the area where the
beds are thick enough to be included in the reserve estimates are
widely scattered (pl. 5). In addition to these places, coal beds of the
Lee formation are reported at several places in the westernmost part
of the district, but, because their potential tonnage is probably very
small, they are not included in the reserve estimate.

COAL BEDS OF THE BREATHITT FORMATION

Reserves have been estimated for 13 coal beds in the Breathitt
formation. Of these beds 7 have been or are being commercially
mined and the remaining 6 have been worked on a small scale by local
residents for domestic fuel.

Coal beds of commercial importance are not equally distributed in
the Breathitt formation. Only two beds of commercial importance,
the Tom Cooper and Princess No. 3—Peach Orchard, are in the lower
part of the Breathitt. The upper half of the formation has five beds
which are being or have been commercially mined. These include
the Princess No. 4-Torchlight, the Princess No. 5-Richardson, and
the Princess No. 6, No. 7, and No. 8 beds. The Princess No. 7 bed,
in the upper part of the formation, is the most important.

Coal beds of the Breathitt formation have a very broad outcrop area
in the Princess reserve district, including all of Greenup and Carter
Counties east of Tygarts Creek, the northwestern half of Boyd, and
all of Lawrence County except a very small area in the northernmost
part. Outcrops of the economically important coals above the Princess
No. 3-Peach Orchard are limited mainly to the area east of the Little
Sandy River and Little Fork in Greenup and Carter Counties, and the
northern half of Lawrence County. The Princess No. 3-Peach
Orchard bed and underlying coals of the Breathitt crop out in Greenup
and Carter Counties east of Tygarts Creek and west of Little Sandy
and Little Fork, and in southern Lawrence County.

GRASSY(?) COAL BED

The Grassy(?) coal bed, the basal member of the Breathitt forma-

tion, is widely distributed in Greenup and Carter Counties but is too

thin to have any commercial value. In most of its outcrop area the

Grassy bed is less than a foot thick, but in Carter County in the valley

of the Little Sandy River the Grassy locally has thicknesses of 16 to
18 inches (pl. 7).
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Total original reserves in the Grassy coal bed are estimated at
22,720,000 tons, all in beds less than 18 inches thick. The Grassy has

_ been mined only on a very small scale for domestic use and, therefore,

the original resérves estimate is probably only slightly affected by

mining losses.

TOM COOPER COAL BED

The Tom Cooper coal bed, also known as the Millers Creek bed, is
one of the important commercial coals of the Princess reserve district,
ranking fourth in total original reserve tonnage.

- The stratigraphic position of the Tom Cooper bed ranges from about
40 feet above the base of the Breathitt formation'in the northern part
of the district to at least 100 feet above the base in the southern part.
The stratigraphic distance to the overlying Fire Clay coal bed is some-
what more consistent, averaging about 135 feet.

Areas of estimated original reserves in the Tom Cooper bed are in
central Greenup and Carter Counties and in southwestern Lawrence
County (fig. 10). Within these areas the Tom Cooper bed ranges in
thickness from 14 to 60 inches, but the areas of relatively thick coal
are found only in two general localities. One forms an arcuate band,
1 to 3 miles wide, extending southwestward from the Little Sandy
River at the Carter-Greenup County line and terminating about
2% miles southeast of Olive Hill. Within this area the Tom Cooper
averages about 30 inches in thickness. The second area is located in
southern Carter County in the valley of Little Fork. Here the bed is
mostly beneath drainage; it contains relatively large acreages of coal
averaging about 3 feet in thickness.

Estimated original reserves in the Tom Cooper coal bed total
171,350,000 tons, of which 59,330,000 tons is in beds thicker than
28 inches. Much of the thickest coal seems to have been mined out,
but a considerable part of the original reserves probably remains in
thinner beds. East of the area of estimated reserves, the Tom
Cooper bed is below drainage and may, in some places, be thick
enough for commercial mining, but available data are not sufficient
to include such areas in the present-estimate.

GUN CREEK COAL BED

The Gun Creek coal bed is too thin and discontinuous to be of any
commercial importance in the Princess reserve district.

It occurs locally about 50 feet below the Fire Clay coal bed where
its stratigraphic position is indicated by a bed less than 12 inches
thick. In areas of estimated reserves (pl. 9) the Gun Creek bed has
a maximum thickness of only 24 inches and an average thickness of

~about 18 inches. The coal is generally common banded bituminous,



42 "~ 'COAL RESERVES OF EASTERN KENTUCKY

but at one place in south-central Carter County the bed is composed
" entirely or in part of cannel coal. :

Total original reserves in’the Gun Creek coal are: estlmated as
28,610,000 tons, nearly all'in the 14- to 28-inch thickness category
Mlmng has been on a very small scale, usually for domestic use, and
a sizable proportion of the or1g1na1 reserves probably remains.

WH.'ITESBURG, FIRE CLAY, A.N'D FIRE CLAY Rl])ER COAL ZONE

The Whitesburg, Fire Clay, .and. F1re Clay rider coal beds in the
southern part of the Eastern Kentucky cosl field are thick enough
and are separated by a sufficiently large stratigraphic interval to be
.considered as: separate beds. In the northern part of the Princess
-reserve district, some outcrops show only one bed in this stratigraphie
position and others show 2 or 3 thin beds 1 inch to 4 feet apart: : In
these outcrops it is generally not possible to determine whether 1, 2,
or all 3 of the beds of this zone are represented. In most localities,
however, only one bed is thick enough to be included in this reserye:
study; this bed is assumed to be thé Fire Clay coal. In the southern
part of the district the intervals between the coals of this-zone.are
greater, and the Whitesburg, Fire Clay; and: Fire Clay rider coal beds
can be differentiated at many localities.

The outcrop area of the Whltesburg, Fire Clay, and Flre Clay
rider.coal zone extends through Greenup, central Carter, and southerm
Lawrence Counties. Areas where the Fire Clay bed is estimated to
be more than 14 inches thick are shown on pl. 10. In the northern
part of the Princess reserve district the areas in which the Fire Clay
‘bed attains its greatest thickness are along the westernmost limit.
-of the outcrop in Carter County. At these localities the bed ranges.
in thickness from 28 to 38 inches, but the acreage is small and the bed
geners.lly has numerous partings. The following section, measured
in a road cut about 4 miles west.of Grayson, 1llustrates t,he numerous.
partings characteristic of the bed. ’

Y

F in " Description Ft in - Description
Top of exposure. 0 7 Bony coal. :
1+ ._.. Sandstone. 2 0 Underclay and siltstone..
%  Weathered coal. 1 2. Coal (mostly bony).
2 0 Clay. 5 Bone.
1 Coal. 7 Bony coal.
7 Shale. 6+ Clay.
1 3 ‘Weathered coal. Base of exposure.
5 Clay (some flint clay). - :

In southern Lawrence County the Fire Clay bed is 1el&t1ve1y‘
persistent but exceeds 24 inches in thickness at a few localities. The
" Whitesburg and Fire Clay rider beds also are in parts of this area, but
they are usually thinner and less persistent than the Fire Clay. The
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following section, measured in a road cut in the southernmost part
of Lawrence County about 2 miles west of Levisa Fork and 5 miles
north of the Lawrence-Johnson County line, shows the relative
position of each of the three coa,l beds of this zone.

Ft in Description Ft  in - Description
Top of exposure. . - 14 0" Sandstone. :
1 0 Coal (Fire Clay Rlder) 4 0 Siltstone.
4 Clay. o o 9  Coal (Whitesburg).
20 0 Siltstone. o _ 4+ Clay.
1: 3 Coal (Fire Cldy). - ‘| Base‘of exposure.
2 0 Shale. - R '

"Total orlgmal reserves in the Fire’ Clay coal bed in the Puncess
reserve district are estimated at 136,290,000 tons, of which 27,120 OOO f
tons is in beds more than 28 inches th1ck Estimated reserves in the
Whltesburg and Fire Clay rider coal beds in Lawrence County are
13,610,000 and 18,010,000 tons respectxvely, all in the 14-"to 28-inch
thickness category. The coal beds of the Whitesburg, Fire Clay,
and Fire Clay rider coal zone currently are not minable in the Priricess
reserve district, although i in some small areas in western Carter County
the Fire Clay bed poss1bly could be worked in small-scale stripping
operations. All beds of this zone, however, are useful prmmpally as
a source of fuel for domestic use. ' ‘

PRINCESS NO. 3 AND PEACH ORCHARD COAL BEDS

The Princess No. 3'coal bed, knownlocally as the Clod seam, the
No. 3 Clod, the Hitchens No. 3, or Top Hill seam, is one of the most
persistent and widespread coals in Boyd, Greenup, and Carter Counties.
In Lawrence County the Peach Orchard coal bed seems to be the
approximate stratigraphic equivalent of the Princess No. 3; but
because this correlation is uncertain, both names are retained—Princess
No. 3 applying in Boyd, Carter, and’ Greenup Countles and Peach
Orchard in Lawrence County

The Princess No. 3 is about 200 feet above the Grassy(?) coal
bed and about 200 feet below the Princess No. 7. These intervals,
although slightly variable, are the most consistent in the Breathitt
formation. The outcrop area of the Princess No. 3 extends through
eastern Greenup County, the adjoining western part of Boyd County,
and eastern Carter County (fig. 13). In most of this outcrop area
the Princess No. 3 bed is estimated to be at least 14 inches thick and
in many localities is at least 24 inches: 'The coal attains an average
thickness of 28 to 30 inches in several scattered areas that range in
size from % to 10 square miles. The most important of these is in
eastern Greenup County, between the Little Sandy River and East
Fork, about 7 miles southeast of the town of Greenup. A second
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relatively large area lies between the Little Sandy River and Little
Fork in southern Carter County. There are smaller areas of relatively .
thick coal in the ridge between Tygarts Creek and the Little Sandy

River about 7 or 8 miles southwest of Greenup and in the hilltops -
about 5 miles west of Grayson.

The Princess No. 3 bed is generally made up of common banded
bituminous coal with some thin layers of splint and cannel coal. The
most characteristic feature of the bed in Greenup and Boyd Counties
is a 9- to 12-inch clay (or clod) parting in the middle of the bed. In
most of Carter County the clay parting is absent or is not recognizable.

The Princess No. 3 has been mined in almost all of its outcrop area,
either in small commercial truck or wagon mines or in smaller openings
for domestic fuel. In parts of southern Carter County the bed has
been stripped on a very small scale.” Most of the commercial opera-
tions in 1954 consisted of a few small truck mines and openings for
domestic fuel in Greenup County.

Estimated original reserves of the Princess No. 3 bed are 203,070,000
tons, which places the bed in second rank for total tonnage in the
entire district. However, most of the tonnage is in relatively thin
beds, with only 33,110,000 tons in beds thicker than 28 inches.
Although extensive mining has doubtless removed much of this rela-
tively thick coal, sufficient reserves are probably available to carry
on small-scale underground operations for many years and, in the
extreme western part of the outcrop area, some areas seem to have
sufficient acreage to support small-scale stripping operations. Pros-
pects for commercially minable coal in the Princess No. 3 bed, where
it is below drainage in Boyd County, are not promising as the bed
seems too thin in this direction.

The Peach Orchard coal bed of Lawrence County, like the Princess
No. 3, is very widespread in its outcrop areas in the southern and
western parts of the county (pl. 11). In northeastern Lawrence
County it is below drainage; in the extreme southwestern part, near
the Paint Creek uplift, the Peach Orchard bed is absent because of
erosion. The stratigraphic interval between the Peach Orchard
and overlying and underlying key beds is variable. In the western
part of Lawrence County the Peach Orchard is about 130 feet below
the Vanport limestone member equivalent, whereas in the southern
part of the county the interval is apparently about 250 feet. This
larger interval makes the correlation somewhat doubtful. The inter-
val to the underlying Fire Clay bed is more consistent, averaging
about 150 feet. In most of the area of estimated reserves, the Peach
Orchard ranges from 14 to 26 inches in thickness, but in a few areas the
bed is much thicker. The principal one of these areas where the coal
ranges from 30 to 60 inches in thickness lies along the Lawrence-
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Martin County line. A somewhat smaller area where the bed is
about 30 inches thick is about 5 miles east of Blaine. The Peach
Orchard bed in most of Lawrence County is split by 1 to 3 partings,
1 to 15 inches thick. The coal is reported to have a low ash content,

The Peach Orchard bed has been mined extensively in the extreme
southern part of Lawrence County east of Levisa Fork and, through-
out its outcrop area, has been worked on a smaller scale in truck
mines and openings for domestic fuel. The largest operations have
long been abandoned, but during 1952 and 1953 a small amount of
coal was stripped near the site of the old underground workings near
Peach Orchard. Operations during 1954 consisted of truck mines
and small workings for domestic fuel.

Total estimated original reserves of the Peach Orchard coal bed in
Lawrence County are 146,120,000 tons; of this 21,940,000 tons is in
beds more than 42 inches thick, 38,070,000 tons in beds ranging from
28 to 42 inches, and 86,110,000 tons in beds ranging from 14 to 28
inches. Much of the coal in beds more than 42 inches thick has been
mined or lost in mining, but a considerable tonnage in the thinner
beds is probably still intact.

PRINCESS NO. 4 AND TORCHLIGHT COAL BEDS

The Princess No. 4 coal bed is the least persistent of the commer-
cially minable coals in Boyd, Greenup, and Carter Counties. The
bed is economically important only because it contains a relatively
thick bench of cannel coal in a few places. Because these cannel
layers have a very limited areal extent and are widely scattered, a
great variety of local names has been applied to the bed. The most
common of these are the Hunnewell cannel and the Boghead cannel,
named for places where the bed was formerly mined. In Lawrence
County, although no correlative of the cannel coal has been previously
reported, the Torchlight coal bed occupies a similar stratigraphic
position and, like the Princess No. 4, has a limited areal extent.
Cannel coal has not been reported from the Torchlight bed. Be-
cause the correlation between these two beds is uncertain, they are
described as separate coal beds in this report.

The stratigraphic position of the Princess No. 4 bed in Boyd,
Carter, and Greenup Counties is generally about 40 feet above the
Princess No. 3, but this interval ranges in thickness from 10 to 70
feet. The stratigraphic interval to the overlying Vanport limestone
menber equivalent is also variable, ranging from 75 to 150 feet.
Areas in which the Princess No. 4 bed is estimated to be more than
14 inches thick form a narrow, discontinuous belt extending from the
region on either side of the Boyd-Greenup County line through
Carter County to the valley of Little Fork at the Carter-Elliott
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‘County line (pl. 13). Three areas contain thick cannel coal deposits:
two are in Greenup County, one in Carter. One.of the Greenup
County localities, known as the Chinn’s Branch cannel district, lies
between the Ohio River and East Fork about 5% miles southeast of
‘Greenup. The second Greenup County locality, once the site of the
Hunnewell mines, occupies an area of about one square mile about 2
miles due north of the junction of the Boyd, Carter, and Greenup
‘County lines. The third principal area of cannel development,

known as the Boghead mines, is in Carter County about 3} miles

due east of Grayson. In the valley of Little Fork near the Carter-
Elliott County line, the Princess No. 4 contains a thin bench of
cannel coal but, in thickness and extent, the cannel layer is not com-
parable to that of the other localities. Elsewhere in the outcrop area
the Princess No. 4-bed is an ordinary banded bituminous coal, at
most localities less than 18 inches thick. ,

The cannel coal deposits of the Princess No. 4 bed were among the
first coal beds to be mined in the Princess reserve district, but com-
mercial operations ceased at least 30 years ago. Since then sporadic
attempts have been made to mine the cannel in small truck mines,
but these operations seem to have been short lived.

Total original reserves in the Princess No. 4 are estimated at
70,960,000 tons, but a large proportion of this tonnage, particularly
in-the area of the old cannel mines, has been mined or lost in mining.
Some remaining cannel reserves may exist on the fringes of the main
deposits, but only in relatively small amounts.

In Lawrence County the Torchlight coal bed, which is the presumed
correlative of the Princess No. 4, occupies a stratigraphic position
about 100 feet above the Peach Orchard coal bed and about 120 feet
below the Vanport limestone member equivalent. The only area of
estimated reserves of the Torchlight bed. is located about 5 miles
southwest of Louisa, principally between Levisa Fork and Blaine
‘Creek. Within this area the Torchlight bed ranges from 30 to 56
inches in thickness but seems to thin rather abruptly in all directions.
Elsewhere in Lawrence County, available data indicate that the bed
is too thin to contain appreciable reserves. The Torchlight bed con-
tains both soft banded and splint coal as well as many thin bone

:and shale partings. The coal from this bed is reported to be locally

high in ash.

The Torchlight bed has been mined on a large scale on both sides
-of Levisa Fork 4% miles south of Louisa; west of Levisa Fork the bed
has been worked in small truck mines and openings for domestic fuel.
All large-scale operations have been abandoned for many years, but
in 1954 there were a few small seasonally operated mines, some for
private use and some for local trade. -
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Original reserves of the Torchlight bed are estimated at 52,510,000
tons, of which 6,030,000 tons is in beds more than 42 inches thick and
18,370,000 tons in beds 28 to 42 inches thick. - Of these original
estimated reserves a large part of the coal in the thickest category
has been mined out in the valley of Levisa Fork but resources in
thinner categories probably remain.

PRINCESS NO. 5 COAL ZONE AND THE RICHARDSON COAL BED '

- In parts of Boyd, Carter, and Greenup Counties, at least three
coal beds occur in the 50-foot interval underlying the Vanport lime-
stone member equivalent. This is the approXimate position of the
No. 5 coal of Crandall (1884), but currently it is not possible to
detérmine. to which particular bed Crandall’s designation “No. 5’
should apply. In order to retain the existing nomenclature, and also
to be consistent with the available facts, these three beds are con-
sidered as comprising the No. 5 coal zone; where sufficient data are
available to distinguish between them, they are designated in as-
cending order the Princess No. 5, 5A, and 5B. Of the three beds
the No. 5 seems to be the most persistent, and at places where only
one bed in this zone is present it is assumed to be the No. 5. In
Lawrence County the Richardson coal bed occupies a stratigraphic
position equivalent to the Princess No. 5 coal zone, but because

_ correlations are uncertain both names are retained in this report.

The Princess No. 5 coal bed in Boyd, Carter, and Greenup Counties

- occurs 30 to 75 feet below the Vanport equivalent, but the interval is

generally about 50 feet. The interval between the No. 5 and the
next underlying persistent key bed, the Princess No. 3, ranges from
60 to 120 feet, averaging about 75 feet. The area where the No. 5
bed is estimated to be 14 inches or more in thickness is relatively
large and includes part of northwestern Boyd, southeastern Greenup,
and eastern Carter Counties (pl. 14). Within this area the .bed
ranges from 14 to 72 inches in thickness, but localities where the
thickness exceeds 28 inches are small—generally less than one or
more square miles—and very widely scattered.

The No. 5 coal bed, in most localities, is a banded bituminous coal
with a blocky fracture. The coal itself is reported to be a very
satisfactory fuel, but in many places the bed has numerous bone,
shale, or clay partings ranging in thickness from ¥, inch to 15 inches.
In most small mines much of this noncoal material is not removed
from the mined coal and the product tends to be high in ash.

The Princess No. 5 bed has been worked chiefly in small truck
mines and by farmers for domestic fuel. As a rule, however, the
development of this bed has been neglected in favor of the overlying
Princess No. 7, which is generally thicker, more persistent, and of
better quality.
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The Princess No. 5 coal ranks third in total original reserves;
it has an estimated 191,260,000 tons in all thickness categories, of
“which 17,110,000 tons is in beds more than 42 inches thick, 72,880,000
-tons in beds 28 to 42 inches in thickness, and 101,270,000 tons in
beds 14 to 28 inches. Much of the thickest coal has probably been
removed by mining, but because most of the large-scale operations
have been limited to the Princess No. 7 a relatively large proportion of
the original reserves probably is still intact.

" The Princess No. 5A coal bed occupies an intermediate strati-
"graphic position in the 50-foot interval between the No. 5 and the
equivalent of the Vanport limestone member. Its outcrop area is
practically coincident with that of the underlying Princess No. 5, but
the area in which reserves have been estimated is limited mostly to
the northwestern quarter of Boyd County. In most of this area the
No. 5A ranges in thickness from 14 to 20 inches, but in a small area
about 4 miles southwest of Ashland it has a maximum thickness of 35
inches.

The Princess No. 5A bed is not a commercial coal. Total original
reserves are only 61,990,000 tons, of which about 9,110,000 tons is in
beds more than 28 inches thick. These original reserves, however,
are practically intact, as the bed has been worked only at a few places
for domestic fuel.

The Princess No. 5B coalbed is the uppermost bed in the Princess
No. 5 zone. 1ts stratigraphic position is a few feet below the Vanport
equivalent and within the clay bed that underlies the limestone. The
area of estimated reserves is very small, about 2 by 8 miles, lying
mostly in northwest Boyd County but extending a short distance into
easternmost Greenup County. Within this area the Princess No. 5B
bed ranges in thickness from 14 to 26 inches and averages about 16
inches.

Total original reserves in the Princess No. 5B bed are estimated to
be 10,110,000 tons, all in beds from 14- to 28-inches in thickness. If
the clays beneath the Vanport limestone member equivalent are
commercially developed, the No. 5B bed could be removed with the
clay and utilized in the manufacture of ceramic products.

The Richardson coal bed of Lawrence County is tentatively cor-
related with the Princess No. 5 coal zone of Boyd, Greenup, and
"‘Carter Counties. Its stratigraphic position is 20 to 30 feet below the
Vanport equivalent where this bed is present. The interval between
the Richardson and the underlying Peach Orchard bed ranges from
100 feet in western Lawrence County to 225 feet in the southern part
of the county. The Richardson bed, one of the least persistent of the
commercial coal beds in the Princess reserve district, ranges in thick-
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-ness from 14 inches to 14 feet within horizontal distances of less than
half a mile. :

Areas of estimated reserves in the Richardson bed are fairly wide-

.spread in Lawrence .County (pl. 14), but areas where the codl is more
than 42 inches are much more restricted. At two places in northern
Lawrence County the bed has a maximum thickness of about 60
inches. About 6 miles south of Louisa, on either side of Levisa Fork,
maximum thicknesses range from 40 to 170 inches, and in southern
Lawrence County, along the Martin-Johnson County line, the
Richardson ranges from 30 to 85 inches in thickness. Directly
adjacent to the above localities the thickness ranges from 14 to 36
inches and probably averages about 20 inches.

Coal from the Richardson bed is common banded bituminous with a
few thin splint and semicannel partings and is reported to be of good
quality. At some places, however, the bed contains many shale and
bone partings, and unless they are removed the coal is rather high in
ash.

Most of the commercial development of the Richardson coal bed
has been in truck mines, although some of the mines in the valley of
Levisa Fork were served by rail. West of Levisa Fork, 5 miles
southwest of Louisa the bed has been stripped in a small area but
these operations have been abandoned for at least 5 years. In 1954 a
few small truck mines were operating, and several small openings were
seasonally worked for domestic fuel.

Total estimated original reserves in the Richardson bed are
122,900,000 tons, with 30,590,000 tons in beds more than 42 inches
thick, 58,550,000 tons in beds 28 to 42 inches, and 33,760,000 tons
in beds 14 to 28 inches. A great deal of the original tonnage in beds
more than 42 inches thick probably should be considered mined out
or'lost in mining, as much of the early development of the bed was
limited to the areas of greatest thickness. Most of these operations
were underground, however, and in the southern part of the county
some thick coal probably could be mined by stripping methods.

PRINCESS NO. 6 COAL BED

The Princess No. 6 coal bed, like the underlying Princess No. 5, is a
moderately important commercial coal in this district. Its strati-
graphic position, 25 feet above the Vanport limestone member
equivalent and 40 feet below the Princess No. 7 coal bed, can be
easily recognized in most places, as either one or both of these key
strata is generally exposed.

Areas of estimated reserves in the Princess No. 6 bed extend from
the Ashland-Catlettsburg area in Boyd County northwestward into
southeastern Greenup County, then southward to the Carter County
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liné. In Carter County the reserve areas of the Princess No.'6
bed occupy a belt 2 to 3 miles wide extending from the northeast
corner of the county southward to the junction of the Carter, Elliott,
and Lawrence County lines. "In Lawrence County, areas of estimated
reserves are scattered across the northeastern part of the county from
the Carter-Elliott County line on the west to the general vicinity of
Louisa on the east. Within these areas of estimated reserves the
Princess No. 6 coal ranges in thickness from 14 to 46 inches, but 16
or 18 inches is probably average.  The Princess No. 6 bed probably
is more than 28 inches thick in two areas. The most important of
these is an arcuate band % to 2 miles wide lying just south of the
Ohio River and extending from the Big Sandy River, about 1 mile
south of Catlettsburg, to about 4 miles northwest of Ashland. In
this area the Princess No. 6 ranges in thickness from 30 to 46 inches.
In the second area, in northeastern Carter County in the ridge at
the heads of the eastern tributaries of the Little Sandy Rlver, the
bed ranges in thickness from 30 to 44 inches.

The coal from the Princess No. 6 bed is a common banded bitum-
inous variety and generally has a pronounced blocky fracture. The
bed, where thick enough to be mined, usually has one or two partings
1 to 8 inches thick, but these can be easﬂy removed and the resultmg
product is reported to bé of good quality, *

Commercial development of the Princess No. 6 has been in both
truck and railroad mines, with the heaviest development in' the area
just south of Ashland. Many openings also have been made by
farmers for domestic fuel. Operatiors on this bed in 1954 cons1sted
of several domestic mines and a few small commercial truck mines.
In most parts of the Princess reserve district the development of the
No. 6 coal has generally been neglected in favor of the thicker overlying
No. 7 bed but as the reserves in this thicker bed are depleted the N 0.
6 may assume greater economic importance.

Total original reserves in the No. 6 bed are estimated to be
143,170,000 tons, with 13,920,000 tons-in beds more than 42 inches
thick, 55,030,000 tons in beds 28. to 42 inches, and 74,220,000 tons
in beds 14 to 28 inches. Remaining reserves are difficult to estimate
but, except in the heavily mined Ashland area, a moderately la.rge
proportlon of the tonnage would seem to be available for future
mining. Possibilities of reserve areas of thick coal in southern
Boyd County, where the Princess No. 6 is below drainage, are not
promising as the coal seems to thin in this area.

PRINCESS NO. 7 COAL BED

The Princess No. 7 is the most important coal bed in the distriot,
accounting for about 30 percent of the original estimated reserves in
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beds thicker than 28 inches. In 1954, the Princess No. 7 bed was
the. source of about 75 percent of the coal produced in the district.

The Princess No. 7 bed lies about 65 feet above the Vanport
limestone member equivalent and about 150 feet below the Cambridge
limestone member; these intervals seem to be relatively constant.
In all four counties in the district, the Princess No. 7 is a very persistent
bed, but areas where the coal is thick enough to be included in the
reserve estimate are limited mainly to Boyd and Carter Counties
(pl. 6). In Greenup County the Princess No. 7 occurs too near the
hilltops to have any considerable acreage, and in Lawrence the bed is
reported to be thin except in the northwestern part along the Carter
County line. In the areas of estimated reserves the Princess No. 7
bed ranges in thickness from 14 to 62 inches; in a very large part of
this area it is about 35 inches thick. :

The Princess No. 7 coal is common banded and splint; the splint
type is more common in the lower part of the bed. Analyses of the
coal show considerable variation, particularly in ash and sulfur
content. Ash ranges from 1 to 13 percent but generally averages
about 4.5 percent, whereas sulfur ranges from less than 1 percent
to nearly 4 percent. The Princess No. 7, in most areas, has one or two
partings ranging in thickness from 1 to 5 inches.

The roof rock of the Princess No. 7 is either shale or sandstone in
the southern part of the reserve area, but in the northwestern part
of Boyd County and adjoining parts of Carter and Greenup the coal
in many localities is directly overlain by clay which ranges in thickness
from '1 to 5 feet. The clay generally forms a treacherous roof in
underground operations because it fails without warning. It has been
used in some areas for ceramic products.

‘The Princess No. 7 bed has been extensively developed in the
northern parb of the district, with operations rangmg in size from
small openings for domestic fuel to large railroad mines. Most of the
larger operations, which were mainly in west-central Boyd and eastern
Carter Counties, are now abandoned. Although many of the largest
underground operations have apparently reached the extent of their
recoverable reserves, several truck. mines were in operation in 1954
and many small openings were worked by farmers to obtain fuel for
their own use.. Since 1950, strip mining along the western half of the
outcrop area has assumed major importance; in 1954 it accounted for
more than half the total tonnage produced in the area.

Total original reserves in the Princess No. 7 bed are estimated to
bef 333,710,000 tons, of which 100,300,000 tons is in beds more than
42 inches thick, 172,850,000 tons in beds 28 to 42 inches, and 60,560,000
tons in beds 14 to 28 inches. Remaining recoverable reserves in beds
more than 28 inches thick are considerably less than the original
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reserves, because a large proportion of the coal suitable for large-scale
underground mining apparently has been mined or lost in mining and
areas of strippable coal are being rapidly depleted. Possibly the
greatest area of untouched reserves in the Princess No. 7 bed are in
Boyd County, where the bed is beneath the surface and has not been

prospected.
PRINCESS NO. 8 COAL BED

The Princess No. 8 bed is one of the less important commercial
coals of the Princess reserve district. Its stratigraphic position is
about 45 feet above the Princess No. 7 and 110 feet below the
Cambridge limestone member. It is easily located in most places
but in a large part of the outcrop area the bed has not been prospected.

In the areas where reserves have been estimated (pl. 5), the Princess
No. 8 ranges in thickness from 14 to 58 inches. Although the bed is
not laterally persistent, it is thick enough for commercial mining in
two areas. The larger of these, in northern Lawrence County, extends
westward for about 8 miles from the Big Sandy River near the mouth
of Blaine Creek. In this area the thickness of the Princess No. 8
ranges from 24 to 58 inches and averages about 30 inches. A second,
smaller area is in central Boyd County about 9 miles south of Ashland.
At this locality the coal attains a maximum thickness of 49 inches,
but apparently thins to about 25 inches in a distance of less than a
mile. In Greenup and Carter Counties there are two or three very
small areas where the Princess No. 8 is known to exceed 28 inches in
thickness, but these seem to be too small to have more than local
importance.

Where the Princess No. 8 bed has been mined, it generally consists
of a single bench of soft blocky coal with many very thin bone or clay
partings, which are too thin to be removed in most small operations
Although satisfactory in other respects, the coal tends to be high in
ash.

Commercial development of the Princess No. 8 coal bed has heen
by small truck mines and recently by strip mining. In general the
No. 8, like the Princess No. 6, has been neglected in favor of the more
persistent No. 7 bed.

Total estimated original reserves in the Princess No. 8 are
141,230,000 tons; of this 5,280,000 tons is in beds more than 42 inches
thick, 32,950,000 tons in beds 28 to 42 inches, and 103,000,000 tons
in beds 14 to 28 inches. Remaining reserves are probably somewhat
less than the original, but because most operations have keen rather
small a considerable proportion of the original reserves are probably
available for future development.



COAL BEDS OF THE PRINCESS RESERVE DISTRICT 53

COAL BEDS OF THE CONEMAUGH FORMATION

Coal beds of the Conemaugh formation have no commercial
importance in the Princess reserve district and have been worked at
only a few places for domestic fuel. Only two of the beds, the
Princess No. 9 and No. 10, are included in the reserve ectimate.

The stratigraphic positions of the Princess No. 9 and No. 10 are
about 45 and 10 feet, respectively, below the Cambridge limestone
member. The area of reserve estimates of the No. 9 bed is about
10 square miles, about 9 miles south of Ashland in central Boyd
County between East Fork and the Big Sandy River. In this area
the bed is about 24 to 30 inches thick and contains an estimated
19,440,000 tons of coal.

There are three very small, widely scattered localities in south-
western Boyd and northern Lawrence Counties which contain esti-
mated reserves in the Princess No. 10 bed. The thickness of the
coal is reported to be less than 24 inches and the estimated original
reserves are only 4,380,000 tons.

PRODUCTION

In the 131-year period between 1824 and 1955 the counties com-
prising the Princess reserve district produced a recorded total of
about 30 million tons of coal. Of this, Boyd County has produced
slightly less than 13 million tons and Carter County 12 million tons.
Lawrence and Greenup Counties are of lesser importance having
produced 3 million and 2 million tons, respectively (table 8).

The earliest production in the Princess reserve district was recorded
in Greenup County in 1824. Production began in Boyd and Lawrence
Counties in 1838 and in Carter County in 1866. Before 1850,
Greenup County was the most important producing county, with a
recorded production to that time of about 200,000 tons. In the same
period Boyd and Lawrence Counties produced only about 10,000
tons each. Between 1850 and 1890, Boyd County became the leading
producer, with the recorded total of about 2 million tons. In the
same period, Carter County produced about 1 million tons, whereas
the combined total of Greenup and Lawrence Counties was only
about 300,000 tons. More recent trends in production and the status
of each county are shown on figure 2. For all counties, the three
most important periods of recorded production are (1) around 1900;
(2) 1914 to 1918, the period of the first World War; and (3) 1940 to
1950, the years of the second World War and postwar prosperity.
This latter period of peak production, the most important of the
three, can probably be attributed .in part to the widespread and
relatively recent development of strip-mining methods in this area.
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Between 1890 and 1955, Boyd and Carter Counties led in total
recorded production, with about 10 million tons each; Lawrence and
Greenup Counties were of only minor importance, w1th a combined
total of only 4 million tons. : :
) RESERVE SUMMARY

~ The Princess reserve district contains an estimated total of
1,915,820,000 tons of original reserves as calculated in tables 5, 6,
and 7, or roughly 2 billion tons. About 10 percent of this total is in
beds more than 42 inches thick, 30 percent is in beds 28 to 42 inches,
and the remaining 60 percent is in beds 14 to 28 inches. The reserves
are distributed quite equally according to reliability categories.
About 40 percent of the total is classified as measured or indicated,
whereas the remaining 60 percent is classified as inferred. About 75
percent of the tonnage in beds more than 42 inches thick is classed as
measured and indicated, whereas only 50 percent of the tonnage in
the 28- to 42-inch category is classed as measured and indicated.
Of the slightly more than one billion tons in the 14- to 28-inch category,
only about 30 percent is classed as measured and indicated, and the
remaining 70 percent is classed as inferred. The correlation of
decrease in reliability with decrease in thickness is due to the fact
that more data were available for the thick coal beds, and the esti-
mators assumed rapid thinning of coal beds in inferred areas.

Original reserves are not equally distributed in counties making
up the district. Of the total tonnage Carter and Lawrence Counties
contain about 30 percent each, Boyd County has slightly less than
25 percent, and Greenup County has only 15 percent. Of the 200
million tons in beds thicker than 42 inches, Carter and Lawrence
Counties have about 35 percent each, Boyd County has about 25
percent, and Greenup County only about 5 percent. In terms of
tonnage in beds more than.28 inches thick, which is the approximate
lower limit for commercial mining at the present time, Carter County
contains about 35 percent, Boyd and Lawrence Counties have slightly
less than 30 percent each, and Greenup County has about 5 percent.

COAL BEDS OF THE LICKING RIVER RESERVE DISTRICT
By Joen W. HuppLE
LOCATION

The Llckmg River reserve district, an area of about 1 ,400 square

mlles ‘includes. all of Elliott, Morgan, Magoffin, and Wolfe Counties,

and the coal-bearing parts of Rowan, Menifee, and Powell Counties.
A few hills in Montgomery and sdutheastg‘rn Bath Counties are

620706—62——75
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capped by coal-bearing rocks but these counties are omitted from
consideration because the areas involved are very small and the
reserves unknown. The counties included in'thé Licking River reserve
district, except Magoffin County, lie along the western margin of the
coal ﬁeld and their relatively easy access led to the early develop-
ment of the coal reserves. The West Liberty, Cannel City, and
Evanston mining areas lie wholly or partly in the district (pl. 15).

DRAINAGE AND TOPOGRAPHY

The northwestward-flowing major streams that drain the Licking
River reserve district cut steep-walled canyons into the Pottsville
escarpment, along the western margin of the district, broad flat val-
leys directly upstream from the escarpment, and winding narrow
valleys into the plateau uplands near their headwaters. The Licking
River, a tributary of the Ohio River, flows northwestward toward
Cincinnati and drains most of the district, including Morgan, Magoffin,
and Rowan Counties. The Red River, a tributary of the Kentucky:
River, drains Wolfe and Powell Counties; and the Little Sandy
River, flows northward into the Ohio River and drains most of"
Elliott County. Elevations range from about 700 feet, where the
major streams leave the district, to about 1,500 feet in southern
Magoffin County. Local relief ranges from 300 to 500 feet.

TRANSPORTATION

Trucks are the principal means of ‘transporting coal to local and
distant  markets. Main truck routes (pl. 3) are the north-south-
Kentucky State Route 7, the east-west U.S. 60 and Kentucky State
Route 32 in the northern part of the district, U.S. 460 in the cen-
tral part, and Kentucky State Route 15 in the southern part. For-
merly coal was rafted to market on the Licking River but this has
been discontinued for many years. Currently the only railroad in
the district is a spur—hne of the Chesapeake and Ohio Railway,
which - hauls coal from mines in southern Magoffin County. From
1905 to the early 1930’s, three railroads in Morgan, Wolfe, Menifee,
and Rowan Counties hauled lumber and coal, but these roads were

abandoned when the timber supply was exhausted

SOURCES OE DATA

Coal reserves of the Licking River district were estimated from
information in published reports, company files, and geologic map-
ping (pl. 2). Reports by Crandall (1910), Browning and Russell
(1919), Englund (1955), and Adkison (1957) are the principal pub-
lished sourcss of information about the coal reserves. Additional
work for use in this report was carried out in selected areas by the
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authors and associates. Parts of Powell, Wolfe, Menifee,” Morgan,
Elliott, and all of Rowan, Bath, and Montgomery Counties had to be
omitted from consideration because of lack of information.

STRATIGRAPHY
LEE FORMATION

The Lee formation, of Early Pennsylvanian age, is the older of the
two coal-bearing formations in the Licking River reserve district.
It ranges in thickness from about 200 feet along the western margimn
of the district to about 900 feet in southern Magoffin County. The
lower part of the Lee differs markedly in lithologic character from:
the upper part, and on this basis it is divided into two members.
The lower member, approximately equivalent to the Beattyville
shale of Miller (1917, p. 2), is composed mainly of thin-bedded shale,
siltstone, and sandstone. It contains at least three coal beds and,
locally in northern Kentucky, it contains a bed of refractory flint
clay which is known as the Olive Hill fire clay. The upper member is
a massive cliff-forming quartzose sandstone. Both members are
absent in places and each has a maximum thickness of about 200
feet in the area of outcrop. The lower member averages about 40
feet in thickness and the upper about 160 feet. The boundary
between the Lee and the overlying Breathitt formation is drawn at
the top of the cliff-forming sandstone or, where present, at the base
of the Zachariah coal, which lies a few feet above the sandstone.

BREATHITT FORMATION

The Breathitt formation, of Middle Pennsylvanian age, directly
overlies the Lee formation. Siltstone, shale, and sandstone make
up most of the Breathitt formation, and coal, limestone, and underclay
a minor part. The top of the formation is eroded and the maximum
remaining thickness is about 1,400 feet in southern Magoffin County.
Nearly all the coal reserves of the Licking River district are in the
Breathitt formation.

COAL BED NAMES AND CORRELATION

The names and sequence of coal beds in the Licking River reserve
district are shown in tables 4 and 5 and in figure 3. As is common
elsewhere in eastern Kentucky, the same name has been applied to
different coal beds, and different names have been applied to the same
coal bed. For example, Crandall (1910) and Robinson (1927)
confused the Grassy, Tom Cooper, and Gun Creek coal beds at
various localities, and they assigned to isolated exposures of these
three beds the single name “Van Lear” coal. This was based on the
assumption that isolated exposures of the first good' coal; 130 to 180



COAL RESERVES OF EASTERN KENTUCKY

58

104 9981], 10, 99BLJ,
XIPP®H
XIppBH I9MOry XIppsH auojsawIlrT Buno x
ﬁvva%
urA[o) JTeddn) aiA[o) Sunox
3Py — pIeqoIQ
I19)8IJ—Xopu] 19981 xopu] s[epVy weeg pnp yosoq IONBIYMN
£ 8Q—[eOIN 49180 MeA2IN TIeAOIN PIEZUH
3183ng 9)83nq uer)s8qag aamawdnomﬁ 1opH wmwm
UBWPUIH () uswpuryg 9ye3ng
uires] B
—UuoSpIBYOTY uospIeyory TOoSpIBYOIY uBWPUIY[
(8261) SI0730 * (9281) S19430 Lo
(£g61) 833U ("S6T) UdIPM. (£961) UOSIYPY (gg61) punisuy pue uosiqoy pus uosulqoy (6T6T) [ossny
j10deua s1qy, 9[3usipsnb o]3usipsnb 918usapsnb 9[3uslipsnb dsJy A9AIng (89 dBIN £9AInNS [8D pus Sutumolyg
uoydus) dojdyy, 80 UM A0 PUTBD -130100p) AYonjudy | -[30109p AXonjuIy Ajuno) ugjossN

£3uno) joUIE

Ajuno)) us3IoOW

2014787 2040804 4902) BULYOVT 9Y) UL PISN SIWDU PaQ-]POD)—'G HTAV],



99

COAL BEDS OF THE LICKING RIVER RESERVE DISTRICT

of[afyy80g

104 SUIAL 10 SUIA
SmqsraEay
—qBUBYIBY YBLIBYDYY Ay Sinqsis[eey
oy
«PIBMOY,, “NIH I9M0] PIeMOF
Asseix) LssB1n) AssBIN) Joo1) K998T
uonoowavﬂnﬂmm Louvyy oyl | I1odoop wog, | 1edoopy woJ, | Leue) opry 180 wBp 1807 wEp homocwoﬁmm.u
J0010) uny) 9910 unx) £91) TPUUB) £y1) RUUB) Y9010 UNy)
2imq :
-89 M. odd ) 3Ingsag M
£er) onyg Snqseyy |
Iopur £ep) oxig £e1) oLy Loy axrg £B1) aa1q £w1p 211 Ler) oany LBy o1y
I9pLI Iopux JI9pLI
uruey I9M0T L8[ oxrg Le1p axg L=1) aarg Ioplr £B[D oI
s g
urmmuey Ioddn Jamoy UIuB sy
qmﬁa%
pusidon Jaddpn pusido) XIPPSH
(I€61) FSUOW JA0 SAFA NIZIODVW HHL 40 NOILISOd

.



60

BREATHITT FORMATION

- COAL RESERVES OF EASTERN KENTUCKY

r O

NORTH

FEET -
’ d

50 ) R

T

8

. %
\

\

SOUTH

aasasaa)

%)
oa\ &
'o&so \—\'\nd"‘"a“ ¢

—

SN
O !
}/@ ‘ —
—

\ bed ped
ate €02 oaMey €02
- /iugf . —_ a -

—_—

Nickelt €02 ped ___prater cod! bed

/\’nde’( coal bed b — —— e —

Ndele coal bed) ___ covin coal bed ——7 T

—— " Haddix coal bed — T Fork coal bed ——

—_—— -

__ _Magoffin beds of Morse(1931)™ " copiand coal bed

}oo — — Hamlin coal beclsF

ire Clay rider coal bed-—

—— —Fire Clay_coal bed: - —
7 ——— —— Upper Whitesburg coal bed —_

. 0,
—_ . Pper E’krf?o’r!, -2 co,

Lower Whitesbur;

gcoalbed — —

—

—_—_

—Kendrick shale member of Jillson (1919)

—_—

? Gun Creek coal bed —_
\\ Tom —lvyton coal.bed —_.__ R—

Ooper coal beg —_—

rass —
Y coal beg - Upper gy —

—_
al bed\\

e C
0.1 coay beg \\

“Howarg»»

€oal bey
. —_—
—_— —

‘LEE. FORMATION

—

Zac ariah o W eele, sbung coa bed

—

OP oF
o o
on

— Mine Fork coal bed

N

Coal  Limestone Limestone
— Beattyville coal bed concretions

‘Chert

FicURE 3.—Generalized geologic Eolumns for the Licking River reserve district.



COAL BE<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>