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LETTER OF TRANSMITTAL

September 12, 1973

Dr. Wimberly C. Royster
Dean of Graduate School and
Coordinator of Research

University of Kentucky

Dear Dr. Royster:

The Kentucky Geological Survey in cooperation with the United States
Geological Survey presents this Preliminary Report of the Oil and Gas
Possibilities between Pine and Cumberland Mountains, Southeastern Ken-
tucky to give the oil and gas explorationist and others a better understanding
of the geologic structure and the oil and gas possibilities of this area. This
is a progress report of investigations which will continue with more de-
tailed studies of the area, and it is in no sense a final report. Our Oil and
Gas Section will continue further studies as information is developed.

The report was prepared by A. J. Froelich on his own time as a con-
tribution to Kentucky geology, while he was located in Middlesboro as
Geologist in Charge of that office in the cooperative Kentucky and United
States Geological Surveys Areal Geologic Mapping Program. Such dedica-
tion to one’s profession is most appreciated.

Respectfully submitted,

Wallace W. Hagan
Director and State Geologist
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PRELIMINARY REPORT OF THE OIL AND GAS
POSSIBILITIES BETWEEN PINE AND CUMBERLAND
MOUNTAINS, SOUTHEASTERN KENTUCKY

A. J. Froelich

ABSTRACT

Elongate, low-amplitude flexures in strata of Pennsylvanian age have
been delineated in recent mapping by the U. S. Geological Survey in co-
operation with the Kentucky Geological Survey in a 600-square-mile (1,536-
square-kilometer) area between Pine and Cumberland Mountains in south-
eastern Kentucky. Crestal culminations on gentle anticlinal folds may
indicate loci of subsurface closures for entrapment of oil and gas. The area
studied is underlain by more than 15,000 feet (4,500 meters) of Paleozoic
strata containing potential source- beds, reservoirs, and cap rocks. Faults,
unconformities, abrupt facies changes, and regional thickness variations en-
hance the geologic setting for possible oil and gas accumulations. Although
the area is not producing oil and gas, shows were reported from each of
seven exploratory test holes. Drilling depths to potential reservoirs are mod-
erate, and markets are relatively close and accessible.

The area between Pine and Cumberland Mountains is a composite
structural basin, as the flat-lying Pine Mountain overthrust fault separates a
deep sequence of lower Paleozoic marine strata from the overlying upper
Paleozoic marine and nonmarine rocks. The gentle flexures in surface strata
of Pennsylvanian age trend east-northeasterly, but the attitude, size, and
shape of structures below the thrust fault are unknown. A possible north-
northwest interference pattern suggested by a series of axial culminations
and depressions may reflect subthrust structural or paleogeomorphic align-
ments. Geophysical surveys or additional deep well control are necessary

to provide data on the deep subsurface configuration.

INTRODUCTION

Elongate, anticlinal flexures within the Middles-
boro structural basin between Pine and Cumber-
land Mountains may provide closure for entrap-
ment of oil and gas. These gentle anticlines are
separated by several en echelon synclines. The
Middlesboro basin is a trough! formed in Paleo-

1 Wentworth (1927) referred to the trough interchangeably
as the Middlesboro basin and as the Middlesboro syncline, and
McFarlan (1943, p. 175, 180) called it the Middlesboro basin.
Englund, Smith, Harris, and Stephens (1963, p. B18) and
Miller and Fuller (1954, p. 10) also referred to it as the Mid-
dlesboro syncline, but, because of its multiple structure, it is
here referred to as the Middlesboro basin. It should not be
confused with the alluvial valley in which the town of Middles-
boro is situated which has been referred to as the Middlesboro
basin by some writers (Ashley and Glenn, 1906, p. 23; Rich,
1938, p. 1229; Fenneman, 1938, p. 324; and Englund, Smith,
Harris, and Stephens, 1963, p. B18).

zoic rocks of the Cumberland overthrust block
(Fig. 1). The trough lies along the eastern edge
of the greater Allegheny basin where it flanks the
southern Appalachian fold belt (King, 1969).
The Middlesboro basin has an average width
of 12 miles (19 kilometers) and trends east-north-
castward across southeastern Kentucky for about
80 miles (128 kilometers); it extends an additional
24 miles (38 kilometers) into Tennessee where the
basin terminates along the Jacksboro fault, and 22
miles (85 kilometers) into Virginia where it ends
along the Russell Fork fault (Plate 1). On the
southeast, the basin is bounded by a linear strike
ridge that forms Cumberland Mountain and its
easterly extension, Stone Mountain; steeply dip-
ping strata of this ridge lie upon the northwestern
limb of Powell Valley anticline. The northwestern
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Figure 1. Index map showing location of Middlesboro basin and

Cumberland overthrust block.

margin of the basin is formed by southeastward-
tilted strata overlying the Pine Mountain over-
thrust fault, the surface trace of which crops out
low along the northern slope of Pine Mountain
(Plate 1). Pine Mountain overthrust fault under-
lies the Middlesboro basin where gently folded
upper Paleozoic rocks are superimposed upon and
separated from gently southward-dipping lower
Paleozoic rocks by the nearly horizontial bedding-
plane overthrust fault in Devonian and Mississip-
pian shale (Plate 1).

The sedimentary section underlying the Mid-
dlesboro basin ranges in age from Cambrian to
Pennsylvanian and exceeds 15000 feet (4,500
meters) in thickness (Figs. 2 and 3). The se-
quence is composed of varied lithologies with
thick units that include potential source beds, cap
rocks, and reservoirs for oil and gas. The section
contains abrupt lateral facies changes, local and
regional unconformities, and extreme thickness
variations. The central part of the basin, encom-
passing some 600 square miles (1,536 square kilo-
meters) and underlain by a volume of 16,000 cubic
miles (65,600 cubic kilometers) of unmetamor-
phosed sedimentary rocks, may have Ppotential for
significant structural and stratigraphic oil and gas
accumulations. No detailed geophysical surveys
have been made within this area, and only sever.l
exploratory test holes for oi] and gas have been
drilled. Shows of oil or gas were reported from
every hole. Although six tests penetrated the Pine
Mountain overthrust fault, only one hole reached

Cambrian rocks, and none entered the Precam-
brian basement.

Recent mapping by the U. S. Geological Survey
in cooperation with the Kentucky Geological Sur-
vey (Plate 2) has delineated some large subtle
flexures in the coal measures of the central part of
the Middlesboro basin; this mapping also provides
a basis for correlation of upper Paleozoic strati-
graphic units. Other parts of the greater Alle-
gheny basin are currently yielding favorable re-
sults to the sharpened skills of oil explorers; this
justifies another look at the oil and gas prospects
of an area where drilling depths to potential res-
ervoirs are moderate and major markets are readily
accessible.

STRATIGRAPHY

The thick lower Paleozoic sequence (Fig. 2)
below Pine Mountain fault is entirely marine in
origin (Englund and others, 1961). Most of this
section crops out in the core of Powell Valley anti-
cline (Plate 1). Despite a plethora of local strati-
graphic nomenclature, regional lithologic general-
izations can be summarized as follows. The lower
part of the Cambrian section is about 8,000 feet
(900 meters) thick and is composed mainly of
shale and sandstone; the upper part of the Cam-
brian and the Lower, Middle, and part of the Up-
per Ordovician sequence are mostly shelf-type
limestone and dolomite which attain a thickness

P
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STRATIGRAPHY

of 4,250 feet (1,275 meters). The upper part of
the Upper Ordovician and the Silurian and De-
vonian units consist chiefly of shale and siltstone
with minor sandstone and carbonate rocks which
average 1,500 feet (450 meters) in thickness.

The lower Paleozoic marine section contains few
large breaks in the sedimentation record; however,
a major unconformity separating the Cambrian
and Ordovician Knox Group from overlying Ordo-
vician beds, and a regional hiatus representing all
of Early and Middle Devonian time have been
recognized throughout the area. McGuire and
Howell (1963) published a comprehensive re-
gional study of oil and gas possibilities of Cam-
brian and Lower Ordovician rocks in Kentucky,
which summarizes and integrates what is known
of subsurface characteristics of lower Paleozoic
rocks in the state. Unfortunately, because of the
paucity of deep drill holes, their study provides
meager information on the subsurface of the Mid-
dlesboro basin. Regional stratigraphic relations
clearly indicate that all units thicken to the south-
east across this area (Woodward, 1961).

The upper Paleozoic sequence (Fig. 3) of the
shallow basin above the Pine Mountain fault is
better understood than the lower Paleozoic suc-
cession because it crops out in both Pine and Cum-
berland Mountains. It consists of about 2,000 feet
(600 meters) of Devonian and Mississippian ma-
rine rocks overlain by 2,000 to 5,000 feet (600 to
1,500 meters) of mainly nonmarine Pennsylvanian
coal-bearing strata. In ascending order the marine
sequence consists of black, carbonaceous, Devon-
ian shale (Chattanooga or Ohio Shale); Missis-
sippian red and green shale and siltstone which is
locally cherty at the top (Grainger Formation and
Fort Payne Chert); fossiliferous and oolitic car-
bonate rock (lower member of the Newman Lime-
stone ) ; thin limestones and calcareous, fossiliferous
shale (upper member of the Newman Limestone);
and fine-grained, ripple-marked sandstone and silt-
stone (Pennington Formation). Pennington strata
intertongue with overlying Lower Pennsylvanian
pebbly quartzose sandstone (Lee Formation) of
fluviatile or barrier-bar origin, which in turn inter-
tongues with overlying Lower to Middle Pennsyl-
vanian sandstone, shale, and coal beds (Breathitt
Group) of a repetitive, cyclic, paludal and fluvia-
tile sequence.

5

Local unconformities within Pennsylvanian stra-
ta are common, but the regional disconformity
near the top of the Lee Formation described by
Englund (1964a, p. B38) in the Cumberland
I\dquntains, has not been recognized along Pine or
Cumberland Mountains east of the Varilla quad-
rangle. Regional studies indicate that the entire
upper Paleozoic sequence thickens southeastward
across the Middlesboro basin. The Lower Penn-
sylvanian conglomeratic sandstone bodies are
thicker and coarser grained to the southeast; to
the northwest they wedge out or grade laterally
into and intertongue with marginal and shallow
marine rocks of the underlying Pennington Forma-
tion (Englund, 1964a, p. B33).

Potential source beds for hydrocarbons are pres-
ent in thick, fossiliferous marine shale and car-
bonate rocks. Clean, porous sandstones of the Lee
and Pennington Formations and vuggy, oolitic,
fragmental limestone and dolomite of the Newman
and of the lower Paleozoic succession offer thick,
prospective reservoirs for a variety of potentially
major structural and stratigraphic traps. Although
none of the seven exploratory tests shown on Plate
3 was located on anticlinal structures that are evi-
dent at the surface, it is encouraging that hydro-
carbon shows and good to poor porosity were
reported from all the tests. The few electrical logs
are inadequate for porosity calculations. It ap-
pears very likely that future drilling located on
structural crests will also encounter porous zones
in the Lee and Pennington Formations, Newman
Limestone, and lower Paleozoic carbonate rocks.

Based on evaluation of all available subsurface
data as of 1963, McGuire and Howell (1963, p.
5-1) were optimistic about the presence of oil and
gas in the Cambrian and Ordovician rocks of Ken-
tucky, . . . as indicated by the occurrence of oil
and gas shows in all stratigraphic units from the
Tyrone-Oregon to the basal sandstone.” They
stated (1963, p. 5-1): “Although the amount of
well control is not great, it is now known that the
Cambrian, Lower Ordovician, and Middle Ordo-
vician rocks in Kentucky include clastic and car-
bonate reservoir beds with sufficient thickness,
porosity, and permeability to provide for majc‘)lr oil
and gas accumulations.” They continue: “The
thick shales of the Rome Formation, some of which
are black and carbonaceous, and the characteristic
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bitumen and asphaltic residue indigenous to the
Copper Ridge Dolomite, indicate possible organic
sources for hydrocarbons.™

The United Fuel Gas Company No. 2 Knuckles,
a 10,034-foot (8,058-meter) Cambrian test hole in
Bell County on the south flank of Pine Mountain
(Plate 3), yielded a good show of oil and gas
approximately 140 feet (42 meters) below the top
of the Tyrone (Eggleston) Limestone. According
to McGuire and Howell (1963, p. 5-13): “This
zone is correlated approximately with the produc-
ing zone in the Rose Hill field in Lee County, Vir-
ginia.” The geology of the fenster area and the
Rose Hill (Trenton) oil field has been thoroughly
discussed in a comprehensive report by Miller and
Fuller (1954). In addition, the No. 2 Knuckles
test, the only well in the area to have penetrated
the Knox carbonate sequence, had shows of oil
and gas from three separate zones in the Knox
Group.

Wilpolt and Marden (1959) published a re-
gional surface and subsurface study of the geology
and oil and gas possibilities of Upper Mississip-
pian rocks of southwestern Virginia, southern West
Virginia, and eastern Kentucky, including the east-
ern part of the Middlesboro basin. They antici-
pated (p. 613) that additional discoveries would
be made in the Mississippian limestone and in the
overlying sandstone beds, units which are already
productive in southwestern Virginia at the north-
cast end of the Middlesboro basin. They stated
(p. 613) that: “ . . the gas-producing possibili-
ties of the Mississippian rocks are excellent in that
part of the area studied in which beds of the Potts-
ville Formation of Pennsylvanian age are present
at the surface.” They concluded (p. 614): “The
writers believe that structural controls in the area
have not played so important a part as strati-

1 Editor’s note: The Raccoon Mountain pool in Clay and
Laurel Counties in eastern Kentucky produces gas and oil from
the top of the Knox Group on a sharp fold structure (Wilson,
1968). In Casey, Pulaski, and (since 1969) Adair Counties in
central Kentucky oil production has been obtained from the
top of the Knox Group in unconformity traps modified by struc-
ture. In addition, in eastern Kentucky the “Avila Chert,” a
vuggy zone near the base of the Ordovician Knox just above
the Rose Run Sandstone Member (of McGuire and Howell
1963) of the Chepultepec Dolomite, became oil productive u;
the Moon pool, Morgan County, in 1971. The Antietam Sand-
stone (not younger than Early Cambrian) has produced oil
(and recently gas) in Boyd County since 1967,

graphic traps in the accumulation of oil and gas,
but structures may have localized accumulations
where they are associated with stratigraphic traps.”

Oil and gas shows from fractured black shale
and associated carbonate rocks were reported from
every well penetrating the Pine Mountain fault.
Gas shows were also reported from the lower mem-
ber of the Newman Limestone in the Rodman
No. 1 and No. 2 Asher wells in Bell County, and
gas and minor free oil were reported from the same
unit in the Columbian Fuel Corp. No. 1 Kentenia
Corp. well in Harlan County; oil shows were pres-
ent in fractured Newman Limestone from shallow .
core holes drilled near the crest of Pine Mountain
east of Cumberland (Plate 3). Types of porosity
reported in the lower member of the Newman
Limestone include interoolitic or intergranular,
vuggy, and saccharoidal, as well as fracture por-
osity. Porous saccharoidal dolomites are common
near the base of the unit, and, locally, dolomitic
beds occur as much as several hundred feet above
the base. These dolomites might have originated
as beach, bank, or offshore-bar deposits along rela-
tively narrow zones aligned parallel to the ancient
shoreline (Wilpolt and Marden, 1959, p. 612).
Thus the Newman Limestone is a promising inter-
mediate objective for exploratory drilling.2

The rate of south-southeasterly thickening of the
sections from the Harlan coal bed to the top of the
lower member of the Newman Limestone, to the
Grainger Formation, and to the Chattanooga Shale
across the Middlesboro basin was calculated on
the basis of published outcrop sections and well
logs (Table 1 and Plate 3). Although local irregu-
larities obtain, southward thickening averages 100
feet per mile (18.7 meters per kilometer) between
Pineville and Middlesboro and about 150 feet per
mile (28.1 meters per kilometer) between Cum-
berland and Appalachia-Big Stone Gap. Figures

2 Editor's note: A porous zone near the base of the Newman
Limestone (called Big Lime by drillers) has been widely pro-
ductive of gas in eastern Kentucky. The Bull Creek field
(Webb, 1972), discovered in 1965, is the newest significant
pool producing from this zone; this pool, which lies about 10
miles (16 kilometers) northwest of the surface trace of the
Pine Mountain overthrust fault, produces nearly all of the oil
coming from Letcher and Perry Counties. The Neon (District
of Big Sandy) pool, located in Letcher County about 4 miles
(6.4 kilometers) northwest of the Pine Mountain front, pro-

d}xces gas from the Berea and Maxon Sandstones of Mississip-
pian age (Walker, 1967).
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interva sher Bailey Kentenia Corp. No. 176 1 Hurst ‘ igass)tephens, e
1965)
Interval i
-"Harlan coal | in feet and (meters)
bed to lower
Newman Lime- |
stone 3,130 3,140 3.970 3375
2 g 3,355 3.400
954.0 7 5 3,9
( ) (957.1) (996.7) (1,028.7) (10226)  (10363) (1 lgg - (zi,ggo
Harlan coal S ,368.6)
bed to
Grainger
Formation 3,500 3,726 3,673 3,787
: J ) 3,722 8,917 7
(L066.8)  (1,1857)  (L119.5)  (1,154.3) : 4170 4,930
T i sials (L1345)  (1,1089 1,2 =00 7
Harlan coal ) (1,271.0) (1,502.7)
bed to Chat-
tanooga
Shale 3,718 3,946 3,98
: g ,982 4,193 4,150 4,155
(1,131.7 1,202. 9 ’ ’ 4,495 5,230
) (L2027)  (1,2187)  (1,2780) (1.2649)  (12664)  (18701)  (1,5941)

Compari ick: i i i
Cumgeri::(ll 0154 (t)}l:l;‘:\;e?s of section 2 w1th. 11 and of 10 with 12 shows southerly component of thickening from Pine Mountain to
n; comparison of thickness of section 11 with 12 shows easterly component of thickening along strike in Cum-

berland-Stone Mountain.

4A and 4B illustrate diagrammatically that closure
at dept.h may result solely from a southerly in-
crease in thickness on northward-plunging anti-
clinal structures.

STRUCTURE

be,tI\‘;lvle gross “pie-platter” synclinal configuration
nL :er}l) Pine and C?mberland Mountains (Plate
. Sf een known since the early 1900’s as a re-
Ashls studies of the coal-bearing formations by
— gf and (.;lenn (1906). Recent geologic quad-
thatg S mapping .at a“scale of 1:24,000 has shown
P Ofe:ﬁlsylvaman Coal Measures” at the sur-
vy e flat-bottomed synclinorium are warped
el :ll'%e, elongate, very low amplitude, sub-
e (Pla‘::u{:;e_s about 1.5 miles (2.4 kilometers)
Wef\r/fiostaofnthe gentle folds plunge east-northeast-
margir?s-r}? el to the structurally controlled basin
g ; however, some en echelon flexures extend

northeastward for tens of miles from Cum-

berland Mountain at the south margin, transect the
entire basin, and merge with plunging anticlinal
noses on Pine Mountain (Plate 3). These elongate
flexures commonly have local axial closures. The
crests and troughs along these elongate flexures
appear to form a system of culminations and de-
pressions (Billings, 1942, p. 49) which are sub-
parallel and aligned north-northwesterly. This
subtle and obscure cross-basin alignment is more
or less parallel to the trend of transverse Jacksboro,
Rocky Face, and Russell Fork tear faults (Plate 8);
it is subparallel to Buck Knob anticline and to
fexures in Breathitt strata in the Ivydell quad-
also parallel to warps and plunging
Mountain (Plate 8). More signifi-
s, this trend is subparallel to White
Mountain and Dorton Branch faults, and to subtle
anticlinal and synclinal flexures in the Pennsyl-
vanian strata of the stationary block north of Pine
Mountain overthrust fault (Plate 3). Tectonic con-
figurations similar to that of the Middlesboro basin
may result from interference patterns where one

rangle; it is
folds on Pine
cantly, perhap.
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Figure 4A. Schematic map showing eastward-plunging nose and westerly thickening of section between outcrop and hypothetical reservoir at depth.
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Figure 4B. Diagrammatic cross section A-A’ i
showing structural closure at depth below plunging anticlinal nose in Figure 4A.

fold belt is superimposed on another pre-existing
fold belt or on an underlying structural grain, as
shown in other areas (O’Driscoll, 1962; Workilm

and the basement beneath are probably little de-
formed, or deformed in a different manner. Wil-

1962; Ramsay, 1967, p. 519-533) polt and Marden (1959, p. 611) stated: “If the
In a regional report on o F i rocks beneath the Cumberland overthrust block

lachians, Rodgers (1953) observerg gla: :1 JAC%P; 1are folded a.nd truncated by Pine Mountain fault,

the structure is disharmonic, so that the folds and :::tlhl:lelt;(}llfeiious zones may oceur directly be-

fau‘lt‘s over.he surfaces of décollement in various Possib] at‘lll B i ; i

units low in the sequence; the underlying strata y the structural alignments in Middles-

boro basin result from two successive events; the



GEOPHYSICAL STUDIES

ent east-northeast trend may define tec-
tonic elements which are limited to post-Devonian
rocks above the Pine Mountain fault, and the sub-
dued north-northwest alignment of culminations
and depressions may reflect subthrust structure or
morphology of the pre-Knox or the pre-Devoh-

promin

the
ian surface.

GEOPHYSICAL STUDIES

The Middlesboro basin has been covered by a
regional gravity survey (Watkins, 1963) and par-
tially covered by airborne magnetometer and
radiometric surveys ( Watkins, 1964; Bates, 1962).
Systematic detailed gravity, ground magnetome-
ter, or seismic surveys have not been reported, nor
have modern seismic surveys utilizing common
depth point or digital recording yet been at-
tempted. The ruggedness of the terrain may be a
deterrent to systematic geophysical surveys, as
local relief exceeds 1,500 feet (450 meters); h,ow-
ever, roads and river valleys provide adequate
access for reconnaissance coverage of most of the
basin. Doubtless, good quality seismic records can
be' made of the shallow basin above Pine Moun-
tain oyerthrust fault. Modern common depth point
ttf,chmques with analog or digital processing may
yield usable subthrust data.

To test the possibility that the subtle north-
northwesterly structural trend might reflect sub-
thrus't structure, closely spaced reconnaissance
gravity traverses were made in 1969. Measure-
ments were made across the crestal culmination of
%n accessible anticlinal flexure (Plate 4). The
cc?rl;gufl;i gravity values, based on 2.67 g/cm?, were
- c Z : for the ef'fects of terrain. Preliminary re-
P $.tilcate a residual 5-milligal anomaly coinci-
i Thl d-the surface apex of the structure (Plate
" :d isturbed core of this structure is exposed
iy thzustht:;zz of C?tron Creek (Figs. 5 and 6)
sbly disgtic are faulted, deformed, and pos-

SUMMARY

'£1}cles eI:E’Itx.ddlesboro bas'in area is underlain by a
tial Sourc;on of Pa'leozom strata containing poten-
orably for, r.elservmr, and cap rocks considered fav-
P oil and gas accumulation. It is a com-

Structural basin with a lower sequence con-

Figure 5. Core of anticline ea
| st of Catron Creek, Harlan C
View eastward from gravity station 3 on Plate 4. B

Figure 6. Closer view of disturbed (diapiric?) rocks in core of anti-
cline shown in Figure 5.

sisting of lower Paleozoic marine strata separated
from an’ overlying sequence of upper Paleozoic
marine and nonmarine strata by an essentially flat-
lying overthrust fault. Both sequences thicken to
the southeast.

Oil and gas shows were reported in all seven
exploratory tests in the central part of the basin.
Potential reservoir objectives below Pine Mountain
overthrust fault are the Copper Ridge Dolomite
(Cambrian), Trenton Limestone (Ordovician),
and Hancock Dolomite (Silurian). Little is known
about the strata below the thrust fault, and almost
nothing about relief on the post-Knox unconform-
ity. Reservoir objectives above the thrust fault
include fractured Chattanooga Shale (Devonian),
Jower member of the Newman Limestone (Mis-
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sissippian ), and sandstone of the Pennington and
Lee Formations (Mississippian and Pennsylvan-
ian). Updip “pinchouts” of porous quartzose Lee-
type sandstone in impermeable Pennington shales
and siltstones may form stratigraphic traps.
Large gentle flexures in surface strata of Middle
Pennsylvanian age apparently reflect the prevail-
ing east-northeasterly structural grain that resulted
from post-Pennsylvanian overthrust faulting. The
attitude, size, and shape of structures below the
thrust fault are unknown; however, a possible
north-northwest interference pattern which may
reflect subthrust structural or paleogeomorphic
alignments is suggested by: the trend of the Jacks-
boro, Rocky Face, and Russell Fork tear faults; the
trend of Buck Knob anticline and flexures in the
Ivydell quadrangle; the orientation of structures

on Pine Mountain overthrust fault; and the align-
ment of axial culminations and depressions along
parallel elongate flexures.

Because the entire stratigraphic section thickens
markedly to the south and east, significant struc-
tural closure on potential reservoirs at depth is pos-
sible even though closure is absent at the surface
due to shallow saddles to the south and east (Figs.
4A and 4B) or where closure is minor.

Regional geophysical coverage is needed to pro-
vide data on the structural configurations above
and below the thrust fault and unconformities, and
to investigate subsurface continuity of exposed
structures. Despite the rugged terrain, major roads
and low-gradient valleys provide adequate access
for semi-detailed gravity and seismic investiga-
tions.
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Anticline or salient showing approximate po-
sition of crest line and direction of plunge;
locally overturned

Syncline or recess showing approximate po-
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Structures in Breathitt rocks
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DRILL HOLES AND OUTCROPS FROM WHICH GEOLOGIC DATA WERE OBTAINED

L g @ e It Dry hole with show of gas or gas and oil, or oil or gas well

o Core hole with show of oil Numbers refer to localities

@ Outcrop locality described in Table 1
Cartography By Terry Hounshell

1

Benedum-Trees No. 1 Hurst; Bell Co., Ky.,, 21-C-70; TD 5,697 ft
(Ordovician); gas show reported

United Fuel Gas No. 2 Knuckles; Bell Co., Ky., 5-C-71; TD 10,034 ft
(Cambrian); Tyrone (Eggleston) oil and gas shows

Rodman No. 1 Asher; Bell Co., Ky., 5-C-72; TD 3,318 ft (Silurian);
Newman gas well (shut in)

Rodman No. 2 Asher; Bell Co., Ky., 23-D-72; TD 3,597 ft (Silurian);
show of gas

Columbian Fuel Corp. No. 1 Kentenia Corp.; Harlan Co., Ky., 16-D-74;
TD 4,826 ft (Silurian); Newman oil and gas shows, Chattanooga gas
show

Columbian Fuel Corp. No. 1 Bailey; Harlan Co., Ky., 3-D-74; TD 5,149
ft (Ordovician); Chattanooga and Hancock gas and oil shows

U. S. Steel No. 1 Big Looney; Harlan Co., Ky., 11-F-79; TD 3,043 ft
(Mississippian); Pennington gas show reported

Kentucky Department of Highways Pine Mountain core holes Nos. 2
and 4; Letcher Co., Ky., 14-G-80 and 18-G-80; TD 880 ft and 832
ft (Devonian); Newman oil stained

MAP OF GEOLOGIC STRUCTURE SHOWING LOCATIONS OF TEST HOLES AND OUTCROP SECTIONS IN THE MIDDLESBORO BASIN

10a

12
13
14

Callahan Creek gas field; Wise Co., Va.; (Siluian); Newman and Chat-
tanooga gas

10b 10c  Clinchfield Coal Co. Nos. 176, 111, and 210; Dickenson
Co., Va.; TD 5,889 ft, 6,064 ft, and 5,866 ft (Silurian); Chattanooga,
Berea, Pennington, and Lee gas shows

Ely Gap outcrop section; Lee Co., Va.
Appalachia-Big Stone Gap outcrop section; Wise Co., Va.
Rose Hill oil field; Lee Co., Va.; (Cambrian); Trenton oil

Gilbert and Moulton No. 1 American Assoc; Claiborne Co., Tenn.,
21-A-67; TD 3,030 (Mississippian); Fort Payne oil

Kettle Island gas field; Bell Co., Ky., 9-D-71 (Silurian); Newman and
Hancock gas

Stoney Fork gas field; Bell Co., Ky., 17-E-72; (Silurian); Newman and
Hancock gas

8 (¢
3000,
Scale 1:250,000
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