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LITHOLOGY NORTH OF THE PINE MOUNTAIN OVERTHRUST FAULT

ALLUVIUM—Unconsolidated deposits of modern streams composed of sand, silt, gravel,
and clay; poorly sorted, dominantly fine to medium sand, generally mixed, crossbedded
in places. Gravel contains pebbles and cobbles of subangular to subrounded fragments
of local rocks and coal in thin irregular beds. In the Jenkins East 7.5-minute quadrangle,
unit is mapped only along major streams. In the Elkhorn City—Harman, Hellier-Clintwood,
and Lick Creek 7.5-minute quadrangles, unit was generally not mapped where very thin
or less than 200 ft wide. Boundaries approximately located.

LANDSLIDE DEPOSITS—Unconsolidated random mixture of locally derived disintegrated
rock and earth with plant remains. Rock is typically composed of jumbled blocks of
sandstone, siltstone, limestone, and shale in a matrix of sand, silt, and clay. Deposits
grading laterally into colluvium are common.

PRINCESS FORMATION—Sandstone, siltstone, shale, and coal; minor limestone and
underclay. Sandstone, medium light-gray to light-gray; fine- to coarse-grained, locally
very fine-grained, very thick-bedded, crossbedded to even-bedded, locally interbedded
with siltstone; dominantly quartz in a matrix of clay-size particles; locally cemented with
silica or calcite; forms prominent cliffs and caprocks on hilltops. Siltstone, shaly siltstone,
and shale, generally platy, contains abundant siderite nodules, carbonaceous; locally
massive, poorly exposed. Lost Creek Limestone of Morse (1931) is calcareous shale
with abundant marine fossils, locally contains a basal bed of pyrite-rich, shaly limestone,
and in the lower and middle parts, lenses of coquina-like limestone. This formation
contains the Knob coal zone. Underclays as much as 4 ft thick, but commonly less than
2 ft thick, grade downward into underlying rock. Clay lithology varies from unctuous to
ganister as the rock in which it developed varies from clay shale to sandstone. Previously
mapped as part of Breathitt Formation; renamed by Chesnut (1992). Base of Princess
marked at base of the Stoney Fork Member (locally mapped as Lost Creek Limestone
in this quadrangle); top placed at base of Conemaugh Formation (not present in this
quadrangle). Where Lost Creek Limestone not mapped, base is approximated by the
top of Broas coal zone, or Hindman coal, or their inferred positions where absent or not
mapped.

FOUR CORNERS FORMATION—Sandstone, siltstone, shale, coal, limestone, and
underclay. Sandstone, very light- to medium dark-gray; very fine- to medium-grained,
locally medium- to coarse-grained, composed primarily of angular to subrounded quartz
grains with feldspar and minor amounts of mica, rock fragments, and dark minerals;
matrix is fine silt- and clay-sized grains; locally argillaceous. Generally massive, thin-
to thick-bedded, and crossbedded, but also occurs occasionally as lenticular bodies.
Channel-fill sandstone units are common. Sandstone locally intertongues and intergrades
laterally with siltstones. Induration varies from well to poorly cemented. Siltstone, sandy
to clayey; thin-bedded to ripple-laminated, commonly interlaminated with very fine-
grained sandstone or claystone; contains local zones of siderite nodules; carbonaceous
plant fossils are locally common, as are irregular calcareous zones. Shale, clay shale,
and claystone (combined); sandy to silty to clayey; even- to ripple-laminated, locally
massive; locally interbedded with siltstone, locally calcareous; limestone concretions as
much as 2 ft in diameter occur locally; thin siderite beds and fossil plant impressions are
locally common. Marine fossils are locally common toward base of dark shales at base
of formation. Magoffin Member (Outerbridge, 1976) is approximately equivalent to the
Magoffin Beds of Morse (1931) of earlier workers; upper part is nonfossiliferous and
consists of interlaminated to even-bedded silty shale, siltstone, and very fine-grained
sandstone; locally contains abundant siderite nodules and laminae. Grades downward
into carbonaceous, calcareous shale and clay shale with locally abundant siderite
concretions. Base of unit locally contains abundant marine and brackish-water invertebrate
fossils. Coals, in descending order, are the Broas zone (containing the Hindman coal),
Peach Orchard zone (including the Francis or Hazard No. 8, and the Hazard No. 7 coals),
Hazard zone (including the Winifrede and Leatherwood coals), and Haddix. Underclays
as much as 4 ft thick, but commonly less than 2 ft thick, grade downward into underlying
rock. Clay lithology varies from unctuous to ganister as the rock in which it developed
varies from clay shale to sandstone. Previously mapped as part of Breathitt Formation,
renamed by Chesnut (1992). Base of Four Corners placed at base of Magoffin Member;
top placed at base of Stoney Fork Member. Where Magoffin not mapped, base of
formation placed at top of Taylor coal or its inferred position.

HYDEN FORMATION—Sandstone, siltstone, shale, coal, underclay, limestone. Sandstone,
dominantly light- to medium-gray, very fine- to coarse-grained, angular to subrounded
grains of quartz, feldspathic, argillaceous in places, generally micaceous; locally contains
silty limestone concretions and silty carbonaceous shale; weakly to firmly cemented;
very thin- to thick-bedded, planar to crossbedded and ripple-bedded, channel-fill units
common; locally massive; locally grades laterally into interbedded sandstone and siltstone.
Siltstone, argillaceous to sandy, in places micaceous, in places carbonaceous, locally
canneloid, platy to thin-bedded, even- to ripple-laminated; intergrades and interbeds with
fine-grained sandstone, shale, or claystone; thick sandstone lenses occur locally; contains
sparse marine and brackish-water fossils, locally impressions of plant remains common.
Shale, clay shale, and claystone (combined); silty to sandy, commonly even-laminated,
in places ripple-laminated; locally grades laterally into and is interbedded with thin beds
of silty to very fine-grained sandstone; locally carbonaceous, in places canneloid; locally
calcareous with marine fossils; locally rich in plant fossils and impressions. Flint clay
with conchoidal fracture common in Fire Clay coal. Samples radiometrically dated at
312 £ 1 Ma (Lyons and others, 1992). Kendrick Shale Member, as much as 80 ft thick.
Interlaminated very fine-grained sandstone and siltstone in upper part, grades down to
sandy siltstone, commonly sandy or silty clay shale in lower part. Middle and lower parts
locally contain laminae and lenses of siderite and sparse limestone concretions. Sparsely
fossiliferous throughout, but more abundantly fossiliferous at base. Coals, in descending
order, are the Taylor, Hamlin zone, Fire Clay rider, Fire Clay, Little Fire Clay, and
Whitesburg. Underclays are as much as 4 ft thick, but commonly less than 2 ft thick;
grade downward into underlying rock. Clay lithology varies from unctuous to ganister
as the rock in which it developed varies from clay shale to sandstone. Previously mapped
as part of Breathitt Formation, renamed by Chesnut (1992). Base of Hyden placed at
base of Kendrick Shale Member; top is placed at base of the Magoffin Member. Where
Kendrick not mapped, base is placed at top of Amburgy coal zone or Williamson coal
or their inferred positions.

PIKEVILLE FORMATION—Sandstone, siltstone, shale and claystone, coal, underclay.
Sandstone, medium- to light-gray, locally dark-gray; medium- to very fine-grained, locally
coarse-grained and calcareous; thin- to thick-bedded, even-bedded to crossbedded,
locally ripple-bedded, appears massive locally; in places grades laterally to interlaminated
and interbedded siltstone and silty shale; chiefly quartz, locally conglomeratic, feldspathic,
micaceous; clayey and silty in the Elkhorn City—Harman, and Clintwood-Hellier 7.5-
minute quadrangles; poorly to firmly cemented; locally contains abundant carbonaceous
plant fragments; channel-fill units common. Siltstone, sandy to clayey; generally interbedded
and interlaminated with sandstone and claystone; parallel-bedded to crossbedded, locally
ripple-marked; locally contains siderite nodules and lenses of silty limestone concretions,
disseminated carbonaceous material; locally contains plant impression fossils. Shale,
silty to sandy, locally carbonaceous, rarely canneloid; thin lenses or discoidal nodules
of siderite locally; in places contains shaly limestone concretions; locally interbedded
with sandstone; may locally contain abundant disseminated carbonaceous plant fossil
debris. Coals, in descending order, are the Amburgy zone (including the Williamson),
Upper Elkhorn No. 3 zone (including the Upper Elkhorn No. 3.5), Alma zone (including
the Upper Elkhorn No. 2 and Upper Elkhorn No. 1), Lower Elkhorn zone (including the
Pond Creek). Underclays as much as 4 ft thick, but commonly less than 2 ft thick; grade
downward into underlying rock. Clay lithology varies from unctuous to ganister as the
rock in which it developed varies from clay shale to sandstone. Previously mapped as
part of Breathitt Formation, renamed by Chesnut (1992). Base of Pikeville placed at
base of Betsie Shale Member; top placed at base of Kendrick Shale Member. Betsie
Shale defined by Rice and others (1987) and not mapped on the individual 7.5-minute
GQ’s in this quadrangle. Base of unit therefore placed at top of Bingham coal zone or
Clintwood coal or their inferred positions.

GRUNDY FORMATION—Sandstone, siltstone, shale, coal, and underclay. Sandstone,
medium- to light-gray, generally fine- to medium-grained, in places fine- to coarse-
grained; generally grades downward from flat beds to crossbeds, locally massive; locally
interbedded with siltstone and shale; framework is chiefly quartz with feldspar and mica,
matrix clayey and silty in the Hellier-Clintwood and Elkhorn City—Harman 7.5-minute
quadrangles; generally well indurated, weakly indurated where clayey and silty; channel-
fill units common. Siltstone, commonly intercalated with sandstone and shale; locally
contains carbonaceous plant remains, locally calcareous. Shale and claystone, silty to
sandy, locally carbonaceous, canneloid in places, locally calcareous with limestone
concretions; locally contains invertebrate marine fossils; locally contains pyrite and
siderite nodules. Coals, in descending order, are the Bingham zone (including Clintwood),
the Millard zone (including Eagle and Glamorgan), Hagy rider, Hagy, Splash Dam rider,
Splash Dam, Elswick, and Banner zone. Underclays as much as 4 ft thick, but commonly
less than 2 ft thick, grade downward into underlying rock. Clay lithology varies from
unctuous to ganister as the rock in which it was developed varies from clay shale to
sandstone. Previously mapped as part of Lee Formation, renamed by Chesnut (1992).
Base of Grundy Formation placed at top of Bee Rock Sandstone; upper boundary
approximated by top of Bingham coal zone or Clintwood coal or their inferred positions.

MIDDLE PART OF BREATHITT GROUP—Previously mapped as Breathitt Formation,
undivided, on Jenkins East, Jenkins West, Roxana, and Whitesburg—Flat Gap GQ’s.
Unit located adjacent to the north side of Pine Mountain Overthrust Fault.

BEE ROCK SANDSTONE—Sandstone, siltstone, and shale. Unit located along the north
face of Pine Mountain and along Russell Fork on Elkhorn City—-Harman and Hellier-
Clintwood GQ’s. See description in adjacent stratigraphic column.

DUMP—Mine dump; mine tailings and displaced overburden.
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Figure 1. Locations of the 23 7.5-minute quadrangles used in the digital
compilation of the Pikeville 30 x 60 minute map. Names of the individual
7.5-minute quadrangle maps and their USGS geologic quadrangle map

(GQ) numbers are shown.
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Figure 3. Location of near-surface structural features from the structure
contours. Contour interval 40 feet. Scale 1:500,000.
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LITHOLOGY SOUTH OF THE PINE MOUNTAIN OVERTHRUST FAULT

ALLUVIUM—Unconsolidated deposits of modern streams composed of silt, sand, gravel,
and clay; mostly sandy silt and sandstone cobbles, poorly sorted, locally derived. Includes
some terrace deposits along Poor Fork of Cumberland River. Not mapped where very
thin. Boundaries approximately located.

LANDSLIDE DEPOSITS—Unconsolidated random mixture of locally derived sandstone,
siltstone, and clay shale, with minor coal and underclay; occur as jumbled blocks in a
matrix of sand, silt, and clay. Locally merge with debris slides and mudflows. Only larger,
more conspicuous landslide deposits are mapped. Contacts approximate; locally terminate
against fault scarps.

FOUR CORNERS FORMATION—Sandstone, siltstone, shale, and coal. Sandstone,
micaceous, argillaceous, light-gray; very fine- to coarse-grained, crossbedded, in places
ripple-bedded. Sandstone near middle of unit forms prominent cliffs. Siltstone, micaceous,
carbonaceous, in part sandy. Shale, micaceous, carbonaceous, partly silty. Magoffin
Member (Outerbridge, 1976) is approximately equivalent to the Magoffin Beds of Morse
(1931) of earlier workers. Magoffin is dark-gray silty shale containing marine invertebrate
fossils in lower part and sparse limestone concretions. Coals, in descending order, are
the High Splint and Morris. Formation previously mapped as lower part of Hignite
Formation, renamed Four Corners by Chesnut (1992). Base of formation established
at base of Magoffin Member. Where Magoffin not mapped or absent, base placed at top
of Pardee coal or its inferred position.

HYDEN FORMATION—Siltstone, sandstone, shale, and coal. Rock types similar to
those described in the Four Corners Formation above. Kendrick Shale Member contains
abundant articulate brachiopods in lower part, with rare limestone lenses. Pardee coal
included in this formation. Previously mapped as Catron and upper part of Mingo
Formations, renamed by Chesnut (1992). Base of Hyden marked at the base of Kendrick
Shale Member; top placed at base of Magoffin Member. Where Kendrick absent or not
mapped, base approximated by top of Creech coal zone or its inferred position.

PIKEVILLE FORMATION—Siltstone, sandstone, shale, and coal. Siltstone and shale,
micaceous, carbonaceous, in part sandy. Sandstone, quartzose, argillaceous, micaceous;
very fine- to coarse-grained, crossbedded, in places strongly crossbedded, in places
ripple-bedded. Coals, in descending order, are the Creech zone, Taggart zone (includes
the Darby), Taggart marker (includes the Kellioka), Harlan zone, and Imboden. Previously
mapped as lower part of Mingo and upper part of Hance Formations, renamed by Chesnut
(1992). Base of Pikeville placed at base of Betsie Shale Member; top placed at base of
Kendrick Shale Member. Betsie Shale defined by Rice and others (1987) and not mapped
on the 7.5-minute GQ’s in this quadrangle. Base of formation therefore placed at top of
Hance coal or its inferred position.

GRUNDY FORMATION—Siltstone, shale, and sandstone. Siltstone and shale, micaceous,
carbonaceous, in part sandy; clay shale is interstratified with siltstone and underlies coal
beds; mostly poorly to slightly fissile, some very fissile; commonly contains fossil plant
fragments and siderite concretions. Sandstone, quartzose, argillaceous, micaceous;
very fine- to coarse-grained, crossbedded, in places ripple-bedded. Previously mapped
as lower part of Hance Formation, renamed by Chesnut (1992). Base of Grundy Formation
placed at top of Bee Rock Sandstone; upper boundary approximated by top of Hance
coal.

BEE ROCK SANDSTONE—Sandstone, siltstone, and shale. Sandstone, white to light-
gray, fine- to coarse-grained, subangular to subrounded, quartzose, silica-cemented,
strongly consolidated; mica rare; conspicuously cross-stratified, mostly in large-scale
sets. Lenses of conglomeratic quartzose sandstone with well-rounded quartz pebbles
mostly less than 0.5 in. in diameter distributed erratically throughout. Clayey and silty
sandstone, fine- to coarse-grained, cross-stratified, lenticular, weakly cemented, moderately
consolidated; chiefly quartz with notable amounts of feldspar and mica, matrix largely
clay and silt; intertongues with quartzose sandstone and shale at top of unit. Siltstone
and shale, even- to ripple-laminated, silty to sandy. Contact with underlying shale
disconformable, horizontal to markedly undulating. Sandstone intervals form cliffs and
dip slopes (hogbacks) in the Whitesburg—Flat Gap and Roxana 7.5-minute quadrangles.
Previously mapped as Bee Rock Sandstone Member of Lee Formation. In this quadrangle
mapped as upper sandstone member of Lee Formation. Given formation status by
Chesnut (1992). Base of formation placed at top of Raven coal or its equivalent, the
Tunnel coal.

HENSLEY MEMBER, ALVY CREEK FORMATION—Shale, sandstone, siltstone, and
coal. Shale, silty to sandy, even- to ripple-laminated; carbonaceous fossil plant debris
abundant locally. Sandstone, largely fine- to medium-grained, in places very fine-grained,
silty to argillaceous; mica common; very evenly laminated to cross-stratified, in places
ripple-laminated; weakly cemented, moderately indurated; locally grades to quartzose
sandstone with fine pebbles; occurs within shale as lenticular bodies as much as 60 ft
thick. Siltstone, partly argillaceous; ripple-laminated to small-scale, low-angle, thin
crossbeds and cross laminae. Coals include the Tunnel and its equivalent, the Raven.
Previously mapped as Hensley Member of the Lee Formation. In this quadrangle mapped
as shale-dominant facies between the upper and middle sandstone members of the Lee
Formation. Given member status by Chesnut (1992).

SEWANEE SANDSTONE—Sandstone, shale, and coal. Predominantly quartzose
sandstone, light-gray, fine- to coarse-grained to moderately conglomeratic, strongly
consolidated, conspicuously cross-stratified and lenticular; locally eroded to a honeycomb
structure; forms a persistent multichannel sandstone body having a marked disconformable
contact with underlying shale. Thin lenticular bodies of interstratified clayey and silty
sandstone and silty to sandy shale can be differentiated locally. Contains at least one
thin coal seam. Previously mapped as middle sandstone member of the Lee Formation.
Outcrops of this sandstone are of limited lateral extent, occurring in the Elkhorn City and
Hellier 7.5-minute quadrangles. Given formation status by Chesnut (1992).

DARK RIDGE MEMBER, BOTTOM CREEK FORMATION—Shale, sandstone, and coal.
Silty shale, medium dark-gray, laminated, locally interlaminated with very fine-grained
sandstone and shale; includes minor lenses of clayey and silty sandstone; contact with
underlying quartzose sandstone varies locally from abrupt to gradational. Contains at
least one thin coal seam. Previously mapped as shale-dominant facies between lower
and middle sandstone members of the Lee Formation. Given member status in Bottom
Creek Formation by Chesnut (1992).

WARREN POINT SANDSTONE—Sandstone and shale. Practically all quartzose
sandstone, light-gray, fine- to coarse-grained, conspicuously cross-stratified, lenticular,
weakly to strongly cemented with silica, strongly consolidated; sparsely conglomeratic
throughout most of unit where quartz pebbles are mostly less than 1 in. in diameter; at
some localities basal parts highly conglomeratic with well-rounded pebbles of white,
smoky, and rose quartz, commonly 1 in. in diameter, rarely as much as 2 in. in diameter;
contains thin lenses of medium-gray sandy shale and clayey and silty moderately
consolidated sandstone; contact with underlying shale is sharp, undulating, disconformable.
Previously mapped as middle sandstone member of the Lee Formation. Outcrops of this
sandstone are of limited lateral extent, occurring in the Elkhorn City and Hellier-Clintwood
7.5-minute quadrangles. Given formation status by Chesnut (1992).

SEWANEE AND WARREN POINT FORMATIONS, UNDIVIDED—Sandstone, siltstone,
shale, and coal. Sandstone, very light- to light-gray, fine- to coarse-grained, quartzose,
commonly conglomeratic, with quartz pebbles as large as 2 in. in diameter; generally
crossbedded in high-angle, large-scale trough sets; generally well indurated, but locally
very friable; in places argillaceous and micaceous. Siltstone and shale, medium- to dark-
gray. Coal beds thin and discontinuous. Basal contact sharp and undulating; disconformable.
Forms prominent bluffs and distinct hogbacks with north-facing scarp slopes and south-
dipping slopes. Outcrops of significant lateral extent occur in the Whitesburg—Flat Gap
and Roxana 7.5-minute quadrangles; smaller exposures occur in the Jenkins East and
Jenkins West 7.5-minute quadrangles. Both units given formation status by Chesnut
(1992).

LOWER PART OF BREATHITT GROUP—Previously mapped as the Lee Formation on
the Hellier-Clintwood, Jenkins East, Jenkins West, Roxana, and Whitesburg GQ’s.

PENNINGTON GROUP (exclusive of Stony Gap Sandstone Member of Hinton
Formation)—Siltstone, shale, sandstone, and limestone. Predominantly siltstone and
silty clay shale; commonly red and green shales occur with siltstone and sandstone in
upper and lower parts of unit; locally sandy, locally micaceous, in places calcareous,
even- to ripple-laminated; commonly dark-gray, carbonaceous above Little Stone Gap
Member, particularly in central part of area. Sandstone, moderately quartzose, locally
argillaceous and micaceous, commonly thin-bedded, locally ripple-bedded, locally
crossbedded, locally conglomeratic in southwestern part of quadrangle, with thin to thick
trough sets of small and medium scale; commonly well cemented with silica and calcite;
forms resistant ledges. Elevated to group status by Chesnut (1992).

LITTLE STONE GAP MEMBER, HINTON FORMATION (not mapped separately)—
Calcareous shale and siltstone, locally contains micrograined to finely crystalline
argillaceous limestone in beds a few inches thick to as much as 3 ft thick, and also as
discontinuous lenticular bodies; marine fossils locally abundant.

STONY GAP SANDSTONE MEMBER, HINTON FORMATION—Sandstone, siltstone,
shale. Sandstone, very fine- to medium-grained, in part crossbedded, in part ripple-
bedded, locally laminated to thin-bedded, locally lenticular; mostly quartzose, locally
micaceous; grains subangular to subrounded; generally resistant, cemented with silica
and calcite; forms thick ledges and prominent cliffs. Siltstone, in beds a few feet thick
as interbeds in sandstone; rarely exposed. Shale, interbeds with and grades into
sandstone and siltstone having similar sedimentary structural features. Designated a
member of the Hinton Formation by Chesnut (1992).

NEWMAN LIMESTONE, UPPER MEMBER—Siltstone, shale, sandstone, limestone.
Siltstone and shale, generally calcareous, in places carbonaceous; silty to sandy; sparsely
to abundantly fossiliferous. Sandstone, fine- to very fine-grained; locally crossbedded,
commonly ripple-bedded, in places calcareous; in discontinuous lenses as much as 30
ft thick, generally only a few feet thick. Limestone, locally argillaceous, locally dolomitic,
micrograined to coarse-grained, commonly fossiliferous; occurs as discontinuous lenticular
bodies 1 to 5 ft thick, rarely as much as 30 ft thick.

NEWMAN LIMESTONE, LOWER MEMBER—Limestone and shale. Limestone, micro-
grained to coarse-grained, in beds as much as 3.5 ft thick; clayey to sandy, locally
dolomitic, locally oolitic, fossiliferous throughout; contains nodules and thin discontinuous
beds of grayish-black chert. Shale, silty to sandy, generally in thin partings; calcareous.

GRAINGER FORMATION—Siltstone, shale, sandstone. Siltstone, greenish-, reddish-,
and purplish-gray to dark-gray, massive- to flaggy-bedded, faintly to distinctly graded,
sandy, moderately quartzose, argillaceous, sparsely micaceous, resistant, interstratified
with clay shale. Shale, light- to dark-gray and light greenish- to reddish-gray, silty,
interlaminated with clayey siltstone, locally carbonaceous at base. In places, interstratified
with a few thin discontinuous lenses of sandstone, very fine-grained, clayey to silty,
micaceous, sparsely calcareous. Basal contact gradational to abrupt. In Hellier-Clintwood
and Elkhorn City—Harman 7.5-minute quadrangles top of unit includes the Maccrady
and Price Members.

MACCRADY AND PRICE MEMBERS, GRAINGER FORMATION (not mapped
separately)—Siltstone and claystone. upper part (Maccrady) dominantly grayish red with
minor greenish-gray mottling and streaks; lower part (Price) entirely greenish-gray
siltstone and claystone with some medium- to medium dark-gray claystone. Siltstone,
sandy, sparsely micaceous, somewhat clayey, moderately quartzose, finely cross-
stratified, resistant; forms uneven very thin to thick lenticular beds irregularly interstratified
with silty claystone. Marine fossils abundant locally. Basal contact intergradational.

SUNBURY SHALE—Shale, medium dark-gray to grayish-black, argillaceous to slightly
silty, carbonaceous, evenly laminated, fissile, poorly exposed; basal contact moderately
sharp, conformable.

BEREA SANDSTONE—Sandstone, distinctive light-gray; very fine-grained, silty, quartzose,
even- to wavy-laminated; locally contorted as result of both faulting and plastic flow
during deposition; very resistant, forms even ledges mostly from 4 to 12 in. thick;
pronounced ridge-maker. Basal contact generally sharp and conformable; local small-
scale intertonguing with black shale at base.

SUNBURY SHALE, BEREA SANDSTONE, AND BEDFORD SHALE, UNDIVIDED—
See above for Sunbury Shale and Berea Sandstone. Bedford Shale, light- to medium-
gray, clayey to silty; mostly sheared. Base of unit mostly covered; contact sharp and
conformable.

GRAINGER FORMATION, SUNBURY(?) SHALE, BEREA(?) SANDSTONE, BEDFORD(?)
SHALE, UNDIVIDED—Mapped as combined unit on the Whitesburg—Flat Gap GQ. See
descriptions above.

OHIO SHALE—Shale, brownish-black to black, silty, carbonaceous, thinly laminated
and fissile, occurs in an intensely folded and sheared zone along the Pine Mountain
Overthrust Fault; megaspores rare to locally common, conodonts present locally.

3 DUMP—Mine dump, mine tailings, and displaced overburden.
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INTRODUCTION

The geology of the Pikeville 30 x 60 minute quadrangle was digitally
compiled, primarily from U.S. Geological Survey 7.5-minute geologic
quadrangle maps (GQ’s), as cited in the references. The GQ’s are products
of a cooperative mapping project between the U.S. Geological Survey and
the Kentucky Geological Survey from 1960 to 1978. Several regional
geologic studies on mapping and stratigraphy (Brant and others, 1983a—c;
Chesnut, 1992; Rice and Hiett, 1994) have resulted in changes in stratigraphic
nomenclature and correlation. These changes have been incorporated into
this map, and were necessary for compilation of regional maps and for
stratigraphic continuity between 7.5-minute quadrangles. The 7.5-minute
quadrangles that make up the Pikeville 30 x 60 minute quadrangle are
shown in the index map (Fig. 1).

The data files resulting from digitizing the GQ’s are part of a comprehensive
relational and spatial data set being developed by the Kentucky Geological
Survey. The digital geology will be available on the KGS Web site as part
of an Internet map service (Anderson and others, 1999). Users will have
at their disposal spatial data sets from which to select map themes to create
custom maps and add supplemental oil, mineral, coal, or water information
(kgsweb.uky.edu/main.asp). This powerful database of geologic information
can also be used in a geographic information system (GIS) for analysis or
manipulation of data.

PROCEDURE

The 7.5-minute quadrangle maps were digitally compiled using a semi-
automated data capture technique to convert hard-copy geologic maps into
digital format. Compiling 7.5-minute maps into a 30 x 60 minute map required
the resolution of significant problems, such as (1) correlating geologic
formations across quadrangle boundaries, (2) resolving nonuniform structure-
contour datums or intervals, and (3) resolving discrepancies in Quaternary
alluvium boundaries and inferred contacts. The metadata portion of the
digital file provides detailed information about the conversion process.
Formation codes were assigned using the American Association of Petroleum
Geologists standard stratigraphic code (Cohee, 1967), which was modified
by the Kentucky Geological Survey for state-specific use. Formations and
formation boundaries were not mapped in a consistent manner on each of
the 7.5-minute maps, since they were compiled by various authors between
1960 and 1978. Resolution of the differences between quadrangles was
necessary for efficient topological analysis in a GIS environment. In addition,
numerous small lithologic units mapped on individual 7.5-minute quadrangle
maps are too small to be displayed on a 30 x 60 minute quadrangle map.

This map is a compilation of existing maps and published information,
and no additional field work took place. When there were problems in
stratigraphic correlation within or between quadrangles, they were resolved
by adhering to the geologic, cartographic, and GIS standards appropriate
for the scale of the map and using the best current data available.

GEOLOGIC SETTING AND STRUCTURAL GEOLOGY

The geology of the Pikeville 30 x 60 minute quadrangle consists of gently
to steeply dipping sedimentary rocks of Late Devonian through Middle
Pennsylvanian age. See Figures 2 and 3 for the compiled structural contours.
These rocks occur in southeastern Kentucky, in the southern part of the
Eastern Kentucky Coal Field, in the central part of the Appalachian Basin.
The bedrock units in this area consist of interbedded sandstone, siltstone,
shale, coal, and limestone for strata of Mississippian and Pennsylvanian
age, and black, organic-rich shale, with minor gray shale and sandstone,
for the Devonian strata. Tertiary(?) and Quaternary sediments consist of
terrace and alluvial deposits; these sediments are mainly unconsolidated
or semiconsolidated, and consist of clay, silt, sand, and gravel. The basement
structure of eastern Kentucky is dominated by the Rome Trough and related
structures (see Fig. 4).

A regional unconformity surface separates the Pennsylvanian and
Mississippian rocks across most of the central Appalachian Basin. Surface
exposures reveal such features as scours, channels, pedogenic flint clays,
iron ore, and paleokarst. Regional cross sections through the Kentucky
portion of the Appalachian Basin (Chesnut, 1992) reveal sequential truncation
of lowermost Pennsylvanian and Mississippian rocks from the center of the
basin toward the Cincinnati Arch (not shown). Pennsylvanian strata overlying
the unconformity onlap older units to the northwest. The unconformity occurs
within Lower Pennsylvanian rocks near the center of the basin and should
properly be called the “Early Pennsylvanian” unconformity.

Several structural features occur in the Pikeville quadrangle: the Pine
Mountain Overthrust Fault, Russell Fork Fault, Middlesboro Syncline,
Eastern Kentucky Syncline, Belfry Anticline, and Kentucky-Virginia Monocline
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(see this map and Figure 3). The Pine Mountain Thrust Fault is located in
the southeastern part of the Pikeville quadrangle along the northern flank
of Pine Mountain. Pine Mountain is the leading edge of an emergent thrust
sheet that was propagated northwestward by lateral compressive forces
during the Alleghanian (Late Pennsylvanian to Middle Permian) Orogeny
(Hatcher and others, 1989). This thrust fault is the recognized boundary
between two structural provinces: the southern Appalachian Plateau
(Cumberland Plateau) to the northwest and the Valley and Ridge to the
southeast. The strata south of and above the overthrust fault are complexly
folded and faulted, with bedding overturned to the southeast or dipping
steeply to the northwest. The strata north of and below the thrust sheet are
relatively undeformed or only slightly deformed.

Two decollement detachment surfaces occur along the Pine Mountain
Thrust Sheet. The upper decollement is located at the base of the Devonian
Chattanooga Shale and is exposed at the surface. The basal decollement
is along the Cambrian Rome Formation, which is not exposed in Kentucky
(Hatcher and others, 1989). These low-angle fault surfaces ramp upward
toward the northwest through a series of imbricate thrust blocks. The Russell
Fork Fault is the northeast-bounding lateral tear fault of the Pine Mountain
Thrust Sheet. It intersects the Kentucky-Virginia state line in the Pikeville
quadrangle and has a lateral (strike-slip) displacement of approximately 7
km (Englund, 1968).

The Middlesboro Syncline is a large structure on the Pine Mountain Thrust
Sheet. The axis of the syncline trends northeast, and is parallel to the Pine
Mountain Thrust Fault. In Kentucky, this syncline is bounded to the north
by the Pine Mountain Fault and to the northeast by the Russell Fork Fault.
It is located in the southern part of the Pikeville quadrangle between Pine
Mountain in Kentucky and Cumberland Mountain in Tennessee (not shown
on this map). Rocks of Pennsylvanian age are exposed at the surface of
the Middlesboro Syncline. Beds exposed on the northwestern limb of the
syncline along Pine Mountain dip approximately 30° to the southeast and
approximately 40° to the northwest of the northeastern limb of the syncline
along Cumberland Mountain (not on this map) (Potter and others, 1984).

The Eastern Kentucky Syncline (whose axis is beyond the boundaries of
this map) is located northwest of the Pine Mountain Thrust Sheet and
extends across the Eastern Kentucky Coal Field in a northeast—southwest
trend. Carboniferous strata do not thicken in this syncline, indicating that
it was not active during this period (Chesnut, 1992).

The Kentucky-Virginia Monocline is located northwest of the Pine Mountain
Thrust Fault. An interesting structural relationship between older and younger
rocks occurs in this area. The Pennsylvanian strata dip to the northwest,
but the Mississippian and older strata dip to the southeast. This change in
dip, which occurs at the Early Pennsylvanian unconformity, was caused by
a shift in the depositional basin prior to and following Early Pennsylvanian
erosion. Subsidence in the center of the basin, relative to the flanks, caused
dipping toward the axis. Uplift of the basin caused an increase in dip toward
the flanks and led to erosion and the Early Pennsylvanian unconformity.
Dips above the unconformity differ from those below because (1) they were
not affected by the uplift that preceded erosion and (2) the basin depocenter
may have shifted following the development of the unconformity (Chestnut,
1992).

The most prominent deviation on the Kentucky-Virginia Monocline is a
northeast-plunging anticline with a N20°E orientation. This anticline is
referred to as the Belfry Anticline for its prominent development near the
town of Belfry in the Belfry 7.5-minute quadrangle (north of the Lick Creek
7.5-minute quadrangle), where it is marked by slopes of up to 30 m/km on
the Pond Creek/Lower Elkhorn coal. The anticline is not as pronounced in
the Lick Creek quadrangle, where it appears more as a steepened part of
the northwest-dipping monocline. The Lower Elkhorn coal and the interval
between the rider and the coal bed both thin across the anticline, which
was active at the time of deposition. The occurrence of higher-sulfur coals
to the west of the anticline suggests that the west side was lower in elevation,
perhaps with marine influences, compared to the east side (Hower and
Pollock, 1988).

Precambrian subsurface basement structures (Fig. 4) include the Pike
County Uplift, Floyd County Channel, Perry County Uplift, and the D’Invilliers
Structure (Drahovzal and Noger, 1995) (see map inset). The Floyd County
Channel is oriented north—south, and separates the Pike and Perry County
Uplifts on the southern shoulder of the Rome Trough (Drahovzal and Noger,
1995). The D’Invilliers transform structure is oriented mostly north—south
near the Kentucky-Virginia and Kentucky—West Virginia state lines (Drahovzal
and Noger, 1995). These basement structures were likely caused by brittle
extension failure resulting from passive subsidence and flexure of the
Cambrian continental margin (Walker and others, 1992) or extension
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stresses propagated northwestward from the Ouachita Rift across the
Alabama-Oklahoma Transform Fault (Thomas, 1991). Reactivation of these
structures during later tectonic activity is not well understood. Scattered
evidence indicates basement faults were reactivated during the Taconian,
Acadian, and Alleghanian Orogenies (Drahovzal and Noger, 1995).

ECONOMIC GEOLOGY

Coal, natural gas, and oil are the principal economic mineral resources
of this quadrangle. Other mineral resources include limestone, sandstone,
sand, and gravel, which are used for general construction purposes, and
clay and clay shale, which are suitable for use in the refractory industry.

Coal

The Pikeville quadrangle lies entirely within the central part of the Eastern
Kentucky Coal Field in the central Appalachian Basin. This coal field has
been one of the nation’s leading coal-producing regions (Keystone Coal
Industry Manual, 2003). The Pikeville quadrangle contains large parts of
Floyd, Knott, Letcher, and Pike Counties (Fig. 1). Cumulative coal production
(1904-2002) for each county is shown in Table 1. Of the four counties, Pike
has consistently been the state’s leading coal producer.

Table 1. Cumulative coal production (million tons) by county and mining
method, 1904-2002.

County Undifferentiated *Underground Surface Total Production*
Floyd 10 352 91 453

Knott 0 196 109 305
Letcher 25 404 102 531

Pike 38 1,026 262 1,363

Total 73 2,015 564 2,652

* Prior to 1922
Source: Kentucky Office of Mine Safety and Licensing.

Coal is produced underground from drift and, rarely, slope and shaft
mines. Surface production comes from contour, area, mountaintop removal,
and auger mines (Keystone Coal Industry Manual, 2003). The feasibility
of mining a coal bed is a function of seam thickness, coal quality, and
overburden thickness. Typically, surface mining is not economical for seams
less than 14 in. thick or having more than 200 ft of overburden. Deep mining
is generally not viable for seams less than 28 in. thick. Limitations on mining
because of overburden depend upon local conditions. Many mines
successfully extract coal with overburden exceeding 2,000 ft for short
distances; however, large areas of excessive overburden may not be
economically viable (personal communication, G.A. Weisenfluh, Kentucky
Geological Survey, 2005). Underground mining has produced the most coal
in these counties, but beginning in the 1960's, surface mining operations
have increased in importance. The increase in surface mining is a result
of advances in technology and depletion of deep-mineable coal above
drainage. Coal production for each county in 2002 is shown in Table 2.

Table 2. Coal production (million tons) by county and mining method for
2002.

County Underground Surface Total Production
Floyd 2.0 1.0 3.0
Knott 55 6.1 11.6
Letcher 7.5 2.7 10.2
Pike 20.0 12.4 32.4
Total 35.0 222 57.2

Source: Kentucky Office of Mine Safety and Licensing

Several coal-availability studies for selected 7.5-minute quadrangles
in the mapped area have been completed (Weisenfluh and others, 1993;
Greb and others, 1999a, b). Coal resource and thickness maps have
been published for the Lower Elkhorn (Thacker and others, 1998, 2000a),
Fire Clay (Thacker and others, 2000b, c), and Upper Elkhorn No. 3
(Esterle and others 2000a—c). Although not directly correlative to the
entire 30 x 60 minute quadrangle, the detailed coal availability study of
the Handshoe 7.5-minute quadrangle (Weisenfluh and others, 1993) is
insightful. This study reveals that 85 percent of the economically
recoverable coal lies in the deep-mineable category and that 77 percent
of this is below drainage. Studies from selected quadrangles in eastern
Kentucky indicate that approximately 50 percent of the remaining coal
resources are available for mining by current methods (KGS, 2003).

The Eastern Kentucky Coal Field has been divided into coal reserve
districts for the purpose of summarizing resource estimates, which are
published in the Keystone Coal Industry Manual. Parts of three districts
(the Big Sandy, Hazard, and Upper Cumberland) are included in the
Pikeville quadrangle. The Big Sandy District is made up of Floyd, Johnson,
Martin, and Pike Counties (Brant and others, 1983a). The Hazard District
is composed of Breathitt, Knott, Leslie, Perry, and the majority of Letcher
County (Brant and others, 1983b). The Upper Cumberland District includes
parts of Bell, Harlan, Letcher, and Whitley Counties (Brant and others,
1983c).

Original and remaining coal resources for the four largest counties in
the Pikeville quadrangle have been tabulated in Table 3. Note that all
counties extend beyond the boundaries of the Pikeville quadrangle ( Fig.
1) and that only coal beds with thicknesses greater than 14 in. are
included in these estimates.

Table 3. Coal resource estimates by county in the Pikeville quadrangle
(million short tons).

County Original Mined Remaining Percer_lt_age
Resource and Lost Resource Remaining

Floyd 4,168 882 3,287 79

Knott 4,385 515 3,870 88

Letcher (a) 3,106 880 2,226

Letcher (b) 587 19 567

Total (Letcher) 3,693 899 2,793 76

Pike 11,392 2,453 8,938 79

(a) Data for the part of Letcher County within the Hazard District

(b) Data for the part of Letcher County within the Upper Cumberland
District

Source: Keystone Coal Industry Manual (2003)

NOTE: cross section is diagrammatic
no vertical exaggeration
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The following information was gleaned from the Keystone Coal Industry
Manual (2003). The Big Sandy District (containing Floyd and Pike
Counties) contains 33 coal beds with thicknesses greater than 14 in.,
which are included in the above resource estimates. The five principal
coals in the district are, in ascending stratigraphic order, Lower Elkhorn,
Upper Elkhorn No. 1, Upper Elkhorn No. 2, Upper Elkhorn No. 3, and
Fire Clay. These beds account for 46 percent of the coal in Pike County
and 69 percent of the coal in Floyd County. For these coal beds, seam
thicknesses on a district average are 37 percent for 14 to 28 in. coal,
36 percent for 28 to 42 in. coal, 19 percent for 28 to 56 in. coal, and 8
percent for coal greater than 56 in. thick. The mean sulfur content for
these five coal beds ranges from 0.8 to 1.4 percent. The value for any
bed, however, may be as low as 0.4 or as high as 5.7 percent. The
mean heating values range from 13,120 to 13,756 Btu/lb. Values for
any bed, however, may be as low as 11,384 or as high as 14,485 Btu/lb.
The ash yields are typically low, with mean values ranging from 6.1 to
10.6 percent and minimum and maximum values ranging from 0.9 to
19.1 percent. These coals contain some of the lowest values for volatile
matter and moisture in the Eastern Kentucky Coal Field. Volatile matter
ranges from 29.4 to 43.1 percent, and means range from 33.4 to 36.7
percent. The mean data for moisture range from only 2 to 3.4 percent.

The Hazard District (containing Knott County and the majority of
Letcher County) contains 23 coal beds with thicknesses greater than
14 in., which are included in the resource estimates (Table 3). The five
principal coals in the district are, in ascending stratigraphic order, Upper
Elkhorn No. 3, Amburgy, Fire Clay, Fire Clay rider, Hazard No. 7, and
Francis. These coals account for 61 percent of the coal in Knott County
and 64 percent of the coal in the part of Letcher County within this
district. (The Hazard No. 7 and Francis are minor coals in Letcher
County.) For these coal beds, seam thicknesses, on a district average,
are 45 percent for 14 to 28 in. coal, 33 percent for 28 to 42 in. coal, 17
percent for 28 to 56 in. coal, and 5 percent for coal greater than 56 in.
thick. Analysis of the Fire Clay, Amburgy, Upper Elkhorn No. 3, Hazard
No. 5, and Hazard No. 7 reveals that mean sulfur content ranges from
0.8 to 2.0 percent, with minimum and maximum values ranging from
0.5 to 4.1 percent. Mean heating values range from 12,419 to 13,205
Btu/lb, with minimum and maximum values of 10,404 and 15,832 Btu/Ib.
Ash yields range from 2.4 to 50.0 percent, with means ranging from 9.0
to 12.3 percent. Volatile matter ranges from 25.3 to 42.0 percent, with
mean values tightly clustered between 34.5 and 36.8 percent. Moisture
values range from 1.2 to 6.0 percent, with mean values between 2.5
and 3.6 percent.

The part of Letcher County south of the Pine Mountain Thrust Fault
is in the Upper Cumberland Coal District. This district contains 24 coal
beds whose thicknesses are greater than 14 in., which are included in
the resource estimates (Table 3). The five principal coal beds in this
district, in ascending stratigraphic order, are Hance, Path Fork, Harlan,
Darby, and Creech, of which only the latter four occur in Letcher County.
These coals account for 70 percent of the coal in the part of Letcher
County within this district. For these coal beds, seam thicknesses, on
a district average, are 34 percent for 14 to 28 in. coal, 45 percent for
28 to 42 in. coal, 15 percent for 28 to 56 in. coal, and 6 percent for coal
greater than 56 in. thick. Analysis of the four principal coals in the district
(excluding the Hance) reveals that sulfur content ranges from 1.5 to 4.1
percent, with mean values ranging from 2.3 to 2.8 percent. Mean heating
values range from 13,100 to 13,789 Btu/lb, with minimum and maximum
values of 12,230 and 14,051 Btu/lb. Ash yields range from 1.7 to 15.1
percent, with means ranging from 5.9 to 9.8 percent. Volatile matter
ranges from 31.9 to 41.3 percent, with mean values tightly clustered
between 35.8 and 36.8 percent. Moisture values range from 1.5 to 4.1
percent, with mean values also tightly clustered between 2.3 and 2.8
percent.

NATURAL GAS AND PETROLEUM

The Pikeville 30 x 60 minute quadrangle, except for the part of the
quadrangle southeast of the Pine Mountain Trust Fault, lies within the
Big Sandy Gas Field. The Kentucky Geological Survey's oil and gas
well database shows that 6,100 wells have been drilled in the Pikeville
quadrangle. Of these wells, 4,993 produce gas, 148 produce oil and
gas, 57 produce oil, 360 are dry or abandoned, and 542 are nonproducing.
Petroleum is obtained mostly as a by-product of natural gas production.

The majority of the gas-producing wells (3,975) have pays in the
Devonian Ohio Shale (black shale). The depth of these wells ranges
from 1,769 to 6,228 ft; average depth is 3,655 ft. Other significant
producing zones are all of Mississippian age and are, in ascending
stratigraphic order, the Berea Sandstone immediately above the Devonian
shales (257 wells), the Newman Limestone (237 wells), and the Maxon
sand—a probable equivalent of the Stony Gap Sandstone Member of
the Hinton Formation in the Pennington Group (218 wells). The depth
of the wells in this last zone ranges from 1,185 to 4,582 ft; average
depth is 1,840 ft.

The following oil and gas production data were obtained from the
Kentucky Office of Mine Safety and Licensing, Division of Oil and Gas.
In 2000, Kentucky produced 76.8 bcf of natural gas, of which 98.8
percent was obtained from the central Appalachian Basin in eastern
Kentucky. Natural gas production from the four primary counties of this
quadrangle was, according to the Kentucky Department of Mines and
Minerals, Pike County, 30.2 bcf; Floyd County, 9.7 bcf; Knott County,
9.6 bcf; and Letcher County, 2.6 bcf.

In the same year, Kentucky produced 2.87 million barrels of oil. Overall,
eastern Kentucky accounted for 35 percent of this volume, or
approximately 1.0 million barrels. Production from the four primary
counties of this quadrangle, however, only accounted for 104,000 barrels.

The potential for oil and gas reservoirs in deeper Ordovician and
Cambrian strata of this quadrangle, in an extensional feature of the
Rome Trough called the Floyd County Channel (Fig. 4), appears
favorable. Stratigraphic traps could occur in sandstones, shales, and
carbonates at depth within this feature. Future exploration of these deep
sediments will rely heavily on careful interpretation of seismic data to
delineate this complex structure (Harris and Drahovzal, 1996).

INDUSTRIAL MINERALS

Limestone has been quarried from the lower member of the Newman
Limestone, primarily for road construction and concrete aggregate, but
it is also used in the coal industry. Low-silica, high-calcium limestone
in the form of rock dust is used as explosion abatement and as a
neutralizing agent on acid drainage from coal mines and in mine
reclamation. Clean coal technology uses limestone for scrubbers in
new power plants proposed in the study area (Dever and others, 1992).
Limestone is currently mined on Pine Mountain in the Jenkins and
Whitesburg 7.5-minute quadrangles (Glass and Malone, 2002).
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Sandstone has mostly been used in construction as ballast, gravel,
and fill for railroad beds, bridges, and culverts, but generally is too
irregularly bedded and friable to be used as building stone. Well-
indurated, even-bedded sandstone in the Blackey 7.5-minute
quadrangle, occurring in several zones of the Breathitt Group, has
been used for dimension stone, however (Waldrop, 1976). In the
Hindman 7.5-minute quadrangle, even-bedded sandstone above
the Magoffin Member may be suitable for flagstone (Danilchik,
1976).

Sand and gravel from alluvial deposits along larger streams in the
Pikeville quadrangle are used locally for road patching and in general
construction. Finer alluvial sand deposits are used as mortar and
construction sand. Sandstone of the lower Breathitt Group in the
Hellier 7.5-minute quadrangle is a potential source of high-quality
quartz sand, grit, and gravel; its composition is 97.78 to 99.3 percent
SiO2 (Alvord, 1971). High-quality quartz sand of the lower Breathitt
Group in the Jenkins West 7.5-minute quadrangle is a potential
resource (Rice, 1973).

Shale in the Breathitt Group is a potential source of lightweight
aggregate and clay suitable for the manufacture of brick, tile, and
sewer pipe (Walker, 1953; McGrain, 1957), and is prevalent
throughout the Pikeville quadrangle. Clay shale similar to that
described by McGrain and Kendall (1972), which fires to a light buff
color suitable for stoneware, pottery, and decorative brick and tile,
is found at several locations in the Hindman 7.5-minute quadrangle
(Danilchik, 1976).

HYDROGEOLOGY

The Pikeville quadrangle encompasses parts of four watersheds.
In descending order of their area within this quadrangle, they are
the Big Sandy River, North Fork of the Kentucky River, Poor Fork
of the Upper Cumberland River, and Licking River (Fig. 5). In this
quadrangle, many stream segments are impaired with respect to
support of warm water aquatic habitat, primary contact recreation
(swimming), and secondary contact recreation (boating and fishing).
Pollutants and conditions of concern are pathogens, organic
enrichment, siltation, suspended solids, low dissolved oxygen
content, and low pH. Suspected pollution sources are surface mining,
construction, silviculture, urban runoff, storm sewers, septic systems,
crop-related activities, and grazing-related activities (Kentucky
Division of Water, 2002).

Carey and Stickney (2004, 2005 a—c) described the groundwater
availability in Floyd, Knott, Letcher, and Pike Counties. Alluvial
deposits typically yield more than 100 gal/day to most dug wells.
Where sandy material is present and saturated thickness is great
enough, the alluvium may yield more than 500 gal/day to screened
drilled wells. Yields of as much as 20 or 25 gal/min may be obtained
from wells drilled and screened in the alluvium of the lower sections
of Levisa Fork in Floyd County. Alluvial water is soft to moderately
hard and may contain large amounts of iron at depth.

The Breathitt Group (Princess, Four Corners, Hyden, Pikeville,
Grundy, and Alvy Creek Formations) typically yield more than 500
gal/day to most wells drilled in valley bottoms and on hillsides. Yields
of more than 100 gal/day are typical for wells on ridges. Sandstones
yield water to most wells, with near-vertical joints and openings
along bedding plains supplying most of the water. Waters are highly
variable in chemical character and may be salty at depths less than
100 ft, especially in the principal valley bottoms in Floyd County.

The Pennington Group yields almost no water, but its impermeable
shales may hold water in overlying sandstone and conglomerate.

The Newman Formation yields more than 500 gal/day to almost
all drilled wells. It yields little water where overlain by Pennsylvanian
rocks, however. Water is chiefly from solution cavities in limestone.
Springs in the limestone may yield as much as 50 or 100 gal/min.
The Newman may contain salty water at shallow depth in a few
areas.

The Grainger Formation may yield more than 500 gal/day to wells
near the foot of Pine Mountain, but wells drilled into the formation
throughout most of its outcrop area will yield little or no water.

The Ohio Shale yields little or no water to wells in this quadrangle.

Groundwater obtained from most nonalluvial drilled wells contains
noticeable amounts of iron and is moderately hard in most of the
quadrangle. South of Pine Mountain the groundwater is moderately
soft. The main naturally occurring contaminants that may be present
in objectionable amounts are sulfate, sodium chloride, iron, and
manganese. Coal mining often aggravates these problems by
increasing the amount of fresh surface area of the rocks exposed
to oxidation, which can increase the sulfate and metals concentrations
in the groundwater. In some locations, abandoned oil and gas wells
have contaminated shallow freshwater aquifers with salt water
brought up from deeper formations.

A few high-yield municipal wells, producing over 100,000 gal/day,
occur in this quadrangle. One is in Floyd County, six are in Knott
County, 20 are in Letcher County, and eight are in Pike County
(Carey and Stickney, 2004, 2005a—c).

Salt water is found below fresh groundwater at variable depths
throughout the entire state. Depths to saline groundwater range
from as little as 50 ft to as much as 2,000 ft below the land surface
(Hopkins, 1966). Shallower depths typically occur along the valley
bottoms of major tributaries.

Surface-water impoundments and abandoned underground mines
may serve as water supplies for municipalities in this quadrangle.
Water from abandoned mines was used for the public water supply
in the towns of Jenkins and McRoberts and as an auxiliary supply
for coal processing in the Jenkins West 7.5-minute quadrangle
(Mull, 1965). This source has been replaced with a surface
impoundment, however. Water systems in the Eastern Kentucky
Coal Field, using deep mines as primary sources serve communities
as large as 1,500. Studies currently under way at the Kentucky
Geological Survey (Cumbie and Dinger, 1999, 2003) are assessing
the potential for development of abandoned underground coal mines
as water-supply reservoirs for communities in Knott and Letcher
Counties. Detailed investigations have centered on four abandoned
underground mines in the Upper Elkhorn No. 3 coal seam. Estimated
storage volumes of these mines range from 120 to 600 million gal.
Monitoring shows natural recharge rates range from 120,000 to
700,000 gal/day. Analysis has shown that for most of the sites, mine
water quality is sufficient for a community water source, if conventional
treatment methodology is applied.

Additional water quantity and quality information is in Price and
others (1962).

ENGINEERING GEOLOGY

Because of the steep terrain of this area, most roads, businesses,
and residential developments are located in the floodprone valley
bottoms, which represent only 10 to 15 percent of the land area.
As a result of the scarcity and cost of level land for new construction
in the region, new roads, many homes, and some businesses are
currently being located on hillsides. This increased trend in hillside
development has resulted in an increase in property damage from
both natural and construction-related landslides. A series of 1:24,000-
scale maps have been completed that show the detailed distribution
of landslides, related features, and landslide potential for each of
the 7.5-minute quadrangles in the Pikeville 30 x 60 minute quadrangle.
For example, see Outerbridge (1979).

Excavation is difficult in quarries and mines along Pine Mountain
because of faults, the steep dip of bedding planes, missing or
double-stacked sections of selected beds (caused by thrust-fault
stacking), and roof-control problems related to bedding slips and
other localized deformation structures (Dever and others, 1992).

The October 11, 2000, failure of a coal-slurry impoundment near
Inez in Martin County, just outside this quadrangle, has raised
concern about these types of structures throughout the coal field.
The failure was caused by a collapse of the pond bottom, which
released the slurry material into underground mine workings adjacent
to the impoundment. The slurry broke through an underground mine
seal and discharged from mine entrances 2 mi apart into two different
watersheds. The spill contained more than 250 million gal of coal
sludge (National Research Council, 2002). At least 15 coal slurry
impoundments are in the Pikeville quadrangle (C. Rice, written
communicaton, Kentucky Department of Surface Reclaimation and
Enforcement, 2003).
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