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DESCRIPTION OF MAPPED UNITS

ALLUVIUM—Sand, silt, gravel, and clay; poorly sorted. Some
alluvium may have been derived from landslides or mine spoil
deposits.

BREATHITT GROUP—Replaces Breathitt Formation (Chesnut,
1992). Group is divided into formations based upon widespread
shales with marine fossils (all previously recognized as members).
Formations occurring in this quadrangle are the Grundy, Pikeville,
Hyden, Four Corners, and Princess (Chesnut, 1992).

PRINCESS FORMATION—Sandstone, siltstone, shale, and coal.
Sandstone, fine- to coarse-grained, poorly sorted; angular to
subrounded grains, primarily quartz with feldspar and mica; matrix
is silt- to clay-size quartz; cement, where present, is siderite,
quartz, limonite, and calcite. Sandstone beds are thick-bedded
to massive-bedded, as much as 200 ft thick. Forms steep slopes
and pedestal, table, and chimney rocks on hilltops. In southeastern
part of quadrangle, commonly jointed, slabby, and weathered to
honeycomb structure. Siltstone and shale, mainly quartz, mica,
and clay; argillaceous, silty to sandy; carbonaceous with plant
fossils and brachiopods, and clam fossils in the southeastern
part of quadrangle; fissile to platy. May contain oxidized pyrite
in southeastern Floyd County. Forms gentle slopes. Coal zones
are Richardson and Broas. Coal beds vary extremely in thickness
across short horizontal distances and include partings of shale
and impure coal. In many areas coal is poorly exposed. Underclays

vary from thin, commonly silty or sandy, soft plastic clay to clays 55/

as much as 5 ft thick, generally more persistent than overlying
coal beds. Base of formation is approximated at the base of the
lowest Broas coal bed underclays because the Stoney Fork
Member of Chesnut (1992) was not mapped in the quadrangle.

FOUR CORNERS FORMATION—Sandstone, shale, siltstone,
coal, limestone. Interbedded sandstone, very fine- to very coarse-
grained, poorly to well sorted, rounded to angular grains of quartz,
mica, and feldspars with carbonaceous fragments, siderite grains,
fossil bark impressions, and coalified trunk and branch woody
plants; matrix is silt- to clay-size quartz and clay; cement is quartz,
calcite, silica, and siderite. Sandstone units are thick to massive,
crossbedded in part, with channel deposits; forms steep slopes
and cliffs as much as 150 ft high. Some units are locally friable
and subject to slumps and landslides. Ironstone pebble
conglomerate and calcareous zones of sandstone concretions
at base of some units. Shale is clayey to sandy; some shales
contain lingulid brachiopods, pelecypods, gastropods,
cephalopods, leaf fossils, and stem prints. Shale is carbonaceous;
contains quartz and mica with pyrites in Offutt 7.5-minute
quadrangle; forms gentle slopes. Shale is silty, sideritic, and
limonitic with sparse to abundant marine fossils; grades upward
to siltstone and sandstone with indistinct beds or nodules of
siderite; contains silty limestone concretions; blocky to fissile.
Siltstone is thinly laminated, ripple-laminated in places, interbedded
with and grades into sandstone and shale; may contain
brachiopods, crinoids, pelecypods, gastropods, bryozoans, other
fossils, and limestone concretions. Siltstone is clayey. Coals vary
greatly in thickness and are not persistent. The Peach Orchard :
coal zone contains as many as four separate beds, with some 50
beds joining in some areas and splitting or thinning out completely
in other areas. Haddix coal bed thins northward. Other coals are
Hazard, Winifrede, Buffalo Creek, and several unnamed coals.
Underclays are typically thin, silty to sandy, and generally plastic
clay; clay beneath Upper Broas coal in southeastern Johnson
County may reach 6 ft in thickness. Where limestone occurs, it
is of two types: one is microcrystalline, concretionary, mostly
calcite but with locally significant amounts of siderite; the other
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COAL BED NAMES IN THE WILLIAMSON QUADRANGLE
p

5 DUMP—Mine dump, mine tailings, and displaced overburden.

is coquinoid, shaly to sandy, about 50 percent carbonate
(Outerbridge, 1963, 1968). All units have varying amounts of
pyrite. Magoffin Member (Outerbridge, 1976), mapped earlier as
Magoffin Beds of Morse (1931), may be thin or eroded and
replaced with sandstone. Magoffin Member is equivalent to
Buffalo Creek Limestone of Hennen and Reger (1914) and
Winfrede Limestone of White (Trent, 1965); includes Salt Lick
Beds between Raccoon Gap and Grassy Creek, Magoffin County
(Outerbridge, 1968). Base of formation is the base of the Magoffin
Member or approximated at the top of the Taylor coal bed where
the Magoffin is not mapped.

HYDEN FORMATION—Sandstone, siltstone, shale, coal,
underclay. Sandstone, very fine- to medium-grained, poorly to
moderately sorted, ripple-bedded to crossbedded, thin to very
thick, micaceous, locally argillaceous, limonitic; cement, where
present, is quartz, calcite, siderite, and limonite; some beds
contain abundant siderite nodules, clay galls, coal laminae, fossil
stems, and bark. Sandstone is friable, flaggy. Siltstone contains
siderite nodules, rare silty limestone concretions, ironstone
concretions; sandy to clayey, locally carbonaceous; interbedded,
with sparse ripple laminations; is sparely fossiliferous at base of
unit with cephalopods and productoid, spiriferoid, linguloid, and
orbiculoid brachiopods; forms gentle slopes and benches with
shale, limestone, coal, and underclay; grades downward to shale.
Shale commonly interbedded with siltstone; silty to sandy,
carbonaceous, micaceous; abundant fossil plant debris, siderite
nodules and layers; tough (original usage, presumably meaning
resistant to weathering or breakage) and fissile to friable upon
weathering. The Fire Clay coal has a distinctive flint-clay parting.
The Fire Clay rider and the Fire Clay coal beds, including partings,
are each 0 to 6 ft thick; the Little Fire Clay coal bed is 14 in. thick.
The Fire Clay is called the Upper Whitesburg in the Offutt
quadrangle. The Whitesburg coal bed has a flint-clay parting, is
shaly and bony in places. Underclays, where they occur, are silty
to sandy, soft, plastic, 0 to 6 ft thick, contain abundant Stigmatria,
locally grade into ganister (siliceous clays) where formed on
sanstone. Base of the formation is the base of the Kendrick Shale
of Jillson (1919) or approximated at the top of the Williamson
coal bed where the Kendrick is not mapped or is replaced with
sandstone.

PIKEVILLE FORMATION—Sandstone, siltstone, shale, coal.
Sandstone not exposed in all areas; where exposed, often
interbedded, intertongued, and intergraded with siltstone and
shale, from 0 to 80 ft thick. Very fine- to medium-grained,
micaceous, argillaceous; angular to subangular; cement, where
present, is calcite, uncommonly siderite or limonite. Some beds
with siderite grains and nodules, clay galls, coal laminae, fossil
bark, and leaf impressions. Beds are crossbedded, ripple-bedded,
and massive; localized channel fill in some areas. Siltstone,
where exposed, often interbedded, intertongued, and intergraded
with sandstone and shale; clayey to sandy with siderite nodules,
siltstone concretions, and limestone concretions; fissile to blocky.
Shale, where exposed, often interbedded and intertongued with
siltstone and sandstone; clayey to sandy, argillaceous, micaceous,
carbonaceous with siderite concretions, gypsum, chalcedony,
quartz, and pyrite; locally fossiliferous with pelecypods, linguloid
and spiriferoid brachiopods, Stigmaria. Shale is thin-bedded,
locally rippled, slabby; occurs in flaggy blocks; friable when
weathered. The Elkins Fork Shale of Morse (1931) is persistent
in several locations. All coal beds are not exposed in all
quadrangles. Coal bed names are not consistent across the
area. Beds in the eastern part of the quadrangle are locally
missing beneath channel-fill sandstones. The Williamson coal
bed includes partings. The Upper Elkhorn No. 3 coal zone is
complex, with various names for individual beds in the same
zone; coals exhibit variable thickness. The Upper Elkhorn No.
2, Lacey Creek, and Upper Elkhorn No. 1 coal beds are within
the Alma coal zone. Coals in the Alma zone are banded, bright,
and dull; hard splint variety in southeastern part of quadrangle.
Because the Betsie Shale Member was not previously mapped
in this quadrangle, the base of the formation is approximated at
the top of the Clintwood coal or inferred position of the coal.

GRUNDY FORMATION—Sandstone, shale, coal, siltstone,
underclay. Exposed primarily in the northwestern and southeastern
parts of the quadrangle. Sandstone, medium- to fine-grained,
irregularly bedded, massive, micaceous; forms benches; abundant
Stigmaria. Sandstone below Clintwood coal bed forms prominent
cliffs (Outerbridge, 1968). Shale, gray, silty, laterally interbedded,
intertongued, and intergraded with siltstone and sandstone.
Matewan coal bed is banded with shale parting. Eagle coal zone
split into two coal beds: the upper bed is unnamed; the lower
bed is called Eagle, which thickens to the southwest. The Hagy
coal bed is persistent, generally thin, banded. The Little Eagle
and Cedar coal beds are banded, massive splint coal. Siltstone
is sandy with limestone concretions. In some areas, Grundy
Formation, as mapped, may include parts of the Corbin Sandstone
Member.

CORBIN SANDSTONE MEMBER OF GRUNDY FORMATION—
Sandstone, siltstone, coal. Exposed primarily in the northwestern
part of the quadrangle. Sandstone, fine- to very coarse-grained,
locally pebbly, partially conglomeratic; massive, crossbedded,
and quartzose (90 to 95 percent quartz); little clay; cliff-forming,
very resistant, friable where coarse-grained. Siltstone, sandy,
interbeds with fine-grained sandstone and appears to truncate
lateral sandstones in the Grundy Formation (Chesnut, 1992;
Greb and Chesnut, 1996). In some areas, the Corbin may include
parts of lateral and underlying unnamed sandstones of the Grundy
Formation. Coal is Mine Fork coal bed.
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(Irvine quadrangle)

List is in stratigraphic order, youngest beds at the top of the list
Formation names are in all capital letters and bold style

Zone names are in all capital letters and italic style

Beds within zones are in capital letters and indented

Most widely used name is first and in capital letters
Equivalent names are on the same line but in upper and lower
case letters

Map symbols are lowercase and enclosed in parentheses

PRINCESS FORMATION
RICHARDSON COAL ZONE
UPPER RICHARDSON (ur)
RICHARDSON (r)
LOWER RICHARDSON (Ir)
BROAS COAL ZONE
UPPER BROAS (ub)
BROAS (b), HINDMAN (hi)
LOWER BROAS (Ib)
LOWER CLARION (Icl)
PEACH ORCHARD COAL ZONE
The Peach Orchard coal zone is in both the Princess and the Four Corners
Formations
UPPER PEACH ORCHARD RIDER (upo)
PEACH ORCHARD (po)

FOUR CORNERS FORMATION

UPPER PEACH ORCHARD (upo) [not the same bed as in

the Princess Formation]

PEACH ORCHARD (po) [not the same bed as in the Princess

Formation], MUD SEAM (ms)
LOWER PEACH ORCHARD (Ipo)
HAZARD 7 (h7)
HAZARD COAL ZONE
HAZARD (hz)
BUFFALO CREEK (bc), WINIFREDE (wi)
HADDIX COAL ZONE
HADDIX (hx), TRACE FORK (tf)
HADDIX? (hx?)

HYDEN FORMATION

TAYLOR (t)

HAMLIN (hm)

FIRE CLAY RIDER (fcr)

FIRE CLAY (fc)

FIRE CLAY? (fc?)

LITTLE FIRE CLAY (lfc)

UPPER WHITESBURG (uw) [Little Fire Clay in the Offutt 7.5-
minute quadrangle]

WHITESBURG (w)

PIKEVILLE FORMATION GRUNDY FORMATION

AMBURGY COAL ZONE BINGHAM COAL ZONE
WILLIAMSON (wm), GUN CREEK (gc) CLINTWOOD (cl), MATEWAN (mt)
UPPER ELKHORN NO. 3.5 MILLARD COAL ZONE
NOSBEN (nb), UPPER THACKER (uth), UPPER CEDAR EAGLE (ea)
GROVE (ucg) LITTLE EAGLE (lea)

UPPER ELKHORN 3 COAL ZONE
UPPER ELKHORN NO. 3, NO. 3A, NO. 3B (3),
LOWER THACKER (Ith), LOWER CEDAR GROVE (lcg)

HAGY COAL ZONE
HAGY RIDER (hgr)

GLAMORGAN (gl), CEDAR (ce)

HAGY (hg)
UPPER ELKHORN No. 3, 2 (3, 2) MINE FORK (mf), SPLASH DAM (sd)
VAN LEAR (vl) ELSWICK (e)
SIDNEY (sn)
ALMA COAL ZONE
UPPER ALMA (ua)
ALMA (a igi
LOWE% )ALM A (la) Note: Coal beds originally shown on the 1:24,000-scale

UPPER ELKHORN NO. 2 (2)

UPPER ELKHORN NO. 2, 1 (2, 1)

UPPER ELKHORN NO. 1 (1)
ELKHORN or POND CREEK COAL ZONE

LOWER ELKHORN RIDER (ler)

LOWER ELKHORN (le) Vectorized Geological Quadrangle (DVGQ) series and
POND CREEK RIDER (pcr)
POND CREEK (pc) single CD-ROM product (Kentucky Geological Survey,

WHEELERSBURG (wb)

geologic quadrangle maps are not included on this map
because of scale limitations. These beds were digitized
and are available in two formats: ESRI shapefiles for

each quadrangle available for purchase from the Digital

AutoCAD drawing files of all the beds compiled on a

POWELTON (pl)
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EXPLANATION

State boundary
—-—-— County boundary
City boundary

Normal fault (U, upthrown side;
D, downthrown side)

Concealed fault

Concealed contact
Inferred contact

Name and Symbol of Coal Seam, Fossil Zone, and Formation Contact
Coal seams listed in the table below and shown in the cross section are representative of the seams within each formation.
Not all seams are shown. (Note: Coal seam names may change from quadrangle to quadrangle.)

HYDEN FORMATION

PIKEVILLE FORMATION

uth

Ith

ucg

lcg
nb
a

pc
bs

Upper Thacker
Lower Thacker
Upper Cedar Grove
Lower Cedar Grove
Nobsen

Alma

Pond Creek

Betsie Shale

Adapted from Jenkins (1966)

Structure contour, feet

Datum horizon boundary

Active stone quarry or mine
Abandoned stone quarry or mine
Active pit; sand

Abandoned pit; sand

Fossil point

Diamond drillhole

Active mine shaft

Abandoned mine shaft
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was digitally compiled from U.S. Geological Survey 7.5-minute
geologic quadrangle maps (GQ's), which are cited in the references.
The original 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 (e.g., Sable and Dever, 1990; Chesnut,
1992), published since the GQ’s were completed, have resulted in
changes in the stratigraphic nomenclature and correlation. These
changes are shown on this map, and were necessary for compilation
of regional maps and for stratigraphic continuity between quadrangles.
The 7.5-minute quadrangles that make up the Kentucky portions of
the Williamson and Beckley 30 x 60 minute quadrangles are shown
in the index map (Fig. 1).

The data files resulting from the digitization of the GQ’s are part
of a comprehensive relational and spatial data set, being released
as Digitally Vectorized Geologic Quadrangles (DVGQ'’s) by KGS
(Anderson and others, 1999). These DVGQ’s are available on CD-
ROM, and will be released via the Internet in the near future. Users
of the DVGQ data can prepare custom geologic maps by overlaying
data using their own GIS or CAD software. KGS has also developed
an Internet map server where users can prepare similar maps without
purchasing DVGQ’s by using the interactive Geologic Map Information
Service (kgs.uky.edu/kgsmap/kgsgeology) (Weisenfluh and others,
2005).

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 formation boundaries
and inferred contacts. The metadata 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 the same way on each of the 7.5-
minute quadrangle 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. These differences were resolved by adhering
to geologic, cartographic, and GIS standards appropriate for the
scale of the map.

This map is a compilation of existing maps, and there was no
new sampling or field mapping. When there were problems in
stratigraphic correlation between quadrangles, the best current data
available were used to resolve these differences. The following
discussion was summarized from the "Economic Geology" sections
of the geologic quadrangle maps, and the reader is referred to the
separate GQ’s for additional information.

GEOLOGIC SETTING AND STRUCTURAL GEOLOGY

The surficial geology in the Kentucky portion of the Williamson
30 x 60 minute quadrangle consists of flat-lying Pennsylvanian rocks
of the Breathitt Group (Chesnut, 1992), previously known as the
Breathitt and Lee Formations of the Lower and Middle Pennsylvanian.
Unconsolidated sediments of Quaternary age occur along most
tributaries. Faults within the quadrangle include the Irvine—Paint
Creek Fault, Warfield Fault, and two unnamed faults. These faults
are the northern boundary of the Rome Trough, a large Cambrian
rift basin. The Eastern Kentucky Syncline, the Belfry Anticline, and
several smaller unnamed structures were formed during reactivation
of the Rome Trough folding and affect the coal distribution in this
area (Hower and Pollock, 1988; Chestnut, 1992; Greb and Popp,
1999; Greb and Weisenfluh, 2000; Greb and others, 2002). Coal is
the most important economic resource in the area. For the structural
features identified, see Figure 2.

ECONOMIC GEOLOGY

Coal, gas, and oil are the principal developed mineral resources
of the Williamson quadrangle. Other resources of potential economic
use include sand, gravel, clay, shale, and sandstone.

The Williamson quadrangle is primarily in the Big Sandy Coal
Reserve District, but includes small parts of the Licking River District
and the Princess District. Of the 56 known coal beds in the quadrangle,
33 have been commercially developed. Six beds account for more
than 50 percent of the coal (Brant, 1983). Many coal seams thicken
and split into zones of multiple beds and benches to the southeast,
into the Appalachian Basin (Chesnut, 1992; Greb and others, 2002).
To the north and northeast, mined seams are limited by basin geology
and dissected topography (Greb and others, 2002). Coal seams
with numerous partings or of lower quality are not extensively mined,
but they are used locally.

A coal availability study in the Matewan 7.5-minute quadrangle
examined remaining coal resources and land-use and technological
restrictions to mining (Eggleston and others, 1990). Several regional
assessments of major mined coal beds have also examined
thicknesses in the quadrangle (Thacker and others, 1998, 2000;
Esterle and Thacker, 2000a—h). Currens and others (1987) analyzed
coal in the Big Sandy District. Coal thickness, quality, and regional
production data are available from multiple KGS databases at
kgs.uky.edu/kgsweb/DataSearching/coalsearch.asp.

In the northwestern section of the quadrangle, the Richardson,
Peach Orchard, and Van Lear coals have been heavily mined. The
Richardson, Broas, and Peach Orchard coal seams are located
near hilltops; thus, the extent of these seams is limited by topography.
Across the south and in the east, coal beds or benches of the Upper
Elkhorn No. 3 coal zone are most extensively mined.

The Richardson coal of the Princess Formation was reported to
be 112 in. thick near West Van Lear, Johnson County. The Richardson
has been mined near Waldo, Magoffin County, and in the central
part of the Williamson quadrangle. Beds in the Broas coal zone of
the Princess and Four Corners Formations are 112 in. thick in the
southeastern part of Martin County and have been mined in parts
of Magoffin, Floyd, and Pike Counties and the southwestern third
of Martin County. The Peach Orchard coal zone of the Four Corners
Formation reaches 98 in. thickness near West Van Lear in Johnson
County, Ivel in Floyd County, and Meta in Pike County, and has
been mined near Left Fork, Floyd County; between West Van Lear,
Johnson County, and Gunlock, Magoffin County; near Sidney, Pike
County; and around Broad Tree, Pike County. In the Hyden Formation,
the Fire Clay rider coal seam is 56 in. thick in Martin County and
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has been mined near Elkins Fork in Pike County. The Fire Clay coal
is 70 in. thick near Sidney, Pike County, and has been mined in Pike
and Floyd Counties (Thacker and others, 2000).

In the Pikeville Formation, the Upper Elkhorn No. 3B (also called
the Upper Thacker or Upper Cedar Grove) is 70 in. thick near Broad
Tree, Pike County, and has been mined near Williamson, Broad
Tree, and Woodman in Pike County (Esterle and Thacker, 2000h).
The Upper Elkhorn No. 3A (also called the Lower Thacker or Lower
Cedar Grove) is 56 in. thick in parts of Floyd, Pike, and Martin
Counties, and has been mined near Laura and Canada in Pike
County and near Blue River and Allen City in Floyd County (Esterle
and Thacker, 2000g; Esterle and others, 2000). The Lower Elkhorn
or Pond Creek coal is 70 in. thick in parts of Martin and Pike Counties,
and has been mined near Sidney, Pike County, and south of
Williamson along the Tug Fork. Coal thicknesses are from Esterle
and Thacker (2000a—h) and mined areas are from Thacker and
others (1998), Greb and Popp (1999), and Greb and Weisenfluh
(2000).

The Williamson 30 x 60 minute quadrangle is on the northern
edge of the Big Sandy Gas Field. Maijor oil production is from two
zones of Mississippian age: the Big Lime (drillers’ term) in the
Slade/Newman Formation and the Weir sand (drillers’ term) in the
Farmers Member of the Borden Formation. QOil production in the
area of the Williamson quadrangle in 2003 was estimated to be
190,000 barrels (Brandon C. Nuttall, Kentucky Geological Survey,
2004, oral communication).

Major natural gas production in the Williamson quadrangle is from
three zones. Production in the eastern half of the quadrangle is from
the Mississippian Slade Formation (Big Lime) at 670 Mcfgpd (1,000
cubic feet of gas per day) and Weir sandstone at 257 Mcfgpd.
Production in the western half of the quadrangle is from the
Mississippian-Devonian Ohio Shale at 207 Mcfgpd (Brandon C.
Nuttall, Kentucky Geological Survey, 2004, oral communication).

Some underclay beds of the Breathitt Group, especially in the
Princess Formation, are known to be good sources of fireclay for
the manufacture of firebrick, clay crucibles, pots for molten glass,
and as binder in molding sand. The high-grade fireclays are suitable
for ceramic products, structural clay products, and additives for
cement. Some of the underclay beds of the Meta 7.5-minute
quadrangle have been tested and are reported to have very good
ceramic and refractory qualities (Wolcott and Jenkins, 1966). Clay
in the Upper Elkhorn coal zone is 3 to 4 ft thick in places, and
simultaneous mining of coal and clay may be feasible. Many of the
shales of the Breathitt Formation are excellent sources of bloating
shale, which can be used in the manufacture of lightweight aggregate
(Wolcott and Jenkins, 1966). Clay and claystone for lightweight
aggregate production may be another economic resource in the
area (Jenkins, 1966).

Sandstone of the Breathitt Group is sometimes high in silica, and
some of the sandstone has been locally used as building stone.
Resistant sandstones of the Breathitt Group might be usable as
road aggregate when crushed (Hayes, 1977). Sandstone of the
Breathitt Group has been used locally for retaining walls, bridge
piers, mine buildings, and other structures. It may be used as crushed
rock for concrete aggregate, riprap, road ballast, and other stable
fill, but its range of application is rather limited because of its generally
weak cement, irregular cross stratification, clay galls, and splints
(Alvord and Trent, 1962). Conglomeratic sandstone, a possible
source of quartz gravel, occurs above the Richardson coal bed,
along the Johnson-Martin County line (Outerbridge, 1964).

Sand and gravel in the alluvial deposits along larger streams are
of potential use in general construction. Alluvial sand and gravel
may have use in general construction, but not for Federal or State
construction projects because of impurities such as coal grains and
pebbles and unstable rock fragments (Alvord and Trent, 1962).

HYDROGEOLOGY

The following discussion is derived from Carey and Stickney
(2001a—f). Water yield from alluvium varies from more than 100
gallons per day (gpd) from dug wells to 20 to 25 gpd for drilled and
screened wells. Water is soft or moderately hard, and may contain
large amounts of iron at depth. The Breathitt Group and the Grundy
Formation yield more than 500 gpd in most of the wells drilled in
valley bottoms and in half of the wells on hillsides; smaller quantities
of water are available to wells on hilltops. Most aquifers are sandstone
and shale. Coal aquifers supply water to a few wells in the Breathitt
Group. Near-vertical joints and openings along bedding plains yield
most of the water to wells. Waters in the Breathitt Group are highly
variable in chemical character. Waters in the Grundy Formation are
generally soft or moderately hard, and contain noticeable amounts
of iron. Groundwater may be salty at depths less than 100 ft below
the principal valley bottoms.

Abandoned mines in the Breathitt Group provide another source
of water. Above-drainage mines are more susceptible to seasonal
fluctuations of storage volume than below-drainage mines. Modern
water treatment procedures can usually produce water of acceptable
quality for most uses. Quantity of useable water is dependent upon
the mine size, storage volume, and whether the mine is above or
below drainage, or at elevations higher than the nearest perennial
stream (Mull and others, 1981).

ENGINEERING GEOLOGY

Landslides are a common problem throughout the area because
claystone, mudstone, and shale weather to form a clayey soil that
is highly susceptible to sliding. Colluvial slopes consisting of clayey
silt soil, as much as 50 ft thick, can form along major stream beds.
Steep colluvial slopes (as steep as 40 percent) are very susceptible
to sliding when the toe of the slope is cut, when terrace or bench
buttresses are removed at the toe, and when overloading occurs.
Man-made features such as benches with high walls, reclaimed
mines, mine subsidence, coal sludge banks and ponds, and areas
that have been deforested are also susceptible to avalanches and
slides (Outerbridge, 1982).

The Williamson quadrangle has been extensively mined for coal.
Many mines have not been adequately recorded, mapped, or closed.
Structures or ponds built over mines can cause roof collapse. The
depth and competence of the overburden and strength and spacing
of the mine pillars are crucial considerations for development of the
surface above and adjacent to underground mines. Mine shafts
considered for impoundment of water are susceptible to breakthrough
when the bulkhead is not thick enough or competent enough to
retain the water. Because of the steep terrain in this area, mined
benches and strip-mined areas are quickly exploited for development.
These developments are subject to damage from subsidence resulting
from pillar failure, blasting-imposed stresses, and overburden failure.
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