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DESCRIPTION OF MAPPED UNITS

ALLUVIUM—Silt, sand, clay, and gravel, locally derived, floodplain and channel deposits. Gravel composed
of subangular to rounded fragments of siltstone, sandstone, chert, and rounded fragments of limestone and
dolomite; along Licking River includes fragments of quartz sandstone and conglomerate. Colluvium and
some higher-level terrace deposits, similar to floodplain sediments, are included locally.

TERRACE DEPOSITS—Sand, silt, and gravel, unconsolidated; locally contains quartz pebbles and chert
fragments; 20—130 ft above present drainage. Contact is approximately located. Locally, some terrace
deposits, similar to floodplain sediments, have been mapped as alluvium.

LANDSLIDE DEPOSITS AND COLLUVIUM—Landslide debris commonly consists of blocks, boulders,
cobbles, finer material, and soil often slumped in a catastrophic event triggered by severe undercutting or
by sediment saturation of steep slopes. The debris is often flanked by scarps. Colluvium can also contain
c debris ranging in size from blocks to fine sediment, but it built up from a steady accumulation of debris
mechanically weathered from steep slopes, and is commonly intermixed with sand, silt, clay, and soil
weathered from the fallen debris. The base of most slopes in this quadrangle generally contains colluvial
or landslide material. Only the largest and most conspicuous deposits are mapped. Colluvium is locally
included with alluvial deposits on some of the 7.5-minute quadrangle maps.

HIGH-LEVEL FLUVIAL DEPOSITS—SIlt, sand, and gravel; remnants of floodplain and channel deposits of

Qrf ancestral Licking River system. Silt and sand commonly contain gravel lenses, locally dominated by angular
to well-rounded quartz pebbles, less abundant limestone and chert, rare fragments of silicified fossils. Unit
as much as 20 ft thick.

HIGH-LEVEL FLUVIAL GRAVELS—Local concentrations of coarse gravel along Licking River drainage in

| Sherburne 7.5-minute quadrangle, consist chiefly of pebble- to boulder-size pieces of fine-grained sandstone,
chert, quartz pebble conglomerate, and quartz pebbles. Deposits generally occur at an elevation of about
750 ft, which is approximately 150 ft above river level; also occur at elevations of approximately 680, 800,
and 830 ft. Deposits generally about 1 to 2 ft thick, rarely as much as 10 ft thick.
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BREATHITT GROUP

The Breathitt was mapped as a formation on the 7.5-minute quadrangle maps, but Chesnut (1992) elevated
the Breathitt to group status and divided the group into formations based on regionally widespread shale
members with marine fauna. The upper part of the Breathitt Group contains shale, siltstone, argillaceous
and lithic sandstone, coal, and some thin limestone. The upper four formations (Princess, Four Corners,
Hyden, and Pikeville) are lithologically similar and are described below. These strata onlap the post-
Mississippian unconformity surface.

Sandstone, fine- to coarse-grained, poorly sorted, quartzose, micaceous, with feldspar and rock fragments,
occasionally containing sparse well-rounded quartz pebbles, thin-bedded to massive, crossbedded, and cliff-
forming. Two types of sandstones occur: quartzarenites (more than 90 percent quartz), which occur in the
lower Breathitt beneath the Betsie Shale; and, more common, arkosic and sublitharenitic sandstones (60
to 80 percent quartz, 2 to 15 percent feldspar, and lesser amounts of mica, opaque minerals, and rock
fragments). Some sandstones are locally extensive and useful as stratigraphic markers. Siltstone and shale,
micaceous, locally carbonaceous and calcareous, thin-bedded; coaly partings on some bedding planes. The
marine shale members (Betsie, Kendrick, Magoffin, Stoney Fork) at the base of each formation generally
contain a thin, black to dark gray clay shale and discontinuous, dark gray to black limestone or sideritic
sandstone with common marine fossils at their base. Basal shales grade upward into laminated, dark gray,
silty shale with abundant siderite laminae and nodules, elliptical saucer-shaped carbonate concretions, and
scarce fossils. Silty shales coarsen upward into thin-bedded, often bioturbated siltstone interbedded with
fine-grained, ripple-bedded sandstone and shale; the siltstone-sandstone-shale unit in turn coarsens upward
into massive to crossbedded sandstone, which may truncate the coarsening-upward profile. Coarsening-
upward shale members are overlain by several coal zones. Each zone consists of multiple coals that may
split laterally or grade into carbonaceous shales and rooted seat rocks. Coal zones are separated by shales,
siltstones, and sandstones, and generally exhibit considerable lateral variability.

PRINCESS FORMATION—Previously mapped as upper part of Breathitt Formation on 7.5-minute quadrangle

fPpr maps. Renamed by Chesnut (1992) for strata above base of the Stoney Fork Member and below Conemaugh
Formation, which is not present in this quadrangle. Base of Stoney Fork Member is a thin marine carbonate
with argillaceous limestone and calcareous shale containing abundant fossil fragments. Because Stoney
Fork Member was absent or not mapped in this quadrangle, base of the Princess Formation is placed at
top of Laurel (Princess No. 5 equivalent) coal bed or its inferred position. This coal is above the Stoney Fork
Member to the south. Formation restricted to southeastern corner of quadrangle.

UNNAMED PRINCESS SANDSTONE—Medium- to coarse-grained, moderately quartzose; thick-bedded
to massive, crossbedded, conglomeratic, containing well-rounded quartz pebbles as much as 0.5 in. in
diameter. ClIiff forming; occurs in Isonville 7.5-minute quadrangle; wedges out northward; lag concentrations
of siderite nodules at base locally.

FOUR CORNERS FORMATION—Mapped as part of Breathitt Formation on earlier maps. Named by Chesnut

Pfc (1992) for strata between base of Magoffin Member and top of Stoney Fork Member. The Magoffin Member
consists of ironstone nodules and ferruginous sandstone in a bed as much as 2 ft thick. Mapped coals
include, in descending order, the Sebastian (Francis) and Mudseam (Peach Orchard zone, Hazard No. 7).
Formation restricted to eastern part of quadrangle.

HYDEN FORMATION—Mapped as middle part of Breathitt Formation on earlier maps. Named by Chesnut
P (1992) for strata between base of Kendrick Shale Member and base of Magoffin Member. Where it occurs,
Kendrick Shale is medium to dark gray, evenly laminated, partly silty, contains concretions and discontinuous
beds of ironstone as much as 0.5 in. thick. Because the Kendrick Shale was not mapped or is absent in this
quadrangle, base of the Hyden Formation is approximately located at top of the Cannel City (Amburgy) coal
bed or its stratigraphic equivalent. Mapped coals include the Fire Clay and Whitesburg coal zone. The Fire
Clay coal contains, near its base, a distinctive 1 to 4 in. (2 to 10 cm) thick, light to dark brownish-gray flint-
clay parting with conchoidal fracture, which was originally deposited as volcanic ash. The flint clay has been
radiometrically dated at 312 +1 Ma by Lyons and others (1992) and 311 £1 Ma by Rice and others (1994).
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PIKEVILLE AND GRUNDY FORMATIONS, UNDIVIDED

PIKEVILLE FORMATION—Mapped as middle part of Breathitt Formation on earlier maps. Named by Chesnut

Ppk (1992) for strata between the base of the Betsie Shale Member and the base of the Kendrick Shale Member.
The Betsie Shale was defined by Rice and others in 1987 and was not mapped on earlier 7.5-minute
quadrangle maps. Consequently, the base of the Pikeville Formation is approximately located at the top of
the Zachariah (Manchester) coal bed. Where the Zachariah is missing or not mapped, the base is placed
at what was previously mapped as the base of the Breathitt Formation. Coals include, in descending order,
the Cannel City (Amburgy), Little Caney and Tom Cooper (Upper Elkhorn No. 3), Grassy (Upper Elkhorn
No. 2), and Bruin bed (Lower Elkhorn). Formation occurs in the eastern part of quadrangle.

GRAYSON SANDSTONE BED, PIKEVILLE FORMATION—Sandstone and conglomeratic sandstone.
Sandstone, light gray to white, quartzose, very fine- to medium-grained, crossbedded, thin- to thick-bedded;
fossil rootlets in top 1 ft. Conglomeratic sandstone contains lenses of well-rounded white quartz pebbles as
much as 0.5 in. in diameter. In most places, forms a resistant ledge as much as 70 ft thick. Grayson directly
underlies Bruin coal bed and appears to have been deposited in a 4-mi-wide channel that was locally scoured
into underlying Mississippian shales (Rice, 1984).

PENNSYLVANIAN SANDSTONES

Several sandstone units have been renamed in the lower part of the Breathitt Group. These units were
previously recognized as members of the Lee Formation, a unit no longer formally recognized in Kentucky
(Chesnut, 1992). These sandstones differ from other sandstones in the Breathitt Group in that they are
generally quartz-rich, may contain pebbles of quartz, and are light in color. They typically have scoured
bases and may contain large-scale crossbeds. In this quadrangle, the “Lee-type” sandstones of the lower
part of the Breathitt Group are now part of the Grundy Formation.

UNNAMED MIDDLE AND LOWER PENNSYLVANIAN SANDSTONE UNITS—Sandstone; see Pennsylvanian
sandstones above.

GRUNDY FORMATION—Shale, minor siltstone, sandstone, and conglomerate. Mapped as lower part of

“ the Breathitt Formation on earlier maps. Named by Chestnut (1992) for strata from the top of the Bee Rock
Sandstone to base of the Betsie Shale. Shale: gray to black, carbonaceous, clayey to silty, fissile and chippy
in zones; interbedded and intergraded with siltstone and sandstone. Siltstone, medium gray, even- to ripple-
laminated. Sandstone: white, quartzose, fine- to medium-grained, mostly fine-grained, subangular to rounded,
thin- to thick-bedded; local ferruginous cement produces reddish-brown weathered surfaces; basal part
somewhat argillaceous with some linguloid brachiopods. Conglomerate: very light gray; angular to subrounded
chert fragments as much as 1 ft in diameter, probably reworked nodules from the Slade Limestone; medium-
to coarse-grained sandstone matrix; locally forms basal few feet of unit. Sandstones and conglomerates
form prominent cliffs that commonly are honeycomb-weathered. Includes Zachariah coal bed. Unconformity
at base of lowest shale unit locally truncates strata to the upper part of the Borden Formation. Where resting
on Borden Formation, unit contains irregular clasts, as much as 6 in. across, of silicified limestone derived
from Slade Formation.

////// UNNAMED SANDSTONE UNITS, GRUNDY FORMATION—Sandstone; see Pennsylvanian sandstones
©> /| above.

OLIVE HILL CLAY BED—PIastic, semi-flint, and flint clay. Flint clay is light to brownish-gray; locally oolitic
to silty and ferruginous, containing siderite nodules and grains. Locally appears brecciated. Generally occurs
within 30 ft of base of Grundy Formation. Unit is 0 to 16 ft thick, not laterally persistent, often unconformable
with underlying beds of Mississippian age, including Carter Caves Sandstone, Paragon and Slade Formations,
and Borden Formation. Coal and underclay occur in a few thin, discontinuous beds.

CORBIN SANDSTONE—Sandstone, conglomeratic sandstone, and shale. Sandstone: quartzose, white to
very light gray, generally coarse-grained at base and grades irregularly to fine-grained at top, crossbedded,
massive; contains lenses of well-rounded white quartz pebbles as much as 0.5 in. in diameter; weathers
pink to grayish-orange, commonly exposed as precipitous cliffs. Locally includes thin beds and lentils of
shale. Basal contact disconformable where unit overlies rocks of Mississippian age. Truncates all units down
to and including the upper part of the Burnside Member of the Slade Formation in the Bangor 7.5-minute
quadrangle and the upper part of the Borden Formation in the Haldeman and Wrigley 7.5-minute quadrangles.
Unit was previously a member of the Lee Formation, but is now a member of the Grundy Formation (Chesnut,
1992). It is the most widespread sandstone unit exposed in eastern Kentucky (Rice, 1984).

PARAGON FORMATION—Shale, sandstone, and limestone. Mapped as Pennington on earlier maps.
Renamed by Ettensohn and others (1984). The Paragon exhibits a vertical succession of lithologies that
have been divided into four informal members: a lower dark shale member, a coarse-grained clastic member,
a limestone member, and an upper shale member. Its distribution is extremely patchy, and only the lower
and middle parts of the formation are exposed in the quadrangle (Ettensohn and others, 1984). Shale:
medium gray, greenish-gray, and grayish-red, slightly to very calcareous, thin-bedded to laminated; in places
shale intergrades and intertongues with limestone. Sandstone: in thin interbeds near middle of unit, quartzose,
very fine- to fine-grained, in places clayey. Limestone: moderately to coarsely crystalline, locally oolitic, thin-
to thick-bedded; contains abundant bryozoans, brachiopods, and crinoids. In the Bangor 7.5-minute
quadrangle, unit is mapped with the shale member of Grundy Formation where thin or difficult to distinguish.

- PARAGON AND SLADE FORMATIONS, UNDIVIDED

CARTER CAVES SANDSTONE—Sandstone, white to very light gray, limonite-stained on weathered surfaces;
fine- to medium-grained, quartzose, well-sorted, thick-bedded to massive, conspicuously crossbedded;
sparsely conglomeratic with quartz pebbles as much as 0.5 in. in diameter, moderately resistant to erosion,
forms ledges. Basal contact disconformable.

The Carter Caves Sandstone is a channel-shaped lentil within the clastic member of the Paragon Formation
(Ettensohn and others, 1984). It occurs as a 2- to 8-mi-wide, north—northeast-trending lens in the northeastern
part of this 30 x 60 minute quadrangle. Unit locally overlies Borden Formation in the Olive Hill 7.5-minute
quadrangle. In the Tygarts Valley and Bruin 7.5-minute quadrangles, unit was mapped with a sandstone of
the Grundy Formation because of lithologic similarities.

SLADE FORMATION, UNDIVIDED—Limestone, dolomitic limestone, dolomite, and shale. Mapped as
Newman Limestone on earlier maps. Renamed by Ettensohn and others (1984). The Slade Formation is
informally divided into an upper and lower part. The lower part consists primarily of thin- to thick-bedded
carbonate members, commonly bounded by disconformities and subaerial-exposure surfaces; the upper
part consists mostly of persistent thin- to thick-bedded carbonate units with interbedded shale. Local absence
of some members may be due to erosion or nondeposition. Members in the upper part, in descending order,
are the Poppin Rock, Maddox Branch, Ramey Creek, Tygarts Creek, and Cave Branch Bed. These are
predominantly thin- to thick-bedded limestone with lesser amounts of shale and dolostone. Members in the
lower part, in descending order, are the Mill Knob, Warix Run, Ste. Genevieve Limestone, St. Louis Limestone,
and Renfro (Ettensohn and others, 1984). A reinterpretation of the thickness and extent of the Slade Limestone
in the northwestern part of the Wesleyville 7.5-minute quadrangle is contained in the collar material of the
Garrison and Pond Run 7.5-minute quadrangle map and has been applied to this map. The only members
that are mapped separately in some of the 7.5-minute quadrangles, and consequently in this 30 x 60 minute
map, are the Ste. Genevieve and St. Louis Limestone (Burnside) Members.

STE. GENEVIEVE LIMESTONE MEMBER, SLADE FORMATION—Limestone, minor shale and sand.
Limestone: upper beds white to light greenish-gray, fine- to coarse-grained, composed mainly of fine oolites
in micrograined matrix; peloids and lumps common, locally very sandy. Sand: well-rounded frosted quartz
in crossbedded laminae. Lower part contains locally common low-angle crossbeds 1 in. to 1 ft thick, silty
and sandy, partly oolitic, accentuated in appearance by red chert and dark gray limestone and sand grains;
light green shale laminae commonly separate crossbed sets. Sparsely fossiliferous. Grains to small pebbles
of clear quartz, gray and red chert, and limestone pebbles derived from underlying St. Louis Limestone
(Burnside) Member are locally concentrated near base. Angular clasts of fossiliferous chert also occur near
base, most abundant where St. Louis Limestone (Burnside) Member is absent and unit rests on Borden
Formation. Basal contact sharp; a regional unconformity with minor relief.

BURNSIDE MEMBER, SLADE FORMATION—Limestone, very finely to coarsely crystalline, mainly very
finely crystalline, medium- to thick-bedded, dense, hard. Uppermost 4 to 5 ft commonly cherty, with convolute
laminae and breccia. Middle and lower parts commonly contain thin to medium beds separated by greenish-
gray calcareous shale partings. Chert common as irregular discoidal and nodular masses, commonly a few
inches in diameter, and locally as discontinuous layers roughly parallel to bedding. Lower part is locally
massive; contains scattered blocky masses of gray chert. Abundant well-preserved brachiopods, crinoids,
bryozoans, and rugose corals; most are silicified. Basal contact sharp; locally rests unconformably on siltstone
of Borden Formation. Mapped as St. Louis Limestone Member of the Newman Limestone on earlier maps.
Renamed St. Louis Limestone Member of the Slade Formation by Ettensohn and others (1984). Revised
formally to Burnside Member of Slade Formation by Dever and Moody (2002).

RENFRO MEMBER, SLADE FORMATION (not mapped separately)—Limestone, light greenish-gray,
dolomitic, weathers to distinctive yellowish-orange color; very finely crystalline, silty, and argillaceous. Locally,
basal contact varies from gradational through about 1 ft to sharp, undulatory, and unconformable with
overlying and underlying units.

This member, originally defined by Weir and others (1966) as a subdivision of the Borden Formation, has
been reassigned to the Slade Formation by Ettensohn and others (1984). With reassignment to the Slade
it becomes the basal member of a carbonate-dominated sequence. Because this unit is very thin, 0 to 20
ft maximum and 0 to 10 ft typically, it has been included in the Borden Formation on some 7.5-minute
quadrangle maps and in the Slade Formation on others.

BORDEN FORMATION

The Borden Formation is dominated by terrigenously derived detrital rocks in the lower part deposited as a
prograding deltaic wedge that thins southwestward. These are overlain by carbonate-rich beds in the upper
part. Contacts of members within the Borden are generally gradational and do not show evidence of significant
depositional or erosional breaks (Sable and Dever, 1990).

UPPER PART OF BORDEN FORMATION—RENFRO, NADA, AND COWBELL MEMBERS, UNDIVIDED

Mbrn RENFRO AND NADA MEMBERS, UNDIVIDED

NADA MEMBER, BORDEN FORMATION—Shale, siltstone, and limestone. Mostly shale, grayish-red and
greenish-gray, very dark red, particularly near base, plastic, calcareous, crudely to well laminated, poorly
fissile. Locally contains seam of glauconitic siltstone as much as a few inches thick approximately 30 ft above
base. Shale, greenish-gray, calcareous, locally contains marine fossils, glauconitic; mostly in even beds 1
to 3 in. thick interbedded with shale. Limestone: greenish-gray, moderately to coarsely crystalline, in part
clayey and silty; locally contains abundant crinoid columnals, abraded bryozoans, and small gastropods and
brachiopods. Locally, a discontinuous glauconite-rich zone, 1 to 3 in. thick, containing at places phosphate
nodules and linguloid brachiopods; occurs near base of unit. Locally, this unit is cut out beneath the post-
Mississippian unconformity. The Nada is approximately equivalent to a unit named the Muldraugh Formation
in the Haldeman 7.5-minute quadrangle.

COWBELL MEMBER, BORDEN FORMATION—Siltstone and shale. Mostly siltstone, thin-bedded to massive
but commonly in beds approximately 1 ft thick, slightly ferruginous and micaceous, interbedded with shale,
argillaceous and calcareous at top, grading downward into silty shale. Unit exhibits large-scale inclined
foreset bedding that intertongues with the underlying Nancy Member (Sable and Dever, 1990). Diagonal
and vertical joints are conspicuous in fresh siltstone exposures; weathers to large, light buff, blocky slabs;
tends to be iron-stained along fractures and bedding planes. Fossiliferous near top; includes brachiopods,
bryozoans, crinoids, and rare trilobites. Zoophycos locally abundant in siltstone. Lower contact gradational
through a few tens of feet, approximately located and positioned to separate more silty beds above from
more shaly beds below.

NANCY AND FARMERS MEMBERS, BORDEN FORMATION, UNDIVIDED—This unit only occurs in the
southeastern part of the Preston 7.5-minute quadrangle. Total thickness of unit is 380 ft, of which basal 5
to 9 ft is the Farmers Member, which in turn includes 3 to 6 ft of the Henley Bed.

NANCY MEMBER, BORDEN FORMATION—Shale, minor siltstone, and sandstone. Mostly shale, bluish-
to greenish-gray, weathers olive-gray to grayish-orange, slightly to very silty, generally becoming more silty
upward; irregularly bedded, hackly to indistinct fracture. Ironstone concretions as much as 2 ft in diameter
common near base of shale. Siltstone: shaly, in irregular thin beds commonly grouped in sets a few feet
thick, mostly in upper part of member; generally similar to siltstone in overlying Cowbell Member. Sandstone:
yellowish-brown to gray, very fine-grained, evenly bedded; similar to sandstone of underlying unit; occurs
near base in one or two beds as much as 3 ft thick. The Nancy is approximately equivalent to the unit mapped
as the shale member of the Borden Formation in the Head of Grassy and Stricklett 7.5-minute quadrangles.
Unit represents distal foreset and bottomset strata of the Borden Delta (Sable and Dever, 1990).

FARMERS MEMBER, BORDEN FORMATION—Sandstone and minor shale. Mostly sandstone, very fine-
grained, tabular, dominantly quartzose; in even beds as much as 3 ft thick, thickest near base; well indurated,
porous, and permeable; Zoophycos and worm(?) trails common on bedding surfaces. Sole markings locally
abundant. Shale: greenish-gray, similar to shale of overlying unit; in partings and interbeds as much as 4 ft
thick, thickest near top. Lower contact sharp. The unit is approximately equivalent to the unit mapped as
the sandstone member of the Borden Formation in the Head of Grassy 7.5-minute quadrangle. Member has
been interpreted by Moore and Clarke (1970) as a turbidite deposit.

HENLEY BED, FARMERS MEMBER (not mapped separately)—Shale, greenish-gray, clayey and silty,
moderately indurated, low-porosity and low-permeability; upper part generally contains a few thin beds or
stringers of sandstone similar to that of overlying unit. Lower contact sharp but rarely exposed.

SUNBURY AND BEDFORD SHALES, UNDIVIDED

SUNBURY SHALE—Shale, dark gray to black, highly carbonaceous, laminated, fissile; breaks into thin even
plates 0.5 in. or less in thickness; contains pyritic nodules as much as an inch across; conodonts locally
abundant. Basal contact sharp, generally covered. Unit readily distinguishable in the subsurface on geophysical
logs by its radioactivity profile (Ettensohn, 1979; Ettensohn and others, 1979).

BEDFORD SHALE—Shale, minor siltstone. Shale: various shades of grayish-yellow and greenish-gray, thin-
and unevenly bedded; clayey and slightly silty, poorly fissile; contains pyritic nodules and calcitic concretions.
Numerous very thin siltstone beds and lenses throughout; locally have oscillation ripple marks. Worm trails
and borings common along bedding planes. Basal contact sharp.

BEREA SANDSTONE—Sandstone, fine- to very fine-grained; predominantly subangular, quartzose; locally
calcareous, thick- and even-bedded, in upper part commonly crossbedded; locally contains oscillation ripple
marks. Lower part very thick-bedded lenses as local southwest-trending paleochannel(s); flow rolls, convoluted
beds, and distorted bedding are associated features. Contains interbeds of ripple-marked, thin-bedded
siltstone and shale. Grades laterally southwestward into Bedford Shale. Locally rests unconformably on Ohio
Shale. Occurs along the eastern part of the northern border of quadrangle.

OHIO AND NEW ALBANY SHALES

Rocks of Middle and Late Devonian age that underlie Lower Mississippian strata in this quadrangle are
mainly organic-rich black shales. Two units, the Ohio Shale and the New Albany Shale, are laterally continuous.
The Ohio is lithologically indistinguishable from the Sunbury Shale, and these two formations are combined
as the New Albany Shale where the Bedford Shale pinches out. These black shales are radioactive, typically
containing 15 to 30 ppm of uranium, and are easily distinguished on subsurface geophysical logs (Swanson,
1960; Provo and others, 1977).

OHIO SHALE—Shale, dark gray to black, thin- and evenly bedded, highly fissile, highly carbonaceous,
moderately indurated, commonly pyritic; locally contains pyritic concretions as much as 2 in. across;
contains conodonts and sparse linguloid brachiopods. Fresh exposures commonly conspicuously jointed.
Lower part of unit commonly characterized by interbedded greenish-gray clay shale and black shale over
an interval of several tens of feet. Basal contact sharp and conformable where unit overlies Boyle Dolomite;
elsewhere base is unconformable. Unit lithologically indistinguishable from Sunbury Shale; formations
combined as New Albany Shale where Bedford Shale pinches out.

NEW ALBANY SHALE—Occurs in the southwestern corner of quadrangle. Is equivalent to the combined
Ohio and Sunbury Shales. A variation in lithology from the Ohio Shale is the existence of muddy dolomite,
locally grading to a dolomitic mudstone, occurring in lenses a few inches to a few feet thick and several

tens to a few hundred feet long near base.

BOYLE DOLOMITE—Dolomite, in part cherty, mostly finely crystalline; sparse fine to medium quartz grains
near base; locally contains oil-stained vugs a fraction of an inch in diameter. Stratification obscure, separated
by partings of light green shale. Chert, white to light yellowish-gray, occurs as replacements of whole beds
and as irregular lenses as much as 8 in. thick and several feet long; most abundant in lower part of
formation. Unit irregular in thickness but thins generally to southwest; occurs only in southwestern corner
of quadrangle. Base is regional unconformity.

BISHER DOLOMITE—Dolomite, in part calcareous, varies from fine- to coarse-grained, porous, vuggy,
petroliferous; evenly laminated to obscurely and irregularly bedded, locally crossbedded; locally fossiliferous,
including brachiopods, crinoids, and scattered algal heads. At places forms thin but prominent ledge that
commonly weathers with reddish-brown, friable, limonitic rind. Is everywhere truncated by a regional pre-
Devonian unconformity and appears primarily as thin erosional remnants. Unit identified as Bisher Limestone
on several 7.5-minute quadrangle maps.

CRAB ORCHARD GROUP

Previously mapped as Brassfield Dolomite and Crab Orchard Formation. Revised by McDowell (1983)
as Crab Orchard Group to include all Silurian rocks below Bisher Dolomite in Kentucky east of Cincinnati
Arch. In Bath County and to the south, includes basal Drowning Creek Formation (new) with its Brassfield
Member (rank reduced), Plum Creek Shale Member (reassigned), and Oldham Member (reassigned), and
upper Alger Shale with its Lulbegrud Member, Waco Member, and Estill Shale Member (all reassigned).
North of Bath County, Crab Orchard Group consists of basal Drowning Creek Formation with its Brassfield
Member and Dayton Dolomite Member (formalized by McDowell, 1983) and an upper Estill Shale (rank
raised). The Crab Orchard Group was informally divided into upper and lower parts.

UPPER PART OF CRAB ORCHARD GROUP
North of the Fleming-Bath County boundary it is made up of the Estill Shale Formation. Bath County and
south it contains the Alger Shale, which includes the Estill Shale, Waco, and Lulbegrud Shale Members.

Sa ALGER SHALE—Includes Estill Shale, Waco, and Lulbegrud Shale Members, described below.

ESTILL SHALE AND ESTILL SHALE MEMBER OF ALGER SHALE—Shale, minor dolomite, and siltstone.
Shale: variegated, mostly greenish-gray and gray but with thin zones of red, brown, and yellow; clayey,
in part dolomitic; bedding indistinct, poorly fissile, unfossiliferous; relatively impermeable, expansive, very
plastic when wet. Upper part contains thin beds and lenses, up to a few inches thick, of cross-laminated,
dolomitic siltstone and locally a few layers as much as 4 in. thick of dark greenish-gray glauconitic siltstone;
glauconite in part in fecal(?) pellets about 1 mm long. Dolomite also occurs as lensing beds and thin,
rough-surfaced beds, less than 1 in. thick to several inches thick in lower part of unit, micrograined to fine-
grained and muddy, grading to dolomitic shale; contains sparse fragments of bryozoans and brachiopods,
common to abundant groove-like tracks. Thin rubbly-weathering dolomite beds locally near base. Zones
of concentrated glauconite pellets present in lower 5 ft. Estill Shale Member mapped only in Owingsville
7.5-minute quadrangle.

WACO MEMBER AND LULBEGRUD SHALE MEMBER, UNDIVIDED, ALGER SHALE—Waco Member
Sawl consists primarily of dolomite, fine- to coarse-grained, generally in several beds 0.5 to 1 ft thick, locally
in thinner and more numerous beds at top of unit; thin sparse beds in underlying shale; some beds
fossiliferous, containing Favosites, horn corals, and scattered small brachiopods; bedding surfaces
commonly irregular. Lulbegrud Shale Member consists primarily of shale, greenish-gray to gray, locally
containing brownish-red beds; clayey, poorly fissile, resembles shale of Estill Shale Member. Mapped only
in Olympia 7.5-minute quadrangle.

LOWER PART OF CRAB ORCHARD GROUP, DROWNING CREEK FORMATION

North of Bath County boundary the Drowning Creek Formation extends from the top of the Dayton Dolomite
Member to the base of the Brassfield Member. Bath County and south the Drowning Creek is divided into,
in descending order, the Oldham, Plum Creek Shale, and Brassfield Members.

OLDHAM MEMBER, DROWNING CREEK FORMATION (not mapped separately)—Dolomite, minor shale.
Dolomite: fine- to coarse-grained, locally calcitic, even to irregular beds, 1 in. to 1 ft thick, commonly only
a few inches thick; commonly fossiliferous, mostly brachiopods, bryozoans, and crinoid columnals. Shale:
greenish-gray, poorly fissile, plastic when wet, occurs as partings and beds as much as 1 ft thick but
commonly a few inches thick. From base upward dolomite beds become thinner, shale becomes more
abundant (McDowell, 1983).

DAYTON DOLOMITE MEMBER, DROWNING CREEK FORMATION (not mapped separately)—Dolomite,
fine- to medium-grained, calcareous, mostly dense and hard, locally porous. Occurs in three to four beds
totaling 1 to 3 ft in thickness, generally devoid of fossils except for trace fossils on bedding planes. Pinches
out to the north near the Fleming-Bath County boundary (McDowell, 1983).

PLUM CREEK SHALE MEMBER, DROWNING CREEK FORMATION (not mapped separately)—Shale,
minor dolomite, greenish-gray, poorly fissile, plastic when wet. Dolomite: sparse lenses and beds that
become more abundant to the north. Unit becomes indistinguishable north of the Fleming-Bath County
boundary (McDowell, 1983).

BRASSFIELD MEMBER, DROWNING CREEK FORMATION (not mapped separately)—Dolomite and
shale. Basal part, dolomite, fine- to medium-grained, generally unfossiliferous, argillaceous, glauconitic,
in beds as much as 6 ft thick, with thin partings and interbeds of shale. Overlain by sequence of medium-
to thick-bedded dolomite containing white to light gray chert in irregular lenses and nodules 1 to 6 in. thick.
Remainder (approximately 80 percent) interbedded dolomite and shale; dolomite, fine- to medium-grained,
moderately fossiliferous, in beds as much as 5 ft thick but typically 4 to 6 in. thick. Uppermost beds, south
of Fleming-Bath County boundary, marked by distinctive cogwheel-shaped crinoid columnals (“the bead
bed”) and an oolitic hematite- and chamosite-bearing sequence, as much as 3 ft thick, exploited near
Owingsville as the Rose Run iron ore; commonly contains crossbedding and large-scale ripple marks
(McDowell, 1983).

DRAKES FORMATION

G PREACHERSVILLE AND ROWLAND MEMBERS, UNDIVIDED, DRAKES FORMATION

PREACHERSVILLE MEMBER, DRAKES FORMATION—Mudstone, shale, minor dolomite. Mudstone:
dolomitic, grayish-green, weathers grayish-yellow; in even laminae and thin beds as much as 1 in. thick
in sets a few inches to several feet thick; locally fissile; locally contains ripple marks and mud cracks;
unfossiliferous, contains sparse to common pods and inclusions of greenish-gray argillaceous material,
more abundant in lower part of unit. Shale: greenish-gray, thin- and evenly bedded to poorly bedded,
calcareous to dolomitic, slightly fissile to chunky, moderately indurated, sparsely fossiliferous. Dolomite:
calcitic, predominates in lower part of unit, makes up approximately 10 to 25 percent of member; gray to
yellowish-brown, weathers grayish-orange to grayish-yellow; fine- to medium-grained, thin-bedded;
interbedded with shale; sparse fossils in lower part.

ROWLAND MEMBER, DRAKES FORMATION (not mapped separately)—Mudstone, minor dolomite.
Mudstone: generally resembles Preachersville Member; locally grades into muddy micrograined dolomite.
Member occurs in the Mount Sterling 7.5-minute quadrangle. A dolomitic mudstone (not mapped) as much
as 15 ft thick at base of Drakes Formation in the western part of the Preston 7.5-minute quadrangle may
represent the northern edge of the Rowland Member.

BULL FORK FORMATION—Limestone and shale, interbedded. Limestone content of formation ranges
from 40 to 60 percent, but is commonly 80 percent near base and decreases irregularly upward to only
20 percent near top. Dominant limestone type is in rough-surfaced, irregular planar beds 1 to 8 in. thick,
which consist of whole fossils and fossil fragments in a fine-grained matrix. Less common limestone types
are coarse- to very coarse-grained fossil-fragmental limestone with sparry calcite cement, and fine-grained
to micrograined even-textured limestone with few fossils. Shale: locally as much as 60 percent of the unit,
is dominant in upper part; fissile to lumpy, calcareous, plastic when wet; occurs as partings and layers a
few inches to as much as 2 ft thick. Unit is richly fossiliferous; includes brachiopods, bryozoans, crinoid
columnals, corals, trilobites, pelecypods, and gastropods; some algal stromatolites occur near base. In
the Mount Sterling 7.5-minute quadrangle the Bull Fork Formation thins significantly and is mapped as
the Reba Member of the Ashlock Formation (see stratigraphic inset).

SUNSET MEMBER OF BULL FORK AND ASHLOCK FORMATIONS—Limestone, minor shale. Limestone:
micrograined to fine-grained and muddy, interbedded with minor shale. Most limestone is in continuous
even beds, but also occurs in uneven and nodular beds; ostracodes common to abundant; megafossils
sparse to locally abundant, including brachiopods, gastropods, and cephalopods. Shale: greenish-gray,
generally calcitic and unfossiliferous, in obscure to well-defined laminae in layers as much as a few inches
thick, interlayered fairly evenly with beds of limestone. Member is relatively resistant and forms a ledgy
slope.

Micrograined part of unit thins within the Preston 7.5-minute quadrangle, where it is a member of the
Ashlock Formation (not mapped separately). The lower part of the member, where part of the Bull Fork
Formation, is primarily dolomitic and calcitic mudstone, and is given member status as the Terrill Member
of the Ashlock Formation (not mapped separately; see stratigraphic inset).

ASHLOCK FORMATION

Composed of alternating units of limestone and calcitic to dolomitic mudstone, which locally intertongue,
intergrade, and pinch out. Formation consists of Reba, Sunset, Terrill, Grant Lake, and Tate Members.
Conformably overlies Calloway Creek Limestone, and is conformably overlain by Drakes Formation.
Intergrades with Grant Lake Limestone and lower part of Bull Fork Formation. For reasons of mapping
practicality, the unit is only mapped south of the northern border of the Mount Sterling 7.5-minute quadrangle
(Weir and others, 1984).

UPPER PART OF ASHLOCK FORMATION—Reba, Sunset, and Terrill Members. Reba Member included
in the “upper part of the Ashlock Formation” west of an arbitrary line extending from the Olive Hill Cemetery
(38°03'30” N by 83°55'30” W) to head of Bowles Branch (38°00°30” N by 83°55'30” W) in the Mount Sterling
7.5-minute quadrangle (Weir, 1976). East of this line the Reba is mapped as part of the Bull Fork Formation.

GRANT LAKE LIMESTONE AND GRANT LAKE MEMBER OF ASHLOCK FORMATION—Limestone and
minor shale. Limestone: thin-bedded; bedding very irregular to nodular, with very irregular calcareous shale
partings and seams; consists of whole fossils and fossil fragments, chiefly brachiopods and bryozoans;
in indistinct nodular lenses commonly 1 in. thick intermixed with mudstone, more commonly in planar to
nodular beds a few inches thick near base. Unit divided into upper and lower members in some 7.5-minute
/ quadrangles. South of Elizaville 7.5-minute quadrangle, Grant Lake thins, in part by intergrading with

members of the Ashlock Formation and upper part of Calloway Creek Limestone. The Grant Lake is
considered a member of the Ashlock Formation from the Preston and Mount Sterling 7.5-minute quadrangles
southward (Weir and others, 1984) (see stratigraphic inset).

COARSE CLASTIC LIMESTONE BEDS, GRANT LAKE FORMATION—Limestone, medium gray to bluish-
Oglc gray, mostly very coarse-grained, poorly to well-sorted, fossil-fragmental; medium to thick irregular beds,
some crossbedded, especially in lower part; locally contains irregular beds of argillaceous limestone with
common bryozoans, large brachiopods, pelecypods, and gastropods and a prominent zone of large,
grayish-pink, algal stromatolites at or near top. Occurs near top of Grant Lake Formation in the Elizaville,
Fleming, Hillsboro, and Sherburne 7.5-minute quadrangles. Sinkholes common; forms prominent cliffs.
Gradational with underlying unit.

TATE MEMBER OF GRANT LAKE LIMESTONE AND ASHLOCK FORMATIONS—Limestone and mudstone.
Limestone: greenish-gray, weathers light yellowish-gray; micrograined, argillaceous in even beds a few
inches thick separated by seams of crudely laminated mudstone. Mudstone: laminated, calcitic, grading
upward to micrograined limestone, in part silty; all greenish-gray, weathering grayish-yellow. Mudstone
of the Tate is more calcitic than similar mudstones higher in the section. Sparse fossils in micrograined
beds near top of unit. The unit is mapped as a member of the Grant Lake Formation in the Owingsville,
Sharpsburg, and Sherburne 7.5-minute quadrangles where it divides the Grant Lake Formation into upper
and lower members. It occurs as a bed in the Colfax and Hillsboro 7.5-minute quadrangles, but is not
mapped. In the Preston and Mount Sterling 7.5-minute quadrangles, the unit is mapped as the basal
member of the Ashlock Formation (see stratigraphic inset).

FAIRVIEW FORMATION AND CALLOWAY CREEK LIMESTONE

The Fairview Formation is characterized by evenly bedded limestone interlayered with approximately equal
amounts of shale and siltstone. It grades laterally southward into the Calloway Creek Limestone with an
increase in limestone content (the Fairview being less than 70 percent and the Calloway Creek being
greater than 70 percent), an increase in the abundance of fossils, and a change in bedding style to thinner,
more irregular limestone beds and shale partings. Change in nomenclature is made at an arbitrary boundary
through the Sharpsburg 7.5-minute quadrangle, where the more fossiliferous limestone and less continuous
shale beds of the Calloway Creek appear to dominate over the more evenly interbedded limestone and
shale beds of the Fairview Formation (Weir and others, 1984).

FAIRVIEW FORMATION—Limestone (less than 70 percent), shale, and siltstone. Dominant limestone:
O fine- to coarse-grained, unevenly thin- to medium-bedded; common to very abundant whole fossils and
fine to very coarse fossil fragments, mostly brachiopods, branching bryozoans, and small crinoid columnals;
with finely to coarsely crystalline calcite cement. A few beds in lower part of unit contain a jumble of flat
brachiopod shells in a very fine- to medium-grained matrix; mostly in slightly uneven beds 1 to 4 in. thick;
some beds sheathed with laminae of silty micrograined limestone; contains sparse, irregular cuspate ripple
marks. Less abundant limestone, conspicuous in lower part of unit, micrograined to fine-grained, in part
muddy; in even to uneven beds 1 to 6 in. thick; locally thinly laminated and cross-laminated, locally ripple-
marked; sparsely fossiliferous, mostly brachiopods and burrows. Shale: medium to dark gray, weathers
yellowish-gray to yellowish-brown; calcareous. Occurs as fissile partings and beds as much as 1 ft thick.
Siltstone: composed of quartz silt in micrograined limy matrix; in even thin beds, present throughout. Both
limestone types interbedded with shale, siltstone, and each other. Contact gradational with underlying unit.
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CALLOWAY CREEK LIMESTONE—Limestone (greater than 70 percent), mudstone, siltstone. Limestone
of three general types: coarse-grained, in even to lensing beds as much as 18 in. thick, bioclastic, mostly
in upper part of unit; clayey, fine- to medium-grained, in uneven beds 3 to 8 in. thick; fossiliferous, mostly
brachiopods and bryozoans; and micrograined to fine-grained, in even to uneven beds 1 to 6 in. thick,
sparsely fossiliferous, mostly brachiopods. Mudstone: greenish-gray, weathers yellowish-gray; in part
calcitic; crudely laminated in sets a fraction of an inch thick to several inches thick; intercalated with
limestone and siltstone predominantly in lower half of unit, sparsely fossiliferous. Siltstone: in part calcitic;
in even beds a fraction of an inch to a few inches thick, mostly near base of unit; sparsely fossiliferous.
Base gradational through several feet, locally indistinct.

UPPER PART OF CALLOWAY CREEK LIMESTONE—Limestone (greater than 70 percent) and mudstone.
Limestone: micrograined to medium-grained, in part intermixed and intergraded with crudely laminated
calcitic mudstone, contains sparse to abundant coarse fossil fragments; mostly in lensing nodular beds 1
to 3 in. thick and a few inches to a few feet long, grading downward to fairly continuous, nodular-surfaced
beds a few inches thick. Mudstone: as above. Unit very fossiliferous, brachiopods and large branching
bryozoans dominant.

LOWER PART OF CALLOWAY CREEK LIMESTONE—Limestone (greater than 70 percent), mudstone,
and siltstone. Limestone: dominantly fine- to medium-grained, moderately sorted, in uneven persistent
beds several inches thick; in part coarse-grained, shelly, poorly sorted, in lensing beds as much as 1 ft
thick scattered through unit; in part micrograined to fine-grained, silty, in even beds commonly less than
2 in. thick, mostly in lower part of unit; fossils common to abundant. Mudstone and siltstone: as above.

GARRARD SILTSTONE—Siltstone, minor shale, and limestone. Siltstone: composed of quartz silt in
micrograined, limy matrix; in even to lensing beds, 1 in. to more than 1 ft thick; contorted beds in zones
1 to 3 ft thick commonly exhibiting ball-and-pillow structure; sparsely fossiliferous. Shale: limy and silty in
part; generally in thin but locally in thick sets; locally included in ball-and-pillow structure of siltstone and
limestone. Limestone: micrograined to medium-grained, in part silty, in even to lensing beds, generally
thin; locally in ball-and-pillow structure; sparsely fossiliferous, mostly brachiopods. Unit intertongues and
intergrades with overlying and underlying formations. Feathers out in upper part of Clays Ferry Formation.
Not recognized as a separate unit north of the Owingsville 7.5-minute quadrangle (Weir and others, 1984).

KOPE AND CLAYS FERRY FORMATIONS

The Kope Formation complexly intertongues and intergrades with the Clays Ferry Formation. Tongues of
Kope are recognized in the Mount Sterling, Owingsville, and Sharpsburg 7.5-minute quadrangles. Kope
typically consists of 60 to 80 percent shale and 20 to 40 percent limestone and, in places, minor siltstone.
Clays Ferry Formation typically is made up of subequal amounts of limestone and shale (30 to 60 percent
each) and minor siltstone (5 to 10 percent). Shale sets in Kope are typically thicker than in Clays Ferry.
Sets of limestone beds are generally thicker and more numerous in Kope, but become thinner and less
numerous northward, where the Kope intertongues with the Clays Ferry (Weir and others, 1984).

Oke KOPE AND CLAYS FERRY FORMATIONS, UNDIVIDED

KOPE FORMATION—Shale, limestone, and minor siltstone, interbedded. Shale: about 70 percent of unit;
fissile, calcareous; consists of bedding sets of shale from 0.5 to several feet thick alternating with sets of
interbedded limestone and shale. Limestone: micrograined to coarse-grained; in even to uneven beds 0.1
to 2 ft thick; commonly fossiliferous, mostly brachiopods. Siltstone, composed of quartz silt in micrograined
limy matrix; in even beds 0.1 to 1 ft thick, locally in ball-and-pillow structure. Sparse fossils in shale and
siltstone.

CLAYS FERRY FORMATION—Limestone and shale, minor siltstone. Limestone, of two general types:
micrograined to fine-grained, locally silty, well to moderately sorted, mostly in even beds a few inches thick
locally passing into flow rolls (ball-and-pillow structure), sparsely to moderately fossiliferous; and medium-
to coarse-grained, moderately to poorly sorted, mostly in irregularly lensing beds a few inches to more
than a foot thick, moderately to abundantly fossiliferous (dominantly flat-shelled brachiopods); locally
common branching bryozoans and small crinoid columnals; cuspate ripple marks locally common. Limestone
types interbedded with shale and each other throughout unit in sets commonly 1 to 5 ft thick. Shale: limy;
evenly laminated in sets 1 to 12 in. thick, as interbeds. Siltstone: generally similar to that of overlying unit,
mostly in even beds about 1 in. thick but locally in lensing beds as much as 8 in. thick; cuspate and
interference ripple marks common; sparsely fossiliferous. Unit intertongues with Lexington Limestone over
much of its extent.

Ocf

COARSE CLASTIC LIMESTONE MEMBER, CLAYS FERRY FORMATION—Limestone, poorly sorted;
dominantly coarse-grained but ranging to fine-grained; composed chiefly of fragments of brachiopods and
bryozoans. Occurs in trough sets, commonly 1 to 2 ft thick and 3 to 5 ft wide and long, of low-angle
crossbeds approximately 1 in. thick; forms cliffs and prominent ledges. Lithologically comparable to Nicholas
Limestone Member of the Lexington Limestone. Occurs near top of unit in Cowan, Owingsville, and
Sherburne 7.5-minute quadrangles. Occurs near base of unit in Moorefield 7.5-minute quadrangle.

LEXINGTON LIMESTONE

Ocecurs along the northern part of the western boundary of quadrangle. Includes the Tanglewood Limestone,
Millersburg, and Grier Limestone Members. A tongue of the Clays Ferry Formation occurs between the
Millersburg and Grier Limestone Members.

TANGLEWOOD LIMESTONE MEMBER, LEXINGTON LIMESTONE—Limestone, very coarse- to fine-
grained, mostly medium-grained; well sorted; bioclastic; phosphatic; cemented with sparry calcite, in even
to uneven, thin to thick beds, commonly crossbedded; interbedded with fine- to medium-grained, thin,
evenly to unevenly bedded limestone with minor shale; intertongues with underlying member over an
interval of as much as 10 ft.

MILLERSBURG MEMBER, LEXINGTON LIMESTONE—Limestone and shale. Limestone: as much as 80
percent, micrograined to medium-grained, in nodular to irregular beds, rarely crossbedded, generally very
fossiliferous (mostly brachiopods, bryozoans, gastropods, and pelecypods). Shale: limy; as interbeds and
partings.

GRIER LIMESTONE MEMBER, LEXINGTON LIMESTONE—Limestone and minor shale. Limestone:
coarse-grained to micrograined; bioclastic in part; irregularly to evenly bedded, less commonly in nodular
beds, rarely crossbedded; moderately to very fossiliferous (mostly brachiopods and bryozoans). Shale:
limy; as partings and evenly laminated sets as much as 2 in. thick.

ARTIFICIAL FILL—Compacted rock debris from highway, railroad, and earthen dam construction.

MINE DUMP—Tailings and mine waste from coal mining operations.
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Figure 1. Index map showing the locations of the 32 quadrangles used in the digital compilation of
the Morehead 30 X 60 minute map. Index shows names of the individual 7.5-minute quadrangle

maps and their USGS geologic quadrangle map (GQ) numbers.

Grundy
Formation

Farmers

Paragon and Slade
Member

Nancy Formations

Interstate 64
U.S. 60

—

(/L
mﬂ&"jﬂ%«‘ i

05’

R e

Dix

ﬁg/n &

(Huntington quadrangle)

(B

X n‘si_;\\\«

Figure 2. Location map for structure contours in the Morehead 30 x 60 minute quadrangle.
Index gives names of each mapped horizon. The horizon boundaries are shown on the
geologic map as thin red dashed lines. Contour interval is 40 ft with index contours every
200 ft.
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INTRODUCTION

The geology of the Morehead 30 x 60 minute quadrangle was digitally compiled mostly from U.S. Geological
Survey 7.5-minute geologic quadrangle maps (GQ’s), as cited in the references. The original maps were
products of a cooperative mapping project between the U.S. Geological Survey and the Kentucky Geological
Survey from 1960 to 1978. The conversion into digital format has been another USGS-KGS cooperative
program funded through the National Cooperative Geologic Mapping Program (STATEMAP). Several regional
geologic studies (Cressman, 1973; Dever and others, 1977, 1990; McDowell, 1983; Ettensohn and others,
1984; Weir and others, 1984; Sable and Dever, 1990; Chesnut, 1992; Drahovzal and Noger, 1995) have
resulted in changes to the stratigraphic nomenclature since the original GQ’s were completed. Geologic,
geophysical, and geochemical data collected by various mining companies since the original maps were
published have also contributed new information. These changes have been incorporated into this map and
were necessary for updating and compiling regional maps in order to maintain stratigraphic continuity between
quadrangles. The 7.5-minute quadrangles that make up the Morehead 30 x 60 minute quadrangle are shown
in Figure 1.

The data files resulting from digitizing the GQ’s, referred to as DVGQ’s (Digitally Vectorized Geologic
Quadrangles), are part of a comprehensive relational and spatial data set being developed by the Kentucky
Geological Survey (Anderson and others, 1999). Users will have at their disposal spatial data sets from
which to select geologic themes to create custom maps, to which they may add supplemental oil, natural
gas, mineral, coal, or water information also from the KGS databases. These databases can be used in a
geographic information system (GIS) to create and analyze maps or manipulate data.

PROCEDURE

The 7.5-minute GQ’s 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 and members across
quadrangle boundaries, (2) determining the boundary of newly defined formations resulting from changes
in stratigraphic nomenclature since the release of the original GQ’s, and (3) resolving discrepancies in
Quaternary alluvium boundaries and inferred contacts. The metadata portion of the digital file for this map
provides detailed sources of data and information about the methods used to resolve these problems.
Formation codes were assigned using the American Association of Petroleum Geologists’ standard stratigraphic
code (Cohee, 1967), modified by KGS for state-specific use. Formations and formation boundaries were not
mapped consistently on each of the 7.5-minute GQ’s as they were compiled between 1960 and 1978.
Resolution of the differences between quadrangles was necessary for topological analysis in a GIS environment.
These issues were resolved by adhering to geologic, cartographic, and GIS standards using the best current
data available.

This map is a compilation of existing maps and published information, and no additional field work was
conducted.

GEOLOGIC SETTING

The Morehead 30 x 60 minute quadrangle lies on the eastern flank of the Cincinnati Arch, along the edge
of the Appalachian Basin, and on the northern platform of the Rome Trough, a Cambrian rift basin.

The Rome Trough is a linear asymmetric Precambrian graben that dominates the basement surface
configuration in eastern Kentucky. It was first noted by Thomas (1960), and described by Woodward (1961),
who recognized the abrupt southeastward thickening of Cambrian sediments in the subsurface. This trough
extends eastward across the state beginning at the Grenville Front in central Kentucky, and is part of a larger
Cambrian extensional feature that extends northeastward across West Virginia, Pennsylvania, and into
southern New York. The trough represents a late Precambrian to Cambrian continental rift zone formed
contemporaneously with Cambrian lapetan rifting (mid-ocean-ridge spreading) (Ammerman and Keller, 1979;
Thomas, 1991). The elevation of the top of the Precambrian Grenville basement rocks in the southeastern
corner of the quadrangle is approximately 5,000 to 10,000 ft below sea level (see cross section).

The east-trending Kentucky River Fault System is in the basement rocks in the southern part of the
quadrangle. It represents the northern boundary of the Rome Trough (McGuire and Howell, 1963; Drahovzal
and Noger, 1995).

Another structure that influenced the geology of the Morehead 30 x 60 minute quadrangle is the Waverly
Arch (not shown). This arch is a north—south-oriented structure defined from evidence of depositional and
erosional thinning of early Paleozoic formations (Woodward, 1961). The low, broad arch extends from northern
Ohio southward into the northeastern part of the Morehead quadrangle. Reactivation occurred in the Late
Mississippian and continued intermittently into the Pennsylvanian. The depositional environments and
sedimentary structures associated with the re-emergence of the arch are presented in Dever and others
(1977).

During the Paleozoic, there were several episodes of fault reactivation and subsidence in the area, resulting
in deposition and thickening of Cambrian and lower Paleozoic sediments in the Rome Trough (McGuire and
Howell, 1963; Harris and Drahovzal, 1996; Harris and others, 2004), as well as local influence on the deposition
and erosion of the Mississippian Slade (Newman) Formation (Dever and others, 1977, 1990).

The sedimentary rocks in the Morehead area consist of gently dipping Upper Ordovician limestones and
shales in the western part of the quadrangle; Silurian, Devonian, and Mississippian rocks in the central part;
and Pennsylvanian rocks in the eastern and southeastern parts (see Figure 2). The Upper Ordovician rocks
are primarily interbedded limestone and shale with minor siltstone. The Silurian are mainly dolomite and
shale. The Devonian consists of dolomite and shale including, the massive carbonaceous black shale. A
major regional unconformity occurs at the base of the Devonian black shales called the Ohio and New Albany
Shales. The Mississippian rocks include limestone, dolomite, and the siltstone, shale, and sandstone detrital
units of the clastic deltaic wedge that forms the Borden Formation. Many karst features have formed in the
limestones of the Mississippian Slade Formation in the northeastern part of the quadrangle near Carter Caves
State Resort Park. Another major regional unconformity occurs at the base of the Mississippian section. The
Pennsylvanian rocks consist of sandstones, shales, several coals beds, and clay beds, including the Olive
Hill Clay Bed. Many of the Pennsylvanian sandstones are associated with channel fills along a northeast-
trending corridor in the eastern part of the quadrangle.

Meteorite and Erratic Boulders:

In 1902, a large meteorite fell near Salt Lick in Bath County and was observed by several people (Ehmann,
2000). The largest piece of the meteorite, classified as a chondrite, weighed 178 Ib and is located at the Field
Museum of Natural History in Chicago.

Several rocks have been found in the quadrangle that were not derived from the bedrock of Kentucky, but
were transported into the quadrangle by glacial processes during the Pleistocene ice advances. These erratics
probably originated in Canada.

In the Burtonville 7.5-minute quadrangle, the remains of a large erratic known as the Epworth boulder are
strewn on the hillside along the north side of Beechy Creek. The rock is a porphyritic granite gneiss composed
of large crystals of pink orthoclase in a coarsely crystalline groundmass of quartz, feldspar, and mica
(Pointdexter, 1924). It was estimated to have weighed approximately 16 tons, but was blasted into hundreds
of small pieces, which are scattered about the ground.

A large metamorphic rock known as the Farmers boulder is located in the Farmers 7.5-minute quadrangle.
The rock was photographed and described by Leverett (1929), who called it a schistose quartzite. It is a
medium gray quartzose phyllite, and measures approximately 10 ft long by 2 to 3 ft across.

A gneissic granite cobble was found in the Stricklett 7.5-minute quadrangle. The fragment measures 4 by 4
by 3 in.; quartz, hornblende, and pink feldspar are recognizable (Jillson, 1924, 1927). The cobble has been
donated to the University of Kentucky Geological Museum.

An ovoid boulder of coarse-grained biotite granite, approximately 1 ft in length and 10 in. in diameter, was
found in the Plummers Landing 7.5-minute quadrangle.

The recent discovery of a large granite boulder imbedded within the Sunbury Shale in Rowan County has
brought to light the possibility of Lower Mississippian glaciation (Lierman and Mason, 2006). The ice-rafted
"dropstone"” is a low-grade metamorphically altered biotite granite boulder measuring 5.6 x 4.3 x 2.5 ft and
weighing approximately 3 1/2 tons. Lierman and Mason (2006) suggested that the unweathered boulder was
rafted by an iceberg from the Gondwana ice sheet during the Early Mississippian.

ECONOMIC GEOLOGY
Industrial Minerals

The primary economic products in the quadrangle are limestone, clay, oil and gas, and some minor coal.
Iron mining was a major industry in Bath County from the 1800’s to a peak in the early 1900’s; several furnaces
were constructed (Miller, 1919; McFarlan, 1943; Anderson, 1994). The iron was smelted from oolitic hematite
in Silurian and Devonian carbonate rocks. There is no active iron mining in the quadrangle.

Sandstone has been quarried for local use; there are silica sand deposits in the quadrangle (Anderson and
Dever, 2001), but they are not currently active.

In 2001, limestone suitable for construction aggregate and agricultural products was mined from Ordovician
and Mississippian limestones from seven quarries in Morgan, Carter, and Fleming Counties. The estimated
annual production from all quarries was approximately 3 million tons.

Clay has been an important resource in the eastern part of this quadrangle, and has been mined for more
than 100 years (McGrain and Kendall, 1972). The Olive Hill Clay Bed is both a high-temperature refractory
flint clay and a low-temperature semi-flint clay. The flint clay is kaolinitic, whereas the semi-flint and plastic
clays contain less kaolin and more illitic and mixed-layer clays. The refractory clays are used for a variety
of clay products, including ceramic raw materials and firebrick. Low-refractory clays are used for structural
clay products such as sewer and drain tile, and common brick. The Olive Hill Clay Bed occurs near the base
of the Pennsylvanian Grundy Formation, from the Bangor 7.5-minute quadrangle in the southwest to the
Tygarts Valley 7.5-minute quadrangle in the northeast. Its original resources were estimated at over 150
million tons, but most of the high-grade clay has since been mined (Patterson and Hosterman, 1960, 1962).

Numerous coal beds occur in the quadrangle, but most are less than 14 in. thick and are considered
uneconomic. The lower Broas (not mapped), Mudseam (Peach Orchard coal zone), and Cannel City (Williamson
and Amburgy) coal beds are locally greater than 28 in. thick in southeastern Elliott County (Brant, 1983), and
some have been mined. The total amount of coal mined from the quadrangle is approximately 30 million
tons; peak production was from the late 1970’s through the 1980’s. According to the Kentucky Office of Mine
Safety and Licensing, essentially no coal has been mined in this quadrangle since 1993.

Petroleum Geology

Oil and natural gas have been produced in the quadrangle since the early 1900’s (McGrain and Noger,
1982). More than 1,500 exploratory wells have been drilled in this quadrangle; approximately 200 have shown
natural gas and approximately 500 have shown oil, according to records at the Kentucky Geological Survey.

Oil and natural gas production comes from the stratigraphic section commonly referred to as the “Corniferous”
(a drillers’ term), which includes the Silurian Bisher, Salina, and Lockport Dolomites. Production from the
Ragland, Bluestone, and North Triplett Fields in Rowan County occurs in the Corniferous along a northeast
linear trend where the Corniferous strata are truncated by a major regional angular unconformity at the base
of the Devonian black shales (Meglen and Noger, 1996).

Additional oil has been discovered in the Isonville and Homer Fields in Elliott County. Natural gas production
in the Homer Field is from the Cambrian Rome sands at a depth of approximately 7,500 ft in the Rome
Trough. Other producing strata in the quadrangle include Pennsylvanian sandstones, the Mississippian Weir
sands, the Devonian Ohio and New Albany Shales, the Ordovician High Bridge Group and St. Peter Sandstone,
and the Cambrian-Ordovician Knox Dolomite (McGuire and Howell, 1963; Moody and others, 1988; Harris
and Baranoski, 1997; Humphreys and Watson, 1997).

According to the Kentucky Office of Mine Safety and Licensing—Division of Oil and Gas, oil production
records go back to 1923. Through the mid to late 1920’s production averaged approximately 10,000 barrels
per year. Production peaked in 1957 at 110,000 barrels. Through the 1990’s production averaged approximately
19,000 barrels per year, and in 2003, the latest year for which data are available, production was 13,600
barrels. Cumulative oil production in the quadrangle is estimated to be 4 million barrels, primarily from the
Rowan County fields. Significant commercial quantities of natural gas began to be produced in 1994 from
the Homer Field, and by 2003 the field had produced approximately 2.8 billion cubic feet of natural gas.

GEOLOGIC HAZARDS AND ENGINEERING GEOLOGY

The primary geologic hazards in the quadrangle are soluble limestone and unstable shales. The natural
dissolution of limestone bedrock creates a terrane known as karst. In this quadrangle, karst terrane develops
in Ordovician and Mississippian limestones and produces sinkholes, underground streams, and caves. Carter
Caves State Resort Park in Carter County contains an extensive network of caves and underground streams.

Landslides and slope instability have occurred in areas of steep slope, especially in the shale units of the
Upper Ordovician Kope Formation and Crab Orchard Group. Also susceptible are the Devonian New Albany
and Ohio Shales, as well as the shale and siltstone units of the Mississippian Borden Formation.

Radon contamination is a potential problem in structures built on the Mississippian or Devonian black shales
(Sunbury, Ohio, and New Albany Shales) or localized residual clay beds and phosphate residuum in the
Lexington Limestone. Structural damage to foundations can occur in black shale areas that have an abundance
of pyritic minerals. Expansion, especially in newly exposed shale, occurs when dissolution and oxidation
convert these minerals to sulfates such as gypsum. Swelling caused by mineral growth results in the shales
heaving. Adequate drainage can mitigate these problems. Because these organic-rich shales are a major
source of natural gas, seepage of this gas into foundation structures is another item for concern (John D.
Kiefer, Kentucky Geological Survey, personal communication, 2005).

Earthquakes are also a hazard. The area near Sharpsburg, Bath County, was the site of a magnitude 5.2
earthquake on July 27, 1980. This was the first recorded earthquake in the area, and caused millions of
dollars worth of damage to area homes and businesses.

Maxey Flats

The Maxey Flats Disposal Site is a low-level radioactive waste-disposal site located on a southern promontory
of Maxey Flats ridge in the southeastern corner of the Plummers Landing 7.5-minute quadrangle. The site
encompasses approximately 280 acres owned and maintained by the Commonwealth of Kentucky. Burial
of radioactive waste at Maxey Flats began in May 1963. As of January 1972, more than 1.2 million curies
of byproduct material (material made radioactive by exposure to radiation), 460 Ib of special nuclear material
including plutonium and uranium, and 87,000 Ib of source material including uranium and thorium had been
buried there. Liquid wastes, primarily tritiated water, were accepted from 1963 to 1972. All commercial disposal
operations at Maxey Flats were terminated in 1977.

Exposed rocks are of Mississippian and Late Devonian age, and include, in descending order, the Nancy
and Farmers Members of the Borden Formation; the Sunbury, Bedford, and Ohio Shales; and the upper part
of the Estill Shale of the Crab Orchard Group. All radioactive waste was buried in the shale of the Nancy
Member.

Waste was stored in trenches, which were constructed by excavating soil and rock. After the radioactive
wastes were placed in the trench, soil removed during the excavation was backfilled over the trench, which
was then capped with 3 to 10 ft of crushed shale and compacted clay. Trench caps were then graded,

o

/i

o contoured, and seeded to promote drainage away from the trench (Zehner, 1983).

Cincinnati . Between 1971 and 1983, radiation levels above background were detected outside the trench areas. Source
o 39 materials for these higher radiation levels included tritium and other radionuclides, suggesting that the trenches
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fsen/ Superfund National Priority List in 1986. In 1996, Initial Remediation Phase operations began, and the

. Hunting- R Certification of Completion for the Initial Remediation Phase was issued by the EPA in October 2003.
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