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Introductory Review—Devonian and Mississippian
Black Shale, Eastern North America ‘

By John B. Roen

EARLY DEVELOPMENT HISTORY

The exploration and the development of resources to
satisfy the requirements of society are, by and large, driven
by economic considerations Although geologic questions
regarding those resources are answered by academic curi-
osity, economics provides the impetus to solve such ques-
tions, especially those directly related to profitable exploi-
tation Because of its dark color, significant organic-matter
content, and exploitation possibilities, the black shale of
Devonian and Mississippian age of eastern North America
has attracted interest first as an economic prospect and
subsequently as a geologic problem for well over a century
The study and the exploitation of the shale played an
important role in the development of the Nation’s gas
industry, mn the scientific establishment of the petroleum
source-rock theory, and in the interpretation of the stratig-
raphy of the Devonian System of the Eastern United States

Although the earhest references to the shale were
indirect, they are worth noting from a historical viewpoint
They referred to occurrences of o1l and gas whose source
was later found to be the black shale Between 1627 and
1669, French explorers and missionaries recorded the exist-
ence of o1l and gas springs mn the western part of what 1s
now New York State (Wells, 1963) The Indians of that
region, who used the petroleum from these springs, directed
the explorers to the various locations of hydrocarbon-
yielding springs The knowledge of the o1l and gas occur-
rence remained primarily with the Indians and the French
explorers The lack of economic incentives failed to attract
any attention (Wells, 1963) Preoccupation with the prob-
lems of settlement of the eastern seaboard, of westward
expansion, and of various conflicts, including the French
and Indian and the Revolutionary Wars, precluded resource
exploration and development Consequently, the utilization
and the study of the natural resources were delayed in many
areas until after the Revolution

The late 1700’s and early 1800’s marked the real
beginning of the systematic studies of the rock formations in
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the United States The studies were concentrated on the
application of the Wernenian classification scheme, on
paleontology, and on agricultural uses of limestone (Wells,
1963) It was not untl the westward exploration and
settlement during the 1820’s that interest began to develop
in the Devonian and Mississippian black shale and then only
as the result of the newly emerging coal industry As the
coal industry grew, many entrepreneurs were looking for
sources of marketable fuel, consequently, the black, coal-
hike appearance, organic-matter content, petrohferous
odor, and slightly combustible nature of the black shale
piqued their interest In 1819, David Thomas’ (Wells,
1963, p 31-32, 39) report on the black shales (then called
aluminous schists or clay slates) of western New York
impressed DeWitt Clinton who hoped that shales would
lead to the discovery of coal that would create a need for
transportation and promote the Erie Canal In New York
and other regions of the Appalachian area, the bituminous
nature of the black shales led to expectations of nearby coal
Lapham (1828, p 69) described a black shale found in the
excavation of the Louisville and Shippensport canal and
along the banks of the Ohio River He thought this black
shale of Devonian age correlated with the roof rocks of the
coal bed at Pittsburgh, Pa No coal, however, was found to
be associated with Lapham’s black shale locality In Ten-
nessee, bituminous black shales of Devonian and Missis-
sippian age were found throughout the central and the
eastern parts of the State Here 1t was mistaken for coal,
and considerable exploration and development money was
spent before the error was realized (Troost, 1835, p 6-8)

Early attempts to utihze the black shale as a raw
matenial for carbon in industrial pigment, as an iron and
phosphate ore, and as a source of alum and green vitriol
proved to be very profitable However, the odor and color
led to continued attempts to exploit the shale as a fuel
source

As the economic viability of the shale was investi-
gated during the early 1800’s, the geologic community
began to study the shale itself The shales were recogmzed
as being unique stratigraphic reference units Statewide to
basinwide correlations were suggested by Eaton (1828,
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p 361) and Safford (1869, p 130, 336) Perhaps the most
sigmficant early observation was the recognition of facies
changes m the Devonian rocks in New York by Eaton
(1828, p 155, 361, 367), who included the Devonian black
shales 1in his Third Graywacke, which he considered to be a
marine facies of his Second Graywacke Eaton’s conclu-
sions regarding the facies changes within the Devonmian
rocks across New York were largely 1gnored except by such
staunch advocates of the Wernerian principles as W D
Coneybeare and J D Featherstonhough who were highly
critical of Eaton’s concept (Wells, 1963)

During the 1800’s and early 1900’s, geologic inves-
tigations continued—Amos Eaton, Lardner Vanuxem,
James Hall, John M Clarke, Dana D Luther, and H S
Williams worked primarily in New York, J S Newberry,
Edward Orton, W W Mather, C S Prosser, C R Stauffer,
EM Kindle, and W W Borden studied the outcrop belt
along the flanks of the Cincinnati arch, and Gerard Troost,
J M Safford, C W Hayes, E O Ulrich, R S Bassler, and
JH Swartz concentrated on the southern part of the
Appalachian basin Amadeus W Grabau contributed sig-
nificantly to the knowledge of the stratigraphy and paleon-
tology of the Middle and Upper Devonian black shale and
related rocks in New York, Ohio, and other areas

Almost 100 years (yr) elapsed before geologists made
significant contributions to the facies concept put forth by
Eaton Building on the foundations laid by the aforemen-
tioned individuals and doubtlessly others not mentioned,
Barrell (1912), Chadwick (1924, 1933), Cooper (1930,
1933), and Caster (1934) contributed significantly to
Eaton’s facies concept They presented data that allowed
the construction of a model demonstrating the relation of the
rocks of the Devonian Catskill delta of which the black
shale represented the distal marine facies

Concurrent with the period of increased interest in the
geology of the black shales, these strata were recognized as
an economic source of fuel Gas seeps emanating from
fractures in the shale sequence had long been known These
seeps were capped, and the captured gas was used predom-
mantly for illumination Shallow wells were driven or dug
near the seeps to increase the supply During the late 1820’s
or early 1830’s, the first commercial shale gas well was
drilled by Wilhlam A Hart (Orton, 1899, p 496-497, Ley,
1935, p 1087) near a seep in Canadaway Creek to supply
gas for lighting in the town of Fredomia, N Y The sinking
of this well and the first commercial use of gas initiated the
natural gas industry in the United States The source of gas
for this well at Fredonia was the black Dunkirk Shale
(Torrey, 1935) As demand increased, shale gas develop-
ment spread westward along the southern shore of Lake Erie
from New York across northwestern Pennsylvama and
reached northeastern Ohio 1n the 1870’s (Stout and others,
1935, p 905) From the early 1860’s to the close of the 19th
century, development spread to central and southern Ohio,
southern Indiana, and western Kentucky In the southeast-
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ern part of the Illinois basin in Meade County, western
Kentucky, gas was discovered in the Devonian and Missis-
sippian black shale penetrated during a drlling campaign
from 1863 to 1865 (Orton, 1891, p 171) By the 1920’s,
drilling for shale gas had progressed to various regions of
Indiana, Kentucky, and West Virgimia Exploration spread
to eastern Kentucky, and, i 1920, gas was recovered from
a Boyd County black shale well (Hunter, 1935) By 1926,
the Devonian shale gas production was an established
idustry 1n eastern Kentucky and contiguous West Virginia
According to Ley (1935), the gas fields in these adjoining
States constituted the world’s largest known occurrence of
natural gas

During the early development period from the early
1800’s to the 1930’s, no shale gas production was reported
from the Antrim Shale of the Michigan basin (Newcombe,
1935) Although the Michigan basin was subjected to
exploration and drilling campaigns beginning 1 the late
1800’s, the black Antrim Shale lacked any promising shows
of gas

Through the years since its mitial utilization in the
1820’s at Fredonia, N Y , 1t has become readily apparent
that the only sustained economic use of the black shale has
been as a source of gas Continued geologic research and
exploitation of the shale led to the classification of the shale
as an unconventional source because the source and the
reservoir rocks are the same shale beds Reservoir charac-
teristics of the shale are poor, porosity and permeability
relative to conventional hydrocarbon reservorrs are negligi-
ble Until the 1930’s, no structural control could be defi-
nitely established for the shale gas accumulations 1n eastern
Kentucky A short time later, 1t was recognized that the
production of gas was more dependent on the existence of
naturally occurring fracture systems (Billingsley and Zie-
bold, 1935, Browning, 1935, Lafferty, 1935) than on
accumulation, as expressed by the anticlinal theory in
conjunction with normal reservoir porosity and permeabil-
ity This realization led to the application of downhole
explosive techniques to increase production by creating
fracture porosity both through enhancing the existing frac-
ture system and by inducing new fractures This explosive
technique, or “shooting” as 1t was called, had been patented
by Col E A L Roberts and successfully used i 1866 for
increasing o1l production 1n a well at Titusville, Pa (Vance,
1961, p 593) The technique was applied to open uncased
holes and was not easily controlled 1n lateral directions The
results, however, were relatively good, although extensive
clean-out operations generally were required This tech-
nique continued to be used until the 1950°s when 1t began to
be replaced by the newly developed “hydrafrac” process
This process entails pumping liquids and fracture support-
ing proppants under high pressure nto selectively 1solated
stratigraphic zones for fracture enhancement The technique
1s very successful, and various modifications are still in use



Concurrent with the development of the gas potential
of the Devonian and Mississippian black shale, crude oil
was being produced from many different reservoir rocks
many areas of the Appalachian basin At first, the o1l was
considered to be a nuisance when 1t was produced from
brine wells in Kentucky, Ohio, Pennsylvania, and West
Virginla Later, however, o1l production was developed as
an industry in Pennsylvania at Drake’s well in Titusville
The source rock for this o1l was the leading question, and
Devoman and Mississippian black shale was the answer
Petroleum distilled from the shales in Tennessee (Safford,
1869) and other areas (such as Buena Vista, Ohio) during
the 1850’s (Hoover, 1960) led J S Newberry in 1860
(Orton, 1891, Dott and Reynolds, 1969, Owens, 1975) to
the conclusion that the organic-rich black shale was the
source of the o1l produced 1in Pennsylvania and Ohio When
reporting on his studies of black shales in Ontario, Canada,
an 1861 and 1865, Alexander Winchell concurred with the
“Newberry doctrine,” as did H D Rogers 1n 1865 (Dott and
Reynolds, 1969, Owens, 1975) In 1869, E B Andrews,
one of the first proponents of the anticlinal theory, called
the “Ohio black shale” the source of the o1l in the Appala-
chian area (Owens, 1975)

In the 1940’s, the advent of atomic power suggested
a potential use for the black shale At localities throughout
the world, black shale was found to contamn significant
amounts of uranium The need for domestic supplies of
uranium for atomic use prompted the evaluation of the black
shales that are well exposed 1n Tennessee The results of the
investigation indicated that the shales in Tennessee con-
tained a tremendous quantity of uranium but that 1t was
dispersed in concentrations too low to be exploited at that
time (Conant and Swanson, 1961, p 76) In addition to the
urantum, other utilizations of the shale were considered
(Conant and Swanson, 1961, p 69-70), petroleum, phos-
phate, black pigment, acid, and light-weight aggregate were
of potential value, but only as byproducts of other benefac-
tion processes

The detailed stratigraphic studies of Conant and
Swanson (1961) and the age and the correlation determina-
tions based on the conodont studies of Hass (1956) were
predicated on the foundations established by earlier geolo-
gists, including Campbell (1946), who published an exten-
stve study of the shale stratigraphy of the eastern interior
area The reports of Haas (1957) and Conant and Swanson
(1961) for the Atomic Energy Commission, which were
completed more than 25 yr ago, are still regarded as the
most comprehensive studies of central Tennessee

The early exploitation of the Devoman and Missis-
sipp1an black shale established 1t as a viable energy source
Geologic studies of the shale, which were required for
economic development, resolved various lithostratigraphic
correlations, provided a basis for the origin of petroleum in
establishing the source rock theory, and supplied the geo-
logic data necessary for resource estimation Perhaps most

important was the realization that the wide areal extent and
substantial thickness of black shale contamned a vast
resource of natural gas The shale gas fields, the largest of
which were 1in Kentucky and West Virgima, consistently
produced considerable volumes of gas from shallow depths
for a relatively long period of time By the 1960’s the shale
was an important resource providing energy to the eastern
part of the Umted States

RECENT WORK—EASTERN GAS SHALES
PROJECT

Natural gas reserves in the United States began to
diminish 1n 1968 as demand exceeded the reserves added by
exploration drilling (U S Energy Research and Develop-
ment Administration, 1976) In response to this increasing
demand and decreasing supply, the U S Energy Research
and Development Administration (ERDA). which became
the Department of Energy (DOE) in 1977, mnated a
program to evaluate the Nation’s gas resources The black
shale of Devonian and Mississippian age of the Eastern
United States was determined to contain a vast undeveloped
resource of gas that needed advanced production methods
for recovery As the energy shortage became more readily
apparent in the early to mid-1970 s, the ERDA mitiated the
Eastern Gas Shales Project (EGSP) in 1976 to evaluate the
gas potential and (to enhance gas production from the
Devonian and Mississippian black shale of the Eastern
United States The project was formulated and managed for
the ERDA by the staff of the Morgantown Energy Research
Center (MERC), which became the Morgantown Energy
Technology Center (METC) 1in 1978

The objectives of the EGSP were to provide the gas
industry with accurate resource and production estimates
based on current and future extraction technologies and to
formulate, effect, and test advanced exploration and recov-
ery techniques for the black gas shale The general goals
were to wncrease the production rate of individual wells and
the total recoverable gas reserves of the Appalachian basin
through new and innovative exploration and extraction
methods An important element 1n the strategy to achieve
these goals was to establish and document a geologic
framework that would provide a basis for resource analysis
and shale characterization Under the auspices of the
MERC, various State, Federal, and private industrial orga-
nizations were brought together under cooperative agree-
ments with the EGSP to participate in the research of the
petroleum geology and geochemustry of the black shale in
the Appalachian, the Ilhnois, and the Michigan basins
Because greater shale gas production occurs n areas that
have a higher density of natural fractures, a larger part of
the EGSP’s effort was concentrated 1in the Appalachian
basin In addition, the greater areal extent of the Appala-
chian basin required the cooperation of a larger number of
geologic research groups than did either the Ilhinois or the
Michigan basin -
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Once again, a requirement of society —to have ade-
quate energy independence and security—engendered a
renewed and high level of interest in research to increase the
economic potential of the black shale This renewed interest
followed the central Tennessee black shale uranium studies
by approximately 30 yr Both studies had similar goals and
were sponsored by Federal energy agencies The more
recent EGSP was, by far, the larger and more inclusive
because 1t involved shale studies in three major basins of the
Eastern United States ‘

REGIONAL GEOLOGIC FEATURES

The EGSP studies included all but one of the four
Paleozoic structural basins in eastern North America that
contain the Devonian and Mississippian black shale The
Appalachian, the Michigan, and the Illinois basins are
adjoined along common boundaries defined by low, broad
structural arches The basin not included in the study was
the Black Warrior, which blends without marked structural
discontinmty with the southern extremity of the Appala-
chian basin

The Appalachian 1s a northeast-trending, elongate,
asymmetrical basin that deepens with corresponding thick-
enmng of basin fill to the east It 1s a foreland basin that
developed during the late Proterozoic and Paleozoic and
contains about 50,000 feet (ft) of sedimentary rock ranging
from late Proterozoic to Permian in age The basin 1s a
little greater than 1,000 miles (mi1) in length and extends
from the Adirondack uplhift in the north to the Black Warrior
basin 1n the south Its width, which 1s variable, ranges from
less than 100 m1 in Tennessee to about 300 mi southeast-
ward across Ohio to Virgima The eastern surface limit of
the basin 1s defined by a belt of metamorphic and 1gneous
rocks of the Blue Ridge province that have been thrust
westward over folded and faulted Paleozoic beds of the
Appalachian foreland basin The western margin of the
basin 1s characterized by relatively flat-lying middle Pale-
ozoic rocks that lap onto several broad, positive, structural
elements Along the northwestern border and separating 1t
from the Michigan basin are the Findlay arch, the interven-
ing Chatham sag, and the Algonquin arch The western
border of the southern part of the Appalachian basin 1s
defined by the Nashville dome, the Cumberland saddle, the
Jessamine dome, and the Cincinnati arch West of these
structural features 1s the northwest-trending oval intracra-
tonic Illinois basin, which deepens southeastward toward
the Nashville dome Development of the Illinois basin
began in Cambrian time with the basin fill that ranges from
Cambrian to possibly Permian 1n age There are 14,000 ft of
sedimentary rock in the deep Fairfield subbasin and a
possible 20,000 ft of rock preserved in the Moorman
syncline These deep structural features are part of the
Illino1s basin  Post-Paleozoic rocks 1n the basin include an
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overlap of Mesozoic and Tertiary rocks of the Mississippi
embayment 1n the south and a Pleistocene glacial cover n
the northern part of the basin The western edge of the basin
1s defined by the Pasacola arch, the Ozark dome, and the
Mississippt River arch The northeastern boundary 1s the
Kankakee arch, which separates the Illinois basin from the
Michigan basin to the north The Michigan basin, which 1s
also intracratonic, 1s roughly circular in shape It contains
about 17,000 ft or more of Precambrian through Mesozoic
rocks that are covered by a widespread veneer of Pleisto-
cene glacial deposits

Although the basins have different structural settings,
bordering source areas, and sediment distribution systems,
all three have common characteristics represented by their
basin fill In a broad stratigraphic sense, the sedimentary
rock sequence of the three basins 1s cyclic in nature and
consists of carbonates overlain by organic-rich black shale
that grades nto coarser clastics Specifically, the Devonian
and Mississippian black shale sequence in each basin 1s
underlain by carbonates and overlain by clastics The
general lithologic appearance and bedding characteristics of
the black shale are similar in each basin This lithologic
similarity may be attributed to the nearly 1dentical deposi-
tional environment suggested for the black shale sequence
mn the three basins

However, some compositional differences may be
related to variance 1n the source areas Petrographic exam-
mation ndicates the silt-sized quartz in the Michigan basin
1s polycrystalline (Matthews, this volume) and may reflect
a source 1n the igneous-metamorphic terrane of the Cana-
dian shield source The monocrystalline quartz of the
Appalachian black shale may indicate multicycle detritus
from a predommantly sedimentary source terrane of the
Appalachian Highlands to the east (Broadhead, this
volume)

The total organic-carbon content of the black shale
sequence 1s generally about the same for all three basins It
ranges from less than 1 percent to more than 10 percent by
weight The distribution of organic carbon is not known in
the Michigan basin The Illinois basin, which has a suffi-
cient areal distribution of data, has a random distribution
that shows no obvious trends (Frost, 1980) In the Appala-
chian basin, however, the average organic-carbon content
of the black shale sequence increases westward (Roen,
1984) Vanations in the composition of the black shale
kerogen are indicative of the marine basin depositional
environment and the terrestrial source area contribution
The Michigan (Matthews, this volume) and the Illinois
(Cluff, this volume) basins contain predominantly Type II
kerogen derived primanly from autochthonous marine
planktonic orgamisms The Appalachian black shale, in
addition to the Type II marine planktonic contribution, has
an eastward-increasing amount of Type III kerogen derived
from organic matter of terrestrial plants of the Appalachian
source area to the east This regional vanation among the



three basins suggests that the Appalachian highlands were
an area of prolific plant growth, that the Canadian shield
source areas supplying the Michigan and the Illinois basins
were relatively barren of terrestrial plants, and that the
epeiric seas mundating eastern North America contained
relatively more marine kerogen precursors 1 a westward
direction, which was probably the result of the progressive
reduction of the quantity of terrestrial matenal as the
distance from the eastern source became greater Perhaps
the low, broad arches separating the Michigan and the
Illinois bastns from the Appalachian basin prevented the
continued westward transport of the small amount of
terrestrial plant detritus that reached the western part of the
Appalachian basin

Stratigraphic correlation studies of the black shale
began 1n the mid-1800’s with efforts concentrated on local
areas rather than on regional intrabasin or interbasin studies
Regional data to substantiate long-range correlations within
or between basins were not accumulated until approxi-
mately the 1920’s Begmning at about the same time,
paleontologic data were being utilized to suggest local, as
well as long-range, correlations As the result of studying
conodonts, Haas (1956) suggested regional correlations of
black shale units not only within the Appalachian basin, but
also between that basin and the Illinois and the Michigan
basins Stratigraphic studies and correlations of black shale
units within and between the three eastern Paleozoic basins
advanced sigmficantly as a result of several factors The
downhole gamma-ray logging technique provided a geo-
physical basis for confirming suggested biostratigraphic
correlations and a basis for establishing new correlations In
the mid-1950’s, the gamma-ray log was beginning to have
widespread use 1n the eastern basins, and, by the 1970°s, 1t
provided sufficient regional control for Schwietering (1970,
1979) to propose regional correlations through the subsur-
face of the Appalachian basin The regional stratigraphic
correlations presented in this volume are based, to a great
extent, on the black shale’s response recorded on the
gamma-ray log The recognition of widespread, vertically
restricted key beds and marker zones within the black shale
sequence has advanced the stratigraphic knowledge consid-
erably The marker umts are represented by very thin ash
beds that are distinguished by dark-brown to bronze biotite
flakes and by the small (less than 5-millimeter) oval and
bilobed carbonaceous remains of the plant fossil Foerstia

Three, and perhaps four, ash beds have been recog-
nmized n the black shale sequence of the Eastern United
States These thin, hard-to-recogmize, essentially time-
stratigraphic markers are key stratigraphic beds and, when
used 1n conjunction with other data, were extremely useful
in long-distance subsurface correlations Of these beds,
only the Tioga Ash Bed, which 1s the oldest, 1s known to
occur 1n all three basins In the Appalachian basin, the
Tioga occurs near the base of the black Marcellus Shale of
Middle Devonian age The Tioga and 1ts correlatives 1n the

Illinois and the Michigan basins (Dennison and Textoris,
1977) occur below the lowest black shale, which 1s Late
Devoman 1n age and 1s, therefore, only of value as a marker
unit 1n the black shale sequence of the Appalachian basin
The Belpre Ash Bed, which 1s found near the base of the
Rhinestreet Shale Member of the West Falls Formation (and
equivalent beds), and the Center Hill Ash Bed in the
Dowelltown Member of the Chattanooga Shale (and equiv-
alent beds) are widespread (Collins, 1979, Roen, 1980,
Roen and Hosterman, 1982) and have proven to be useful in
establishing long-range correlations 1n the Appalachian
basin black shale sequence These ash beds are Late
Devomian 1n age Strata of equivalent age occur in the
Illino1s and the Michigan basins, however, these particular
ash beds have not been reported in either of these basins
The possibility of a fourth bed has been reported from the
base of the Huron Member of the Ohio Shale in the
Appalachian basin (Roen, 1980) As yet, this ash bed has
not been reported from either the Illinois or the Michigan
basins

With regard to interbasin, regional correlation, the
Foerstia zone 1s the most significant stratigraphic marker in
the Devonian black shale and related rocks of eastern North
America The classification of Foerstia has been debated
for several years Schopf and Schwietering (1970) sug-
gested that because of 1ts occurrence only 1n marine strata
and 1ts fucoidal resemblance, Foersnia is of algal origin,
however, Gray and Boucot (1979) suggested that, because
of 1ts thalloid appearance, Foerstia has a strong affinity for
a terrestnial origin Recently, Romankiw and others (1988)
have presented results of solid-state carbon-13 nuclear
magnetic resonance (NMR) spectroscopy that provide data
on the chemical structure of the fossil Their data indicate
that the structure of Foerstia has a defimte similarity to that
of coalified wood, which indicates a land plant affinity for
Foerstia

Its terrestrial nature, restricted stratigraphic distribu-
tion (less than 1 to a few tens of feet), and widespread areal
distribution suggest that Foerstia was extremely sensitive to
habitat change and thrived only for a short period of time
To date, Foerstia has been found n black to greenish-gray
silty shale, which indicates that its occurrence was not
controlled by lithologic facies Schopf and Schwietering
(1970) suggested the habitat was the littoral zone, however,
the NMR data suggest a terrestrial ornigin for Foersnia, and
therefore, 1t may have flourished above the littoral zone In
any case, the limited stratigraphic interval indicates that the
conditions for Foerstia growth were temporarily restrictive
and that its growth was mtiated and terminated by a
relatively abrupt change n ecologic conditions

The existence of Foerstia in the Devonmian shales of
the Eastern United States has been known since before the
turn of the 19th century (Schopf and Schwietering, 1970)
Specific localities and stratigraphic positions have been
noted by several authors, including Hasenmueller and
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others (1983) As 1ts value as a stratigraphic marker became
readily apparent through an increasingly large geographic
area, more concerted efforts were made to locate the zone
Matthews (1983) 1dentified the Foerstia zone in core
material from the Antrim Shale in the Michigan basin
Based on the stratigraphic position of the Foerstia zone, the
summary by Hasenmueller and others (1983) indicated that
the Huron Member of the Ohio Shale in the Appalachian
basin correlates with the Clegg Creek Member (Lineback,
1970) of the New Albany Shale in the Illinois basin, the
upper part of the Antrim Shale 1n the Michigan basin, and
the upper part of the Gassaway Member of the Chattanooga
Shale 1n the southern part of the Appalachian basin In the
Kettle Pomnt Formation in Ontario, Canada, Russell (1985)
found the Foerstia zone 1n the Chatham sag between the
Michigan and the Appalachian basins The existence of the
Foerstia zone provides a stratigraphic datum common to the
three basins that affords refinement of the regional stratig-
raphy and establishes a firm basis for paleogeographic
interpretation for the Devoman and Mississippian black
shale of eastern North America

THIS BULLETIN

The reports that resulted from the EGSP and other
independently sponsored studies were numerous and added
a very significant amount of new information to the already
overwhelming volume of literature on the black shale
Because most reports were mterim or administrative, they
are not found 1n formal publications or in readily accessible
repositories The main purpose of this bulletin 1s to com-
bine, under one cover, the results of the selected geologic
framework and petroleum geology studies of the Devonian
and Mississippian black shale In addition, the volume
provides reference to much of the significant literature n
regard to the black shale of eastern North America The
chapters 1 this bulletin deal with the stratigraphy of the
black shale and related rocks, basin analyses, resource
appraisal, and petrologic and geophysical characteristics of
the black shale as it relates to petroleum, structural, and
stratigraphic controls of gas production For mtroductory
summaries regarding the papers 1n this volume, the reader 1s
referred to the table of contents and the authors’ abstracts

The publication of this volume has followed a long
and tortuous route The research for the papers presented
here was carried out at various times from the late 1970’s to
the early 1980°’s The call for papers occurred 1n late 1984,
and the proposal for publication as a Memoir was accepted
in 1985 by the American Association of Petroleum Geolo-
gists (AAPG) Unfortunately, the precipitous economic
decline of the petroleum industry in 1985-86 was reflected
by the AAPG The necessary financial support was not
available for AAPG publication of the Memorr, and, 1n
1986, the project was put 1n abeyance to examine available
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options Efforts by AAPG personnel and the volume editors
to find other finances and a publisher for a large volume
containing many figures and oversize plates were unsuc-
cessful A proposal that the U S Geological Survey publish
the volume was made and accepted, and preparation was
resumed After necessary style changes and revisions were
made, the volume was submuted to the Survey in 1988 and
approved by the Director in 1989 for publication as a
bulletin

Because many of the chapters in this bulletin were
prepared by U S Geological Survey authors, the strati-
graphic nomenclature conforms to the current Survey
usage Chapters authored by geologists not employed by the
Geological Survey have not been reviewed by the Geologic
Names Committee of the Survey Therefore, the strati-
graphic nomenclature and correlations 1n these chapters
may not conform to the current usage followed by the
Survey

DEVONIAN-MISSISSIPPIAN BOUNDARY
REVISION SUBSEQUENT TO THIS BULLETIN

Following the completion and submuttal of the papers
n this volume but before their publication as Bulletin 1909,
Gutschick and Sandberg (1991) presented evidence suggest-
ing that the Devonian-Mississippian boundary should be
elevated within the stratigraphic sequence of the Michigan
basin According to their findings, the Bedford Shale and
the overlying Berea Sandstone and the Ellsworth Shale of
the Michigan basin are Late Devonmian 1n age They indi-
cated that these Upper Devoman units are separated from
the overlying Sunbury and Coldwater Shales, both of Early
Mississippian age, by a hiatus (Gutschick and Sandberg,
1991, fig 2) Accordingly, the Devonian-Mississippian
systemic boundary 1n the Michigan basin may be at the top
of the Berea Sandstone, the top of the Bedford Shale where
the Berea 1s absent, and the top of the Ellsworth Shale
Because the same sequence of rocks or their correlatives are
present in the Appalachian basin and because of Gutschick
and Sandberg’s discussion of fossil evidence pertaining to
that sequence 1n the Appalachian basin, their revision for
the Michigan basin may be applicable to the Appalachian
basin It 1s suggested that their revision be considered in
regard to the appropriate stratigraphic sequences described
n the chapters of this bulletin
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Stratigraphy of Devonian Black Shales and
Associated Rocks in the Appalachian Basin

By Wallace de Witt, Jr., John B. Roen, and Laure G. Wallace

Abstract

Although gas has been produced from Devonian
black shales rich in organic matter in the Appalachian
basin since 1821, the subsurface stratigraphy and the
correlation of the gas-productive rocks were not well
known because criteria were not available to subdivide
the fine-grained rocks of the Devonian shale sequence
However, as the use of gamma-ray wire-line geophysical
logs became widespread in the 1960’s, data became avail-
able for identifying and tracing individual beds of black
shale

Because organic matter in the black shales preferen-
tially absorbed uranium during its transportation and
deposition, the black shales are characterized by strong
positive deflections on gamma-ray logs By comparing
gamma-ray logs from many closely spaced wells and
correlating their conspicuous black shale log signatures
with named stratigraphic umits that crop out on the
periphery of the basin in New York, Pennsylvania, Ohio,
Kentucky, Virgima, West Virginia, and Tennessee, we
established a stratigraphic framework for the Devonian
shale sequence and resolved the relation of black shales in
the New York Devonian section to the Chattanooga Shale
of central Tennessee Previously suggested correlations
based upon conodont zonation were corroborated by the
gamma-ray stratigraphy

We found that the older black shales of the Devo-
man sequence—the Marcellus Shale, the Millboro Shale,
the Geneseo and the Renwick Shale Members of the
Genesee Formation, the Burket Shale Member of the
Harrell Shale, and the Middlesex Shale Member of the
Sonyea Formation—are found mainly in the eastern and
the central parts of the Appalachian Plateaus They are
thickest in the east, thin westward, and do not crop out
along the Cincinnati arch The Rhinestreet Shale Member
of the West Falls Formation and the Dunkirk Shale Mem-
ber of the Perrysburg Formation crop out in western New
York and merge westward into other named units in Ohio
and Tennessee Several of the black shales thin southward
across Ohio and Kentucky to meld into the Chattanooga
Shale in south-central Kentucky and contiguous Tennes-
see The Rhinestreet is a bed in the lower part of the older
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Dowelltown Member of the Chattanooga Shale, whereas
the Huron and the Cleveland Members of the Ohio Shale
and the younger Sunbury Shale merge into the Gassaway
Member of the Chattanooga Shale In southwestern Vir-
gima near Big Stone Gap, the Sunbury conodont fauna
occurs 1n the upper part of the Big Stone Gap Member of
the Chattanooga Shale Data on the extent and the thick-
ness of individual black shales presented here will aid in
exploiting the gas and ol resources of the Devonian shale
sequence In the Appalachian basin

INTRODUCTION

The purpose of this report 1s to 1illustrate and docu-
ment the stratigraphy and the extent of the black gas shales
of Middle and Late Devonian and Early Mississippian age
mn the Appalachian basin by means of a framework of
stratigraphic sections and maps showing the extent of
specific lithostratigiaphic units

The term “gas shales” used herein refers to a
sequence of dark-gray, dark-brown, or black shales rich in
organic detritus, which are source beds and reservoir strata
for large amounts of natural gas in the western and the
central parts of the Appalachian basin They have been
targets for gas well drnllers for more than 160 years (yr)
Despite this long period of exploitation, the stratigraphy of
the gas shales has been delimited only recently in much of
the Appalachian basin as the result of a regional analysis
involving the studies of many geologists (Roen and de Witt,
1984, p 1-2) The term “shale gas” refers to the gas
extracted from the Devonian gas shale sequence

Drilling for Shale Gas

The first well drilled for the purpose of recovering
natural gas was located near a gas seep i the bed of
Canadaway Creek n the village of Fredoma, Chautauqua
County, N Y , 1n 1821 The black Dunkirk Shale Member
of the Perrysburg Formation (Pepper and de Witt, 1951)
was the source bed for the gas, which was used n the
village for heating, cooking, and illumination Residents of
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western New York quickly appreciated the advantages of
natural gas as a fuel superior to wood or coal, and drilling
shallow wells to the Devonian gas shale sequence spread
westward along the southern shore of Lake Ere The
drillers used techniques perfected during, the preceding
decades by the salt well drillers of the Appalachian area
Drnilling activity moved westward, reaching Ene, Pa »about
1840 and Cleveland, Ohio, by 1880 Throughout this shale
gas area, the wells usually were shallow, less than 1,500
feet (ft) deep The settled production per well was compar-
atively low Wells yielding 50,000 cubic feet per day (ft*/d)
were considered to be good domestic wells Gas pressure
was generally low, usually only a few ounces to several tens
of pounds above atmospheric pressure Offsetting these
factors was the long productive yield of the shallow shale
gas wells when properly tubed and maintained Several of
the original shale gas wells near Fredoma produced for
more than 60 yr, and, although they were abandoned about
1885, they were still capable of yielding gas (Ley, 1935, p
950-951) Many of these shallow, low-pressure shale gas
wells were abandoned early in the present century as the
result of improper maintenance rather than of exhaustion of
gas within the Devoman shale sequence 1tself

A more recent and commercially important phase of
Devonian shale gas exploitation began m the 1920’s 1n
eastern Kentucky When several deep exploratory wells
were drilled through the Devonian gas shale sequence to test
the petroleum potential of the subjacent “Corniferous”
limestone, they encountered flows of gas from the shales in
excess of 1 muillion cubic feet per day at normal formation
pressures A shale gas dnlling quickly followed during
which about 10,000 wells were drilled to the gas shale
sequence 1n the Big Sandy area of Floyd, Knott, and Pike
Counties, Ky , and adjacent Lincoln, Logan, and Mingo
Counties, W Va The shale gas wells of the Big Sandy
have several interesting peculiarities characteristic of the
shale gas reservoirs Although a relatively small number of
wells had large unstimulated mitial yields, about 40 percent
of the wells had no indication of gas n the shale sequence
when dnlled (Ray, 1976, p 103), and about 90 percent
required stimulation of the 400- to 800-ft black shale section
by using several tons of gelatinated nitroglycerine before
yielding commercially exploitable volumes of gas (Hunter
and Young, 1953) Commonly, large-volume wells were
closely offset by nonproductive dry wells The distribution
of producing wells 1s random Local structures apparently
had little effect on the localization of gas or dry wells Like
the low-pressure shallow wells along the southern shore of
Lake Erie, the 2,000- to 4,000-ft-deep shale gas wells of the
Big Sandy area yielded gas in volume for 40 to 60 yr before
reaching the limit of economic profitability During their
first few years of productivity, most shale gas wells 1n the
Big Sandy area showed a sharp decrease 1n yield to about 40
percent of the well’s initial flush production, at which time
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the decline curve stabilized and exhibited a very slow rate of
decrease for the following 40 to 60 yr

These and related characteristics led exploration geol-
ogists to conclude, after years of lively debate, that the
black shales were the source of gas in the shale sequence
and that much of thé gas produced during the inmitial
flush-production-phése was contained 1n an extensive net-
work of natural fractures cutting the gas shale sequence
Gas produced during the long period of slowly decreasing
decline came from the shale matrix by slow desorbtion into
the fracture system and was 1n a dynamic equilibrium with
the well’s ability to yield gas at the existing reservoir
pressure They concluded that, to obtain a successful gas
well, the well bore must penetrate the natural fracture
system or be linked to the fracture system by permeable
pathways established by the well-stimulation techniques In
a newly dnilled well that intersects the fracture system, gas
escapes rapidly from the relatively permeable fractures

Eventually, the volume of gas desorbing from the
organic matter 1n the matrix of the shale and moving slowly
through the low permeable shale nto the fracture system
balances the volume of gas passing from the fractures into
the well bore This event 1s indicated by a marked deflection
and flattening of the decline curve After the flow of rock to
the well reaches this steady state, the decline curve shows a
very slow rate of decreasing volume of gas for several
decades As a result of the comphcated relations existing
between source rocks and natural fracture systems 1n the gas
shale sequence, successful exploration geologists require
detailed knowledge of the stratigraphy and the geometry of
the regionally extensive black gas shales and the tectonic
history of the Appalachian basin to select the areas most
favorable for the extraction of gas from the Devonian gas
shale sequence

Literature

The volume of literature discussing the nomenclature
and the stratigraphy of the Devonian black shales 1s large
We do not propose to present even a brief synopsis of the
data here because of space limitations For those interested
in the early history of work on the black shales in the
western part of the basin, Hass (1956, p 23) and Conant
and Swanson (1961, p 16-19) discussed many of the
important papers on the Chattanooga Shale and related
strata Even the contributions of recent years are volumi-
nous Roen and de Witt (1984, p 2-19) presented a
selected annotated bibliography of the recent literature on
the black gas shales, including many stratigraphic papers by
geologists involved 1in the U S Department of Energy’s
Eastern Gas Shales Project (EGSP)



Methods of Study and Presentation of Data

The stratigraphic framework illustrating the relation
of the Devonian gas shales and associated rocks consists of
an nterlocking net of stratigraphic sections across the
western and the central parts of the Appalachian basin (pl
1) The cross sections presented here were based mainly
upon the analysis and the detailed correlation of gamma-ray
logs from many wells drilled for o1l or gas and were
augmented by data from outcrop sections, descriptions of
drill cores, and hand-held scintillometer profiles of selected
outcrops Analysis of conodont faunas corroborated litho-
stratigraphic correlations, particularly in parts of New
York, Ohio, Pennsylvania, and Tennessee

Of the several thousand gamma-ray logs analyzed in
our study, we selected 136 of the best for the stratigraphic
framework In addition to the subsurface gamma-ray logs,
scintillometer traces were prepared for the outcrop sections
(Ettensohn and others, 1979) The logs are 1dentified in the
locality register (see Appendix) and are keyed by number to
the location of stratigraphic sections and wells (pl 1) To
differentiate the Devonian black gas shales from other rocks
of the sequence in a consistent manner, we drew a gray
shale base line along intervals in the gamma-ray logs known
to be predominantly light- to medium-gray shale (fig 1)
Generally speaking, shales contaiming more than 1 5 weight
percent of organic matter are black (N1), grayish black
(N2), dark gray (N3), brownish black (5Y 2/1), or olive
black (5YR2/1) (Color designations are from Goddard and
others (1948))

We arbitrarily designated as “black gas shales™ all
shales whose gamma-ray log traces were greater than 20
American Petroleum Institute (API) units in positive value
above the gray-shale base line on the gamma-ray log trace
(fig 1) We concluded that the 20 API positive deflection of
the gamma-ray curve to the right of the gray shale base line
was a valid response to the amount of radioactive material
in the rock The shale might be dark brown or dark gray, but
if its gamma-ray signature was more than 20 API units to
the right of the gray shale base line, then we classified 1t as
a black gas shale for this study

Whenever possible, we projected named surface
stratigraphic units into the subsurface in concurrence with
other geologists working on the EGSP so that our strati-
graphic framework for the Devonian gas shale sequence
would be based upon existing surface stratigraphy Thus,
geologists who study the gas shales have one or more
well-exposed outcrop sections to examine for the various
types of rock present and characteristics of a particular gas
shale We also accepted other geologists’ applications of
surface nomenclature to subsurface units where our data
corroborated their correlattons Thus, we used the charac-
teristic configuration on gamma-ray traces and other sub-
surface data in combination with well-known and long-
established surface stratigraphy to idenufy and project

Gray~shale base line
/20 APl units above gray-shale base line

Gray shale and silty shale

Siltstone

Gray shale and silty shale

Radioactive black shale

Sandstone

Gray shale

Radioactive black shale

| =—— Gray shale

Radioactive black shale
- | Gray shale

Radioactive black shale

=———">Gray shale

Radioactive black shale

Calcareous shale

Limestone

Figure 1 Comparison of a gamma-ray log and a litho-
graphic log indicating the reactive response to rock
types API, American Petroleum Institute

Iithostratigraphic units throughout their subsurface extent in
the Appalachian basin Where appropriate, we chose to use
stratigraphic units from the New York standard section for
the Devonian rocks in the United States rather than to
introduce new names into the stratigraphic nomenclature
By applying names from known surface exposures, we
demonstrated the correlation of units from widely spaced
outcrops 1n the States along the periphery of the Appala-
chian basin from New York to Tennessee

Many of the names of the units shown in the
accompanying lithostratigraphic cross sections have been
used for many years by the US Geological Suivey
However, their usage generally has been restricted in areal
extent to the vicinity of outcropping strata because a lack of
data precluded tracing these units nto the subsurface In our
basinwide study, we greatly extended the range of many
units by using gamma-ray log correlations In addition to
correlating and mapping the subsurface extent of these
regionally extensive black gas shales, we identified and
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correlated a number of named stratigraphic units in the
sequences of gray shale, mudrock, siltstone, sandstone, and
limestone 1ntercalated in the Devomian gas shale sequence

We show, by map and cross section, the subsurface extent
of these lithostratigraphic units Some of the unmits shown
are of limited extent and may be of interest only to local
stratigraphers, whereas other units have great lateral extent
and are key units for regional correlation We do not have
sufficient data to show the eastern limit or boundary of
some of the finer grained units 1n the gas shale sequence

These areas of sparse data are indicated on the maps by the
phrase “Eastern limit not mapped ”

On plate 1, we show by structure contours the
elevation of the base of the Devonian gas shale sequence 1n
the western part of the Applachian basin from New York to
the Kentucky-Tennessee State line Throughout this area,
the sequence rests upon the Onondaga Limestone in New
York and the near temporal equivalent Huntersville Chert or
Wildcat Valley Sandstone to the southwest We also show
an approximate drilling depth to the base of the sequence
An approximate depth to the base of the sequence may be
obtained from locations within the study area by subtracting
the drilling depth for a specific site from its surface
elevation Because the 1sopach lines showing the interval
from the surface to the base of the sequence were developed
from mathematically smoothed elevation data for topo-
graphic quadrangle maps throughout the Appalachian basin
(Dimont and Urban, 1981), the dnlling depths are only
approximate

The 1sopach maps accompanying our report show the
net thickness, 1n feet, of radioactive black shale within the
total Middle and Upper Devonian sequence (fig 2) and, in
specific, named formations and members 1n the sequence
The 1sopachs were compiled partly from our subsurface
work and partly from statewide 1sopachs produced by State
agencies working on the EGSP Because the tops of
individual black shale units are generally gradational into
the overlying lighter gray shale, the top of a black shale
cannot be delineated with any umiformity by geologists
working 1n different parts of the basin In contrast, the basal
contact of the major black shale umts 1s sharp and well
defined Consequently, from the base of one black shale to
the base of a stratigraphically younger black shale provides
a convenient sequence for study, and the interval often
corresponds to a defined formation For consistency, we
measured the net thickness of radioactive black shale at 20
or more API units above the gray shale base line for each of
the defined formations 1 the gas shale sequence Inasmuch
as thickness measurements obtamned from different sources
of subsurface data, such as wire-line geophysical logs, dnll
cuttings, sample studies, core drill records, or driller’s logs,
may vary considerably for each well studied, we restricted
our 1sopach data base almost entirely to gamma-ray logs

Throughout much of the western and the central parts
of the Appalachian basin, the 20 API criteria are applicable,
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however, 1t cannot be applied with assurance 1n the eastern
part of the basin In the eastern part of the study area, the
dark Upper Devonian shales lose the characteristic positive
gamma-ray deflection 1n relation to contiguous lighter gray
shales, which effectively precludes delineation and meas-
urement of the thickness of the Upper Devonian gas shales
there The lack of a sigmificant response on the gamma-ray
log 1s probably caused by an eastward-increasing dilution of
the shale by nonorganic detritus The Middle Devonian
Marcellus Shale, however, shows a strong positive deflec-
tion much farther to the east than the Upper Devonian black
shales This suggests that the vaniables affecting the log
response of the younger black gas shales were largely
moperative within the presently preserved part of the
Marcellus depositional basin

Although the 1sopachs of the black gas shales are
based upon the gamma-ray log response, which 1s depend-
ent upon several variable factors, we believe the gamma-ray
curve gives a reasonable approximation of the thickness and
1s more conservative than a determination of the black shale
thickness by visual inspection (Wallace and de Witt, 1975)
and considerably less conservative than isopachs based
upon a 2-percent mmmmum of organic matter by volume
(Schmoker, 1980, p 2157) Several factors support this
conclusion The eye tends to see shales darker than their
contained organic carbon and does not appear to be able to
differentiate readily the color values of shales that contain
more than about 2 weight percent of organic carbon
(Hosterman and Whitlow, 1983, p 6-7) Consequently, a
black shale of 15-weight-percent organtc carbon that 1s from
the western part of the basin and that has a strong positive
deflection on the gamma-ray log looks much like a black
shale of a scant 2-weight-percent organic carbon that 1s
found 1n the east-central part of the basin and that lacks the
positive gamma-ray response The 15-weight-percent
organic-carbon black shale 1s a good gas shale, whereas the
2-weight-percent organic-carbon black shale may not pro-
duce sufficient gas to be classed as a gas shale

Middle and Upper Devomian and Lower Mississip-
p1an gas shales were deposited as prodelta basinal black
muds mn an anoxic environment on the bottom of an
eprcontinental sea peripheral to the Catskill delta complex
The Catskill delta, which 1s a massive regressive deposit
composed of mud, silt, sand, and pebbles from eastern
source areas, filled much of the Appalachian foreland
trough and spread westward on to the contiguous cratonic
platform Although regressive clastic strata dominated
much of the central Appalachians during the Middle and the
Late Devonian, seven extensive transgressive sheets of
black mud spread eastward and interfingered with the
lighter sediments of the Catskill deltaic sequence In con-
trast, in the sediment-deprived western and southwestern
parts of the basin, a thin sheet of black mud and some
subordinate beds of gray or greenish-gray mud accumulated
i a quiet anoxic marine environment The black muds
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upon lithification and diagenesis became the Devoman
black gas shales

The gas shales crop out at many places (fig 3) along
the periphery of the Appalachian basin Because the basin 1s
asymmetric and has a steeply dipping faulted and locally
overturned eastern flank, the gas shales dip gently into the
basin from the north, the west, and the southwest under the
Appalachian Plateaus In contrast, the shales are steeply
dipping —vertical to shghtly overturned in outcrops along
the Allegheny front on the eastern side of the Plateaus The
Marcellus Shale, which 1s the basal black shale of the gas
shale seqence, dips from outcrops of more than 1,000 ft
above sea level 1n east-central New York to more than
7,000 ft below sea level at several places adjacent to the
Allegheny front in Pennsylvama The structural relief of the
Marcellus 1s more than 8,000 ft In contrast, the structural
relief on the Cleveland Member of the Ohio Shale, which 1s
an upper member 1n the gas shale sequence, 1s about 3,500
ft
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STRATIGRAPHY

As stated n the section “Methods of Study and
Presentation of Data,” we have based our subsurface
stratigraphic nomenclature on the standard reference sectton
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for the Devonian System in New York. We have done this
for the following reasons: the surface stratigraphy is well
defined, the outcrops show a cross section of the Catskill
delta sequence from basinal shales in the west to correlative
terrestrial sandstones and conglomerates in the east, and the
transgressive or regressive nature of individual stratigraphic
units is well documented.

When we complete our description of the youngest
regionally extensive Devonian black shale in the New York
reference section, we shift from New York to outcrops of
Devonian and Mississippian rocks in Ohio along the eastern
flank of the Cincinnati arch where younger rocks are
exposed (fig. 3). We discuss the correlation of units there
and to the south along the arch to south-central Tennessee.
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Although they are not strictly within the area of our study,
we also discuss the correlation of black shale units in parts
of the Valley and Ridge province from central Pennsylvania
to southwestern Virginia and contiguous Tennessee.

Our paramount intent is to discuss and document the
stratigraphy of the black shales; however, we deem it
necessary to refer briefly to the lighter colored rocks that are
interleaved with the black shales and that make up a
considerable part of the total Devonian shale sequence in
the east. We show, by map and cross section, the subsur-
face extent of many of these lighter units and briefly
describe their relation to the black gas shales to enhance our
delineation and documentation of the regional stratigraphic
framework of the Devonian gas shale sequence.
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HAMILTON GROUP

Rocks of the Middle Devonian Hamilton Group
(Vanuxem, 1840), which are typically exposed in central
New York, are the oldest strata of the Devonian gas shale
sequence They consist of black and dark-gray shale in the
lower part and lighter gray shale and mudrock 1n the upper
part The group overlies the Onondaga Limestone The
Hamilton Group (pls 2-8) 1s subdivided in ascending
stratigraphic order into the Marcellus, the Skaneateles, the
Ludlowville, and the Moscow Shales The group 1s subdi-
vided by several thin, but extensive, fossiliferous lime-
stones that crop out at many localities across New York
Each formation can be subdivided further into several
members by using lithologic and paleontologic criteria

Marcellus Shale

The black Marcellus Shale (Hall, 1839, p 289),
which 1s the oldest of the regionally extensive black gas
shales (fig 4), 1s typically exposed in New York, where 1t
has been subdivided into several members (Oliver and

Stratigraphy of Devonian Black Shales and Associated Rocks in the Appalachian Basin

others, 1969) It crops out 1n the Valley and Ridge from
southeastern New York to northern West Virginia The
Marcellus or 1ts partial equivalent, the Millboro Shale, 1s
present in the subsurface (fig 5) in New York, Pennsylva-
nia, Ohio, western Maryland, Virginia, West Virginia, and
northeastern Tennessee (pls 2-8) Throughout most of its
extent, the Marcellus consists of “sooty” black shale and a
few beds of medium-gray shale and limestone nodules or
beds of dark gray to black limestone The Marcellus, which
1s about 1,000 ft thick in central Pennsylvania, thins to the
north, the west, and the south and feathers out of the
sequence 1n the subsurface of eastern Ohio, western West
Virgima, and southwestern Virginia Rickard (1984, p
828) suggested that the Marcellus Shale may be separated
from the older Seneca Member of the Onondaga Limestone
and the equivalent Delaware L'mestone by a disconformity
in western Pennsylvania and Ohio Throughout 1ts extent in
the basin, the Marcellus makes a strong positive deflection
on gamma-ray log curves, which facilitates its identification
and correlation 1n the central and the eastern parts of the
area The deflection 15 most conspicuous where the Mar-
cellus lies directly upon carbonate rocks
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The net thickness of radioactive black shale in the
Hamilton Group (fig. 6), which is dominantly the Marcellus
Shale but locally includes some black Skaneateles Shale,
exceeds 250 ft in eastern Bradford County, Pa., and
contiguous northeastern Tioga County, N.Y. Small areas
that are more than 100 ft thick are present in Somerset
County, Pa., and Garrett County, Md. A similar local area
that has more than 100 ft of radioactive Marcellus Shale lies
in northeastern Monroe County, Ohio. The radioactive
black shales thin to a featheredge to the south and the west.
Locally in eastern New York and east-central Pennsylvania,
some beds of sandstone are intercalated in the Marcellus,
presumably closer to the source of coarser grained clastic
detritus.
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Cherry Valley Limestone Member

A laterally persistent bed of limestone within the
Marcellus Shale, the Cherry Valley Limestone Member
(Clarke, 1903, p. 26), was named for exposures near
Cherry Valley, Otsego County, N.Y. It is an extensive unit
in the subsurface of New York, Pennsylvania, and West
Virginia (fig. 7; pl. 4, Nos. 64-78).

Purcell Limestone Member

The Marcellus Shale in central Pennsylvania contains
the Purcell Limestone Member (Cate, 1963, p. 232), which
is composed of a gray silty shale and mudrock, as well as
some beds of siltstone, an abundance of limestone nodules,
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and a scattering of barite nodules about 1 to 2 inches (in.) in
diameter (pl. 4). The Purcell extends into the subsurface of
Pennsylvania, Maryland, and West Virginia (fig. 8; pl. 4,
Nos. 64-75).

Tioga Ash Bed

The Tioga Ash Bed (Ebright and others, 1949, p. 10)
is present at the base of the Marcellus Shale in many
outcrops in the Valley and Ridge province and in the
subsurface in much of the northern part of the Appalachian
basin. Originally, geologists believed that the Tioga was a
single ash fall or possibly several closely spaced beds in a
section only 1 or 2 ft thick. Rickard (1984, p. 822),
however, showed that the name “Tioga™ had been applied to
at least three discrete ash falls that locally coalesce. Else-
where, they occur in the upper part and at the top of the
Onondaga Limestone. The uppermost unit of the Tioga

occupies the stratigraphic postion originally assigned to the
Tioga by C.R. Fettke (Ebright and others, 1949). Used with
care, the Tioga beds are excellent units for regional corre-
lation.

Skaneateles Shale

The Skaneateles Shale (Vanuxem, 1840), which
overlies the Marcellus Shale, consists mostly of dark- to
medium-gray fossiliferous shale and mudrock. The Ska-
neateles Shale extends into the subsurface of eastern Ohio
and north-central West Virginia (fig. 9; pl. 2, Nos. 14-15;
pl. 3, Nos. 42-55, 27) before its identity is lost in a thick
sequence of dark-gray rocks of the Hamilton Group. In part
of its western extent, mainly in the subsurface of southwest-
ern New York, northwestern Pennsylvania, and northeast-
ern Ohio, the Skaneateles Shale contains a black shale
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facies that resembles the Marcellus Shale, for which it can
be easily mistaken. The net thickness of radioactive black
shale in the Hamilton Group includes the beds of black
shale in the Skaneateles. In northern Ohio, along Lake Erie,
the Plum Brook Shale (Cooper, 1941, p. 181) is a western
correlative of the Skaneateles Shale. Both units include
abundantly fossiliferous gray shales. To the south in central
Ohio, the lower gray shale part of the Olentangy Shale
(Winchell, 1874, p. 287; Tillman, 1970, p. 206) also forms
a part of the sheet of Skaneateles Shale. In the subsurface of
Ohio, the Skaneateles grades westward into either the Plum
Brook Shale or the lower part of the Olentangy Shale.
The stratigraphic relation of the Olentangy Shale to contig-
uous units is complicated by the presence of the Middle
Devonian unconformity within the shale. The stratigraphy
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of the Olentangy is discussed in the section on the Hanover
Shale Member of the Java Formation.

Stafford Limestone Member

Marking the base of the Skaneateles Shale is the
relatively thin, but extensive, Stafford Limestone Member
(Clarke, 1894). The unit may be identified in the subsurface
as far southwest as north-central West Virginia and south-
eastern Ohio (fig. 10; pl. 5). Throughout its extent, the
Stafford Limestone Member serves to separate the Marcel-
lus Shale from the overlying Skaneateles. The presence of
the Stafford as a marker unit is particularly important in
the western part of the basin where the Skaneateles becomes
a dark-grayish-black facies that is very similar to the
Marcellus.
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Ludlowville Shale

The Ludlowville Shale (Hall, 1839), which crops out
in western and central New York, consists of dark shale in
the lower part and lighter gray shale and mudrock in the
upper part. In the subsurface, the Ludlowville is a recog-
nizable unit westward from New York into northeastern
Ohio (pl. 2, Nos. 16-30) and southward into extreme
western Maryland and adjacent West Virginia (fig. 11; pl.
3, Nos. 37-55, 27). Locally in northwestern Pennsylvania,
the Ludlowville is a dark-gray limestone as much as 80 ft
thick including its basal member, the Centerfield Limestone
Member. In the central part of the basin, particularly near
the eroded upper edge of the Hamilton Group, several of the
thin limestone key beds feather out, and, in their absence,
the Ludlowville cannot be separated from other formations

in the group. The massive gray shale is treated as the
undivided composite of several shales; for example, the
Moscow and the Ludlowville undivided (pl. 3, Nos.
42-46).

Centerfield Limestone Member

The Centerfield Limestone Member (Clarke, 1903) is
the extensive basal member of the Ludlowville Shale. The
fossiliferous limestone is rarely more than 20 ft thick in the
subsurface of western Maryland, western New York, west-
ern Pennsylvania, eastern Ohio, and northeastern West
Virginia (fig. 12; pl. 2, Nos. 22-30; pl. 4, Nos. 64-78).

In north-central Ohio, a Centerfield correlative, the
Prout Limestone (Stauffer, 1907, p. 592), overlies the Plum
Brook Shale and underlies Upper Devonian black shale. A

Stratigraphy of Devonian Black Shales and Associated Rocks in the Appalachian Basin B11
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Shale.

considerable hiatus separates the Prout from the overlying
black shale.

Moscow Shale

The Moscow Shale (Hall, 1839), which is the young-
est unit of the Hamilton Group, is composed largely of
medium-gray calcareous mudrock and shale in western New
York. It is a recognizable subsurface unit westward into
western Pennsylvania and southward into western Maryland
and contiguous West Virginia (fig. 13; pl. 7, Nos. 92-93,
43,94, 67, 95). In southwestern Pennsylvania and adjacent
West Virginia, the limestone at the base of the Moscow is
absent, and the Moscow and the Ludlowville cannot be
recognized as discrete units. They are combined as the

B12

Moscow and Ludlowville undivided (pl. 7, Nos. 43, 93).
The Moscow contains several extensive beds of fossilifer-
ous limestone in the lower part.

Tichenor Limestone Member, Menteth Limestone Member,
and Portland Point Limestone Member

The Tichenor Limestone Member (Clarke and
Luther, 1904, p. 32; Cooper, 1930; Baird, 1979) is the
basal member of the Moscow Shale in the subsurface of
western Pennsylvania and western New York (fig. 14; pl. 4,
Nos. 66-78; pl. 5, Nos. 83, 77). Baird (1979) showed that
the Tichenor grades laterally into the lower tongue of the
Portland Point Limestone Member of the Moscow Shale
(Cooper, 1930, p. 218; pl. 4, Nos. 75-76) north of Ithaca,

Petroleum Geology of the Black Shale of Eastern North America



}l‘» Eastern‘limit \)\ |«
. not mapped » \: .
4‘ VANIA % < |
| ( |
J | l 3 ‘V
l OHIO ’ l L
| |
N ——
l / i '
oo | : !
_’/. “h,) ,,/ \ ~. ‘
(o~ ‘ ! |
1 B ' |
| ’r |
I8 _‘( | ‘
1 |
] 1
| \
(‘ KENTUCKY
et S
| —_— =
3 £ ! [
7 TENNESSEF 7 7 .
/ L ~.7 NORTH CAROLINA
S | ~
\_/L S S I (» EXPLANATION
! |

|
j | ALABAMA ’ \ .
= { _ GEORGIA

i
. SOUTH CAROLINA
-

Skaneateles Shale

0 100

200 MILES
L | |

Figure 10. Areal extent of the Stafford Limestone Member of the Skaneateles Shale.

Tompkins County, N.Y. Thus, the Portland Point becomes
the basal member of the Moscow Shale at and east of the
member’s type exposure north of Ithaca on the eastern side
of Cayuga Lake. In northwestern Pennsylvania, the
Tichenor grades into the top of a massive unit of limestone
about 80 ft thick, which well drillers consistently identify as
Tully Limestone. We believe that the drillers” “Tully”
represents the Centerfield-through-Tichenor interval and
not the younger Tully Limestone. Our assumption agrees
well with the findings of Wright (1973), who assigned this
thick limestone to the Tichenor and older beds. Samples
from the upper part of the drillers’ “Tully” in the core from
Monsanto Research Corp. No. 3 EGSP well at Presque Isle
State Park, Erie County, Pa., yielded conodonts, predom-
inantly elements of Polygnathus linguiformis linguiformis,
a smaller number of P. varcus, and Tortodus intermedius;,

Anita Harris (U.S. Geological Survey, written commun.,
1980) stated, “In terms of the central New York section,
these conodonts represent a stratigraphic interval below the
Tully Limestone and above the Cherry Valley Limestone
Member of the Marcellus Formation.” These paleontologic
data support assignment of Tichenor age and older for rocks
previously thought to be of Tully age in northwestern
Pennsylvania.

Baird (1979) showed that the Menteth Limestone
Member of the Moscow Shale is separated from the older
Tichenor locally by as much as 60 ft of the dark Deep Run
Shale Member of the Moscow Shale (Cooper, 1930, p. 219)
in outcrop in west-central New York (pl. 5, Nos. 82-83).
The shale thins to the east where the Menteth grades into the
upper tongue of the Portland Point Limestone Member of
the Moscow Shale. The Deep Run Shale Member also thins

Stratigraphy of Devonian Black Shales and Associated Rocks in the Appalachian Basin B13
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to the west, and the Menteth lies on and merges with the top
of the Tichenor Limestone Member of the Moscow Shale.
The Menteth can be recognized in the subsurface across
western Pennsylvania into extreme western Maryland (fig.
15). It is not as extensive as the older Tichenor.

Correlations of Units in the Hamilton Group

The Skaneateles, the Ludlowville, and the Moscow
Shales grade southward into the Mahantango Formation
(Willard, 1935, p. 205) in central and eastern Pennsylvania.
The formation is composed of fossiliferous gray shale,
siltstone, and sandstone. The Mahantango, which is more
than 2,000 ft thick in eastern Pennsylvania, thins westward
to less than 100 ft in northeastern Ohio and changes facies
to a dark-gray shaley mudrock.

In surface sections in central Virginia and adjacent
West Virginia, the Marcellus Shale and the overlying
Mahantango Formation merge into about 1,000 ft of black
shale, which Butts (1940, p. 308-317) named the Millboro
Shale for exposures near Millboro Springs, Bath County,
Va. (fig. 5). Although it is not within our study area, we
believe that data on the Millboro Shale are important in any
discussion of the Devonian shale sequence. Apparently, the
Millboro represents a coalescence of the Marcellus, a black
shale and mudrock facies of the Mahantango of Pennsylva-
nia, and the overlying black Burket Shale Member of the
Harrell Shale (fig. 16; see section “Relation of the Genesee
Formation to the Burket Shale Member of the Harrell
Shale”; Butts, 1918, p. 523). The constituent units in the
Millboro cannot be identified visually, although paleonto-
logic data show a Marcellus fauna in the lower part of the
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Figure 12. Areal extent of the Centerfield Limestone Member of the Ludlowville Shale.

Millboro and a Burket fauna in the upper part; for example,
to the northwest in Monongalia County, W. Va., the
Marcellus and the Burket cannot be visually distinguished
in the 385-ft black shale and mudrock section in DOE’s
MERC No. 1 test well. However, 123 ft of the Marcellus at
the base of the sequence and 45 ft of the Burket at the top
are clearly shown by their gamma-ray signatures (Schwiet-
ering and others, 1978, fig. 1).

TULLY LIMESTONE

The Tully Limestone (Vanuxem, 1839) is a dark-gray
to black, cobbly weathering, fossiliferous limestone that
overlies the Hamilton Group in central New York, where it
is typically exposed. The Tully is present in outcrops in

Pennsylvania and West Virginia (pl. 4, Nos. 63-78). It has
long been a key unit for well drillers. In the subsurface, the
Tully extends southwest from the New York outcrops to
southeastern Ohio and north-central West Virginia (fig. 17).
It attains a maximum thickness of more than 200 ft in
Lycoming County in north-central Pennsylvania (Heckel,
1973, fig. 14) and thins to a featheredge that has a fringe of
limestone nodules on the periphery of the formation.

Middle Devonian Unconformity

A late Middle Devonian unconformity (fig. 4) in the
central and the western parts of the Appalachian basin had
considerable effect on the position and the extent of several
of the black gas shales. East of Canandaigua Lake in eastern

Stratigraphy of Devonian Black Shales and Associated Rocks in the Appalachian Basin B15
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Ontario County, N.Y., a small hiatus is present between the
Tully Limestone and the basal Genesee Formation. West
and southwest of the lake, the hiatus increases in scope as
older rocks underlie the unconformity and as progressively
younger Upper Devonian rocks overstep westward above
the unconformity. Thus, in north-central Ohio, middle
Upper Devonian shale rests upon lower Middle Devonian
shale. Southward, the hiatus is greater; Upper Devonian
black shale rests upon Middle Silurian rocks in central
Kentucky, whereas Upper Devonian black shale rests upon
Upper Ordovician shale and limestone in central Tennessee.
The presence of the unconformity explains the restriction of
the lower Upper Devonian gas shales to the eastern part of
the study area. In contrast, the regressive silts and sands
filled the eastern part of the basin during the latter one-half

B16

of the Late Devonian and confined the black gas shales
largely to its western and southern parts.

GENESEE FORMATION

From western New York to central West Virginia (pl.
3, Nos. 27-39; pl. 4, Nos. 62-78; pl. 5), the Genesee
Formation (Vanuxem, 1842; de Witt and Colton, 1959, p.
2815), which overlies the Tully Limestone, consists largely
of black and dark-gray shales and mudrock and some beds
of medium-gray shale, many calcareous nodules, several
beds of limestone, and a scattering of beds of siltstone. In
ascending stratigraphic order, the formation is subdivided
into the following members—the Geneseo Shale, the Lodi

Petroleum Geology of the Black Shale of Eastern North America
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Limestone, the Penn Yan Shale, the Renwick Shale, the
Genundewa Limestone, and the West River Shale. To the
east, near Seneca [ake, several of the shaly members grade
into eastward-thickening units of thick-bedded siltstone and
sandstone —the Sherburne Flagstone Member (de Witt and
Colton, 1959), the Ithaca Member (de Witt and Colton,
1959), and the Crosby Sandstone of Torrey and others
(1932). The stratigraphy of these coarser grained units is not
included in our discussion of the gas shale sequence.

Geneseo Shale Member

The Geneseo Shale Member of the Genesee Forma-
tion (Chadwick, 1920, p. 118; de Witt and Colton, 1959, p.
2815), which crops out in central and western New York, is

Stratigraphy of Devonian Black Shales and Associated Rocks in the Appalachian Basin

the next younger black gas shale above the Marcellus Shale.
The member is composed largely of grayish-black,
brownish-black, and black shales and some layers of
dark-gray siltstone, a few beds of nodular brownish-black
limestone, and some limestone septarian nodules as much
as 4 ft in diameter. The Geneseo Shale Member is a
recognizable member of the Genesee Formation from south-
central New York to southwestern Pennsylvania (fig. 18).
In outcrop, the Geneseo is 130 ft thick near the southern end
of Cayuga Lake (de Witt and Colton, 1978). It thins to the
east and grades laterally into an eastward-thickening
sequence of gray shale, siltstone, and sandstone in eastern
New York. The Geneseo thins westward to 44 ft in the
reference section at Menteth Gully on the western side of
Canandaigua Lake and to a featheredge in Erie County in

B17
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Limestone Member of the Moscow Shale.

western New York (pl. 5, Nos. 79-80). The Geneseo thins
to the southwest across Pennsylvania. The gray shale above
the Penn Yan Shale Member also thins, which permits the
younger black Renwick Shale Member to coalesce with the
Geneseo. Because data are not present to separate the two
black shales, the unit in southwestern Pennsylvania and
contiguous parts of Maryland, Ohio, and West Virginia is
shown (fig. 18) as the undivided Geneseo and Renwick
Shale Members of the Genesee Formation.

In Cayuga County east of Cayuga Lake, the Geneseo
interfingers with the subjacent Tully Limestone in a lentic-
ular zone, which is as much as 15 ft thick and is composed
of brownish-black shale intercalated with lenticular nodular
beds of argillaceous brownish-black limestone. To the west,
the Geneseo lies unconformably upon the Tully Limestone.
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West of Canandaigua Lake, the Tully feathers out of the
section, and the Geneseo lies on gray Moscow Shale.
Recently, Kirchgasser and others (1985, p. 242-254)
placed the Geneseo Shale Member in the Middle Devonian
on the basis of its fauna. The Middle-Upper Devonian
boundary lies in the basal part of the overlying Penn Yan
Shale Member. The Penn Yan and younger members of the
Genesee Formation are of Late Devonian age.

The net thickness of radioactive black shale in the
Genesee Formation exceeds 125 ft in southern Steuben
County adjacent to the New York State line. Presumably,
most of this black shale is the Geneseo Shale Member. The
radioactive black shale thins to the south and the southwest
where data are sparse and the Geneseo Shale Member thins
to a featheredge (fig. 19).

Petroleum Geology of the Black Shale of Eastern North America
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York to the Millboro Shale of western Virginia. No hori-
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Lodi Limestone Member

In outcrop along Seneca Lake in the vicinity of Lodi,
Seneca County, N.Y., the Lodi Limestone Member
(Clarke, 1895, p. 101) consists of a closely spaced set of
large discoidal limestone nodules intercalated in a bed of
dark-gray fossiliferous calcareous siltstone overlying the
Geneseo Shale Member. Locally, the nodules coalesce to
form a lumpy-surfaced bed of black argillaceous limestone
about 6 in. thick. The fauna of the Lodi Limestone is
distinctive and has been identified in outcrop as far west as
eastern Erie County, N.Y. (Kirchgasser, 1985, p. 229),
although the Lodi is represented there by a single layer of
sparse nodules. The Lodi appears to increase in thickness to
the southwest of Seneca Lake, N.Y., and is a good unit for
local correlation at the top of the Geneseo Shale Member in
Allegany and Steuben Counties (fig. 20; pl. 5, Nos. 79-83).

Penn Yan Shale Member, Genundewa Limestone
Member, and West River Shale Member

In ascending stratigraphic order, the gray shale
sequence above the Geneseo Shale Member of the Genesee
Formation west of Canandaigua Lake in western New York
is the Penn Yan Shale Member, the Genundewa Limestone
Member, and the West River Shale Member (de Witt and
Colton, 1959, p. 2815). There, the boundary between the
Middle and the Upper Devonian lies within the lower part of
the Penn Yan Shale Member of the Genesee Formation. The
Penn Yan and the West River Shale Members consist
mainly of dark- to medium-gray shale or mudrock and some

beds of black shale, a profusion of limestone nodules, and
a few thin beds of dark-gray siltstone. The Genundewa
Limestone Member (Clarke and Luther, 1904; de Witt and
Colton, 1959, p. 2818) is an irregular- to flaggy-bedded
limestone composed largely of the shells of the minute
pteropod Styliolina fissurella. The Genundewa is a local
unit (fig. 21; pl. 2, Nos. 27-30; pl. 3, Nos. 27, 55; pl. 5).
The Penn Yan (fig. 22; Grossman, 1944, p. 6465; de
Witt and Colton, 1959, p. 2818) and the West River (fig.
23; Clarke and Luther, 1904; de Witt and Colton, 1959, p.
2819) Members are recognizable units in the subsurface (pl.
4, Nos. 70-78; pl. 5). The West River Member (fig. 23)
oversteps the Penn Yan Member (fig. 22; pl. 4, Nos.
69-70) to the southwest along the Middle Devonian uncon-
formity and is present in southwestern Pennsylvania and
central West Virginia (pl. 6, Nos. 61-69). East of Canan-
daigua Lake, the Penn Yan and the West River grade
laterally into coarser grained units, the Sherburne Flagstone
Member and the Ithaca Member of the Genesee Formation
(de Witt and Colton, 1959). These units are shown in the
stratigraphic sections but are not discussed in detail.

Renwick Shale Member

The Renwick Shale Member of the Genesee Forma-
tion (de Witt and Colton, 1959, p. 2821) is a thin and
somewhat less extensive black shale than the Geneseo Shale
Member and occurs about 280 to 310 ft above the top of the
Geneseo near Ithaca, Tompkins County, N.Y. The Ren-
wick Shale Member consists of grayish-black shale that
grades vertically into very dark olive gray shale. It com-
monly contains an abundance of scour channels a few
inches to several feet thick filled by medium-gray siltstone.
The Renwick is 36 ft thick at the type section on Renwick
Brook north of Ithaca and grades laterally into a sequence of
fossiliferous medium- to dark-gray shale and siltstone in
eastern Cayuga County, N.Y., south of Skaneateles Lake.
The Renwick thins west of Ithaca, where it intertongues
with the Penn Yan Shale Member. It has been identified by
Kirchgasser (1985, p. 229) in sections at Canandaigua Lake
and north of Honeoye Lake in southern Ontario County,
N.Y. By using gamma-ray logs, L.V. Rickard (in Kirch-
gasser, 1985, p. 230) traced the Renwick into the Genesee
Valley near the type Geneseo in western Livingstone
County. The Renwick is a recognizable unit in the subsur-
face in southern New York and western Pennsylvania (fig.
18; pl. 4, Nos. 70-78; pl. 5, Nos. 77-82). To the south, the
black Renwick shale merges into the black shale that lies on
the Tully Limestone in southwestern Pennsylvania and
contiguous West Virginia and Ohio. This black shale may
contain equivalents of the Geneseo Shale Member and the
Renwick Shale Member of the Genesee Formation and
possibly the Burket Shale Member of the Harrell Shale. In
the absence of paleontological data, the component mem-
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Figure 17. Areal extent of the Tully Limestone.

bers of the black shale unit cannot be identified positively.
The Renwick is too thin to be a productive gas shale;
however, it is a good key bed for local subsurface correla-

tion.

Relation of the Genesee Formation to the Burket
Shale Member of the Harrell Shale

Because the black Burket Shale Member of the
Harrell Shale (Butts, 1918) is a correlative of the basal part
of the Genesee Formation, we feel that it is an important
adjunct to this discussion of Devonian gas shales, although
it is not within the geographic boundaries of our paper and
is not shown in our cross sections. In outcrops in the Valley
and Ridge province of central Pennsylvania between
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Williamsport, Lycoming County, and Altoona, Blair
County, the black Burket Shale Member lies conformably
upon the Tully Limestone. The Burket is a black shale that
has a few discoidal limestone nodules as much as 2 ft in
diameter intercalated in the shale. The maximum thickness
of the Burket in outcrop is about 120 ft. The member thins
to the south, as do the underlying Tully Limestone and
Mahantango Formation. As mentioned in the discussion of
the Marcellus Shale, the Burket grades into the upper part of
the Millboro Shale (fig. 16) in northern West Virginia, and
its southeastern limit has not been established. Lithologi-
cally, the Burket Shale Member of the Harrell Shale and the
Geneseo Shale Member of the Genesee Formation are very
similar, and they occupy the same stratigraphic position
above the Tully Limestone. Presumably, they are parts of
the same black shale. However, a scattering of conodonts,

Petroleum Geology of the Black Shale of Eastern North America
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including Ancyrodella cf. A. rotundiloba Bryant from the
basal Burket near Cumberland, Md. (Hass in de Witt and
Colton, 1964, p. 50), suggests that the Burket may be
equivalent to the Genundewa Limestone Member or the
West River Shale Member of the Genesee Formation,
which are of Late Devonian age. rather than to the Geneseo
Shale Member, which is of Middle Devonian age. The
relation of the Burket to the Geneseo is a problem waiting
to be solved; however, we believe that they are parts of a
single black shale facies and that a hiatus of brief extent is
present at the base of the Burket in western Maryland. The
black shale above the Tully Limestone in the MERC No. |
well was identified as the Burket (Schwietering and others,
1978, p. 244). Gas production indicated that the black shale

is a gas shale regardless of its designation as either Burket
or Geneseo.

SONYEA FORMATION

In outcrop in western New York, the Sonyea Forma-
tion (Chadwick, 1933, p. 95; Colton and de Witt, 1958, p.
2815) consists of a basal black shale, the Middlesex Shale
Member, and an upper gray shale that has limestone
nodules, the Cashaqua Shale Member (pl. 2, Nos. 21-30;
pl. 4, Nos. 60-78; pl. 7, Nos. 90-95). The members grade
eastward into an eastward-thickening sequence of siltstone
and silty shale, which is a part of the general turbidite facies
of the Catskill delta.

Stratigraphy of Devonian Black Shales and Associated Rocks in the Appalachian Basin B21
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Figure 19. Net thickness of radioactive black shale in the Genesee Formation.

Middlesex Shale Member

The next younger black shale in the gas shale
sequence is the Middlesex Shale Member, which is the
basal unit of the Sonyea Formation (Colton and de Witt,
1958). It is of Late Devonian age and is well exposed in
western and west-central New York. The member includes
mostly brownish-black shale; some dark-gray shale is inter-
calated in the upper part. The Middlesex is about 65 ft thick
in the reference section 0.8 mi south of the village of
Middlesex, Yates County, N.Y. It thickens eastward to
about 75 ft at Chidsey Point Gully on the western side of
Keuka Lake, Steuben County, then thins to the east and
tongues out in a sequence of medium-gray shale and
light-gray siltstone in western Broome County near Bing-
hamton (de Witt and Colton, 1978, p. A2l). In eastern
outcrops, the Middlesex contains a considerable quantity of
fossilized plant fragments, which clearly indicates that these
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localities were close to the source of terrigenous organic
detritus. The Middlesex thins westward from the reference
section and is 6 ft thick at the mouth of Pike Creek in
western Erie County, N.Y., where the member dips below
the surface of Lake Erie. Unlike the older black gas shales,
the Middlesex does not crop out in the Valley and Ridge
province. The Middlesex is a well-defined black shale from
its outcrop in New York westward in the subsurface into
southwestern Pennsylvania and contiguous parts of Ohio,
West Virginia, and Maryland (fig. 24; pl. 4, Nos. 60-78;
pl. 5; pl. 6, Nos. 86, 48, 87, 72; pl. 7, Nos. 92-93, 43, 94,
67, 95). The member has been identified in southwestern
West Virginia but apparently is not present in Virginia. In
the subsurface, the net thickness of radioactive black shale
in the Sonyea Formation, which is almost exclusively the
Middlesex Shale Member, is more than 75 ft in southwest-
ern New York and adjacent Pennsylvania (fig. 25). A
second area of thick black shale underlies eastern Wood
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County, W. Va., along the trend of the Burning Springs
anticline. The black shale thins to the east and the west in
the subsurface and does not extend eastward to outcrops in
the Valley and Ridge or westward to outcrops along the

eastern flank of the Cincinnati arch.

Cashaqua Shale Member

A medium-gray shale that has an abundance of flat
ellipsoidal limestone nodules and a few thin beds of black
shale, the Cashaqua Shale Member of the Sonyea Forma-
tion (Hall, 1840; Colton and de Witt, 1958), overlies the
Middlesex Shale Member of the Sonyea Formation in
outcrops in western New York. The Cashaqua grades
eastward into an eastward-thickening sequence of light-gray

Stratigraphy of Devonian Black Shales and Associated Rocks in the Appalachian Basin

turbiditic siltstone and silty gray shale. In the subsurface,
the gray Cashaqua is a recognizable unit from western New
York to southwestern West Virginia (fig. 26; pl. 3, Nos.
39-43, 47-55, 27). It can be identified in southeastern
Ohio, where the gray Cashaqua Shale Member oversteps
the black Middlesex along the Middle Devonian uncon-
formity (pl. 2, Nos. 26-30; pl. 8, Nos. 100, 101, 40, 63).
The Cashaqua feathers out westward along the unconform-

1y.

WEST FALLS FORMATION

In outcrop in western New York (pl. 2, Nos. 14-30;
pl. 3; pl. 5, Nos. 29, 79-82), the West Falls Formation

(Pepper and others, 1956) consists of a lower black shale,

B23
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Figure 21. Areal extent of the Genundewa Limestone Member of the Genesee Formation.

the Rhinestreet Shale Member, and an upper gray shale and
mudrock that has abundant limestone nodules, the Angola
Shale Member. Both members interfinger to the east into an
eastward-thickening sequence of siltier and sandier rocks.
The Angola is not recognized east of the Genesee River,
although the Rhinestreet is present further to the east near
Elmira in central Chemung County, N.Y.

Rhinestreet Shale Member

The Rhinestreet Shale Member of the West Falls
Formation (Clarke and Luther, 1904; Pepper and others,
1956) is one of the thickest and most extensive of the black

B24

gas shales. It is about 180 ft thick in outcrops along the
canyon of Eighteenmile Creek, Erie County, N.Y. The
member includes mainly brownish-black to black shale that
has some interbedded medium-gray shale, a scattering of
light-gray siltstone, and a profusion of discoidal to spheroi-
dal limestone nodules and septaria as much as 4 ft in
diameter. In outcrop, the Rhinestreet thins to the east and
feathers out at the section near Elmira, Chemung County,
N.Y.

The Rhinestreet is recognized as a discrete unit in the
subsurface from western New York to eastern Tennessee
(fig. 27; pl. 2, Nos. 15-29; pl. 3, Nos. 27, 46-55, 41-32;
pl. 10). In outcrop in central Tennessee, the Rhinestreet is
a bed about 6 ft thick in the lower part of the Dowelltown

Petroleum Geology of the Black Shale of Eastern North America
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Figure 22. Areal extent of the Penn Yan Shale Member of the Genesee Formation.

Member of the Chattanooga Shale (Hayes, 1891, p. 143;
Conant and Swanson, 1961, p. 16-19; de Witt and Roen,
1984, p. A48). The Rhinestreet conodont fauna is present
near the base of about 1,000 ft of dominantly black shale in
outcrops in the Valley and Ridge province of eastern
Tennessee. In the subsurface, the radioactive black shale in
the Rhinestreet Shale Member. which includes most of the
black shale in the West Falls Formation, is more than 300 ft
thick in southwestern New York and adjacent Pennsylvania
(fig. 28). Locally. it is more than 150 ft thick in northern
West Virginia. The member thins to the east by grading
laterally into a sequence of lighter gray shale and light-gray
turbiditic siltstone. The Rhinestreet thins to the west along
the Middle Devonian unconformity, where it is overstepped
by the younger Angola Shale Member of the West Falls
Formation.

Belpre Ash Bed

A 1- to 2-in.-thick but relatively extensive ash-fall
bed, which is known as the Belpre Ash Bed (Roen and
Hosterman, 1982), is present in the lower part of the
Rhinestreet Shale Member in the western part of the
Appalachian basin (pl. 10, Nos. 113-111). Although the
Belpre bed is too thin to produce a discrete gamma-ray
signature, the presence of abundant bronzy mica in drill
cuttings identifies the ash fall. The Belpre has been found in
an exposure of the Rhinestreet in a cliff section along the
southern shore of Lake Erie to the west of Pike Creek in
Evans Township, Erie County, N.Y. (G.C. Baird, State
University of New York College at Fredonia, Fredonia,
N.Y., written commun., 1987). It is exposed in the basal
part of the Rhinestreet Shale Member at Little War Gap,

Stratigraphy of Devonian Black Shales and Associated Rocks in the Appalachian Basin ~ B25
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Figure 23. Areal extent of the West River Shale Member of the Genesee Formation.

Hawkins County, Tenn., where Rhinestreet conodonts were
collected from black shale intercalated with the Belpre
(Kepferle and Roen, 1981, p. 307); however, there the
section is not sufficiently exposed to permit delineation of
other gas shales in the sequence. The presence of the
Millboro Shale to the northeast in southwestern Virginia
suggests that the lower part, the Marcellus Shale segment,
might extend into northeastern Tennessee in the vicinity of
Little War Gap. If the Marcellus is present, then it must be
in the 18 ft of intercalated greenish-gray and black shale
beneath the ash beds and the black shales that contain the
Late Devonian Rhinestreet conodonts. If the Marcellus is
present, then the Middle Devonian unconformity would
have Upper Devonian black shale lying on Middle Devo-
nian black shale, a situation that would make the uncon-
formity difficult to detect without paleontologic criteria.
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Angola Shale Member

In outcrop in western New York, the Angola Shale
Member of the West Falls Formation (Clarke, 1903, p. 24;
Pepper and others, 1956) is composed of medium-gray
mudrock and shale. It has an abundance of discoidal to
spheroidal limestone nodules and septaria and a scattering
of thin beds of siltstone or black shale. The Angola Shale
Member overlies the Rhinestreet Shale Member of the West
Falls Formation. In the subsurface, the Angola is recogniz-
able from western New York south to eastern Tennessee
and westward into Ohio and eastern Kentucky (fig. 29; pl.
10, Nos. 111-118, J-J', No. 126). The Angola Shale
Member can be recognized west of the pinchout of the
Rhinestreet Shale Member on the surface of older rocks
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Figure 24. Areal extent of the Middlesex Shale Member of the Sonyea Formation.

below the Middle Devonian unconformity so long as the
overlying black Pipe Creek Shale Member of the Java
Formation is present. West of the pinchout of the Pipe
Creek, the Angola merges with the younger Upper Devo-
nian gray shales and cannot be identified positively.

JAVA FORMATION

In outcrop in western New York, the Java Formation
(de Witt, 1960, p. 1933) consists of a basal black shale, the
Pipe Creek Shale Member, and overlying gray shale and
mudrock that have scattered beds of black shale and
siltstone and a profusion of limestone nodules, the Hanover
Shale Member. The Pipe Creek thins to the east and feathers

out of the sequence in northern Steuben County (pl. 5, Nos.
81-82), whereas the Hanover thickens to the east and
grades laterally into an eastward-thickening sequence of
silty shale, siltstone, and greenish-gray sandstone, the
Wiscoy Sandstone Member of the Java Formation.

Pipe Creek Shale Member

The Pipe Creek Shale Member of the Java Formation
(pl. 2, Nos. 14-29; pl. 9, Nos. 104-108, 34, 109, 57,
110-111; Chadwick, 1923; Pepper and de Witt, 1950; de
Witt, 1960, p. 1933) is the next youngest of the regionally
extensive black gas shales. In contrast to the Rhinestreet,
the Pipe Creek rarely exceeds 25 ft in thickness (fig. 30),

Stratigraphy of Devonian Black Shales and Associated Rocks in the Appalachian Basin B27
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Figure 25. Net thickness of radioactive black shale in the Sonyea Formation.

although it makes up much of the radioactive black shale in
the Java. The Pipe Creek Shale Member is 23 ft thick in the
type section of the Java Formation at Java Village, Wyo-
ming County, N.Y., where it is composed of fissile-
weathering, brittle, brownish-black to black shale. The
member thins to the east and feathers out of the sequence in
southern Steuben County, N.Y. The Pipe Creek also thins
west of Java Village and is about 6 in. thick where the
member dips below the water of Lake Erie about 5 mi east
of Dunkirk, Chautauqua County, N.Y.

In the subsurface, the Pipe Creek Shale Member (fig.
31) extends south from outcrops in western New York about
450 mi to the E.D. Smith well in the Early Grove gas field
(No. 111 in Appendix) in the Greendale syncline, Scott
County, Va., in the Valley and Ridge structural province
(pl. 2, Nos. 14-29; pl. 6, Nos. 17, 84-6; pl. 7, Nos. 88-93;
pl. 8, Nos. 100-101, 40; pl. 9, Nos. 103-111; pl. 10, I-I",
Nos. 111-118). The member thins to a featheredge to the

B28

east in New York and Pennsylvania and to the west in Ohio,
eastern Kentucky, and northeastern Tennessee.

The Pipe Creek has a very strong positive deflection
on the gamma-ray log and an equally strong negative
deflection on the compensated density log. The two sharply
marked peaks on log curves serve to identify the relatively
thin Pipe Creek. Although the Pipe Creek Shale Member is
too thin to be an important source bed for gas, it is a most
important key unit for surface and subsurface correlation.

The characteristic geophysical log signatures that
facilitate identification of the Pipe Creek suggest that the
member may be a close correlative of the Center Hill Ash
Bed in the upper part of the Dowelltown Member of the
Chattanooga Shale of central Tennessee. Although we have
not found evidence of ash-fall mica in the Pipe Creek in
outcrop, mica is abundant in several sets of well cuttings
from the southern one-half of the member’s extent in the
basin.

Petroleum Geology of the Black Shale of Eastern North America



OHIO

\
AR

i N | Limi
‘ ‘| Eastern limit e
- ! |" ‘
. N /| not mapped|
o [ |
| " : |
R - . |
| L l
| | 4 ‘ |
{ KENTUCKY | - 7 w il l
;‘ ‘ J I j
o | ~ JIRGINI/ |
—— ‘ - VIRGINIA “
| Tt e L e s s - |
08 ! 4 1
. , ~f ‘
| TENNESSEg | = ‘
NORTH CAROLINA

A

- fi
\, . ~,_.~.‘J‘.,_..._4,_ v v ” |

|
i | ALABAMA |
I ! GEORGIA e

|
SOUTH CAROLINA

EXPLANATION

Cashaqua Shale Member

0 100 200 MILES
L | | l

Figure 26. Areal extent of the Cashaqua Shale Member of the Sonyea Formation.

Hanover Shale Member

In exposures in western New York, medium- to
greenish-gray mudrock and shale of the Hanover Shale
Member of the Java Formation (Chadwick, 1933; Pepper
and de Witt, 1950; de Witt, 1960, p. 1933) overlie the Pipe
Creek Shale Member. The Hanover contains many spheroi-
dal to discoidal limestone nodules and scattered beds of
black shale, nodular lumpy limestone, and argillaceous
siltstone. The Hanover Shale Member is a recognizable
subsurface unit southward from western New York to
eastern Kentucky and adjacent southwestern Virginia and
northeastern Tennessee (fig. 32; pl. 2, Nos. 14-29; pl. 6,
Nos. 17, 84-86; pl. 9, Nos. 103-111; pl. 10, I-I", Nos.

Stratigraphy of Devonian Black Shales and Associated Rocks in the Appalachian Basin

111-118). To the west of the pinchout of the Pipe Creek
Shale Member, the Hanover and the underlying Angola
Shale Member of the West Falls Formation cannot be
separated. The combined greenish-gray shales of the
Hanover and the Angola grade westward into the upper part
of Tillman’s (1970, p. 24) Olentangy Shale in central Ohio.
In central Tennessee, the combined Hanover and the
Angola appear to be equivalent to the upper unit of the
Dowelltown Member of the Chattanooga Shale. Because
the Center Hill Ash Bed is probably a Pipe Creek equiva-
lent, its presence 1 ft below the top of the 9.2 ft of
interbedded gray and black shale in the upper unit of the
Dowelltown Member at the reference section at Sligo
Bridge (Conant and Swanson, 1961, p. 24) suggests that
most of the interbedded unit is the Angola equivalent.

B29
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Olentangy Shale

In central Ohio and adjacent northern Kentucky (pl.
2, Nos. 3-13; pl. 7, No. 11), the Olentangy Shale (Winch-
ell, 1874, p. 284; Tillman, 1970) consists of a lower gray
shale, which has calcareous nodules, and an upper greenish-
gray shale, which has calcareous nodules and a scattering of
thin beds of black shale. It overlies Middle Devonian
limestones and underlies the black Huron Member of the
Ohio Shale. Although the Olentangy is generally less than
50 ft thick, it has been recognized in outcrop to the south
into central Kentucky and in the subsurface to the east of its
outcrop in Ohio and Kentucky.

We can identify the Olentangy with certainty in the
subsurface only a few miles east of its outcrop (fig. 33),
and, at the western edge of the black Pipe Creek Shale
Member of the Java Formation, we definitely drop the
usage of the Olentangy.

Sparling (1988, p. 13-16), from his studies and
review of the previous work, suggested that the lower gray
shale of the Olentangy is Middle Devonian in age and is
correlative with the Tully Limestone of New York and the
Prout Limestone of north-central Ohio. The Prout in north-
ern Ohio overlies the Plum Brook Shale, which is equiva-
lent to the Skaneateles Shale. The Prout is absent in central

B30 Petroleum Geology of the Black Shale of Eastern North America
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Figure 28. Net thickness of radioactive black shale in the West Falls Formation.

Ohio. Apparently it was not deposited there, or it was
deposited and later removed by erosion along the Middle
Devonian unconformity.

The upper greenish-gray shale of the Olentangy,
which is lithologically and faunally different from the lower
gray shale (Tillman, 1970, p. 211), is of Late Devonian age
and appears to be the combined Angola Shale Member of
the West Falls Formation and the Hanover Shale Member of
the Java Formation. Both members include abundant cal-
careous nodules and scattered thin beds of black shale. We
were unable to trace any of the beds of black shale in the
upper part of the Olentangy into the black shale of the Pipe
Creek Shale Member of the Java Formation. Consequently,
we were unable to determine the amount of the upper part of
the Olentangy that correlates with either the Angola or the
Hanover.

Stratigraphy of Devonian Black Shales and Associated Rocks in the Appalachian Basin

PERRYSBURG FORMATION

In the type exposure at Big Indian Creek near
Perrysburg, Cattaraugus County, in southwestern New
York, the Perrysburg Formation (Pepper and de Witt, 1951)
is a tripartite formation that consists of a basal black shale
that has calcareous nodules, the Dunkirk Shale Member; a
medial gray shale and siltstone sequence, the South Wales
Member; and an upper gray shale and mudrock sequence
that has calcareous nodules and scattered beds of siltstone
and black shale, the Gowanda Shale Member. Most of these
rocks are fine to very fine grained. To the south and the
east, they grade into and interfinger with coarser grained
quartzose rocks, including the extensive oil-producing
Bradford sandstones (Fettke, 1938) of north-central Penn-
sylvania and adjacent New York. For the purpose of this
report, our discussion of the New York stratigraphic

B31
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Figure 29. The areal extent of the Angola Shale Member of the West Falls Formation. In the south, the Angola cannot
be positively identified in outcrop; however, it can be identified in the subsurface by its position and its radioactive
signature. Stippling indicates the area where the name “Angola” is applicable only in the subsurface.

sequence terminates with the Dunkirk Shale Member,
which is the youngest extensive black shale in the New
York section.

Dunkirk Shale Member

The Dunkirk Shale Member of the Perrysburg For-
mation (pl. 2, Nos. 18-29; Clarke, 1903; Pepper and de
Witt, 1951) and its lithologic equivalent, the Huron Mem-
ber of the Ohio Shale (pl. 2, Nos. 3-17; Newberry, 1870;
Pepper and others, 1954; Schwietering, 1979, p. 33) are
parts of the most extensive Devonian black gas shale. The
Dunkirk Shale Member is exposed in western New York
from the vicinity of Dunkirk, Chautauqua County, east to

the hills in southern Steuben County (pl. 5, Nos. 29,
79-81). The member is composed largely of grayish-black
to black shale, locally containing crushed plant fossils,
scattered beds of dark- to medium-gray shale in the upper
part, a few beds or laminae of light-gray siltstone, and a
large number of discoidal, ramous, ellipsoidal, and irregu-
larly shaped limestone nodules. Some of the nodules are
septaria as much as 6 ft in diameter and 4 ft thick. In
outcrop, the Dunkirk is about 110 ft thick in central Erie
County; it thins westward to about 50 ft near Dunkirk. The
member thins eastward by grading laterally into an
eastward-thickening sequence of medium-gray shale, silt-
stone, and some fine-grained, light-gray sandstone. In its

B32 Petroleum Geology of the Black Shale of Eastern North America
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Figure 30. Net thickness of radioactive black shale (essentially, the Pipe Creek Shale Member) in the java Formation.

easternmost exposures in Steuben County, the Dunkirk is
about 1 ft thick.

In the subsurface, the Dunkirk Shale Member is a
discrete unit south from the outcrop in western New York to
north-central West Virginia (fig. 34; pl. 3, Nos. 27-49; pl.
7. Nos. 91-93). The net thickness of radioactive black shale
in the Dunkirk Shale Member exceeds 100 ft in northwest-
ern Pennsylvania and thins to a featheredge to the east and
south (fig. 35). In the vicinity of the Pennsylvania-Ohio
State line, the Dunkirk Shale Member grades westward into
the lower part of the Huron Member of the Ohio Shale (pl.
2, Nos. 17-18; pl. 7, Nos. 90-91). Because the Dunkirk-
Huron black shale facies is the stratigraphic bridge between
the New York outcrops on the northern side of the basin and
the Ohio, the Kentucky, and the central Tennessee outcrops
on the western side of the basin, we wish to retain the

Stratigraphy of Devonian Black Shales and Associated Rocks in the Appalachian Basin

appropriate name for the black shale within the stratigraphic
sequence for each of the specific areas of outcrop. Conse-
quently, the vertical boundary between the Dunkirk Shale
Member of the Perrysburg Formation and the Huron Mem-
ber of the Ohio Shale is an arbitrary subsurface boundary
established as a matter of convenience and is not a lithologic
subdivision of the black shale unit.

OHIO SHALE

In northern Ohio, the Ohio Shale (Andrews, 1871, p.
62-65; Pepper and others, 1954, p. 14) includes two
sequences of dominantly black shale, the Huron Member
below and the Cleveland Member above (pl. 2, Nos.
11-17). A westward-thinning tongue of gray, silty Chagrin
Shale (Prosser, 1903, p. 521) separates the Huron and the

B33
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Figure 31. Areal extent of the Pipe Creek Shale Member of the Java Formation. In the south, the Pipe Creek cannot be
positively identified in outcrop; however, it can be identified in the adjacent subsurface by its geophysical log
signatures. Stippling indicates the area where the name “Pipe Creek” is applicable only in the subsurface.

Cleveland Members in much of northern and eastern Ohio.
In outcrops in central and southern Ohio and much of
northeastern and central Kentucky, the Three Lick Bed of
the Ohio Shale, which is a featheredge of the Chagrin Shale
(Provo and others, 1978, p. 1705), separates the Huron and
the Cleveland Members. In southern Kentucky and central
Tennessee, the Huron and the Cleveland Members of the
Ohio Shale are present as beds in the Gassaway Member of
the Chattanooga Shale (pl. 11, Nos. 127-135; de Witt and
Roen, 1984, p. A50). The Huron is thicker and more
extensive than the Cleveland. The lower northeastern part
of the Huron Member lithofacies in northwestern Pennsyl-
vania and adjacent western New York is the Dunkirk Shale
Member of the Perrysburg Formation.

B34 Petroleum Geology of the Black Shale of Eastern North America

Huron Member

The Huron Member of the Ohio Shale is about 400 ft
thick in its type exposure along the Huron River in Erie
County, Ohio, adjacent to Lake Erie in northern Ohio. The
member is mainly grayish-black, brownish-black, and black
shale. Some beds of medium-gray shale are intercalated,
particularly in the upper part of the member. Characteristi-
cally, the Huron contains zones of spheroidal to ellipsoidal
dolomitic limestone nodules and septaria as much as 8 ft in
diameter and 6 ft thick. A few beds of limestone from 1 to
4 in. thick are present in the member. In drill cuttings or
cores, the thicker septaria may be misidentified as bedded
limestone rather than nodules.



|-

NEW YORK l
Base of Java Formation !

y ‘ {
& 7 b .
@ PR | e .
L 2N ) ] {
| - |
N
~\~ & /\ | §
’ | 7 A |
| A ‘
| PENNSYLVANIA | < | ‘
! | ( | ‘
| |l | |
j OHIO ‘ 1‘ L | i
) | |
.} - " 7
' | I
- & k
1 \
|
e | J’ /D
] | ~
o™ 4 WEST VIRGINIA | \
e [ r S ‘
36, |, ™ |
. Eastern limit l
'T e —not mapped ———— L
| 4 ;
| g |
| KENTUCKy P
“ -
| |
o | VIRGINIA
. | |
T
| K T
- | i N |
| . | T |
| TENNESSEg | J 1
| / NORTH CAROLINA 5
| |
S | ~ |
i S i L TS - EXPLANATION
| s N ‘
! | | r |
31 | ) ‘
il ALABAMA [ ! .. SOUTH CAROLINA [:j Hanover Shale Member |
| | GEORGIA - ‘
pll ]L \ | \ 0 100 200 MILES 1
[~ ——— N ' = : i
| {

Figure 32. Areal extent of the Hanover Shale Member of
the Java Formation. In the south, the Hanover cannot be
positively identified in outcrop; however, it can be iden-
tified in the adjacent subsurface by its gamma-ray

In outcrop, the member thins to the south across
central Ohio and into northeastern Kentucky. In Powell and
adjacent counties in east-central Kentucky, the Huron
Member consists of about 100 ft of black shale that has a
10-ft zone containing the fossil alga Foerstia about 35 ft
above the base. Southward and westward, the Huron grades
laterally into the lower and the middle units of the Gas-
saway Member of the Chattanooga Shale (pl. 11; Kepferle
and Roen, 1981; Roen and de Witt, 1984). The Gassaway
Member (Conant and Swanson, 1961) thins to the south
across Kentucky into central Tennessee where it is 16.7 ft
thick in the reference section at Sligo Bridge in DeKalb
County.

Stratigraphy of Devonian Black Shales and Associated Rocks in the Appalachian Basin

signature above the strong positive signature of the Pipe
Creek Shale Member. Stippling indicates the area where
the name “Hanover” is applicable only in the subsurface.

In the subsurface, the Huron Member thickens east-
ward across northern Ohio to about 650 ft near Painesville,
Lake County, Ohio, and has an 87-ft-thick zone of Foerstia
in the topmost beds. In eastern Ohio and southward into
western West Virginia and adjacent Kentucky and Virginia,
the Huron Member splits into an upper and a lower black
shale sequence separated by an eastward-thickening wedge
of gray shale and siltstone of the Chagrin Shale (pl. 2, Nos.
12—-17; pl. 3, Nos. 31-34; pl. 7, Nos. 11-88; pl. 8, Nos. 9,
97; pl. 9, Nos. 34-110).

In northeastern Ohio, the upper part of the Huron
Member interfingers with gray beds of the Chagrin Shale
and can no longer be recognized. The lower part of the
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Figure 33. Areal extent of the Olentangy Shale (queried where it grades laterally into the Plum Brook Shale in northern

Ohio).

member crosses an arbitrary vertical boundary and becomes
the Dunkirk Shale Member of the Perrysburg Formation.
The sheet of black Dunkirk-Huron-Gassaway shale is the
most extensive of the Devonian black gas shales (fig. 34)
and underlies the Appalachian basin from central New York
southwest to southern Tennessee and northern Alabama (de
Witt and Roen, 1984, p. A54).

In exposures in Erie County near Sandusky, Ohio, the
Huron Member of the Ohio Shale lies with apparent
conformity upon the Prout Limestone. Conodonts from the
base of the Huron at Slate Cut, Huron Township, Erie
County, are younger than conodonts from the Dunkirk
Shale Member of the Perrysburg Formation in western New
York (Hass, 1958, p. 766); this suggests correlation with
the younger South Wales and Gowanda Members of the

B36

Perrysburg Formation. However, in north-central Ohio, the
Huron Member of the Ohio Shale onlaps westward across
the Middle Devonian unconformity at the top of the Prout
Limestone. Consequently, in Ohio, the basal beds of the
Huron are younger in Erie County than to the east in
Cuyahoga and Lake Counties. In the shaft of the Morton
Salt Company’s mine near Painesville, Lake County, the
basal 15 ft of the Huron Member contains a Palmatolepis
subrecta conodont fauna (W.H. Hass, U.S. Geological
Survey, written commun., field collection No. 9, 1957),
which also occurs in the Dunkirk Shale Member of the
Perrysburg Formation in southwestern New York (Hass,
1958). These data confirm the lithostratigraphic and the
electric log correlation of the Dunkirk and the Huron.

Petroleum Geology of the Black Shale of Eastern North America
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Figure 34. Areal extent of the Dunkirk Shale Member of the Perrysburg Formation, the Huron Member of the Ohio
Shale, and the Huron Bed of the Gassaway Member of the Chattanooga Shale in the Appalachian basin (from de Witt

and Roen, 1985).

Chagrin Shale and Three Lick Bed of the Ohio
Shale

The Chagrin Shale (Prosser, 1903) and its feather-
edge. the Three Lick Bed (fig. 36), are the distal parts of a
great eastward-thickening wedge of gray marine shale and
turbiditic siltstone that lies between the basinal black shales
of the gas shale sequence and the near-shore, coarser
grained, neritic sandstones of the Late Devonian Catskill
delta complex. This great wedge of gray clastic rock, of
which the Chagrin and the Three Lick are a small part,
extends from central New York southwestward into the
Valley and Ridge province of northeastern Tennessee. The
Chagrin is typically exposed in northeastern Ohio, where it

is more than 1,400 ft thick in Ashtabula County (pl. 2, Nos.
14-17). In much of the outcrop area, it is overlain by the
Cleveland Member of the Ohio Shale and is underlain by
the Huron Member of the Ohio Shale. The gray shale, the
mudrock, and the siltstone of the Chagrin grade westward
and intertongue with the black shale of the Huron and the
Cleveland Members. The Chagrin (pl. 2, Nos. 11-17; pl. 8,
Nos. 96-97) thins to the southwest. In central and southern
Ohio and eastern Kentucky, the Three Lick Bed separates
the Cleveland Member of the Ohio Shale from the older
Huron Member of the Ohio Shale throughout much of
Kentucky east of the Cincinnati arch. Originally, the Three
Lick Bed (pl. 10) was correlated with the middle unit of the
Gassaway Member of the Chattanooga Shale in the vicinity

Stratigraphy of Devonian Black Shales and Associated Rocks in the Appalachian Basin B37
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Figure 35. Net thickness of radioactive black shale in the Perrysburg Formation and the equivalent Huron Member of the

Ohio Shale.

of the reference section at Sligo Bridge, DeKalb County,
Tenn. (Provo and others, 1978). However, in the type
exposure of the Three Lick Bed near Morehead, Rowan
County, Ky., the zone of Foerstia occurs in the lower part
of the Huron Member of the Ohio Shale about 75 ft below
the base of the Three Lick Bed (Provo and others, 1978, p.
1705). Recently, Kepferle found Foerstia near the top of
the upper part of the Gassaway Member of the Chattanooga
at Hurricane Bridge, DeKalb County, Tenn. (pl. 11, No.
128; Kepferle and Roen, 1981), about 6 mi from the
Chattanooga reference section at Sligo Bridge (pl. 11, No.
127). Because Foerstia occurs in a thin stratigraphic inter-
val, the Three Lick Bed cannot be above the Foerstia zone
in Kentucky and below it in Tennessee. These data invali-
date the correlation of the Three Lick Bed of Kentucky with
the middle unit of the Gassaway Member in central Ten-
nessee. Apparently, the Three Lick Bed has pinched out of

B38 Petroleum Geology of the Black Shale of Eastern North America

the sequence in the vicinity of the Kentucky-Tennessee
State line (pl. 11, No. 129).

Cleveland Member

The Cleveland Member of the Ohio Shale (Newberry,
1870; Pepper and others, 1954, p. 16) is the youngest Upper
Devonian black shale in the gas shale sequence in the
western part of the Appalachian basin. As much as 70 ft of
fissile black Cleveland is exposed near Cleveland, Cuya-
hoga County, Ohio. In its type area (pl. 2, Nos. 13-15), the
Cleveland Member overlies the Chagrin Shale. Throughout
its extent in central Ohio and northeastern Kentucky (fig.
37), the Cleveland contains a sparse conodont fauna, which
indicates the very late Late Devonian age of the member
(Oliver and others, 1969).
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Figure 36. Distribution of the Three Lick Bed of the Ohio Shale. Beds thought to be the equivalent of the Three Lick Bed
have been found between Raywick and Howardstown, Ky., on State Route 84 (Kepferle and Roen, 1981, p. 316, stop 28).

The radioactive black shale in the Cleveland Member
is more than 125 ft thick in Ashland and Lorain Counties in
northern Ohio (fig. 38). To the east and southeast, it thins
to a featheredge in eastern Ohio and western West Virginia.
The Cleveland Member thins gradually southward across
Ohio and is about 45 ft thick in central Kentucky (pl. 11,
Nos. 134-135). Southward in south-central Kentucky, thin-
ning black shale of the Cleveland Member grades into the
upper part of the Gassaway Member of the Chattanooga
Shale. In southern Kentucky, the Cleveland is a bed in the
Gassaway Member. Outcrops near Celina, Tenn., contain
5.4 ft of the Cleveland (Kepferle and Roen, 1981, p. 275),
and the underlying Three Lick Bed can be identified with
certainty. To the south in the vicinity of the reference
section for the Chattanooga at Sligo Bridge, the Cleveland

Stratigraphy of Devonian Black Shales and Associated Rocks in the Appalachian Basin

and the Three Lick are absent. There, the uppermost beds of
the Gassaway Member are equivalent to the upper part of
the Huron Bed of south-central Kentucky and part of the
Huron Member of the Ohio Shale of Ohio. Hass (1956)
noted many places in eastern and central Tennessee where
conodonts in the uppermost part of the Gassaway Member
indicate correlation with the Cleveland Member of the Ohio
Shale.

CHATTANOOGA SHALE
The Chattanooga Shale (Hayes, 1891, p. 143) of

Tennessee and northern Alabama is the distal fringe of the
black gas shales in the southwestern part of the Appalachian

B39
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Figure 37. Geographic extent of the Cleveland Member of the Ohio Shale and the Cleveland Bed of the Gassaway
Member of the Chattanooga Shale in the Appalachian basin. (From de Witt and Roen, 1985.)

basin that accumulated in anerobic waters of a sediment-
deprived basin. It had been subdivided into two members
(pl. 11, Nos. 127-128)—the Dowelltown below and the
Gassaway above (Hass, 1956, p. 13)—in central Tennessee
where the Chattanooga ranges in thickness from a feather-
edge to more than 35 ft.

Dowelltown Member

The Dowelltown Member consists of a lower black
shale about 6 ft thick and an upper unit of interbedded
medium- and dark-gray shale about 9 ft thick in the standard
reference section at Sligo Bridge, DeKalb County, Tenn.
(Conant and Swanson, 1961, p. 24). The lower black shale

is the Rhinestreet Shale Bed, and the upper gray shale unit
is the undivided Angola and Hanover Shales (pl. 11, No.
127; Roen and de Witt, 1984). The Center Hill Ash Bed
(Roen and Hosterman, 1982), which was formerly called
the Center Hill bentonite bed of Conant and Swanson
(1961, p. 30), is generally about | in. thick and occurs in
the upper part of the gray shale unit of the Dowelltown
Member (pl. 11, Nos. 127-129).

Gassaway Member

The Gassaway Member consists of a basal black shale
about 7.5 ft thick, a middle unit of intercalated black and
medium-gray shale about 2 ft thick, and an upper black

B40 Petroleum Geology of the Black Shale of Eastern North America
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Figure 38. Net thickness of radioactive black shale in the Cleveland Member of the Ohio Shale.

shale about 7 ft thick at the standard section in central
Tennessee (pl. 11, No. 127). There the Gassaway Member
includes only the Huron Bed. Locally in north-central
Tennessee, conodonts of the Cleveland fauna in the top
beds of the Gassaway demonstrate the presence of the
Cleveland Bed (Hass, 1956, p. 22, fig. 1). At other places
in eastern Tennessee, a biostratigraphic zone several inches
thick in the top of the Gassaway contains the conodont
fauna of the Sunbury Shale.

In central Tennessee, the Chattanooga Shale is over-
lain by the Lower Mississippian Maury Formation (Conant
and Swanson, 1961). The Maury Formation is not present
to the southeast, and the Chattanooga is overlain by the Fort
Payne Chert. In Kentucky, the Fort Payne grades laterally
into the lower part of the Borden Formation. To the north in
the vicinity of the Kentucky-Ohio State line, the name

“Borden™ is replaced by the Cuyahoga Formation for the
same suite of gray silty and shaley rocks.

In south-central Kentucky, the Dowelltown Member
is absent, and the Gassaway Member is again tripartite —the
lower black shale, which is the Huron Bed; the middle gray
shale, which is the Three Lick Bed; and the upper black
shale, which is the Cleveland Bed and a thin layer of
Sunbury Shale at the top in some places (pl. 11, Nos.
129-135; de Witt and Roen, 1984, p. A51). In east-central
Kentucky, the Chattanooga Shale grades northward into the
Ohio Shale, the Bedford Shale, the Berea Sandstone, and
the Sunbury Shale (de Witt, 1981).

In the Valley and Ridge province, the Chattanooga
thickens northeastward and is more than 1,000 ft thick in
northeast Tennessee and adjacent southwest Virginia.
There, the Gassaway and the Dowelltown are not recog-
nized as separate lithostratigraphic units.

Stratigraphy of Devonian Black Shales and Associated Rocks in the Appalachian Basin B41
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Figure 39. Geographic extent of the Sunbury Shale, the Big Stone Gap Member of the Chattanooga Shale, and the
Gassaway Member of the Chattanooga Shale. (From de Witt and Roen, 1985.)

Big Stone Gap Member of the Chattanooga
Shale

In the vicinity of Big Stone Gap, Wise County, Va.,
the Chattanooga Shale consists of three members—a lower
black shale, a medial gray siltstone and interbedded black
shale, and the dominantly black upper Big Stone Gap
Member (fig. 39; Roen and others, 1964). The upper 60
percent of the 243-ft Big Stone Gap Member contains much
brownish-black and black shale. The Sunbury Shale
Siphonodella conodont fauna occurs in a 40-ft-thick zone of
black shale about 110 ft below the top of the member,
whereas the Bedford Shale conodont Spathognathodus
antiposicornis occurs in the lower part of the member.
These data demonstrate that the euxinic Sunbury black mass
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extended southward into the edge of the Valley and Ridge
of southwestern Virginia (de Witt and Roen, 1985). The
presence of Foerstia in the medial member and of many of
the conodonts in the lower black shale member of the Big
Stone Gap indicates that these beds are part of the Gassaway
Member of central Tennessee (Roen and others, 1964, p.
B47). Conodonts in the basal part of the lower black shale
member suggest correlation with parts of the Millboro Shale
of west-central Virginia.

BEDFORD SHALE AND BEREA SANDSTONE

Throughout much of its extent in the Appalachian
basin, the Cleveland Shale is overlain by the lighter colored
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clastic strata of the Bedford Shale and the coarser grained
Berea Sandstone (pl. 2, Nos. 3-17; pl. 11, Nos. 102, 6,
136; Newberry, 1870; Pepper and others, 1954). The two
units show a pattern of vertically increasing grain size.
Locally in northern Ohio, the Berea fills channels cut in the
subjacent Bedford Shale, whereas, elsewhere, a gradational
boundary indicates the continuity of deposition. The total
Bedford and Berea sequence thins from more than 300 ft in
northern Ohio to a featheredge in central Kentucky (fig. 40;
de Witt, 1981). In places in eastern Ohio and central West
Virginia, the Bedford Shale overlaps the Cleveland Member
of the Ohio Shale, bringing gray Bedford Shale upon gray
Chagrin Shale.

SUNBURY SHALE

The Sunbury Shale (Hicks, 1878, p. 216, 221) was
named for exposures of black shale on Rattlesnake Creek
near Sunbury, Delaware County, Ohio. It is of Early
Mississippian age and is the youngest of the regionally
extensive black gas shales in the gas shale sequence. The
Sunbury is a typical fissile black shale that weathers into
small discoidal sharp-edged chips, which are commonly
iron stained. Pyrite is a common accessory, particularly in
the basal part of the formation, where a zone of pyrite about
1 in. thick separates a zone of small inarticulate brachiopods
and the Siphonodella conodont fauna from the underlying
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Berea Sandstone Although the Sunbury 1s sparsely fossil-
iferous, except for the zone at the base, a few plant fossils
have been found 1n 1t 1n northern Ohio

The Sunbury Shale (fig 40, pl 2, Nos 2-16, pl 7,
Nos 11, 88-90, pl 9, pl 10, pl 11, Nos 3, 136, 6, 102)
1s present only 1n the western part of the basin, it crops out
at many places along the eastern flank of the Cincinnati1 arch
i Ohio and northeastern Kentucky, where 1t ranges 1n
thickness from 10 to 40 ft It thins to a featheredge n siltier
rocks to the east

Throughout much of 1ts extent 1n eastern Ohio, West
Virgimia, and northern Kentucky, the Sunbury Shale over-
lies the Berea Sandstone and the subjacent Bedford Shale
These two formations thin to a featheredge in or near Powell
County, Ky , which permuts the southward-thinning black
Sunbury Shale to rest upon the top of the black Cleveland
Member of the Ohio Shale (pl 11, Nos 3, 135) Although
the two shales are lithologically indistinguishable, they may
be separated by their conodont faunas and by their gamma-
ray signatures

In south-central Kentucky, the thinning Sunbury
grades laterally into the upper unit of the Gassaway Member
of the Chattanooga Shale (de Witt and Roen, 1984, p A51)
and 1s present as a biostratigraphic zone 1n the top of the
Gassaway 1n many places in north-central Tennessee The
presence of the Sunbury component in the Gassaway can be
demonstrated only by the occurrence of a Siphonodella
conodont fauna 1n the black shale Consequently, delinea-
tion of the southern featheredge of the Sunbury Shale
depends, to a great extent, on a large amount of surface and
subsurface sample data

DEVONIAN BLACK SHALE ECONOMICS

The black Marcellus Shale is one of the most produc-
tive of the gas shales It has yielded gas in New York,
Pennsylvama, West Virgima, and Virgima Many wells
drilled to the older Oriskany Sandstone encountered mod-
erate to large amounts of gas in the Marcellus, particularly
n structures where natural fracturing shattered the Marcel-
lus and developed zones of fracture porosity Not uncom-
monly, gas flowed vigorously from the Marcellus for a few
hours or a few days before 1t was exhausted Apparently,
the fractured zones were of small lateral and vertical extent
In contrast, some of the Marcellus fractured reservoir rocks
n the low-pressure area of western New York produced gas
for many years with little diminution of daily flow A recent
study of the porosity and the permeability of the Devomian
gas shales indicated that the Marcellus Shale 1s a superior
source bed for gas at depths of greater than 7,000 ft (Soeder
and others, 1986)

Although little exploited because of 1ts considerable
depth 1n western Pennsylvania and adjacent West Virginia,
the Geneseo-Burket facies 1s a viable target in this area
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This black shale produced gas for a ime at the METC No
1 well from a depth of about 7,100 ft

The Rhinestreet Shale Member of the West Falls
Formation 1s also one of the most productive of the gas
shales It has produced gas in the belt of shallow low-
pressure wells along the southern shore of Lake Erie as well
as deeper 1n the Appalachian basin in Ohio, West Virginia,
and eastern Kentucky Some of the shallow wells 1n the
Dunkirk Shale Member of the Perrysburg Formation of
Chautauqua County, N Y , were drilled deeper into the
Rhinestreet Shale Member of the West Falls Formation,
which considerably increased the volume of gas in each
well

The Dunkirk Shale Member has produced gas in
western New York and contiguous northwestern Pennsyl-
vama The member produced gas in the first gas well at
Fredonia, Chautauqua County, and was the source of gas
and o1l in Erie County, Pa

Along the southern shore of Lake Erie, the gray
shales and the siltstones of the Chagrin and 1ts equivalents
have produced gas and small amounts of o1l The source of
these hydrocarbons 1s the contiguous black shales The
reservoirs are mainly zones of fractures and joints, although
some siltstones are sufficiently porous to be low-volume
reservoir rocks Some wells had initial yields of as much as
4 milhion ft*/d, but the supply of gas was quickly exhausted,
and the wells were soon abandoned

The Huron Member of the Ohio Shale 1s another
economically important gas shale It produced gas i
shallow, low-pressure shale gas fields along the southern
shore of Lake Erie and 1n several small fields to the south in
central and southern Ohio, and it 1s the main source of gas
in the Big Sandy field in eastern Kentucky and adjacent
West Virgima The Huron 1s also the source of gas and
high-gravity o1l in southeastern Ohio and contiguous West
Virgima

The Cleveland Member of the Ohio Shale has pro-
duced some gas in Ohio and Kentucky It 1s not as good a
source bed as the Huron Member, although, locally, 1t
yields sufficient gas for domestic wells

Although the Sunbury Shale 1s relatively thin in
comparison to the Huron, the Rhinestreet, and the Marcel-
lus, 1t has produced gas locally 1n southern Ohio It should
be included 1n zones of shale being stimulated for gas if the
Sunbury 1s 1n close vertical proximity to other black shales
in the gas shale sequence

SUMMARY

The Devonian black shales, which are rich n organic
matter, have produced gas in the Appalachian basin since
1821 and have been recogmzed as source beds for o1l and
gas since the drilling of the Drake o1l well in 1859
However, the subsurface stratigraphy and geometry of these



gas-producing shales were not well known until the use of
gamma-ray logs became widespread in the 1960’s The
older gas shales—the Marcellus Shale, the Geneseo Shale
Member of the Genesee Formation, the Burket Shale
Member of the Harrell Shale, and the Middlesex Shale
Member of the Sonyea Formation— were deposited mainly
in the eastern and the northeastern parts of the basin from
New York to southwestern Virgimia They do not extend
west to outcrops along the eastern flank of the Cincinnati
arch on the western periphery of the Appalachian basin In
contrast, the younger gas shales—the Rhinestreet Shale
Member of the West Falls Formation, the Dunkirk Shale
Member of the Perrysburg Formation, the Huron and the
Cleveland Members of the Ohio Shale, and the Sunbury
Shale—were deposited mainly in the western part of the
basin These black shales thin to the south and merge into
members of the black Chattanooga Shale of central Tennes-
see The Rhinestreet 1s designated a bed in the Dowelltown
Member of the Chattanooga The Huron and the Cleveland
Members of the Ohio Shale are designated beds in the
Gassaway Member, which 1s the upper member of the
Chattanooga Shale of central Tennessee and adjacent south-
ern Kentucky Locally, the Sunbury conodont fauna occurs
in the upper parts of the Gassaway Member of the Chatta-
nooga n southern Kentucky and contiguous Tennessee and
of the Big Stone Gap Member of the Chattanooga Shale in
southwestern Virginia

The subsurface stratigraphic framework delineated n
this report will enable explorationists to identify specific
blach gas shales in much of the Appalachian basin Coupled
with detailed sample logs and suites of wire-line electric
logs, our data will aid in defining and delinuting areas of
greater potential gas productivity within any of the gas
shales
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LOCALITY REGISTER

Wells and outcrops used 1n stratigraphic cross sec-
tions (pls 2-11) Numbers are keyed to index map (pl 1)
and the cross sections

EXPLANATION

County, State

Quadrangle, township, town,
district, section

Company

Well number and lease owner

Total depth, elevation

State drilling pernit number

API 1dentification number

(Reference)

SAMPLE

7 Pike County, Ohio
Seal Township, Section 13

Number

Continental O1l Co

No 1 Clarence Anderson
TD 1,441, Elev 696 kb
Permut No 24

API No 34-13-06001

Depth and elevation i feet TD, total depth 1n feet
Elevation (Elev ) of well site above sea level in feet
measured at the kelley bushing (kb), derrick floor (df), or
ground level (gl), datum of reference not available for some
wells (dna) Location, 1n feet, measured from latitude and
longitude or from section or lot line Feet from the south
line (FSL), the north line (FNL), the west line (FWL), and
the east line (FEL) 8-A-62 1s a location 1n section 8 of
S-minute rectangle A north and 62 east of the Carter
Coordinate location system used in Kentucky and Tennes-
see API number 1s the American Petroleum Institute’s
unique well 1dentification number Geo-Log 1s a sample
study produced by the Geological Sample Log Company

1 Scott County, Tenn
8-A-62
Howard Atha
No 1 Ketchen Coal Co
TD 7,533, Elev 1,779 kb
2 Owsley County, Ky
22-1L-69
Bowman
No 1 Hale
TD 1,442, TD 980 kb
3 Rowan County, Ky
Interstate 1-64, outcrop section
(Provo and others, 1977)
4 Rowan County, Ky
4-T-75
Pennzoil
No 1 Jones
TD 4,491, Elev 1,199 kb
5 Carter County, Ky
3-v-77
Umited Fuel Gas Co
No 1 Stamper
TD 5,080, Elev 857 kb
6 Adams County, Ohio
Tener Mountain, outcrop section
(Provo and others, 1977)
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7

10

11

12

13

14

15

Pike County, Ohio

Seal Township, Section 13
Continental O1l Co

No 1 Clarence Anderson
TD 1,441, Elev 696 kb
Permit No 24

API No 34-131-06001
Ross County, Ohio
Section 9

Hall and Coffman

No 1 Coffman

TD 3,809, Elev 735 gl
(Geo-Log)

Licking County, Ohio
Union Township

Burrell Petroleum Co

No 1 Garland Adams

TD 4,214, Elev 1,076 df, 1,074 gl
Licking County, Ohio
Hartford Township

W H Patten Dnlling Co
No 1 FW Canaday
Elev 1,165 dna
(Geo-Log)

Richland County, Ohio
Troy Township, Section 34
Hadson Ohio O1l Co

No 1 Tony D, Augustine
TD 4,400, Elev 1,300 gl, 1,209 kb
Permit No 323

Richland County, Ohio
Butler Township, Section 30
Ashland Oil and Refining Co
No 1 Mast-Johnson Unit
TD 4,525, Elev 1,142 kb
Permut No 389

API No 34-139-00094
Ashland County, Ohio
Ruggles Township

Ohio O1l Co

No 1 SV Krause

TD 5,252, Elev 1,114 gl
(Fettke, 1961)

Loram County, Ohio
Grafton Township

Central O1l Field Supply
No 1 R E Toole

TD 2,653, Elev 866 kb
Permit No 910

API No 34-093-00021
Medina County, Ohio
Brunswick Township
Natol Corp



16

17

20

21

22

23

24

No 2 Gilbert E Fuller

TD 3,335

Permit No 1,312

Geauga County, Ohio

Auburn Township, Section 3

East Ohto Gas Co -Quaker State O1] and Refining
Corp

No 1 R and E Timmons

TD 4,110, Elev 1,216 gl

Permit No 26

API No 34-055-04004

Ashtabula County, Ohio

Windsor Township

Northern Natural Gas Producing Co

No | Clayton Clark “D”

TD 3,970, Elev 1,064 kb

Permit No 103

Ashtabula County, Ohio

New Lyme Township

Texaco, Inc (Russell McConnell, Inc )

No 1 Raymond and Vera L Kaderly

TD 6,367, Elev 1,053 6 kb

Permit No 214

Crawford County, Pa

Conneaut Township

Lake Shore Pipe Line Co

No | Hart

TD 3,772, Elev 1,117 gl

API No 37-039-00250

Crawford County, Pa

Girard Quadrangle I 376

James Drilling Co

C Z Clements

TD 4,093, Elev 1,258 gl

API No 37-039-00060

Erie County, Pa

Cambridge Springs Quadrangle, Washington Township

Redfern and Herd, Inc

J Vanco

TD 4,103, Elev 1,463 gl

API No 37-049-00543

Erie County, Pa

Northeast Quadrangle, Venango Township

Consohdated Gas Supply Corp

No N-988 B Dennee

TD 7,465, Elev 1,463 gl

API No 37-049-00569

Chautauqua County, N Y

Mina Township

Apache Corp —Hica Corp

No 1 H Carnahan

Elev 1,489 df

API No 31-013-19100

Chautauqua County, N Y

Pomfret Township

25

26

27

28

29

30

31

32

33

Flint O1l and Gas Co

No 1 Lyle H Bennett
Elev 755 gl

API No 31-013-04128
Chautauqua County, N'Y
Sheridan Township

Rich and Blodgett

No | Howard Yonkers
TD 1,447, Elev 875 gl
API No 31-013-19101
(Tesmer, 1957, p 5-7)
Chautauqua County, N'Y
Arkwright Township
Meridian Exploration Corp
No 4 Houck

Elev 1,240 gl

API No 31-013-04030
Cattaraugus County, N Y
Perrysburg Township
Iroquois Gas Corp
Thomasett

API No 31-009-04033
Erie County, N Y
Concord Township
Iroquois Gas Corp

No 796

TD 2,908, Elev 1,560 gl
API No 31-029-00506
(Fettke, 1961)

Erie County, N Y
Concord Township
Consolidated Gas Supply Corp
No 1 Edwin P Heary
Elev 1,647 kb

API No 31-029-11439
Wyoming County, N 'Y
Middlebury Township
Transamerican Petroleum Corp
No 1 Wellman

Elev 1,605 gl

APl No 31-121-00003
Knox County, Ky
Petroleum Exploration Co
No 2 A Cames

TD 5,335, Elev 1,050 gl
API No 16-121-04001
Perry County, Ky
Kentucky-West Virginia Gas Co
No 7239 Nicholas Combs
TD 2,734, Elev 1,090 kb
API No 16-193-28982
Floyd County, Ky

Signal O1l and Gas Co

Stratigraphy of Devomian Black Shales and Associated Rocks in the Appalachian Basin

B51



34

35

36

37

38

39

40

41

B52

No 1 Hall Heirs

TD 13,000

API No 16-017-04042
Martin County, Ky
Columbia Gas Transmission Corp
No 20336

TD 3,457, Elev 944 kb
API No 16-159-31020
Lincoln County, Ky
Laurel Hill District
Columbia Gas Transmission Corp
No 20403

TD 4,080, Elev 1,202 kb
Permit Lincoln No 1637
API No 47-043-06008
Mason County, W Va
Hannan District

United Fuel Gas Co

No 8995-T W F Johnson
TD 4,370, Elev 874 df
Permit Mason No 71

API No 47-053-00038
Jackson County, W Va
Union Dastrict
Commonwealth Gas Corp
No 1-822 Eastern Star
TD 5,200, Elev 789 kb
Permut Jackson No 1275
API No 47-035-04082
Wood County, W Va
Harris District

United Fuel Gas Co

No 9559-T Alton Phillips
TD 6,115, Elev 793 kb
Permit Wood No 594
API No 47-107-04004
Wood County, W Va
Walker District

Phillips Petroleum Co

No A-1-P 5175 Hope
TD 6,499, Elev 970 kb, 950 gl
Permit Wood No 518
Ritchie County, W Va
Grant District

Adena Petroleum, Inc

No 1 Lester Metz

TD 5,400, Elev 832 kb
Permut No Ritchie No 3242
API No 47-085-00001
Wetzel County, W Va
Church Dastrict

Smith O1l and Gas Co

No 1 Charles Stoneking
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Elev 1,056 gl

Permit Wetzel No 410

API No 47-103-06001

Greene County, Pa

Waynesburg Quadrangle, E2, Franklin Township
J A Fox and others

No 1 Gordon

TD 8,659, Elev 1,395 gl, 1,405 kb
Permt Greene No 38

API No 37-059-00004
Washington County, Pa
Brownsville Quadrangle, D2, West Pike Run Township
Snee and Eberly, Peoples Natural Gas Co
No 1 Duane Duvall

TD 8,500, Elev 1,270 gl, 1,285 kb
Permit Washington No 173

API No 37-125-20173
Westmoreland County, Pa
Greensburg Quadrangle, A3, Franklin Township
Fox-Coen and Sloan

No | FH Sloan

TD 7,418

API No 37-129-00078
Westmoreland County, Pa

Freeport Quadrangle, H1, Washington Township
Peoples Natural Gas Co

No 1 Sloan

TD 7,108, Elev 1,222 kb

Permit Washington No 422

API No 37-129-00079

Armstrong County, Pa

Elders Ridge Quadrangle, D47
Peoples Natural Gas Co

No 43 Heasley

TD 7,450, Elev 1,969 df

Permit Armstrong No 1594

API No 37-005-04104

Armstrong County, Pa

Rural Valley Quadrangle, E4
Peoples Natural Gas Co

No 1 Martin

TD 15,574, Elev 1,480 kb

Permit Armstrong No 1201

API No 37-005-04017

Clarion County, Pa

Clarion Quadrangle, D6

Fairman Drilling Co

No 1 H Ausler

TD 5,825, Elev 1,270 gl

Permit Clarion No 247

API No 37-031-00006

Clarion County, Pa

O1l City Quadrangle

Linn and Patrick (Amoco)
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No | Dunn-UNG

Elev 1,624 gl

API No 37-031-04024
Forest County, Pa

Sheffield Quadrangle, G5, Kingsley Township
E Linn and Patrick Petroleurn Co
No 1 Collins and Clinger
Elev 1,609 gl

Permit Forest No 898

API No 37-053-04112
Warren County, Pa

Tidioute Quadrangle, A5

P H Benedum

No 1 Dusenbury

Elev 1,714 gl

Permit Warren No 257

API No 37-123-20257
Warren County, Pa

Warren Quadrangle, F9
Thornton Co

No 1 Lindbloom

Elev 2,019 gl

API No 37-123-00044
Warren County, Pa

Kinzua Quadrangle, Al5
Felmont Ol Co

No F-180, No 1 Collins
Elev 1,689 gl

Pernut Warren No 982

API No 37-123-00003
McKean County, Pa

Kinzua Quadrangle, A16
Pennzoll United Inc

No 1 W C Kenwanee

Elev 1,474 gl

Petmuit Warren No 7520
API No 37-083-27520
Cattaraugus County, N'Y
New Albton Township
Humble O1l and Refining

No 1 D Heron

Elev 1,832 df

Permit Cattaraugus No 4153
API No 31-009-00093
Wise County, Va

Columbia Gas Transmission Corp
No 20118-T Pennsylvania-Virgima Corp
Elev 3,464 dna

API No 45-195-20178
Buchanan County, Va
Columbia Gas Transmission Corp
No 9781-T Pittston Coal Co
Elev 1,580 dna

API No 45-027-04041
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McDowell County, W Va
Consolidated Gas Supply Corp

No P-618 Rose L Dennis

Elev 1,370 dna

API No 47-047-04165

Mingo County, W Va

United Fuel Gas Co

No 9416 Mingo and Wyoming Land Co
Elev 1,556 dna

API No 47-059-00001

Boone County, W Va
Consolidated Gas Supply Co

No 1021 Federal Coal Co

Elev 1,299 dna

API No 47-005-04008

Fayette County, W Va

Columbia Gas Transmission Corp
No 9793 Kanawha Gauley Coke and Coal Co
Elev 1,085 dna

API No 47-019-04041

Gilmer County, W Va

Westrans Petroleum Inc

No [-1978 Wilham J Mohr Heirs
Elev 959 dna

API No 47-021-06001

Lewis County, W Va

Freemans Creek District

Allegheny Land and Mineral Co
No A-455 Alfred Woofer

Elev 1,160 kb

Permit Lewis No 1864

API No 47-041-04189

Marion County, W Va

Phillips Petroleum Co

No 312-1 Ronald Robe

Elev 1,774 dna

API No 47-049-20312

Preston County W Va

United Fuels Producers Funds, Inc
No 137-1 George F Guthrie
Elev 1,982 dna

API No 47-077-00040

Somerset County, Pa

Shell O1l Co

No 1 R D Shumaker

Elev 2,494 dna

API No 37-111-00005

Somerset County, Pa

Winber Quadrangle, Quemahoning Township
Felmont O1l Corp and Peoples Natural Gas Co
No 1 (Ser F-146) Robert F Henninger
Elev 2,018 gl, 2,031 kb

API No 37-111-00004

Cambria County, Pa

Johnstown Quadrangle, H10
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Pennzoil United

No | FW Heidingsfelder

Elev 2,232 kb

Permit No 13

API No 37-021-00017

Cambria County, Pa

Johnstown Quadrangle, C12

Peoples Natural Gas Co

No 4611 W Gniffith

Elev 2,026 gl, 2,040 kb

Permit No 17

Cambria County, Pa

Patton Quadrangle, Bi

Peoples Natural Gas Co

No 1-4361 H Leiden

Elev 1,913 kb

Permit No 3

API No 37-021-00007

Clearfield County, Pa

Houtzdale Quadrangle, D1

New York State Natural Gas Corp

No N-808 Mid Penn Coal Co

Elev 1,580 kb

Permit No 356

API No 37-033-00332

Clearfield County, Pa

Houtzdale Quadrangle, B4, Boggs Township

Manufacturers Light and Heat Co

No 14729 Haupt Heirs

TD 7,810, Elev 1,679 kb

Permit No 371

SPI No 37-033-00011

Clearfield County, Pa

New York State Natural Gas Corp

No 1 Clearfield Trust Co

Elev 1,437 dna

API No 37-033-20354

Potter County, Pa

Renovo West Quadrangle, C202

Consolidated Gas Supply Corp

No N-972 Pennsylvania Department of
Fish and Waters

Elev 1,870 kb

API No 37-105-20182

Tioga County, Pa

Elkland Quadrangle, B36

New York State Natural Gas Corp

No 1 Linder

Elev 1,918 dna

API No 37-117-20017

Chemung County, N'Y

Rio O1l, Inc

No 1 Richards

TD 4,126, Elev 1,243 df

API No 31-015-00003
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Chemung County, N Y

Veteran Township

Rio O1l, Inc

No 1 Stephen Boor

TD 3,311, Elev 1,526 gl, 1,529 df
API No 31-015-00001

Tompkins County, N Y

Enfield Township

New York State Natural Gas Corp
No 1 Grund

TD 8,903, Elev 1,454 gl, 1,457 df
API No 31-109-00077
Cattaraugus County, N Y

Freedom Township

Columbia Gas Transmuission Corp
No 20221T Robert J and Minnie Edmunds
Elev 1,744 gl, 1,756 kb

API No 31-009-11478

Allegany County, N Y

Hume Township

New York State Natural Gas Corp
No 1 D A Wolfer

TD 7,560, Elev 1,560 gl, 1,573 kb
Allegany County, N Y

Almond Township

New York State Natural Gas Corp

No 6213 Eastern Gas Shales Program, New York

Elev 1,840 gl, 1,853 kb
Steuben County, N Y

Howard Township

JV Pizza

No 1 Richardson Farm

API No 31-101-10880
Steuben County, N Y
Campbell Township

Richard W Harding and others
No 1 G D Scudder

TD 3,445, Elev 1,438 gl, 1,441 df
API No 31-101-00008
Mercer County, Pa

Shenango Quadrangle, A7, West Salem Township

Bert Fields

No 1 Lihan

TD 4,792, Elev 1,165 gl
API No 37-085-00024
Mercer County, Pa
Pymatuming Township
Melben O1l Co

No 1 Emma McKnight
TD 8,211, Elev 960 kb
API No 37-085-00021
(Wagner, 1958)

Mercer County, Pa
Stoneboro Quadrangle, 110
United Natural Gas Co



87

88

89

90

91

92

93

94

95

96

No | JV Johnson

TD 6,140, Elev 1,587 gl

API No 37-085-00012
Jefferson County, Pa
Punxsutawney Township, A62
Consohdated Gas Supply Corp
No 1 JI Zeedick

TD 7,429, Elev 1,539 gl
Ashland County, Ohio

Lake Township

Roy Stewart

No | Kenneth and Rex Masher
TD 5,480

Permit Ashland No 1762
Wayne County, Ohio

Paint Township

Management Central Corp

No 1 John L Cramer

API No 34-169-04096

Stark County, Ohio

Sandy Township

Texaco, Inc

No 1 William Rarne

Elev 1,035 gl, 1,045 kb
Permit Stark No 2001

Carroll County, Ohio

Lee Township

East Ohio Gas Co

No 3265 Raymond M and Clara L Goddard
Elev 1,284 gl, 1,294 kb

API No 34-019-20901
Hancock County, W Va

Clay Dustrict

Humble O1l and Refining Co
No 1 Minesinger

TD 10,387, Elev 1,039 gl, 1,052 kb
Allegheny County, Pa
Forward Township

C E Power Systems

No 1 Fee

Elev 759 gl, 769 kb
Westmoreland County, Pa
Donegal Quadrangle, Mt Pleasant Township
Felmont O1l Corp

No 1 CE Heibal

Elev 1,495 gl, 1,506 kb

API No 37-129-00017
Bedford County, Pa

Phullips Petroleum Company
No 1 Penn Tract 26-B

Elev 2,394 gl, 2,409 kb

API No 37-009-00032

Perry County, Ohio

Hopewell Township

Irvine Producing Co
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98

99

100

101

102

103

104

No 1 Lawrence and Delpha Mitchell
TD 2,940, Elev 808 df

Permit Perry No 2839

API No 34-127-06001

Perry County, Ohio

Harrison Township

Quaker State O1l Refining Corp
No 1DW and MJ Potts
TD 3,549, Elev 795 gl, 797 df
Permit Perry No 2597

API No 34-127-060012
Morgan County, Ohio

Morgan Township

Ohio Fuel Gas Co

No I Benjamun F Hammond
TD 4,898, Elev 1,041 kb
Permit Morgan No 1203

API No 34-115-04020
Morgan County, Ohio

Center Township

Texaco, Inc

No 12 Delbert McMannis Unit
TD 3,870, Elev 892 gl

Permit Morgan No 1282

API No 34-115-04162
Washington County, Ohio
Adams Township

Berry Holding Co

No 1 Cecil F Offenberger
TD 6,095, Elev 949 kb

Permit Washington No 3272
API No 34-167-04009
Pleasants County, W Va
Grant District

Commonwealth Gas Corp

No 1 Wilham C Kerns and others
Elev 1,085 kb

Permit Pleasants No 667

Ross County, Ohio

Twin and Paxton Townships
Copperas Mountain Section
(Kepferle and Roen, 1981, p 294)
Scioto County, Ohio

Valley Township, Section 5
Continental O1l Company

No I Shisler

TD 1,075, Elev 531 kb
Permit Scioto No 194

Scioto County, Ohio

Green Township

U S S Chemical Division

No 1 Fee

TD 5,607, Elev 557 kb

Permit Scioto No 212

API No 34-145-06001
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Boyd County, Ky

22-W-82

Inland Gas Co

No 537 C E Fannin Estate

TD 7,800, Elev 709 kb

Wayne County, W Va

Butler District—2 88 m1 S 38°07',2 24 mi W 82°30'

Columbia Gas Transmission Corp

No 20060-T Fee

TD 3,598, Elev 647 kb

Permut Wayne No 1576

API No 47-099-21578

Lawrence County, Ky

10-S-83

Columbia Gas Transmission Corp

No 9557 Fieger

TD 4,037, Elev 802 df

API No 16-127-04023

Martin County, Ky

19-Q-84

United Fuel Gas Co

No 8610-T Jasper James and others

TD 13,172, Elev 659 kb

API No 16-159-00001

Pike County, Ky

3-K-87

Columbia Gas Transmussion Corp

No 9697 Kentland Coal and Coke Co

TD 4,944, Elev 1,293 df

API No 16-195-04060

Buchanan County, Va

450 ft S 37°10’, 4,900 ft W 82°07'30"

Columbia Gas Transmission Corp

No 9722-T J W Pobst

TD 7,296, Elev 1,683 kb

API No 45-027-04032

Scott County, Va

6,400 ft S 36°40', 4,500 ft E 82°20’

Tidewater O1l Co and Wolf’s Head O1l Co

No 1 ED Smith

TD 7,222, Elev 1,468 kb

Scott County Va

Duffield Quadrangle, 13-C-81, 1,900 FNL, 1,200
FWL, Duffield Section

(Kepferle and Roen, 1981, p 308)

Hawkins County, Tenn

Kyles Ford Quadrangle, 21-A-78E, 1,600 FSL, 0
FEL, Little War Gap Section

(Kepferle and Roen, 1981, p 307)

Hawkins County, Tenn

Pressemens Home Quadrangle (now Camelot
Quadrangle)— 761,500 N , 2,855,050 E

Tennessee Division of Geology

Anthony Lucas Property
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116

117

118

119

120
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123

No 4 Core Hole, Eastern Gas Shales Project

TD 1,525 1, Elev 1,245 gl

API No 41-073-1002

Hawkins County, Tenn

Pressmens Home Quadrangle (now Camelot
Quadrangle)—759,000 N , 2,855,900 E

Tennessee Division of Geology

Anthony Lucas Property

No 5 Core Hole, Eastern Gas Shales Project

TD 275, Elev 1,350 gl

API No 41-073-1001

Grainger County, Tenn

Bean Station Quadrangle—724,300 N , 2,783,400 E

Tennessee Division of Geology

No 8 Core Hole, Eastern Gas Shales Project

TD 915 6, Elev 1,080 gl

API No 41-057-1003

Grainger County, Tenn

Avondale Quadrangle—710,300 N , 2,762,000 E

Gury Federal

No 9 Core Hole, Eastern Gas Shales Project

TD 1,920, Elev-1,140 gl

Grainger County, Tenn

Joppa Quadrangle—682,500 N , 2,700,950 E

Tennessee Division of Geology

David Wilson Property

No 6 Core Hole, Eastern Gas Shales Project

TD 486 0, Elev 970+ gl

API No 41-057-1001

Campbell County, Tenn

Jacksboro Quadrangle—1,800 FSL, 2,100 FWL

Geo, Inc

No 2 Geo-Lindasy Land Company

Elev 1,660 gl, 1,678 kb

Roane County, Tenn

Harriman Quadrangle, 1-8S-59E—700 FNL, 3,200
FEL, Emory Gap Section

(Kepferle and Roen, 1981, p 301)

Bledsoe County, Tenn

Melvine Quadrangle, 9-10S-54E—1,100 FSL, 150

FEL, Lowe Gap Section

(Kepferle and Roen, 1981, p 296)

Bledsoe County, Tenn

Pikeville Quadrangle, 5-12S-53E—5,300 FSL, 1,000
FWL, Pikeville Section

(Kepferle and Roen, 1981, p 296)

Claiborne County, Tenn

Howard Quarter Quadrangle—767,150 N,
2,756,500 E

Tennessee Division of Geology

Fred Pearson Farm

No 1 Core Hole, Eastern Gas Shales Project

TD 254 0, Elev 1,100 gl

API No 41-025-6001



124 Hancock County, Tenn
Sneedville Quadrangle—803,150 N , 2,836,050 E
Tennessee Division of Geology
Calver Johnson Property
No 3 Core Hole, Eastern Gas Shales Project
API No 41-067-1001
125 Wise County, Va
Appalachia and Big Stone Gap Quadrangles,
12-E-81 E—3,100 FSL, 110 FWL, Big Stone
Gap Section
(Kepferle and Roen, 1981, p 308-310)
126 Wise County, Va
Flat Gap Quadrangle, Gladeville Township
Columbia Gas Transmission Corp
No, 20338 Pennsylvania-Virgima Corp
TD 5,734, Elev 2,395 47 gl
127 De Kalb County, Tenn
Sligo Bridge Quadrangle, 8—7S-46E—700 FSL, 1,900
FWL, Shgo Bridge Section
(Kepferle and Roen, 1981, p 270)
128 De Kalb County, Tenn
Center Hill Dam Quadrangle, 20-6S—45E—200 FNL,
400 FWL, Hurricane Bridge Section
(Kepferle and Roen, 1981, p 272)
129 Clay County, Tenn
Dale Hollow Dam Quadrangle, | 1-A-9E— 1,900
FSL, 2,000 FEL, Pleasant Grove Section
(Kepferle and Roen, 1981, p 275)

130 Cumberland County, Ky
Burkesville Quadrangle, 21-D-50E—700 FNL, 1,400
FWL, Burkesville Section
(Kepferle and Roen, 1981, p 277)
131 Russell County, Ky
Creelsboro Quadrangle, 2-E-52E— 1,800 FNL, 300
FWL, Creelsboro Section
(Kepferle and Roen, 1981, p 278)
132 Pulaski County, Ky
Delmer Quadrangle, 19-11-58E—3,200 FSL, 2,250
FEL, Ringgold Road Section
(Kepferle and Roen, 1981, p 279)
133 Madison County, Ky
Berea Quadrangle, 7-M-63E—575 FNL, 600 FWL,
Berea Section
(Kepferle and Roen, 1981, p 281)
134 Estll County, Ky
Panola Quadrangle, 13-0-66E— 1,900 FSL, 100 FEL,
Good Shepherd Baptist Church Section
(Kepferle and Roen, 1981, p 283)
135 Powell County, Ky
Clay City Quadrangle, 12-Q-67E—925 FSL, 900
FWL, Clay City Section
(Kepferle and Roen, 1981, p 284)
136 Lewis County, Ky
Vanceburg Quadrangle, 25-Z-75E—700 FNL, 2,300
FEL, Vanceburg Section
(Kepferle and Roen, 1981, p 290)
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New Albany Shale (Devonian and Mississippian)

of the lllinois Basin

By Nancy R. Hasenmueller'

Abstract

The New Albany Shale (Middle Devonian to Early
Mississippian) 1s present in the lllinois basin areas of
lilinois, Indiana, and western Kentucky, where 1t consists
predominantly of brownish-black and greenish-gray
shales Generally, the brownish-black shale s character-
ized by high concentrations of organic material, trace
elements, and pynite and is laminated The greemish-gray
shale has low concentrations of organic material, trace
elements, and pyrite and 1s bioturbated In addition to
these two dominant lithologies, the New Albany contains
lesser amounts of sandstone, siltstone, imestone, dolo-
mite, and phosphate

In llhinois, the New Albany Shale 1s assigned group
status, and, in Indiana and western Kentucky, the New
Albany 1s regarded as a formation On the basis of varia-
tions n lithology, the New Albany 1s divided in the
subsurface into formations in lllinois and members In
Indiana and Kentucky

The New Albany attains a maximum thickness of
more than 460 feet in the southern part of the lllinois basin
in southeastern lllinois and adjacent Kentucky In this area
of thick New Albany, the dominant lithology 1s brownish-
black shale The shale thins toward the basin margins
exceptinwest-centralllinois, where bioturbated, greenish-
gray shale more than 300 feet thick 1s present The two
areas of thick New Albany are separated by a north-
eastward-southwestward-trending area of thinner shale in
llinois This band of thinner shale extends eastward into
west-central Indiana

The distribution of the brownish-black and the
greenish-gray shales indicates deposition in a stratified
deep-water basin that 1s centered in southeastern llinois
and western Kentucky The development of a stratified
water column, abundant organic material, and a slow rate
of clastic sedimentation were necessary for preservation
of high concentrations of organic matenial Bioturbated,
greenish-gray shales reflect a shghtly better oxygenated,
but low-energy, environment Higher energy, aerobic,
near-shore environments had only a hmited distribution
and are restricted to west-central Illinois

Manuscript approved for publhication September 13, 1989
'Indiana Geological Survey, Bloomington, Ind

Brownish-black shale lithologies in the lower and the
upper parts of the New Albany Shale have large amounts
of organic carbon The greatest concentrations of organic
carbon are n the upper part of the New Albany in
southeastern Indiana and west-central Kentucky, where
organic-carbon content 1s 12 to 13 percent by weight
Limited data from the deeper part of the basin indicate
that this interval contains 8 to 11 percent organic carbon
The organic-carbon content of greenish-gray shale is low,
commonly 1 to 2 percent by weight

INTRODUCTION

Although Devonian shales are an important source of
natural gas in the Appalachian basin, gas has been produced
only on a limited basts from the New Albany Shale in the
Ilinois basin 1 Indiana and western Kentucky In this
basin, the brownish-black, organic-rich shales are probable
source beds for younger Mississippian and Pennsylvaman
o1l pools, as well as underlying Silunian and Devonian pools
(Stevenson and Dickerson, 1969, Barrows and Cluff, 1984),
and someday may become a source of synthetic fuels in
areas of southeastern Indiana and west-central Kentucky

In the last decade, the hydrocarbon potential of the
New Albany has resulted in detailed studies that pertain to
the stratigraphy, structure, petrography, composition, and
physical properties of the shale and their relation to produc-
tion of gas These studies were undertaken by the Ilhnoss,
Indiana, and Kentucky Geological Surveys as part of the
Eastern Gas Shales Project (EGSP) and were supported 1n
part by the Morgantown Energy Technology Center of the
U S Department of Energy (DOE) Later, additional stud-
1es, which were partly funded by the DOE, were conducted
to discern whether the shale near the outcrop area in
southeastern Indiana and west-central Kentucky was a
potential source of synthetic o1l

This chapter provides information relating to the
stratigraphy of the shale in the Illinois basin and summa-
rizes the stratigraphic interpretations made by the Illinois,
Indiana, and Kentucky Geological Surveys in the EGSP
final reports (Bergstrom and others, 1980, Lineback, 1980,
Schwalb and Nornis, 1980e, Hasenmueller and Bassett,
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1981) and 1n other publications that resulted from the EGSP
(Barrows and others, 1979, Cluff and others, 1981) It also
includes information from several studies of the o1l potential
of the shale 1n Indiana and Kentucky (Beard, 1980, Hasen-
mueller, 1982, Robl and others, 1983, Hasenmueller and
Lewninger, 1987)

STRATIGRAPHY

General Discussion

The name “New Albany Black Slate” was first used
by Borden (1874) for brownish-black shale exposed along
the Ohio River at New Albany, Ind The New Albany
consists predominantly of organic-rich, brownish-black and
organic-poor, greenish-gray shale and is present in the
subsurface throughout much of the Illinois basin in Hlinoss,
southwestern Indiana, and western Kentucky (fig 1) Much
of the brownish-black shale 1s characterized by high con-
centrations of organic matenal, trace elements, and pyrite
The fauna 1s limited, and fossils are predominantly nektonic
and planktonic The greenish-gray shale has low concentra-
tions of organic matenal, trace elements, and pyrnte The
fauna 1s somewhat more diverse than that of the brownish-
black shale In addition to these two dominant lithologies,
the New Albany contains lesser amounts of sandstone,
siltstone, limestone, dolomite, and phosphate beds The
New Albany ranges in age from Middle Devonian to Early
Mississippian, although most of the shale 1s Late Devonian
n age

In Indiana and western Kentucky, the New Albany
Shale 1s recognized as a formation In Illinoss, 1t 1s given
group status and 1s subdivided nto nine formations (Line-
back, 1980, Cluff and others, 1981) In ascending order, the
formations are the Blocher Shale, the Sylamore Sandstone,
the Selmier Shale, the Sweetland Creek Shale, the Grassy
Creek Shale, the Saverton Shale, the Louisiana Limestone,
the Horton Creek Formation, and the Hannibal Shale
(fig 2)

In southeastern Indiana, the New Albany Shale has
been divided on the basis of lithology into five members
(Lineback, 1968) In ascending order, they are the Blocher,
the Selmier, the Morgan Trail, the Camp Run, and the
Clegg Creek Members (fig 2) These members also are
recognized i Bullitt County in west-central Kentucky
(Lineback, 1970, Beard, 1980) A sixth member, the
Ellsworth Member, 1s composed of greenish-gray and
interbedded, greenish-gray and brownish-black shales and
has been recognized 1n the subsurface in the northern part of
the Illinois basin 1n Indiana (Lineback, 1970) and 1n parts of
central and southwestern Indiana (fig 2, Hasenmueller and
Bassett, 1981)

In western Kentucky, the New Albany 1s divided 1nto
three members, which are, 1n ascending order, the Blocher
Member, the Selmier Member, and the Grassy Creek
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Member (fig 2) A shale interval equivalent to the Saverton
and the Hannibal Shales of Illinois 1s recognized in limited
areas 1n the subsurface of western Kentucky, but it 1s not
considered to be a part of the New Albany in Kentucky
(Schwalb and Norris, 1980e) Rather, it 1s considered to be
a lateral equivalent of the lower part of the New Providence
Shale (Dever and McGrain, 1969)

The New Albany reaches its maximum thickness of
more than 460 feet (ft) in an area in the southern part of the
Illinois basin 20 mules (m1) south of the junction of the
Wabash and the Ohio Rivers (fig 3) Thick New Albany
extends eastward i Kentucky along the Moorman Syn-
cline, a structure that was active during deposition of the
shale (Schwalb and Norris, 1980e) The area of thick shale
1n the southern part of the basin represents the depositional
center of the ancestral Illinois basin during the Middle and
the Late Devomian, and, 1n this area, laminated, brownish-
black shale 1s the dominant lithology A second depositional
center 1S 1n southeastern Iowa and west-central Illinoss,
where thicknesses of more than 300 ft of bioturbated,
greenish- and olive-gray shales are reported in Hender-
son and Hancock Counties (Lineback, 1980) The two
depositional centers are separated by a northeastward-
southwestward-trending area of thinner shale that extends
eastward into west-central Indiana

In southeastern Illinois, southwestern Indiana, and
western Kentucky, the New Albany conformably overlies
Middle Devonmian carbonate rocks Westward 1n Illinois, the
lowest unit of the New Albany, the Blocher Shale, grades
laterally into the argillaceous limestone, dolomite, and
shale of the Lingle and the Alto Formations In areas where
the Blocher 1s not present 1n Illinois, the Sylamore Sand-
stone marks the base of the New Albany, which unconform-
ably overlaps Middle Devoman to Late Ordovician strata
Eastward and northward in Indiana, the New Albany
paraconformably overlies the Muscatatuck Group (Middle
Devomian) In west-central Kentucky, the New Albany
unconformably overlies strata ranging in age from Middle
Devonian to Late Ordovician

Throughout much of the Illinois basin, the New
Albany interval 1s overlain conformably by Mississippian
strata In most of southern, central, and eastern Illino1s, the
New Albany 1s conformably overlain by the Chouteau
Limestone of Kinderhookian age The Rockford Limestone,
which 1s Kinderhookian and Valmeyeran in age, conform-
ably overlies the New Albany 1n most areas in the subsur-
face of Indiana The Rockford 1s absent, however, along the
Indiana-Illinois State line, 1n southern Indiana, and 1n other
localized areas (Hasenmueller and Bassett, 1981) In areas
where the Rockford 1s absent, the New Albany 1s directly
overlain by greemish-gray shale that constitutes the deep-
water bottomset beds of the Borden delta (Lineback, 1966)
In Illinois, this shale 1s named the “Springville Shale,” and,
in Indiana and Kentucky, 1t 1s named the “New Providence
Shale ”
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Figure 1. Locations of the wells in Illinois, Indiana, and western Kentucky that are used in stratigraphic cross sections
and that penetrate the New Albany Shale (Group).

In extreme western Illinois, the McCraney Limestone
conformably overlies the uppermost unit of the New Albany
in this area, the Hannibal Shale (fig. 2). Across most of
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western Illinois, the New Albany and the Chouteau have
been erosionally truncated and are overlain by strata of
Valmeyeran age. The northern limit of the New Albany in
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Figure 2. Correlation of the New Albany Shale (Group) in the Illinois basin

Ilhinois 1s in an area where 1t has been erosionally truncated
and 1s overlain by Pennsylvaman strata (Cluff and others,
1981)

In limited areas of northwestern Kentucky, the New
Albany 1s overlain by the Saverton and the Hannibal Shales
Where these shale units and the overlying Rockford Lime-
stone are absent, the New Albany 1s overlain by the New
Providence Shale (Schwalb and Norris, 1980a) Generally,
in west-central Kentucky, the New Albany 1s overlamn by
the New Providence Shale, but, in parts of Jefferson County
and 1n Bullitt County, the New Albany 1s overlain by the
Rockford Limestone (Conkin and Conkin, 1972, 1975,
Kepferle, 1974)

ca

Blocher Member (Blocher Shale in Illinois)

The name “Blocher Formation” was first used by
Campbell (1946) for the basal unit of the New Albany Shale
n Jefferson County, Ind , near Blocher The unit was later
reduced 1n rank to member status by Lineback (1968) The
Blocher 1s predominantly a finely laminated, orgamc-rich,
calcareous, brownish- to grayish-black shale but contains a
few thin beds of greemsh-gray shale, fine-grained lime-
stone, dolomute, calcareous quartz sandstone, and phos-
phatic sandstone The Blocher 1s distinct 1n that 1t 1s the only
browmish-black shale unit that contains much calcite The
carbonate 1s present as silt-sized rhombohedral grains,
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Figure 3. Thickness of the New Albany Shale (Group) in
the Illinois basin. (Modified from Lineback, 1980.)

which are randomly distributed in the shale and concen-
trated in numerous laminae (Lineback, 1970). Small pyrite
nodules and disseminated pyrite are associated with the
carbonate in the laminae. The basal part of the Blocher in
the outcrop area of southeastern Indiana contains the great-
est concentrations of randomly distributed carbonate grains.
Dark-grayish-brown carbonate concretions are also present
in the lower part of this member in the outcrop area.

A thin phosphatic sandstone bed or bone bed at the
base of the Blocher contains quartz, phosphatic nodules,
rock fragments, fish bones and teeth, and conodonts and has
been traced throughout much of southeastern Indiana. This
basal bed contains abundant pyrite and marks the beginning
of renewed sedimentation in a transgressive sequence (Pick-
ering, 1979).
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Figure 4. Thickness of the Blocher Member (Shale) in the
Illinois basin. (Modified from Lineback, 1980.)

In central Indiana, a laminated, calcareous, dark-
gray-brown mudstone occurs in the basal part of the
Blocher. This relatively different mudstone lithology is
vertically gradational into the calcareous, brownish-black
shale of the Blocher.

The moderately high concentrations of carbonate
minerals and the low concentrations of radioactive elements
in the Blocher impart distinctive geophysical characteristics
that make it possible to trace the unit from the type area in
southeastern Indiana into the deeper part of the Illinois basin
(pl. 1). The Blocher that is delineated on geophysical logs
includes the entire calcareous brownish-black shale interval
and is not restricted to the more calcareous interval at the
base of the Blocher as proposed by Cluff and others (1981).
In the deeper part of the Illinois basin, the restricted black
shale interval of the Blocher as mapped by Cluff and others
(1981) is basically equivalent to the interval mapped by
Hasenmueller and Bassett (1981), but the restricted Blocher
is not recognized as far to the north in Illinois as the Blocher
is in Indiana (fig. 4).
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In Indiana, the Blocher ranges in thickness from less
than 5 ft along the outcrop belt in southeastern Indiana to 67
ft in the subsurface of Posey County in southwestern
Indiana (fig. 4; Hasenmueller and Bassett, 1981). The
Blocher reaches a maximum thickness of more than 80 ft in
Hardin County in southeastern Illinois and in adjacent areas
of western Kentucky (Lineback, 1980). The unit thins
eastward in Kentucky, but it is recognized in the outcrop
area of the New Albany in west-central Kentucky (Line-
back, 1970; Beard, 1980).

The Blocher has not been strongly bioturbated, and
fossils present are interpreted as being planktonic and
nektonic. Conodonts, fish debris, Tasmanites, Styliolina,
Tentaculites, linguloid brachiopods, and small calcareous
brachiopods and Chonetes) have been
reported (Lineback, 1970). The occurrence of Tentaculites
and Styliolina in the New Albany is limited to the Blocher,
and that these fossils commonly have a preferred orientation
in carbonate layers in the lower part of the unit indicates the
existence of bottom currents during Blocher time (Line-
back, 1968). Conodonts indicate that the Blocher is mostly
Middle Devonian in age, although some beds are earliest
Late Devonian (Collinson and others, 1967).

(Leiorhynchus

Sylamore Sandstone

The Sylamore Sandstone, which is named for Sylam-
ore Creek in Stone County, Ark. (Penrose, 1891), is the
basal formation of the New Albany Shale Group in central
and western Illinois. Typically, the Sylamore consists of
subrounded to rounded fine to medium quartz sand
cemented with calcite, dolomite, or pyrite. In places, the
matrix is silty or shaly and is commonly phosphatized.
Phosphatic nodules, conodonts, fish teeth, and phosphatic
brachiopods are common, and the bed is bioturbated in most
areas (Cluff and others, 1981).

The sandstone is a continuous thin sheet in western
and central Illinois (fig. 5), where it is rarely more than 5 ft
thick and is generally only a few inches thick (Workman
and Gillette, 1956). The thickness of the interval was not
mapped by Cluff and others (1981) because the sandstone is
commonly too thin to be recognized except in cores. In
areas where closely spaced cores are available, the thick-
ness of the sandstone is variable over short distances.

In western and central Illinois, the Sylamore uncon-
formably rests on carbonate rocks ranging from Late Ordo-
vician to Middle Devonian in age (Collinson and Atherton,
1975). Evidence is lacking to determine whether the uncon-
formity represents a period of subaerial exposure or subma-
rine nondeposition (Cluff and others, 1981). The sandstone
grades upward into the Sweetland Creek Shale or the
Sweetland Creek and Grassy Creek Shales undifferentiated.
Because these overlying shales become younger northward
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Figure 5. Distribution of the Sylamore Sandstone (shaded
area) in lllinois. (From Lineback, 1980.)

and westward in Illinois, the subjacent Sylamore is inter-
preted as a time-transgressive unit (Cluff and others, 1981).

Conodonts from the Sylamore are indicative of an
early Late Devonian age. The Sylamore has been tentatively
correlated with thin sandy beds in the upper part of the
Blocher or the lower part of the Selmier Shale (Sweetland
Creek) in southeastern Illinois (Collinson and others, 1967).
Thin quartz sandstone beds at the base of the Selmier in
southeastern Indiana may be correlative with the Sylamore
(Hasenmueller and Bassett, 1981).

Selmier Member (Selmier Shale in Illinois)

The name “Selmier Member” of the New Albany
Shale was first applied by Lineback (1968) to the greenish-
gray shale that overlies the Blocher Member near the



Selmier State Forest in Jennings County, Ind. The shales of
the Selmier have been traced from the outcrop area in
southeastern Indiana into the subsurface of southwestern-
most Indiana (Hasenmueller and Bassett, 1980b). The name
“Selmier” for equivalent beds has been extended into
southeastern Illinois, where it is ranked as a formation in the
New Albany Shale Group, and into western Kentucky,
where it is ranked as a member of the New Albany
(Lineback, 1980). In Illinois, this interval had been
assigned to the Sweetland Creek Shale by Collinson and
others (1967), but, because the Sweetland Creek Shale of
western Illinois is, at least in part, stratigraphically higher
than the Selmier, the use of the name “Sweetland Creek”
now is restricted to areas to the north and the west of the
deeper parts of the basin (Reinbold and others, 1980). The
Sweetland Creek is separated from the Selmier by an
arbitrary vertical cutoff (fig. 6). The name “Selmier” also is
applied to thin beds of greenish-gray shale in the outcrop
area in west-central Kentucky (Lineback, 1970; Beard,
1980).

In the outcrop area in southeastern Indiana, the
Selmier consists of greenish- to olive-gray shale and thin
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Figure 6. Thickness of the Selmier Member (Shale) in the
Illinois basin. (Modified from Lineback, 1980.)

beds of olive-black shale, dolomite, and quartzose sand-
stone. At the type section, brownish-gray to olive-black
shale beds are near the base of the member. In addition to
numerous carbonate laminae, thin beds of concretions and
large isolated septarian concretions composed of ferroan
dolomite have been reported at several exposures (Line-
back, 1970; Hasenmueller and others, 1983b).

In the deeper part of the Illinois basin in southwestern
Indiana and southeastern Illinois, the Selmier generally
contains greater concentrations of organic carbon and is
darker in color than it is in the outcrop area. In cores from
southeastern Illinois, the Selmier consists of alternating
beds of brownish-black, grayish-black, and dark-greenish-
to olive-gray shales and mudstone. The dark shales gener-
ally are poorly laminated and contain small burrows; the
dark-greenish- to olive-gray shales are indistinctly bedded
and commonly are burrowed (Cluff and others, 1981).

The Selmier is not recognized in most of Harrison,
Floyd, and Clark Counties in southeastern Indiana (fig. 6;
pl. 1). To the north, the Selmier thickens to more than 40 ft
in central Indiana; this northward thickening appears to be
partly the result of a facies relation with the overlying
brownish-black shale of the Morgan Trail Member. In
northwestern Indiana, the Selmier includes some shale that
is assigned to the Sweetland Creek in adjacent Illinois. The
Selmier thickens to the southwest in Indiana and is 126 ft
thick in Posey County.

The maximum thickness of the Selmier (Sweetland
Creek) that was mapped in northwestern Kentucky by
Schwalb and Norris (1980c) was 170 ft; however, the
thickness of the member in Kentucky was revised by
Lineback (1980) to conform with the thickness of the shale
mapped in southeastern Illinois, where the Selmier is more
than 200 ft thick in places. The Selmier thins to 20 ft in
central Illinois, where it is arbitrarily separated from the
Sweetland Creek Shale (fig. 6).

In the outcrop area in Indiana, the Selmier is exten-
sively burrowed, and the trace fossils Chondrites, Zoophy-
cos, and Planolites have been identified. Conodonts, Tas-
manites, Callixylon, and ammonoid anaptychi (Hasen-
mueller and others, 1983b), as well as a few gastropods and
pelecypods (Lineback, 1970), are also present in the Selm-
ier. The conodonts from the Selmier indicate a Late
Devonian age (rol to roll; Collinson and others, 1967).

Sweetland Creek Shale

The name “Sweetland Creek beds” originally was
used to describe the Devonian greenish-gray and brownish-
black shales overlying the Cedar Valley Limestone along
Sweetland Creek in southeastern Iowa (Udden, 1899).
Collinson and others (1967) proposed that the name “Sweet-
land Creek Shale™ be restricted to the greenish-gray shale
and that the overlying brownish-black shale at the type
section be assigned to the Grassy Creek. They extended the
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use of the name “Sweetland Creek” eastward 1n the Illino1s
basin, but Cluff and others (1981) restricted the use of the
name to the western and the northern parts of Illinois

The two dominant lithofacies of the Sweetland Creek
Shale i Illinois are indistinctly bedded, bioturbated,
greenish-gray to grayish-green shale and thickly laminated,
olive-gray to olive-black shale that has a few burrows
Pronounced interbedding of greenish-gray and olive-black
shales characterizes the Sweetland Creek The bottom
contact of each bed of laminated, olive-black shale 1s sharp,
but the top contact 1s burrowed The burrows are filled with
lighter colored shale and extend only a few inches 1nto the
olive-black shale The shallow depth of the burrows indi-
cates that the olive-black sediment was relatively toxic to
burrowing orgamisms The trace fossils Zoophycos, Plano-
lites, Teichichmus, and Chondrites commonly are found at
the interface where greemsh-gray shale beds overlie olive-
black shale beds (Cluff and others, 1981)

The Sweetland Creek Shale 1s recognized as a distinct
formation principally in the subsurface of central Illinois
and 1n parts of southwestern Illinois Strata equivalent to the
Sweetland Creek are present in western and north-central
Illinois, but, 1n these areas, the Sweetland Creek 1s not
readily differentiated from the overlying Grassy Creek
Shale

On the basis of conodont faunas, an early to middle
Late Devonian age (tol) has been assigned to the Sweetland
Creek 1n the type area (Collinson and others, 1967), 1t 1s,
therefore, of the same age as the Selmier Member in the
outcrop area 1n southeastern Indiana However, Cluff and
others (1981) reported that, in the subsurface of northern
and western Illinois, most of the Sweetland Creek 1s at a
higher stratigraphic position and 1s, therefore, younger than
the Selmier 1n the deeper part of basin and the Sweetland
Creek at the type section They suggested that the younger
Sweetland Creek interval may have been included with the
Grassy Creek at the type section by Collinson and others
(1967) and that, although a thin interval of the Sweetland
Creek might be equivalent to the upper part of the Selmier,
most of the Sweetland Creek grades laterally into and 1s
equivalent in age to the Grassy Creek Shale 1n southeastern
Illinois They concluded that the lack of data in northern
and western Illinois makes 1t difficult to correlate the
Sweetland Creek 1n the subsurface precisely with the
Sweetland Creek type area, and they tentatively correlated
the Sweetland Creek of western Illinois with the uppermost
part of the Selmier Member, the entire Morgan Trail
Member, and part of the Camp Run Member of Indiana

Grassy Creek Shale (Grassy Creek Member in
Kentucky)

The Grassy Creek Shale i1s named for Grassy Creek 1n
Pike County, Mo (Keyes, 1898), and, as currently defined
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by Collinson and Atherton (1975), includes the brownish-
black shale interval of the middle and the upper parts of the
New Albany Shale Group 1n Illinoss (fig 2) Ongnally, the
formation was only recognized in the western part of the
State, usage of the name was later extended 1nto central and
southwestern Illinois (Workman and Gullette, 1956) and
mto eastern Illinois (Collinson and others, 1967) The
Grassy Creek 1s recognized i western Kentucky, where 1t 1s
the uppermost member of the New Albany Shale

In southern Illino1s and western Kentucky, the Grassy
Creek contains thinly lamated, pyntic, orgamic-rich,
brownish- to gray-black shale Northward in Illinois, the
Grassy Creek grades into olive-black to olive-gray shale
interbedded with grayish-olive- to grayish-green mudstone
Pynite 1s common and occurs as fine crystals, framboids,
thin lenses, and nodules of various sizes The shale 1s thinly
laminated and has closely spaced laminae composed of
silt-sized quartz and feldspar cemented by carbonate and
pynte (Cluff and others, 1981) Little or no interparticle
porosity 1s visible in thin sections In western Illinois, the
thin interbeds of greenish-gray shale may contain abundant
small burrows, the brownish-black shales, however, are not
burrowed

The Falling Run, the Henryville, and the Jacobs
Chapel Beds, which are lithologically and paleontologically
distinct thin beds recogmized near the top of the New
Albany Shale 1n the outcrop area in southeastern Indiana,
were 1dentified at two unusual exposures in southeastern
Illinois, consequently, use of these names has been
extended into Illinois (Cluff and others, 1981) Only the
Henryville Bed 1s thick enough to be recognized on geo-
physical logs, and the distribution of the bed has been
mapped 1n Illinois and Indiana (fig 7) These three beds
overlie brownish-black shale in much of southeastern Illi-
nois and are included in the Grassy Creek Shale In.some
other areas, the beds overlie greenish-gray shale and are
assigned to the undifferentiated Saverton and Hanmibal
Shales (Cluff and others, 1981)

The Grassy Creek reaches 1ts maximum thickness of
about 160 ft in Hardin County, Il , and adjacent areas of
Kentucky (fig 8) The Grassy Creek gradually thins east-
ward to 30 ft in west-central Kentucky (Schwalb and
Norris, 1980b) In northern and western Illinois, where the
brownish-black shale of the Grassy Creek interfingers with
the greenish-gray shale of the Sweetland Creek, the Grassy
Creek 1s not differentiated from the Sweetland Creek The
undifferentiated interval has a maximum thickness of 140 ft
in Warren and Henderson Counties (Cluff and others,
1981)

Fossils reported from the Grassy Creek are predom-
mantly pelagic and include conodonts, skeletal fish debris,
and 1narticulate brachiopods Tasmanites 1s common to
abundant The macrofauna of the Grassy Creek 1s sparse,
and the conodont fauna 1s not well known (Collinson and
others, 1967) Conodont faunas from the underlying Sweet-
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Figure 7. Distribution of the Henryville Bed in the lllinois
basin. (Information on lllinois from Cluff and others,
1981.)

land Creek and the overlying Saverton Shale in the type area
indicate an early Late Devonian age (Collinson and others,
1962). The Grassy Creek of southeastern Illinois is proba-
bly equivalent to the Morgan Trail, the Camp Run, and the
Clegg Creek Members of Indiana (fig. 2). The type Grassy
Creek Shale of western Illinois represents a smaller interval
of geologic time than the Grassy Creek of southeastern
Illinois and is equivalent to the lower part of the Clegg
Creek Member and perhaps the uppermost part of the Camp
Run Member of Indiana (Cluff and others, 1981).

Morgan Trail, Camp Run, and Clegg Creek
Members

In the outcrop area of the New Albany Shale in
southeastern Indiana, three lithologically distinct members
are differentiated above the Selmier Member (Lineback,
1968). In ascending order, these are the Morgan Trail, the
Camp Run, and the Clegg Creek. These members are
recognized in the outcrop area and in cores from the
subsurface of southeastern Indiana and west-central Ken-
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Figure 8. Thickness of the Grassy Creek Shale (Member)
in Kentucky and east of the arbitrary vertical cutoff in
Illinois; the thickness of the undifferentiated Morgan
Trail, Camp Run, and Clegg Creek Members in Indiana;
and the combined thickness of the Sweetland Creek and
the Grassy Creek Shales west of the arbitrary vertical
cutoff. (Modified from Lineback, 1980.)

tucky (Lineback, 1970; Beard, 1980; Robl and others,
1983). The members were not delineated in the subsurface
by Hasenmueller and Bassett (1980a) but were mapped as
an undifferentiated interval.

The undifferentiated interval, which is continuous
with the Grassy Creek Shale (Member) of Illinois and
western Kentucky, is 140 ft thick in the southernmost parts
of Posey and Vanderburgh Counties in southwestern Indi-
ana. This unit thins to about 60 ft in central and northern
Indiana (fig. 8).

Morgan Trail Member

The Morgan Trail Member of the New Albany Shale
was named for a roadside park near the type section, which
is about 1.5 mi southeast of Blocher in Scott County, Ind.
(Lineback, 1970). The Morgan Trail consists mainly of
fissile, siliceous, brownish- to olive-black shale that has

New Albany Shale (Devonian and Mississippian) of the Illinois Basin c9



pyritic, calcareous lamimae and beds, 1t may include a few
thin beds of olive-gray shale Thin, hard pyntic beds that
are laterally persistent are characteristic of this member In
exposures, the shale 1s jointed Linguloid brachiopods,
conodonts, and silicified logs of the genus Callixylon are
present but are generally rare in cores from the subsurface
of southeastern Indiana Tasmanites 1s locally common to
abundant 1in the Morgan Trail, and some thin beds are
composed predominantly of Tasmanites

In the subsurface of Indiana, the Morgan Trail thins
northward from 38 ft in northern Clark County to 7 ft in
central Bartholomew County The northward thinning
appears, 1n part, to be the result of a facies relation with the
underlying Selmier Member, which increases in thickness
correspondingly The Morgan Trail was not recognized 1n
the subsurface because 1its lithology could not be readily
differentiated from that of the overlymg Camp Run Member
on geophysical logs or in well cuttings

Conodonts from the Morgan Trail have not been
studied, but the member 1s presumed to be at about the same
biostratigraphic position as Zone toll because the overlying
Camp Run Member contains conodonts assignable to Zone
tolll (Lineback, 1970) The Morgan Traill Member 1s
considered to be stratigraphically equivalent to the lower
part of the Grassy Creek of Illinois and western Kentucky

Camp Run Member

The type section of the Camp Run Member 1s on the
southern side of Indiana Highway 311 at the Interstate
Highway 65 overpass near Sellersburg in Clark County,
Ind (Lineback, 1968) The member consists of laminated,
organic-rich, brownish-black shale interbedded with
greenish- to olive-gray shale The greenish-gray shale beds
are bioturbated, and the upper contact of the underlying
brownish-black shale beds commonly 1s burrowed Carbon-
ate laminae and bands are present in cores of the member
from the subsurface, and dolomite concretions from 2 to 3
ft in diameter are found in the brownish-black shale beds at
the type locality Tasmanites 1s common to abundant, and
linguloid brachiopods, conodonts, and carbomzed plant
remains are present, but rare, i cores of the Camp Run
nterval Silicified Callixylon and a few small pyntized
gastropods and pelecypods also were present (Lineback,
1970)

The thickness of the Camp Run 1s fairly uniform
throughout the subsurface in southeastern Indiana, where 1t
ranges from 24 to 28 ft (Hasenmueller, 1982) The
greenish-gray shale beds range from 0 1 to about 1 ft
thickness, and the browmsh-black shale beds range from
04 to 45 ft in thickness The Camp Run Memter 1s
recognized 1n cores throughout central and southeastern
Indiana, however, the interval 1s not differentiated on
geophysical logs from wells in southwestern Indiana
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The Camp Run contains conodonts assignable to
Zone tolll (Lineback, 1970) and 1s correlated with part of
the Grassy Creek of Illinois and western Kentucky (fig 2)

Clegg Creek Member

The name “Clegg Creek,” which 1s taken from a
small stream of the same name, was proposed by Lineback
(1968) for the uppermost member of the New Albany Shale
in parts of Kentucky and Indiana The section 1s exposed in
aroad cut 2 m1 southeast of Henryville, Clark County, Ind ,
and approximately 2 mi1 downstream from the confluence of
Clegg and Silver Creeks The member 1s characterized by
finely laminated, pyritic, brownish-black shale rich 1n
organic material The unit contains more quartz silt and less
dolomite than the lower members of the New Albany
(Lineback, 1970) In southeastern Indiana, the member
contains intervals of carbonate laminae and large concre-
tions as much as 3 ft in diameter and 1 ft in thickness The
brownish-black shale of the Clegg Creek is well jointed in
outcrop

In Jackson, Scott, and northern Clark Counties, the
Clegg Creek 1s about 40 ft in thickness The member thins
southward from Clark County to 22 ft in Harrison County,
this thinning 1s 1n the upper part of the member (Hasen-
mueller and others, 1983b) The Clegg Creek has not been
mapped as a distinct umit throughout the subsurface of
southwestern Indiana, but the interval has been recognized
in cores from Sullivan, Greene, and Dubois Counties and
on geophysical logs (pl 1)

Although fossils are sparse in the brownish-black
shale of the Clegg Creek, linguloid brachiopods, cono-
donts, Tasmanites, Callixylon, and Protosalvimia (Foerstia)
have been found and are locally common Articulate and
marticulate brachiopods, arthropods, fish remains, plant
fossils, gastropods, pelecypods, conodonts, and scolec-
odonts have been reported from several lithologically dis-
tinct beds 1n the upper few feet of the member (Lineback,
1968)

A bed of greenish-gray shale 7 5 ft below the top of
the Clegg Creek n northeastern Jackson County contains no
conodonts but has been correlated with the Louisiana
Limestone of western Illinois on the basis of the brachiopod
fauna (Lineback, 1970) The Louisiana contains conodonts
assigned to Zone toVI (Collinson, 1961) Thus, Zones tolV
and roV are presumed to be represented by the lower part of
the Clegg Creek Conodont faunas indicate that the upper-
most beds of the Clegg Creek are equivalent to the Hannibal
Shale of western Illinois and Missour1 (Lineback, 1970)
Physical correlations indicate that the Morgan Trail-Camp
Run-Clegg Creek interval of Indiana subsurface usage 1s
equivalent to the Grassy Creek of southeastern Illinois
(Hasenmueller and Bassett, 1980c, Lineback, 1980)

The recognition of the exact position of the
Protosalvima-bearing interval n the Clegg Creek Member



in Indiana and in west-central Kentucky has facilitated
correlation of the Devonian shales of the Illinois basin with
those of the Appalachian basin The position of the Pro-
tosalvima nterval i the Clegg Creek indicates that the
member 1s equivalent to part of the Huron Member, the
Three Lick Bed, and the Cleveland Member of the Ohio
Shale of the Appalachian basin (Kepferle, 1981, Hasen-
mueller and others, 1983a) Although Protosalvimia has not
been recogmized 1n Illinos, 1t has been found as far west as
Sullivan County, Ind , and 1s likely to be present i
southeastern Illinois

Falling Run Bed

The Falling Run was named by Campbell (1946),
who designated the type section on Falling Run Creek mn
New Albany, Floyd County, Ind The bed 1s 0 2 ft thick and
consists of sparsely fossiliferous, phosphatic nodules and
phosphatic debris Throughout most of southern Indiana,
the greemish-gray shale of the overlying Underwood Bed 1s
not present, and the Henryville Bed rests directly on the
Falling Run (fig 2) In the outcrop area and the subsurface
in southeastern Indiana, the Falling Run Bed has been
traced from Floyd County as far north as Jackson County
Phosphate nodules are present at the same stratigraphic
position 1n a core from Dubois County in southwestern
Indiana The bed has been recogmized in southeastern
Illinois (Cluff and others, 1981) and Bullitt County in
west-central Kentucky (Lineback, 1970, Conkin and
Conkin, 1975) The nodules contain a fauna of inarticulate
brachiopods and arthropods, a diverse flora of terrestnal
plant debris, and abundant Tasmanites cysts The matrix
contains fragmented inarticulate brachiopods and cono-
donts, the fragmented nature of the fossil debris indicates
that 1t may be coprolitic 1n ongin (Maliva, 1984) Although
no conclusive evidence has been found, the Falling Run 1s
considered to be earliest Mississippian 1n age (Lineback,
1970)

Underwood Bed

The Underwood originally was named “Underwood
Formation” by Campbell (1946) The bed 1s recognized
only 1n the immediate vicimty of the type section, which 1s
2 mu southeast of Underwood, Clark County, Ind , where 1t
overlies the Falling Run Bed and underlies the Henryville
Bed The Underwood consists of fossihiferous, greenish-
gray shale and 1s 0 4 ft thick It contains a conodont and
scolecodont fauna of Kinderhookian age and 1s the lowest
bed of proved Mississippian age in the New Albany Shale
On the basis of a conodont fauna indicative of the Siphon-
odella sulcata Assemblage Zone, the Underwood 1s corre-
lated with the lower part of the Hannibal Shale of Missour:
and Illinois (Lineback, 1970)

Henryville Bed

The name “Henryville” was used by Campbell (1946)
for shale exposed along the bank of Lodge Creek (mustak-
enly 1dentified as Caney Fork Creek by Campbell), 1 5 mu
southwest of Henryville, Clark County, Ind The Henryville
consists of fissile black shale that has high concentrations of
organic matter and trace elements (Lechler and others,
1979) The bed 1s 0 4 to 1 7 ft thick 1n the outcrop area 1n
southeastern Indiana and reaches a maximum of 4 ft in the
subsurface Throughout much of southeastern Indiana, the
Henryville 1s overlamn by the greenish-gray shale of the
Jacobs Chapel Bed and 1s underlain by the Falling Run Bed
The Henryville 1s recognized 1n the subsurface as far north
as Hendricks County 1n central Indiana and 1s present 1n
Posey County 1n southwestern Indiana (fig 7) In a core
from Dubois County, Ind , the Henryville 1s present and 1s
underlain by phosphatic nodules of the Falling Run Bed
The upper few inches of the Henryville commonly contains
horizontal burrows filled with greenish-gray shale These
burrows were made after the Henryville was deposited
when more oxygenated conditions existed during the dep-
osttion of the overlying Jacobs Chapel The Henryville
contains a conodont fauna simular to that found in the
muddle part of the Hanmbal Shale of Missour1 and western
Illinois and 1s of Kinderhookian age (Lineback, 1970)

In southeastern Indiana, the Henryville and the Fall-
ing Run Beds cannot always be differentiated on geophys-
1cal logs from the rest of the underlying brownish-black
shale of the Clegg Creek Member, and, in this area, the
beds are part of the Clegg Creek In areas of southwestern
Indiana, however, where the H<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>