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GEOLOGY OF_ THE_BEDFORD SHALE AND BEREA SANDSTONEJIN_THE{APPALACHIAN BASIN

By James F. Prpper, WaLLACE DE Wirt, JR., and Davip F, DeEMAREST

ABSTRACT

The Berea sand of eastern Ohio, western Pennsylvania,
western West Virginia, and eastern Kentucky has long been an
important producer of gas and oil. Although many thousand
wells have been drilled into and through this sand, few studies
have been made showing the variation in the thickness of the
sand from place to place or the relationship of accumulation of
oil and gas to the variations in sand thickness. Studies of the
Berea sand were begun in 1943 by the Geological Survey as a
part of an expanded program of oil and gas investigations, and
by 1946 nine preliminary maps and one preliminary chart had
been published on the results of these studies. The present
paper is a compilation and an evaluation of the large amount of
data accumulated in the preparation of the preliminary maps.

The Berea sandstone, the surface equivalent of the Berea sand,
and the genetically related underlying Bedford shale form a
wedge of sedimentary rocks lying between two black shales,
the Ohio below and the Sunbury above. The Bedford shale was
deposited in part subaerially upon a delta and in part sub-
aqueously as offshore beds along the delta front. The Berea
sandstone was deposited above the Bedford shale, at first sub-
aerially as a delta and later as a marine pavement that formed
as the sea inundated this delta. The Bedford and Berea forma-
tions, therefore, represent a cycle of deposition during an osecil-
lation of the land and sea between two periods of quiescence.

Correlation of the surface exposures of the Bedford and Berea
rocks of northern Ohio and the Corry sandstone of northwestern
Pennsylvania has long been a matter of controversy. Although
the Corry sandstone is a close temporal equivalent of the Berea
sandstone, it is not an eastern siltstone phase of Berea sedimen-
tation. The Berea sandstone is a single sandstone throughout
its extent and is not a threefold or tripartite formation repre-
senting, as some authors have stated, the northern Ohio equiva-
lent of the Corry sandstone, Cussewago shale, and Cussewago
sandstone of northwestern Pennsylvania. Also the Cussewago
sandstone is a separate sand body unrelated in source of sedi-
ments to either the Bedford and Berea or the Corry. Sub-
surface data confirm the surface correlations showing that the
Cussewago sandstone, which is the surface equivalent of the
Murrysville gas sand, had a southeastern source whereas the
Berea and Bedford had several sources, principally northern
and eastern.

The writers believe that some of the rocks near the base of
the Pocono sandstone in eastern West Virginia may be the
temporal equivalent of the Berea sandstone of Ohio. However,
the Berea sandstone of northern Ohio cannot be traced either
on the surface or in the subsurface into the sandstones of central
Pennsylvania and eastern West Virginia that have been named
Berea. The surface exposures of these beds cannot be traced
around the Appalachian basin, and the wells drilled for gas or
oil are not sufficiently close to the eastern outerops to permit
satisfactory correlation.

Examination of the mineral constituents, sedimentary struc-

tures, grain size, sand thickness, and other data from many
outcrops and well samples gives ccuclusive evidence that the
sediments representing the depositional cycle of the Bedford and
Berea were derived from several widely separate sources, and
during transportation into the basin of deposition the sediments
coalesced to form the wedge of Bedford and Berea. A northern
source area in eastern Canada and an eastern source area in
West Virginia and Virginia have been recognized, and a less
well substantiated source lay in the area of the present North
Carolina Piedmont region.

The Bedford and Berea sediments from the northern source
were deposited as a great delta fan across central and eastern
Ohio. Evidence of the deposition of these sediments in shallow
water is the presence of the Second Berea barrier bar on the
eastern side of a delta of red sediment here called the Red
Bedford Delta and the prevalence of oscillation-type ripple
marks in both the Bedford shale and the Berea sandstone in
surface exposures. Parts of the courses of the streams which
carried the sediment that built the Berea Delta may be seen
along the outerop in northern Ohio as thick channel sandstones,
some of which are now the sites of large sandstone quarries.
Parts of a braided and meandering Bedford stream system have
been traced by means of the records of wells drilled through the
Berea sand, from Medina County southward about 100 miles
along the center of the Red Bedford Delta.

The Berea sediments from an eastern source were carried into
the Appalachian basin through two or more river channels.
A petrographic examination of well cuttings from the longer
of the channels, here called the Gay-Fink Channel, shows that
much of the sand came from an eastern source beyond the
eastern limit of the area covered in this report. Also, the Gay-
Fink Channel contains some sand reworked from a preexisting
delta of probable Cussewago (Murrysville) age into which the
eastern end of the channel was incised in Berea time. The
second and shorter channel, here called the Cabin Creek Channel,
is known only from wells drilled in the western part of its course,
but the petrography of the sand and pebble filling shows that
the source area of the sediment lay to the east.

The paleogeography of Bedford and Berea time was influenced
by small upwarps of the land and oscillations of the sea level. At
the close of the Devonian period the Ohio Bay, a small shallow
arm of the epicontinental sea, covered central Ohio and western
West Virginia. The widespread flooding during earliest Missis-
sippian time was followed by a long period of slow delta growth
that reached its maximum in middle Bedford time when the
Ohjo Bay was nearly completely divided by the Red Bedford
Delta. Flooding of the basin area followed in late Bedford time,
and upwarp partly drained the Ohio Bay in earliest Berea time.
Small oscillations of the shore line followed until late Berea time
when the sea again encroached widely upon the land nearly to
the extent of the flooding in earliest Mississippian time. The
black mud which comprises the Sunbury shale was then deposited.

1



INTRODUCTION
PURPOSE OF THE STUDY

The Berea sand in the Appalachian basin has long
been a prolific producer of oil and gas. Although thou-
sands of wells have been drilled into and through this
sand in the search for oil and gas, no regional and few
local studies have been published that show the varia-
tion in thickness and lithologic character of the sand
from place to place or the relationship of accumulation
of oil and gas to these variations.

The great demand for petroleum and its products
consequent to the military and industrial operations
required by World War II drew heavily upon our
national resources of petroleum. The need for ex-
panded geologic investigations to provide the basic data
upon which could be based a renewed search for new
sources of supply of petroleumn was recognized by
leaders of the petroleum industry, by Government
officials, and by Congress. As a result a greatly ex-
panded program of oil and gas investigations by the
United States Geological Survey was authorized by
Congress beginning July 1, 1943. As one phase of these
investigations, a study was begun of the Berea sand in
the Appalachian basin, which comprises parts of New
York, Pennsylvania, Ohio, West Virginia, and Ken-
tucky. (Seefig. 1.) Results of the study were released
promptly in a series of preliminary maps and charts
accompanied by brief texts, which were published as
individual sheets in the United States Geological
Survey’s Oil and Gas Investigations series of prelimi-
nary maps and charts. A list of these maps and charts
follows:

1944, Pepper, J. F., and others, Map of the Second Berea sand in
Gallia, Meigs, Athens, Morgan, and Muskingum Counties,
Ohio: U. 8. Geol. Survey Oil and Gas Inv., Preliminary
Map 5.

1944, Pepper, J. F., and others, Map of the First Berea sand in
southeastern Ohio and western West Virginia: U. S. Geol.
Survey Oil and Gas Inv., Preliminary Map 9.

1945, Pepper, J. F., and others, Map of the Berea sand of south-
eastern Ohio, northern West Virginia, and southwestern
Pennsylvania: U. 8. Geol. Survey Oil and Gas Inv., Prelimi-
nary Map 29.

1945, Pepper, J. F., and others, Map of the Berea sand of northern
Ohio: U. 8. Geol. Survey Oil and Gas Inv., Preliminary
Map 39.

1946, Demarest, D. F., Map of the Berea and Murrysville sands
of northeastern Ohio, western Pennsylvania, and north-

ernmost West Virginia: U. 8. Geol. Survey Oil and Gas Inv.,
Preliminary Map 49.

1946, de Witt, Wallace, Jr., The stratigraphic relationship of the
Berea, Corry, and Cussewago sandstones in northeastern Ohio
and northwestern Pennsylvania: U. 8. Geol. Survey Oil and
Gas Inv., Preliminary Chart 21.

1946, Rittenhouse, Gordon, Map showing distribution of several
types of Berea sand in West Virginia, eastern Ohio, and
western Pennsylvania: U. 8. Geol. Survey Oil and Gas Inv.,
Preliminary Map 58.

BEDFORD SHALE AND BEREA SANDSTONE, APPALACHIAN BASIN

1946, Merrels, C. W., 2d, Map of the Berea sand of southern
West Virginia: U. 8. Geol. Survey Oil and Gas Inv., Pre-
liminary Map 59.

1946, Pepper, J. F., and others, Map of the Berea sand of south-
ern Ohio, eastern Kentucky, and southwestern West
Virginia: U. 8. Geol. Survey Oil and Gas Inv., Preliminary
Map 69.

1947, Pepper, J. F., and others, (revised by de Witt, Wallace, Jr.,
and Demarest, D. F.), Map of the First and Second Berea
sands of southeastern Ohio and western West Virginia:
U. 8. Geol. Survey Oil and Gas Inv., Preliminary Map 79.
[Revision of maps nos. 5 and 9.]

1948, Pepper, J. F., and others, (revised by Demarest, D. F., and
de Witt, Wallace, Jr.), Map of sands of Berea and Murrys-
ville age in southeastern Ohio, northern West Virginia, and
southwestern Pennsylvania: U. S. Geol. Survey Oil and
Gas Inv., Preliminary Map 89. [Revision of map no. 29.]

1949, de Witt, Wallace, Jr., Map of the Berea sand of northern
Ohio: U. 8. Geol. Survey Oil and Gas Inv., Preliminary Map
99. [Revision of map no. 39.]

From the outset of the study, however, it was realized
that the large volume of data necessarily accumulated
would yield, when subjected to critical scrutiny and

VIRGINIA

F1auRrE 1.—Sketeh map showing the northern part of the Appalachian basin of the oil
and gas geologist. The boundaries of the basin are shown by the hachured line,
and the location of the structural front is shown by the dashed line. The area
covered by this report is shaded.



INTRODUCTION 3

review, a picture of the history and environment of
sedimentation and the paleogeography of the region and
would ultimately give some clues as to the relationship
of these factors to the accumulation of oil and gas.
Since the end of the war it has been possible to devote
the time required for the preparation of this more com-
prehensive report on the sedimentary and paleogeo-
graphic history of the Berea sandstone in the entire
region of its occurrence in the Appalachian basin. Itis
hoped that eventually a general review of the occur-
rence of oil and gas in the sand and of the geologic
factors that have controlled it can be prepared.

The primary purpose of this program was a search for
likely areas in which to drill for oil or gas. A secondary
purpose was the regional paleogeographic study in the
Appalachian basin, to ascertain the manner in which the
Berea sand was deposited and the probable relation-
ship of the accumulation of oil or gas to the sand.

The Berea sandstone, together with the underlying
shale and siltstones of the Bedford shale, forms a distinct
cycle of deposition. The position of the Berea and
Bedford between two distinctive black shales that are
present over a large part of the area aids in the recogni-
tion and correlation of the Berea and Bedford on the
outcrop and in the records of wells, thus making the
two formations particularly suitable for intensive study.
(See fig. 2.)

The isopach map (pl. 1) shows primarily the thickness
and extent of all contiguous sand and silt bodies of
Berea age, or of Berea and Bedtord age where differen-
tiation is impossible. Secondarily, the map shows the
Corry sand, which is lithologically distinct from the
Berea though of similar age, as well as the Cussewago
(Murrysville) and other older sands that have an impor-
tant bearing on the interpretation of problems of corre-
lation and paleogeography related to the investigation.
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CHARACTER AND EXTENT OF THE BEREA
SANDSTONE

The Berea is a medium- to fine-grained sandstone in
the vicinity of the type locality at Berea, Ohio, where
it was first described and named by Newberry (1870a).
As shown by plate 3, the Berea crops out southward
from Berea, Ohio, to the vicinity of Irvine, Ky., and
eastward from Berea, Ohio, into northwestern Penn-
sylvania to the vicinity of Meadville.

From well records the writers traced the Berea sand
into western Pennsylvania, western West Virginia, and
northeastern Kentucky. The greater part of the sand
and silt of the Berea was deposited upon silt and shale
which are thought to be of earliest Mississippian age.
The Berea is capped by black shale, which in some
places, as in West Virginia, extends eastward beyond
the Berea.

The Berea was known as “grit” to the quarry-
man of northern Ohio, to early geologists, particularly
Newberry (1870a), who first described this rock, and to
Orton (1888a, p. 35~36; 1888b, p. 311-409), who applied
the name Berea grit throughout the outcrop belt and
to its continuation underground as the search for oil
progressed in eastern Ohio. Later geologists, such as
Cushing (Cushing, Leverett, and Van Horn, 1931, p.
45-46) described the Berea as a coarse to medium-
coarse sandstone. To the well driller, however, the
Berea sandstone when cut by the bit and bailed from
the well appears as finely broken fragments or “sand.”

None of these descriptive terms can be applied uni-
formly to the Berea over its entire area. According to
Rittenhouse (1946), “Locally, the Berea may be a
pebbly, coarse-grained sandstone, but in most of Ohio
and West Virginia it varies from a fine-grained sand-
stone to a medium-grained siltstone.” The customary
usage, in the Appalachian basin, is to apply the term
“sandstone” to outcrops and the term “sand” to areas
where information has been obtained from well rec-
ords. This usage has been followed in this report
except where the Berea has been more precisely de-
scribed from petrographic data in the laboratory or
from an examination of outcrops.

The outcrop and laboratory examinations made dur-
ing this study showed that the grain size of the Berea
described by early workers as coarse to medium is mis-
leading. The textures as described in this report are
referred to the Wentworth (1922) classification of grain
size in sediments, in which sedimentary particles whose
diameters range from % to % mm are medium sand; %
to % mm are fine sand; % to ¥ mm are very fine sand;
Ys to ¥s6 mm are silt; and below %5 mm are clay.

Because the precise measurements for checking grain
size according to the Wentworth scale are more readily
made in the laboratory than in reconnaissance field
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examination of the sandstone, a rapid method of obtain-
ing approximate grain classification was devised. By
this method, if the unaided eye was incapable of rec-
ognizing the constituent grains, but the grains were
visible under a 10-power hand lens, the rock was classi-
fied as a siltstone. This rough method was checked
by comparison of the specimen with a slide containing
a series of textural standard samples as described by
Rittenhouse (1945). By occasional reference to the
easily carried slide, the rocks were classified by the field
geologist with considerable accuracy.

However, in many of the outcrops, the sandstone or
siltstone of the Berea does not disintegrate into single
grains, but owing to differential solution of the cement,
small aggregates of grains weather out. The rock then
appears to be composed of much coarser grains than are
actually present. Probably this type of differential
solution of the cementing material and the resulting
aggregates of grains of coarse silt size or very fine sand
size led Bownocker (1915, p. 75) and others to conclude
that the Berea sandstone was a coarse-grained rock
rather than a medium- to fine-grained sandstone or a
coarse-grained siltstone.

The investigation of the Berea sandstone included
three related studies carried on simultaneously:

1. Mapping of the surface outcrops of a part of the
Berea sandstone of Ohio and also some of the rocks
above and below the Berea.

2. Subsurface studies of numerous drillers’ logs of
wells drilled into and through the Berea sand and of
such sample logs as were available, for the purpose of
correlation and determination of thickness of the sand.

3. Petrographic studies of samples of sand to develop
criteria to determine the source or sources of the sand;
direction of the movement of the sand into the Appa-
lachian basin; and the variations in texture of the sand
in relation to the pools producing oil or gas.

Figure 3 shows the parts of the outcrop of the
Bedford shale and Berea sandstone mapped by different
geologists.

Many surface exposures of the Berea sandstone were
examined by Wallace de Witt, Jr., who was assisted by
D. F. Demarest and C. W. Merrels 2d, during part of
the field mapping. The exposures were plotted on
topographic quadrangle sheets of the United States
Geological Survey; the sections were measured by hand
level or aneroid with the exception of nine sections in
northeastern Ohio and northwestern Pennsylvania,
which were measured by plane-table methods to estab-
lish correlation in areas of complex stratigraphy. The
surface trace of part 3 of the outcrop was taken from
manuscript maps of R. E. Lamborn of the State Geo-
logical Survey of Ohio which were kindly made avail-
able by W. F. Stout, former State Geologist of Ohio.
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Part 2 of the outcrop was taken from the areal geology
map that accompanied Bulletin 14 of the Ohio Geo-
logical Survey (Stauffer, Hubbard, and Bownocker,
1913, areal geology map). The area between Columbus
and Cleveland was mapped by de Wm;t except in the
vicinity of Cleveland, where the outcrop trace was taken
from the published map by Cushing anhd others (Cush-
ing, Leverett, and Van Horn, 1931, pl. 20). From
Cleveland eastward into Pennsylvania the Berea sand-
stone and Corry sandstone were mapped by de Witt
(1946). Much information was taken from the early
reports of Prosser (1912a) and White \(1881) and from
an unpublished manuscript report on the Berea and
Corry sandstones in northwestern Pennsylvama by
S. H. Cathcart (manuscript report in files of Pennsyl-
vania Topog. and Geol. Survey).

The map showing the extent and thlckness of Berea
and related sands in the Appalachian basin (pl. 1) on a
scale of 1:500,000, includes the data from Preliminary
Maps 9, 29, 39, 49, 59, 69, 79, 89, and 99, which were
published on a scale of 3 miles to the inch. Forty-three
thousand well records were used in this study. The
well locations were plotted on topographic sheets, and
in areas where the wells were closely spaced they were
located also on farm-ownership maps on a scale of 4
inches to the mile.

METHOD OF INVESTIGATION

All detailed well records were plotted on log strips
as an aid in identifying the Berea sand in areas in which
other sands were present near the stratigraphic position
of the Berea. From these plotted log strips, 107 cross
sections of the Mississippian formations were made
across the Appalachian basin. The cross sections were
plotted on a scale of 100 feet to the inch vertically and
2 inches to the mile horizontally, or a ratio of about
26:1. As the vertical scale of the cross sections was
the same as the vertical scale of the plotted log strips,
a direct comparison could be made between the record
of any well and the nearest section. The thickness of
the Berea sand, as determined by the correlation for
each well, was put on a base map in its proper location,
and the map was contoured by lines drawn through
points of equal thickness. As an aid in determining
the regional pattern of the sedimentation, and inci-
dentally as an aid in contouring the thickness of the
sand, a colored dot was placed at each well location
on the preliminary map base, distinctive colors being
arbitrarily assigned to every 20-foot increase in sand
thickness. A sheet of tracing paper was placed over
this pattern of differently colored dots, and lines were
then drawn delimiting each color. As colors are more
easily differentiated by the eye thah sand-thickness
figures, the color pattern with its contoured overlay
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showed roughly the regional sand pattern. The same
procedure was followed for all the preliminary maps,
each of which covered about 40 quadrangles. The final
contouring was done on a scale of 1 inch to the mile
on tracing sheets. Using the regional overlay tracing
as a guide, the writers worked out the pattern in detail.
The quadrangle tracings were then reduced by panto-
graph to a base map, which was further reduced to a
scale of 3 miles to the inch for publication in the series
of preliminary maps. The map (pl. 1) comprising the -
six preliminary maps which accompanies this report
has been further reduced to a scale of 1:500,000, or
approximately 8 miles to the inch.

Petrographic studies of sand samples were made by
Gordon Rittenhouse. The method of study, which
included a microscopic examination and description of
the samples, was chiefly concerned, however, with
heavy-mineral analyses—in particular, the determina-
tion, by percentages, of roundness in tourmalines, the
color variations in zircons and in tourmalines, and the
relstive percentages of quartz grains containing ver-
micular chlorite. His methods are further described,
on pages 91-95. The suites of heavy minerals in the
Berea and in older sands in the Appalachian basin
contain few varieties of minerals, and these minerals
are among the most resistant to erosion. The data
derived from the petrographic studies added an effec-
tive means of confirming or correcting paleogeological
interpretations of the isopach map of the Berea derived
from a study of the drillers’ logs. As Rittenhouse
(1946) states:

On the basis of mineralogy and grain characteristics the Berea
sand may be divided into four main areal units, * * *,

The differences in mineralogy and grain characteristics in these
units reflect differences in sources from which the Berea sand was
derived. Together with the data on thickness and areal extent,
they aid in interpreting the geologic history and paleogeography,
and thus help to delineate the areal extent, shape, and trends
of areas favorable for oil and gas exploration.

WELL RECORDS

Thousands of wells have been drilled to shallow and
deep sands in the Appalachian basin since the comple-
tion of the Drake well near Titusville, Pa., in 1859.
During the period 1859 to 1900 few records of the
formations encountered were kept by companies or
individuals. A notable exception, however, was John
F. Carll of the Pennsylvania Geological Survey, who
in the eighties was an indefatigable collector of well
logs and other well data in northwestern Pennsylvania.
If others had recognized the value of well records and
followed the methods of this astute observer, a wealth
of information would now be on hand for the use of the
petroleum geologist. The usefulness of well records
became apparent to many companies after 1900, and
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much detailed information has been accumulated since
that time by companies and State organizations. Dur-
ing the early 1930’s the States of West Virginia and
Ohio passed laws that required all companies or opera-
tors to file logs and locations at the several bureaus of
mines.

The usefulness of a well log to the subsurface geologist
depends upon the reliability and accuracy of the driller,
who records the footage drilled each day during his
tour of duty and describes the character of the forma-
tions drilled. Many drillers show a keen interest in the
local variation of the sand bodies and the nature of the
“pay”’ within the sand, but much of this information
never finds its way into their written records. The
well records are most accurate near a ‘‘pay’’ sand or in
any formation which is used as a casing seat. For
example, in eastern Ohio where many productive wells
have been drilled to the Berea sand, the driller carefully
logs the thickness of the Berea sand. In central Ohio
where the Clinton sand (Silurian) of the drillers, 1,000
feet below the Berea, is productive and where the
Berea sand is shallow and close to its outerop, the upper
sand is often less accurately measured.

A subsurface map of a formation in the Appalachian
basin is essentially an interpretation of what the drillers
recorded. Occasionally, well records are obviously in
error. But for any questionable record there are
usually many others in the vicinity which are in general
agreement. In regional studies the mass effect of
hundreds or thousands of well records in an area tends
to minimize the effect of a few well records of doubtful
accuracy.

A DESCRIPTION OF SOME OF THE MORE COMMON
TERMS TUSED BY THE OIL- AND GAS-WELL
DRILLERS IN THE APPALACHIAN BASIN

In the Appalachian basin the well drillers keep a
daily record of the rocks encountered in drilling a well.
This record includes a very generalized description of
the kind, color, and hardness of the rocks being drilled;
the depth to and the thickness of these rocks; and the
way in which the drill bit is blunted or dulled by cutting
them.

In many places the drillers also give colloquial names
to some of the rock units that they recognize. Un-
fortunately, the same name may be given to two or more
stratigraphically different units in widely separate areas,
or several names may be applied to the same unit in one
area. 'The name “Big Lime” has been applied to two
different stratigraphic units. As used by the drillers in
northern and central Ohio, Big Lime refers to the
sequence of limestone, dolomite, anhydrite, and salt of
Silurian and Devonian age that occurs in the interval
between the top of the Onondaga limestone and the base

of the Lockport dolomite. The same name, “Big
Lime’’, is used by the drillers in West Virginia and
eastern Kentucky for the Greenbrier limestone of
Mississippian age; in fact, over a wide area in eastern
Ohio, northern West Virginia, and northeastern Ken-
tucky, where the Greenbrier overlies the dolomite and
limestone sequence of Silurian and Devonian age, the
drillers give the name “Big Lime’” almost exclusively to
the Greenbrier. A limestone of eastern Ohio is an
example of a single formation that has been given
several local names by the drillers. In Muskingum
County this limestone, which is a western equivalent of
some part of the Greenbrier, is called Maxville, Fulton-
ham, or Newtonville limestone, or jingle rock.

However, the confusion which may arise from the
naming of rocks by the well drillers can be removed if
the geologist who is examining the well logs will plot the
well records on log strips and correlate them.

Of more concern to the geologist are the terms that
drillers use in trying to describe certain types of lith-
ologic character. Because the geologist’s subsurface
study is actually an interpretation of the sedimentary
conditions as reported by a group of well drillers, the
geologist must be familiar with these local terms. A
few of them are discussed below. Some of the con-
clusions of Martens (1940), who examined many sets of
drill cuttings and compared the cuttings with the
drillers’ records, have been incorporated in this dis-
cussion.

SAND

The rocks described by the drillers as “sand” are

- usually composed of grains, aggregates of grains, or

chips of quartzose conglomerate, sandstone, coarse
siltstone, or granular dolomite. The driller determines
the presence of sand in the well from the appearance of
the drill cuttings, the slow rate of penetration of the
drill, the rapid dulling of the bit, and the scratched and
roughened surface of the bit which results from drilling
through the hard and abrasive rock. Drill cuttings
from a productive reservoir rock may be called ‘“sand”
by the driller, although the rock consists almost exclu-
sively of limestone, dolomite, or granular chert. For
example, the drillers’ Newburg sand of northern and
central Ohio is at many places a porous saccharoidal
dolomite containing no quartz fragments, yet it is
consistently called a sand by the driller.

SETTLING SAND

Locally a poorly consolidated, water-filled sandstone
may crumble, and large amounts of it will fall into the
drilling well. If the sand grains tend to settle around
the drill and lodge it in the well, the drillers will record
the sandstone as a “settling sand.” The lodged or
stuck bit is an added hazard to the driller because the
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drill may be stuck so tight that the well must be
abandoned. Because of the danger arising from drilling
through settling sands, the driller generally records
their presence in the well. !

LIME

Any fine-textured hard rock that is difficult to drill
will probably be called “lime” by the driller, although
the rock may be composed of liméstone, dolomite,
anhydrite, or fine quartz silt. Because siltstones tend
to dull the bit without producing the scratched surface
characteristically cut by the coarser quartzose rocks,
they are more often identified by the driller as lime than
as sand or siltstone. If a rock is cut very slowly by the
bit it is usually called “lime” by the driller.

SHELL

The term ‘“shell” is used by the drillers to indicate a
bed that is harder than the surrounding rock. The
term is applied to sandstone, limestone, dolomite, chert,
siltstone, or hard silty shale. Some drillers use a
qualifying rock name, such as “lime shell,” but this
does not guarantee that the rock is a limestone. Gen-
erally, a “shell” is a unit ranging from 1 to 25 feet in
thickness. However, some well logs record a shell
that is more than 100 feet thick.

SHELLS, SHALE AND SHELLS, SLATE AND SHELLS, SAND
SHELLS, OR LIME SHELLS

Drillers use the term ‘“shells” to denote a series of
alternating beds of hard and soft rocks where none of
the beds have a lithologic character sufficiently distine-
tive to warrant individual description. In general,
the term ‘‘shale and shells” refers to'a series of inter-
calated siltstones and shale which would on the outcrop
te described as flagstones and interbedded shales. In
the Upper Ordovician beds, however, the ‘“shells” or
“lime shells” are thin-bedded platy limestones which
are separated by thin beds of shale or mudstone. At
many places in the Appalachian basin, the rocks are
part of a near-shore facies which consists of thin inter-
fingering beds of siltstone and shale. The sediments
which made up these rocks were deposited in the tran-
sition zone between the sands of the littoral zone and
the muds of the epicontinental sea. Upon lithification,
the sediments of the near-shore facies become the
driller’s “shale and shells.”

CAVE, PENCIL CAVE, AND MULES EAR CAVE

The term “cave” is given by the drillers to that part
of a shale and mudstone section which will slump or
fall into the drilling well unless supported by casing.
Both poor or incomplete induration and closely spaced
vertical jointing appear to cause caving of shale into
the drill hole. The soft, poorly bedded red mudstones

of the Conemaugh formation of southeastern Ohio,
which are called the “big red cave” by the drillers, are
noted for their characteristic tendency to cave upon
drilling.

Some of the shales in the Appalachian basin tend to
break up into long flat splinters resembling the rectangu-
lar marking pencils used by carpenters. Because of
the resemblance of these shale fragments to pencils, the
drillers refer to the shales as “pencil caves.” One of
the most widespread of the so-called pencil caves is the
shale which overlies the Greenbrier limestone through-
out much of West Virginia. In a similar way, the
fancied resemblance of some shale splinters to mules’
ears gave rise to the term ‘“mules ear cave,” which is
sometimes applied by drillers to some of the shales of
the lower Silurian in central Ohio.

RED ROCK |

Because the prevailing color of the rocks in the Ap-
palachian basin is a shade of gray, the drillers usually
note any marked change of color in the drill cuttings.
Distinctive colors are often extremely useful in making
correlations both in adjacent wells and in regional
studies. However, if the driller records “red rock,” the
correlator must use the record with due caution, for
the red rock of the driller may be a red sandstone,
siltstone, shale, limestone, dolomite, or an iron ore.
When used for rocks of Mississippian, Pennsylvanian,
or Permian age the driller’s term “red rock’” generally
refers to a soft red shale or mudstone, especially when
the term is used for beds in the Mauch Chunk shale of
Pennsylvania, the Conemaugh formation of south-
eastern Ohio, the Dunkard group of southeastern Ohio
and West Virginia, or the Bedford shale of northern
Ohio. Elsewhere, the red rock may be a red siltstone,
as for example the red beds below the Greenbrier
limestone in southern West Virginia and southeastern
Kentucky. When used for rocks of Devonian age, the
driller’s red rock may be a shale, siltstone, or sandstone,
and for rocks of Silurian age in Ohio it may be siltstone,
shale, sandstone, limestone, or an iron ore. The red
Queenston shale of Ordovician age is generally suffi-
ciently homogeneous and widespread to be recorded
as a red shale, but it too may be called a red rock.

COFFEE SHALE

Because the drill cuttings are wet when bailed from
the drilling well, the drillers usually record the color
of gray shales as black. Consequently, black shale is
recorded more often by the driller than in careful
microscopic examination of the washed and dried drill
cuttings. However, the driller will also record as
black some shales which are unmistakably black on the
outcrop. The Sunbury and Ohio shales are typical
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of such shales. Drilling breaks down some shale into a
dark-brown mud filled with small black chips that
resemble coffee grounds. Because of this resemblance,
the Sunbury shale is often called the “coffee’” shale and
recorded as such by the drillers.

HISTORICAL SUMMARY OF THE ;STRATIGRAPHIC
NOMENCLATURE |

Some of the stratigraphic units 'discussed in this
report were named many years ago, and the nomen-
clature and correlation of these units have long been
controversial. Some of the controversies arising from
the naming of the Upper Devonian and lower Mis-
sissippian units were well summarized by Prosser
(1912a, p. 14-24, 509-529) and later by Schuchert
(1943, p. 564-570).

As shown in figure 4, the Bedford and Berea rocks in
southern Ohio are included in Mather’'s Waverly
sandstone series (1838, p. 356). His Waverly is
underlain by 200 to 300 feet of grayish-black shale
which was named Ohio by Andrews in 1870 (p. 62).
As defined, the Ohio shale included at the base 30 feet
of shale which is lighter in color and different in con-
tained fauna than the main mass of bituminous black
shale. Tn 1874 Winchell (p. 243, 287) made the basal
part of Andrews’ Ohio shale a separate formation,
calling it the Olentangy shale. In central northern
Ohio, the black Huron shale and the black Cleveland
shale are the equivalents of the upper part of the Ohio
shale of central Ohio (Cooper and others, 1942, pl. 1,
facing p. 1788). The black Huron shale, named by
Newberry (1870b, p. 18), has its type locality on the
Huron River in Erie and Huron ‘Counties north of
Norwalk, Ohio. According to Prosser (1912a, p.
514-515), the black Huron shale is a western facies of
the Chagrin shale. The name Chagrin was given by
Prosser (1903, p. 521) to the gray shales and siltstones
which Newberry (1870b, p. 20) 'had named Erie,
because the name Erie was preoccupied. The black
Cleveland shale, named by N ewberry (1870b, p. 19-21),
overlaps the Chagrin in part and grades into the upper-
most beds of the Chagrin in northeastern Ohio. In
the vicinity of Olmsted Falls in western Cuyahoga
County, Cushing (1912, p. 583) named the lower part
of the Cleveland shale the Olmsted shale member.
The Olmsted member of Cushing contains many beds
of blue shale and some thin gray siltstones in addition
to typical black bituminous shales. |

The Huron, Chagrin, and Cleveland shales were
originally considered to be Devonian in age, but Ulrich
(1911) placed them in the Mississippian. Most
geologists now believe, however, that the formations
are of Devonian age. According to Cooper and others
(1942, p. 1752), the Chagrin shale represents westward
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facies of the Conewango stage including most of the
Chadakoin of New York and Pennsylvania. In
northwestern Pennsylvania the beds that correlate with
the upper part of the Chagrin shale of eastern Ohio
were named Riceville by White in 1880 (White, 1881,
p. 97-98). Figure 5 shows the types of rocks that
directly underlie the Bedford shale of Ohio, the siltstones
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and shales of the Bedford and Berea in Kentucky, and
the Berea sand of West Virginia.

The lower Mississippian rocks of southern and central
Ohio were originally grouped together as the Waverly
sandstone series by Briggs (1838, p. 79). The series
included all the rocks from the base of the Bedford shale
to the base of the Sharon conglomerate. These rocks
are mainly unfossiliferous, and according to Schuchert
(1943, p. 568) the term Waverly should be restricted to
the Mississippian rocks that crop out in the southern
part of Ohio. The northern equivalent of the Waverly,
the Cuyahoga group, named by Newberry (1873, p.
171-222), 1s more fossiliferous; this group of rocks was
elevated to the rank of system and named Waverlyan
by Ulrich (1911). The Waverlyan system of Ulrich
included the Cleveland shale, Bedford shale, Berea
sandstone, Sunbury shale, and Cuyahoga shale. How-
ever, this system is not recognized by the United States
Geological Survey, and the base of the Cuyahoga group
is placed at the base of the Sunbury shale east of
Cleveland and at the top of the Sunbury west of
Cleveland.

In Crawford County, Pa., White (1881, p. 94-96)
applied the name Cussewago to a coarse-grained sand-
stone, a local limestone, and a silty shale.

The Bedford shale, named by Newberry (1870b, p.
21), was considered to be of Devonian age by Girty
(1912) from the fossil content and the marked uncon-
formity between the Bedford shale and the overlying
Berea sandstone. Burroughs (1911), Prosser (1912a,
p. 511-512), Kindle (1912), and others have agreed,
but Cushing (Cushing, Leverett, and Van Horn, 1931,
p. 38—40) indicated that the break between the Cleve-
land shale and the Chagrin shale is the more significant.
The writers, from their observations in the field, from
the examination of thousands of well logs and many
well samples, and from their interpretation of the paleo-
geography, have concluded that the base of the Bedford
shale is the most marked break between the Devonian
and the Mississippian. The Bedford shale correspond-
ingly makes the most logical choice of formations for
the basal unit of the Mississippian in Ohio. D. H.
Dunkle (oral communication) finds the most significant
hiatus in the vertebrate fossils occurs at the end of
Cleveland time or in earliest Bedford time. These
findings are in agreement with those of Orton (1882,
p. 174), who stated in reference to the Waverly group:

I submit that this boundary [the Devonian-Mississippian
boundary] ought to remain undisturbed where it has been fixed
by unbroken use in the section [southern] of the state where the

name originated, viz., at the base of the Bedford shale. Any
other base, it is impracticable to establish.

The Bedford shale contains two massive siltstones in
northern Ohio; the lower was named Euclid sandstone

lentil by Morse and Foerste (1909, p. 166) and the
upper was named Sagamore sandstone lentil by Prosser
(19124, p. 87-88). Each is a local siltstone extending
only a short distance on the outcrop. These lentils are
siltstone rather than sandstone, and for that reason the
Euclid and Sagamore are here redesignated the Euclid
siltstone member and Sagamore siltstone member.

In southeastern Ohio in the subsurface, the Bedford
shale contains a lens of siltstone which is approximately
80 miles long and 6 to 10 miles wide. It ranges in
thickness from a few inches to as much as 30 feet.
This siltstone, which has generally been called the
Second Berea sand by the drillers, is a correlative of the
Euclid siltstone membet of the Bedford shale.

The Second Berea sand was first encountered in wells
drilled in the vicinity of McConnelsville in central
Morgan County, Ohio, where this siltstone produced
gas. Here as much as 30 feet of gray shale separates
the Second Berea from the Berea sand. During the
development of the McConnelsville gas pool the
Second Berea sand was called the stray gas sand.
Later, however, the well drillers called this siltstone the
Second Berea sand. In accordance with well-estab-
lished usage, the name “‘Second Berea” as used in this
report refers only to this elongate siltstone in south-
eastern Ohio.

The Berea sandstone, first named the Berea grit by
Newberry (1870b, p. 21-29), is a medium- to fine-
grained sandstone which in northern Ohio was deposited
in deep erosion channels as noted by Cushing. (Cush-
ing, Leverett, and Van Horn, 1931, p. 47-48). In
central Ohio, Prosser (1912b) found the sandstone
resting upon the gently undulatory upper surface of the
Bedford shale. In southern Ohio, Carman (1947)
reports that the contact between the Bedford and Berea
must be arbitrarily chosen, for there is no suggestion
of a lithologic break between them. In the vicinity of
the Ohio River in western Scioto County, the Bedford
and the Berea are composed largely of siltstones and
interbedded silty shale. Similar sections were observed
in the adjacent part of Kentucky by Butts (1922, p. 18)
and others.

The Corry sandstone, named by White (1881, p.
92-94, 230), is a yellowish-white to gray very fine
grained sandstone or siltstone which was quarried at
Colegrove quarries south of Corry in Concord Town-
ship, Erie County, Pa. The Corry sandstone is not
found in northern Ohio, but 1t is a temporal equivalent
of the Berea sandstone.

The Sunbury shale, which has been called the Berea
shale by Orton (1879, p. 594), and Cushing (1888), was
named by Hicks (1878, p. 216, 220) for exposures of
the black shale on Rattlesnake Creek near Sunbury in
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Delaware County, Ohio. In central Kentucky the
Sunbury shale rests on the Ohio shale by overlap.

A group of dark-brown shales containing some brown
siltstones and many ironstone concretions which lies
above the Sunbury shale and below the Sharpsville
sandstone in northern Ohio and western Pennsylvania
was named Orangeville shale by White (1880, p. 63)
In northern Ohio the Orangeville shale is considered a
formation of the Cuyahoga group. At some places,
because he was unable to separate the Sunbury and
Orangeville shales, Prosser (1912a, p. 486) included the
Sunbury shale as the basal unit of the Orangeville shale.
Locally, however, a siltstone, the Aurora sandstone
member of the Orangeville (Prosser, 1912a, p. 123,
209, 211), which is here designated the Aurora siltstone
member of the Orangeville shale, separates the Sunbury
from the main part of the Orangeville shale. Because
of the difficulty of separating the Sunbury from the
Orangeville at places where the Aurora siltstone mem-
ber is not present, the writers treat the Sunbury as a
member of the Orangeville shale east of the Cuyahoga
River and draw the base of the Cuyahoga group in this
area at the top of the Berea. In the vicinity of Chardon
in western Geauga County, Prosser (1912a, p. 219-
220, 229) found a siltstone in the middle of the Orange-
ville shale, and named it the Chardon sandstone mem-
ber. In this paper it is designated as the Chardon
siltstone member.

The Sharpsville sandstone was named by White
(1880, p. 61-62) for exposures near Sharpsville, Pa.
The sandstones and flaggy siltstones of the Sharpsville
overlie the Orangeville shale throughout northeastern
Ohio and a part of northwestern Pennsylvania.

THE AGE RELATION OF THE BEDFORD SHALE AND
BEREA SANDSTONE

The placement of the plane dividing the Devonian
system from the Mississippian series in the sequence
of rocks between the base of the Ohio shale and the top
of the Sunbury shale has become a time-honored
controversy. As this problem is well summarized by
Schuchert (1943, p. 567-570), the writers make no
attempt in this paper to reexamine the paleontological
evidence for the several opinions.

In southern Ohio the rocks of the Bedford and Berea
form a gradational cycle of deposition beginning at the
close of deposition of the black Ohio shale. This cycle
of deposition shows a gradually increasing amount of
coarser clastic material upward from the basal shale of
the Bedford through the shales and siltstones of the
Bedford into the basal siltstones and sandstones of the
Berea. The beginning of the next 'cycle of deposition
is marked by the deposition of another black shale, the
Sunbury. The unconformity between the Bedford and

the Berea, plainly visible in northern Ohio, is not
present in southern Ohio.

Mainly on lithologic grounds, the writers, following
the usage established by Orton, place the base of the
Mississippian series at the bottom of the Bedford shale.
Because sedimentation at the beginning of Bedford
time began a new cycle of deposition in which the sedi-
ments for the most part came from a source different
from the beds below, the writers feel that the base of
the Bedford is the logical base of the Mississippian
series in Ohio except where the Bedford shale overlaps
the Cussewago (Murrysville) sandstone. The Bedford
and the Berea are so intimately related genetically that
they must be considered a genetic unit regardless of the
position of the Devonian and Mississippian boundary
as determined paleontologically.

The fauna from the basal part of the Bedford shale in
the vicinity of Cleveland, Ohio, is very closely allied to
the fauna of the Glen Park limestone of the Mississippi
River valley (Cooper and others, 1942, p. 1746, 1762).
The Glen Park limestone is classified as lower Missis-
sippian (Kinderhook) by Weller (Weller and others,
1948). Therefore the Bedford shale is probably
Kinderhook in age, and the rocks of the Bedford and
Berea genetic unit are lower Mississippian.

CORRELATIONS AND STRATIGRAPHY

In discussing the formations of Late Devonian and
early Mississippian age in the western part of the
Appalachian basin, the writers divide the outcrop
arbitrarily into two parts (pl. 3). The first part extends
from the type locality of the Berea sandstone at Berea,
Cuyahoga County, in northern Ohio, west to Norwalk,
Huron County; south to the Ohio River at Buena Vista
in western Scioto County; and S. 30° W. to Irvine, in
Estill County, central Kentucky. In this area of out-
crop the correlations are clearly indicated. Because the
exposed lower Mississippian rocks represent a section
along the long axis of a deltaic deposit and show a
single depositional cycle, the horizontal lithologic
changes are gradual over relatively long distances.
The other part of the area of outcrop to be described
extends from Berea, Ohio, eastward across northeastern
Ohio and into northwestern Pennsylvania to Corry in
eastern Erie County. The correlations in this area of
the outcrop are complicated, for the exposures cut
across several delta-fan deposits, and marked litho-
logic changes occur in short distances.

UPPER DEVONIAN ROCKS

The Upper Devonian rocks upon which the early
Mississippian sediments were deposited consist of a
thick mass of black shale that at some places merges
into thin gray shales and platy siltstones. These
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Upper Devonian rocks have been assigned different
names in different parts of the outcrop, but as they
grade laterally into one another, exact dividing lines
cannot be drawn between the several named formations.

OHIO SHALE

The Ohio shale represents essentially continuous dep-
osition of black mud throughout much of Late Devo-
pian time. It crops out in a wide belt from Cuyahoga
County, in northern Obio, to Pulaski County, in south-
ern Kentucky. In northern Ohio this black shale can
be divided into two shale units, the Cleveland and the

Buena Vista

Norwalk
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Huron. The separation of the Cleveland from the
Huron has been a problem that has elicited much debate
from the geologists who have worked in the area. As
shown in figure 6, it is proposed in this paper to treat
the Cleveland and the Huron as members of the Ohio
shale, to which they are genetically related, rather than
as separate formations as has been done in the past,
because in the vicinity of Norwalk, Huron County,
Ohio, the separation of these two black-shale units is
impossible except by paleontological evidence. In
western Lorain County, between Cuyahoga and Huron
Counties, the Cleveland and Huron members of the

Cleveland Andover

Cleveland member

Ohio shale =,

" Huron member ___

FI1GURE 6.—Schematic cross section between Buena Vista and Andover, Ohio, showing the relation of the Cleveland and Huron membets of the
Ohio shale to the Chagrin shale.
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Ohio shale are separated by the western edge of the p. 17), and 95 feet thick near Irvine in Estill County,
Chagrin shale. east-central Kentucky (Butts, 1922, p. 6). In the
Southward from Norwalk, Ohic (ﬁgs 7, 8), the tough  vicinity of Irvine, the Ohio shale merges with the black
bituminous Ohio shale contains many large concretions Sunbury shale of Mississippian age at the southern
similar to those found in the Huron member near Nor- limit of the Bedford and Berea rocks. Thus the black
walk. The Ohio shale, which is mere than 500 feet shale in south-central Kentucky is of Devonian and
thick in southern Huron County, Obio, decreases in Mississippian age.
thickness to the south. It is 376 feet thick west of Because much of the area between Norwalk, in north-
Chillicothe in Ress County, southern Ohio (Carman, ern Ohio, and Chillicothe, in south-central Ohio, is
1947), 250 feet thick near Vanceburg in northern Lewis mantled by glacial drift, bedrock can be found cropping
County, northern Kentucky (Morse and Foerste, 1912, out only along the larger streams. South of the
i . glaciated area, however, in Ross County and southward,
e | l_] e in central southern Ohio and the adjacent part of Ken-
i I tucky, the topography is rougher; as a result, the Ohio
! [ i ———— J shale is well exposed in many imposing cliffs along the
e i ‘—’ ‘ Sahanna valley sides. Much of the thin soil that at one time
[ - / 0 xGatumbus covered these black shales has been eroded, and at some
" h ¢ ‘ (—e—-—- ~ places stream gullying has cut small areas of badlands
in the exposed black shale. In southern Ohio and the
adjacent part of Kentucky, the black shale forms the
base and lower part of the knobs that lie along the west-
i ~| ern edge of the Allegheny Plateau. The width of the
H H lL-_I.—-'_:O outcrep of the Ohio shale decreases in Kentucky as the
S | black shale thins toward the south.

i / ! . The contact of the Ohio shale with the overlying
P 7T 1 oSl Bedford shale is generally well defined from Berea,
b __ ( ! Ohio, to Irvine, Ky. In some places a transition zone
______ ! ranging from a few inches to 4.2 feet in thickness sepa-
T “—_1 rates the black shale of Devonian age from the suc-

_ I ceeding red or gray shales of the Bedford. In northern
T T T i Ohio, D. H. Dunkle (oral communication) has found
near the base of the transition zone a bene bed contain-
ing fish fossils of Devonian age. Invertebrate fossils
SEtn 3 assigned tq the Befitord shale are present in th.e upper
SOy pq Bueno ,‘; H | part of this transition zone at many places in Ohio
\ S\ Miste Garrisant . 1 and northeastern Kentucky. In southern Ohio and
’g,vr} o 1 ! vanceburg /R northeastern Kentucky the contact at the top of the
~7N A P Ohio shale is distinct, and the gray shales and silt-
’ stones of the Bedford lie directly upon the Ohio shale.
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P 7 1 in the lower part and thin beds of cone-in-cone lime-

O, - \\ stone in the upper part. The black shale was named
X ~¢| Huron by Newberry (1870b, p. 18), and the bluffs of
- “{ the Huron River north of Norwalk, Ohio, were desig-
SN nated the type locality. Characteristically the Huron
] Sy S LN ! member contains many large concretions and septarian
b xirving N o ‘ ‘: :¥“w| nodules ranging from 1 to 6 feet in diameter. The
\ Cleveland and Huron members are essentially identical
in lithologic character, and in Erie and Lorain Counties
the contact between these two black shales is drawn
arbitrarily below the lowest cone-in-cone layer and
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FIGURE 8.—Sketch map showing some of the places in southern Ohio and eastern
Kentucky mentioned in this paper.
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above the uppermost zone containing the large con-
cretions,

From Berea west to Norwalk, the black shale of the
Huron member forms cliffs from 5 to 70 feet high along
many of the streams and along the shore of Lake Erie.
The black shale, which is more resistant to erosion than
the gray clay shales of the Chagrin, underlies a broad
terrace which slopes westward from an elevation of 790
feet in the vicinity of Berea to the level of Lake Erie in
western Lorain County.

CLEVELAND MEMBER

In outcrops along the Rocky River north of Berea,
Ohio, the Cleveland member has a thickness of 100 feet
(Prosser, 1912a, p. 475). The upper part is typically a
hard dull grayish-black shale which weathers to thin
chips that are generally stained a rusty reddish brown
by iron oxide. The lower part of the Cleveland member,
which was called the Olmsted member by Cushing
(Cushing, Leverett, and Van Horn, 1931, p. 36), con-
tains in addition to black shale, many beds of bluish-
gray or gray clay shale that range in thickness from an
inch to several feet; some thin gray to brown siltstones;
many small nodules and lumps of pyrite; and several
thin siliceous limestones that are characterized by cone-
in-cone structure. The conodont fauna found in the
upper 25 feet of Cushing’s Olmsted member is identi-
cal with the conodont fauna of the Cleveland (Hass,
1947). The writers interpret the beds of alternating
black and gray shales as minor interfingering of the
black shales of the Ohio and the gray shales of the
Chagrin prior to the main eastward transgression of the
sea which deposited the main mass of the Cleveland
member. This interfingering of black and gray shale
in the lower part of the Cleveland has been observed by
the writers as far west as Chappel Creek in Vermilion
Township, Erie County, Ohio.

Lithologically the Cleveland member east of Berea,
Ohio, is identical with the tough grayish-black shale
exposed along Rocky River north of Berea. The
thickness of the Cleveland member, which is about 60
feet in the southern part of the city of Cleveland,
decreases as the outcrop is traced southward along the
Cuyahoga River Valley, and on Slipper Run near
Peninsula (Prosser, 1912a, p. 149) the thickness is
about 6 feet. Surface and subsurface data in northern
Ohio indicate that in the vicinity of Cleveland this
black shale was deposited in a shallow linear basin
whose long axis trends about east-west. As shown by
figure 5, the shale disappears abruptly from the section
to the south. Traced eastward across Cuyahoga, Lake,
and Geauga Counties, the Cleveland retains its char-
acteristic color but decreases in thickness to 20 feet.
The black shale forms steep cliffs and flume gullies

throughout much of its outcrop, especially along the
edges of the plateau of Geauga County. The Cleve-
land contains very few macrofossils east of Cleveland,
and the thin limy cone-in-cone layers which are char-
acteristic of the member west of the type locality are
generally wanting to the east.

The Cleveland member is 30 feet thick at outcrop
1 in eastern Cuyahoga County (see pl. 4), 26 feet thick
at outcrop 13 in northwestern Geauga County, and 18
feet thick at outcrop 24 in western Ashtabula County
(Prosser, 1912a, p. 195-196, 225-226, 316). In the
outcrops along the west side of the Grand River valley.
the shale loses some of its typical grayish-black color,
and much gray silt occurs as thin stringers or admixed
in the blackish shales. In outecrop 21 in western
Ashtabula County, only 11 feet of the grayish-black
silty Cleveland shale is exposed. The basal contact of
the Cleveland, which is generally sharply defined in
much of the outcrop east of Cleveland, becomes difficult
to delineate along the western side of the Grand River
valley, and as shown in outcrop 24 the Cleveland
appears to grade laterally into the upper beds of the
Chagrin shale. (See pl. 5.) In exposures examined
along the eastern side of the Grand River valley black
shale was not observed, and it is the opinion of the
writers that the Cleveland grades laterally into the
upper beds of the Chagrin shale under the drift cover
in the Grand River valley. A well drilled at Andover,
in eastern Ashtabula County, is reported to have
penetrated, at a depth of about 48 feet, some black
shale resting on a massive sandstone (Prosser, 1912a,
p. 389). The writers believe that this black shale is
the eastern feather-edge of the Cleveland member,
because the sandstone in the well, when projected on
the regional dip, correlates with the massive siltstones
in the upper part of the Chagrin shale that are exposed
on Pymatuning Lake 2 miles to the east. In this well
quicksand was reported above the black shale. Most
probably part or all of the quicksand is the Cussewago
sandstone, which is water bearing and very friable.
The record of this well suggests that the Cussewago
sandstone occurs stratigraphically above the Cleveland
member of the Ohio shale.

CHATTANOOGA SHALE

A thin black shale, the Chattanooga (Hayes, 1891,
p. 143), has been traced from its type locality at Chat-
tanooga, Tenn., into the black shale of both Devonian
and Mississippian age in Estill County, Ky., which lies
at the southern end of the wedge of rocks of Bedford
and Berea age. The age relation of the Chattanooga
shale has long been the subject of much controversy.
However, the work of Morse and Foerste (1912, p.
46-49), Butts (1922, p. 6), and others shows that in the
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vicinity of Irvine, Ky., the black-shale unit includes
rocks of both Devonian and Mississippian age.

CHAGRIN SHALE

West of Berea the Chagrin shale is composed of thin
gray siltstones, silty gray shale, soft gray clay shale,
and a few beds of grayish-black shale. The Chagrin
shale as shown on the map of the Berea quadrangle by
Cushing, Leverett, and Van Horn (1931, pl. 20) is
confined largely to the cliffs bordering Lake Erie, and
the general dip of the rocks to the west carries the
uppermost beds of the Chagrin below lake level within
a short distance.

East of Berea, to the type locality on the Chagrin
River, the Chagrin shale consists of a series of gray
slightly silty shales and some thin gray siltstones. The
top of the Chagrin rises above the level of Lake Erie
in western Cuyahoga County, and the outcrop widens
to the east as the dip brings more of the shale above lake
level. The Chagrin forms many of the high cliffs along
the stream valleys in Cuyahoga, Geauga, and Lake
Counties. The siltstones in the upper part of the shale
form many small parallel ledges on the precipitous
slopes. In eastern Ohio the Chagrin reaches a maxi-
mum thickness of about 1,200 feet (Cushing, Leverett,
and Van Horn, 1931, p. 35), although the base of the
shale lies below lake level. Eastward through northern
Ohio the siltstones in the Chagrin increase both in
thickness and number so that at many places they form
zones up to 50 feet thick of intercalated massive silt-
stones and thin silty gray shales which are separated
by thicker zones of relatively siltstone-free shales.
From the vicinity of Andover, Ashtabula County, Ohio,
eastward, the upper beds of the Chagrin are massive
fossiliferous siltstones which are traceable over a large
area in northwestern Pennsylvania and northeastern
Ohio. In most outcrops in the vicinity of the State
line, the upper beds of the Chagrin or the equivalent
beds which in Pennsylvania were named Riceville by
White (1881, p. 97-98) are overlain'by the Cussewago
sandstone. In some places, however, the Cussewago
sandstone is absent, and stratigraphically higher beds
are found lying on the Chagrin or Riceville shale. The
Chagrin shale is very fossiliferous in many places, and
although it has been studied by a considerable number
of geologists, the fauna of the Chagrin has never been
completely described.

RICEVILLE SHALE

The Riceville shale, which consists of white, light-gray,
tan, and light-brown fossiliferous siltstones and inter-
calated ash-gray silty shales and mudstones, is well
exposed in outcrops in Hayfield Township and at the
type locality (outcrop 94, pl. 4) near Riceville (White,
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1881, p. 97), in Athens Township, Crawford County,
Pa. According to White’s definition, the limits of the
Riceville are ‘“Beneath the Cussewago sandstone and
down to the First Oil sand of the Venango group, a
distance of say 80 feet * * *”7 Because of the slightly
irregular surface of the upper part of the Riceville shale,
the thickness of the Riceville ranges as much as 15
feet from the thickness ascribed to it by White. The
Cussewago sandstone was deposited on this irregular
surface. The Riceville shale has been redefined and
restricted by Caster (1933, p. 203) and Chadwick (1933,
p. 195, 197) on the basis of paleontological evidence,
but for the purpose of field mapping and for this report
White’s original definition of Riceville shale is used.
From outcrop 50 eastward to outcrop 92 (pl. 4) the
Cussewago sandstone rests on the upper part of the
Riceville shale, and east of outcrop 92 where the Cusse-
wago sandstone is absent the Corry sandstone lies on
the upper beds of the Riceville shale.

MISSISSIPPIAN ROCKS
SURFACE CORRELATION

The relations of the lower Mississippian rocks of
northeastern Ohio and northwestern Pennsylvania were
studied by Read (1873) in Ohio and White (1881, p.
91-92) in Pennsylvania. Alternative correlations have
been proposed by later geologists—Cushing (1888);
Girty (1905, p. 5-7); Butts (1910, p. 36-37, 57-58);
Prosser (1912a); Ver Wiebe (1916; 1917); Chadwick
(1923; 1925; 1933, p. 280-281); Caster (1934); and
others. Figure 9 shows generalized sections at various
places along the outcrop and the correlation of the lower
Mississippian beds according to the findings and inter-
pretations of the present writers.

Because the outcrop of the lower Mississippian rocks
between Berea, Ohio, and Corry, Pa., trends across
parts of three overlapping delta fans of probable early
Mississippian age, as shown by figure 25, the lateral
variations in lithologic character are abrupt, even
within one formation. In mapping the area between
outcrop 28 at North Bristol, Ohio, and outcrop 104 at
Corry, Pa. (pl. 4), every outcrop was examined and
the rock units were correlated with adjacent sections
even where the exposures were within a few hundred
feet of each other. This examination was necessary
because of the abrupt feathering out or lateral grada-
tion in some of the thinner uaits in the section and
because of the great similarity of the siltstones in this
area. About one gully in four contained sufficient
outcrops for purposes of correlation. Thus, exposure-
to-exposure field tracing was absolutely necessary to
avoid confusing the stratigraphic units and making
erroneous correlations. Many of the errors and mis-
correlations in the literature are due to attempted long-
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range correlation of widely spaced sections without
adequate study of the intervening exposures.

In 1880 White (1881) made a reconnaissance study
of Erie and Crawford Counties, Pa., that was excellent
considering the lack of adequate maps and the small
number of outcrops from which the structure might
be determined. Somewhat later, Prosser (1912a) and
his assistants made many reliable stratigraphic obser-
vations in northeastern Ohio, but they did not compile
a map showing the outerop of the Berea sandstone in
this area although topographic maps were available.
However, since this early work there has been a tend-
ency among other geologists to attempt long-range all-
inclusive correlations based upon the examination of a
few widely scattered sections. Consequently, many
conflicting correlations have been proposed by various
geologists.

SUBSURFACi'} CORRELATIONS

Before any valid conclusions could be drawn regard-
ing the subsurface extent, thickness, composition, or
mode of origin of the lower Mississippian rocks in the
Appalachian basin, it was first necessary to make
detailed well-to-well correlations, so that the equiva-
lence of recognizable stratigraphic units from one part
of the basin to other parts could be established.

The drilling of wells in the Appalachian basin pro-
ceeded independently for many years in a number of
isolated areas, with the inevitable result that different
names were applied locally to the same formation.
Conversely, drillers moving from one field to another
often erroneously applied names familiar to them in
other fields where they had worked. The result was
confusion, producing conflicts of opinion that could
not be reconciled until formations could be studied
regionally. One of the first objectives, then, of the
present investigation became the subsurface correla-
tion of the lower Mississippian rocks, and the con-
sequent determination of recognizable stratigraphic ho-
rizons throughout the Appalachian basin. This was
done mainly by the study of plotted well logs and
detailed cross sections to ascertain the full extent and
stratigraphic relationships of the Berea sand and the
Bedford shale.

During the course of the investigation it was found
convenient for purposes of description to construct two
maps. One represents the several areas for which the
Bedford shale and its approximate equivalents are
described (fig. 11). The other represents the several
areas for which the Berea sand and its near equivalents
are described (fig. 35). The several areas are desig-
nated by letters, and a few of the units deseribed have
no other adequate names than these letters. Areas F
and C (fig. 11), for example, contain recognizable units

in the subsurface, but the rock facies in these areas are
aot known to crop out. The drillers never distin-
guished them as distinet units, and hence never assigned
distinctive names to them.

On the other hand, some units restricted to the sub-
surface have been named previously by drillers and by
geologists. Nevertheless, these units also are assigned
letters for the sake of uniformity and to limit the units
more sharply. For example, the unit named the Second
Berea sand by the drillers is given the letter “E” in
figure 11 to indicate the area of “true’” Second Berea
sand as defined and described by the authors. Similarly
letter designations O and P are applied to the Berea
sand in the Gay-Fink and Cabin Creek Channels in
figure 35. These units are parts of the Berea sand
having previous local designations, but are equal in
rank to other parts of the Berea sand that had not been
distinguished before the present work. The writers
believed that it was best to preserve valid local names
where possible, allowing the letter-designations on the
maps to indicate the unnamed units and to supplement
the names already in use.

These letter-designations are restricted to the sandy
or silty rocks of Bedford and Berea strata. Other
subsurface units are referred to by their common names.
For example, mention is made occasionally of the Cats-
kill redbeds (fig. 13). The use of the name Catskill is
not to be interpreted as having any other meaning than
to designate a group of Upper Devonian rocks, largely
red, that have been known by that name in the liter-
ature for many years.

CUSSEWAGO SANDSTONE
GENERAL FEATURES

The Cussewago sandstone is part of the sequence of
rocks named the Cussewago limestone, shale, and
sandstone by White (1881, p. 94-96) for exposures
along Cussewago Creek valley in western Crawford
County, Pa. It is composed of fine to coarse, angular
to subangular quartz grains that are normally coated
by iron oxides. The sandstone is characteristically
poorly cemented; in color it is dull greenish-yellow.
In many places small discoidal or ellipsoidal pebbles as
much as one-quarter of an inch in diameter occur either
scattered through or in small lenses in the lower part of
the Cussewago sandstone. The Cussewago sandstone
appears to be unfossiliferous except for a few bits of
plant tissue.

Because the name Cussewago was applied by White
to a shale and a local limestone as well as to the sand-
stone, later geologists have restricted the name to the
sandstone, but they have also extended the name beyond
the limits of the sandstone. Recent work by the
present writers has shown that the shale named
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Cussewago by White is the eastern part of the Bedford
shale of northern Ohio, and that White’s Cussewago
limestone at its type locality is a local limy bed in the
base of the siltstones of the Berea sandstone. The
name Cussewago, therefore, is best used only to apply
to the sandstone. Because White’s type locality of his
Cussewago rocks is somewhat indefinite, the Cussewago
sandstone was defined (de Witt, 1946) as the typical
friable greenish-yellow to greenish-brown quartz sand-
stone found below the Bedford shale in outcrop 59
(pl. 4), which is Bartholomew’s section of White (1881,
p- 204). In this outerop 8 miles northwest of Mead-
ville, Pa., the Cussewago sandstone lies 37 feet below
the top of the Bartholomew siltstone member of the
Orangeville shale and 29 feet below the top of the Berea
sandstone. The section occurs on a tributary of Cusse-
wago Creek on the west side of the Cussewago valley,
which is in the general type area designated by White
(1881, p. 95-96).

The Cussewago sandstone crops out from outcrop 29
at North Bristol, Trumbull County, Ohio, eastward
across northeastern Ohio and northwestern Pennsyl-
vania to outcrop 92 about 4 miles west of Riceville, in
Athens Township, Crawford County. KEast of this
point the Cussewago disappears, for it is not present in
outcrop 94 at Riceville, Pa. The base of the sandstone
is not exposed in Ohio, although 30 feet of the Cusse-
wago sandstone crops out in a section, outcrop 34, at
Wick, Ohio. In Pennsylvania the full thickness of the
Cussewago sandstone can be seen at many places.
Apparently owing to an irregular base the sandstone
ranges from 9 to 35 feet in thickness. Because the
lithologic character of the Cussewago sandstone is
constant throughout its extent, the sandstone forms one
of the most easily recognizable formations in the area.

At outcrop 59 a siliceous limestone 1 foot thick is
present 12 feet below the top of the Cussewago sand-
stone. It is very hard and weathers to form large
slabs characteristically having rounded corners. This
limestone and similar lenses of siliceous limestone are
local in geographic extent and cannot be traced from
outcrop to outcrop. In the past much mention has
been made of these siliceous limestones, but the present
writers found these local limestones useless as strati-
graphic markers because of their erratic occurrence in
the Cussewago, Berea, and Corry sandstones.

RELATION OF THE CUSSEWAGO SANDSTONE TO CASTER'S COBHAM
CONGLOMERATE MEMBER OF THE KNAPP FORMATION

The Cussewago sandstone together with the overlying
shale and the limy layer in the base of the siltstones of
the Berea at outcrop 59 has been designated by
Caster (1934, p. 52-53, 112-115) as the western
extension of the Knapp formation of Warren, Pa.

The Cussewago sandstone has been considered by him
as the western part of his Cobham conglomerate
member of the Knapp formation. Caster (1934, p. 113)
states:

West of Warren the [Cobham] member is usually very loosely
cemented. The angular pebbled rock (“millet grained’ texture)
is known as the Cussewago sandstone in Erie and Crawford
Counties and eastern Ohio.

* * * * *

So far as field evidence would indicate, the Cobham retains the
Cussewago lithology westward through Crawford County and
beyond the Ohio line.

As has been pointed out by the writers, the Cussewago
sandstone disappears from the section between outcrop
92 and outcrop 94 west of Riceville, Pa., and the
sandstone is not present in the outcrops between Corry
and Oil City, Pa. The Cussewago sandstone is sepa-
rated laterally from Caster’'s Cobham conglomerate
member of the Knapp formation by a belt of shale and
therefore is not the western part of the Cobham.

SUBSURFACE FEATURES (MURRYSVILLE SAND)

The Murrysville sand of the subsurface has been
traced to its outcrop in Ohio and in Crawford County,
Pa., and is there identical with the Cussewago sand-
stone. Because the name Murrysville is widely used
by the drillers, in this paper the present writers have
used the name Cussewago (Murrysville) to designate
the sand which is the Cussewago sandstone on the out-
crop and the Murrysville sand in the subsurface.
Traced southeastward in the subsurface from the out-
crop the Cussewago (Murrysville) has been known by
various names: the Homeworth or ‘“Second Berea”
sand in the eastern tier of counties in Ohio; the com-
bined Gas and Salt sands in Lawrence and Beaver
Counties, Pa.; the Butler Gas sand in Butler County,
Pa.; and the Murrysville sand in southern Clarion
County, eastern Allegheny County, and Armstrong,
Indiana, and Westmoreland Counties, Pa. The Murrys-
ville sand was named from the village of Murrysville,
in Westmoreland County, Pa., where early wells
produced large quantities of gas from this sand. In
Mercer County and in the northern part of Lawrence
and Butler Counties, Pa., this sand is sometimes called
Berea, Second Berea, or Gas sand; less frequently
other names are applied.

The detailed correlation of these rock units is dis-
cussed in the section on the Berea sand, pages 34-36.

BEDFORD SHALE
EXPOSURES WEST AND SOUTH OF BEREA, OHIO

In northern Ohio, the Bedford shale consists pre-

dominantly of soft red clay shale which near the base

grades into grayish-black shale and a few intercalated
ripple-marked siltstones as much as 3 inches thick.
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At some places the upper part of the Bedford shale
may contain a few thin layers of siltstone. In many
exposures the basal siltstones of the Bedford appear
greatly deformed and rolled into cylindrical shapes
(Pepper and others, 1945b). The present writers
have named these distorted siltstones flow rolls and the
zone of deformation the flow-roll zone. The thickness
of the Bedford shale in northern Ohio is very irregular
because the Berea sandstone was deposited in channels
that had been scoured into or through the Bedford
shale. In western Lorain County the Bedford attains
a maximum thickness of 150 feet, and in Huron County,
where channeling cut deeply into the Bedford, the
Bearea sandstone rests either directly on or in close
proximity to the upper part of the black Ohio shale.
Outcrops of the Bedford shale are very poor in this
part of northern Ohio. Only along the steep valleys
of the larger streams does the shale crop out, and
because the red shale weathers rapidly to a soft sticky
red mud most of these outerops are soon obscured by
slumping and soil creep.

The amount of red shale in the Bedford and the
intensity of color decrease from northern Ohio south-
ward. In sections near Lithopolis about 10 miles
southeast of Columbus, only a few feet of reddish-
or chocolate-brown shale occurs near the middle of the
gray and gray-blue soft clay shales which comprise the
Bedford in central Ohio. In some sections in central
Ohio calcareous siltstones ranging from 2 to 4 inches
in thickness occur in the upper 8 feet of the Bedford
shale, and in the basal part of the shale some thin gray
silty mudstones are present.

Siltstones increase in number and thickness in the
upper part of the Bedford shale south of Columbus, so
that in sections in Ross County south of Chillicothe the
upper third of the Bedford contains a great many thin
platy siltstones and layers of hard silty shale. Most
of the siltstones show fucoid casts and many well-
formed oscillation-type ripple marks on their upper
surfaces. Some small nodules of pyrite, marcasite,
and calcium carbonate occur in thin layers in the upper
part of the Bedford shale in southern Ohio. At a few
places along its western outcrop, some small collections
of invertebrate fossils have been made from the basal
part of the Bedford shale. In Ross and Pike Counties,
the Bedford shale grades from soft clay shale in the
lower part to thin siltstones and intercalated gray
silty shales in the uppermost part of the formation
(fig. 55). The outcrops of the Bedford shale south of
Norwalk, Ohio, are very poorly exposed, for glacial
drift blankets much of the area. However, along some
of the south-flowing streams in central Ohio, the
Bedford shale crops out in low cliffs. The shale is well
exposed at many places along Big Walnut Creek and
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some of its tributaries between Sunbury and Columbus.
The Bedford is 90 feet thick along Big Walnut Creek
near Columbus (Stauffer and others, 1913, p. 220) and
is 85 feet thick in sections near Chillicothe (Hyde, 1921,
p. 36, 86, 104).

The transition zone at the base of the Bedford shale
in northern Ohio is missing along most of the western
outecrop, and only at a few places are thin stringers of
black shale found in the basal part of the Bedford.
The disconformity at the top of the Bedford, which is
so marked in northern Ohio at places where the Berea
sandstone fills channels cut completely through the
Bedford, becomes less marked southward along the
outcrop. In sections near Columbus, the channeled
surface at the top of the Bedford has a maximum relief
of about 5 feet (Prosser, 1912b), and south of Lithopolis
the Bedford shale and the Berea sandstone are essen-
tially conformable. In the vicinity of Chillicothe the
exact contact between the two formations cannot be
drawn with certainty, for the basal siltstones of the
Berea mtergrade into the siltstones of the upper part
of the Bedford shale. Carman (1947, p. 52) notes the
absence of a lithologic break between the Bedford and
the Berea formations in a drill core taken from a test
boring about 3 miles southwest of Chillicothe. Hyde
(1911, p. 257) has suggested that in southern Ohio the
Berea is a phase of the Bedford, because of the apparent
impossibility of separating the two formations. South
of Chillicothe in Pike and Scioto Counties the Bedford
shows a marked change. The siltstones increase to
such an extent that in the vicinity of Buena Vista in
western Scioto County the Bedford is composed largely
of siltstone. Butts (1922, p. 18) reports a section near
Garrison, Ky, in northern Lewis County, in which the
Bedford seems to be made up completely of siltstone.
The siltstones of the Bedford cannot be separated from
those of the Berea south of Buena Vista, Ohio, and in
that area the two are discussed as a single unit.

The shale partings that separate the siltstones of the
Bedford from those of the Berea increase in thickness
from Buena Vista, Ohio, to the south and west, and at
Alum Rock near Vanceburg, Ky., about 40 feet of
silty shale separates the siltstones of the Bedford from
the siltstones of the Berea (Morse and Foerste, 1912,
p. 16-17). The siltstones are not present in the
section in southern Lewis County, Ky., their place
being taken by soft bluish-gray shale. Morse and
Foerste (1912, p. 24-25) proposed the name Peters-
ville shale for the 46 feet of shale of the Bedford and
Berea sequence in the vicinity of Petersville, Ky.,
about 18 miles south of Vanceburg. They report that
only a few thin siltstones are present in this shale.
South of Petersville, the combined Bedford and Berea
strata are composed of bluish-gray to gray clay shales
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and some gray silty shale. The thickness of the
Bedford and Berea strata, which measures 125 feet at
the Ohio River, decreases to a few inches in the vicinity
of Hargett and Irvine in Estill County, Ky.

The upper contact of the Bedford and Berea unit is
sharply defined where the fissile black Sunbury shale
lies with apparent conformity upon siltstones. In
sections near Irvine, Ky., the basal beds of the Sunbury
shale come in contact with the upper beds of the Ohio
shale by the disappearance of the intervening Bedford
and Berea rocks from the section.

EXPOSURES EAST OF BEREA, OHIO

The Bedford shale is composed predominantly of
soft red shale in the area west of Berea, Ohio, but
undergoes a marked lithologic change a short distance
to the northeast in the vicinity of Cleveland. Along
the west bank of the Cuyahoga River in Independence
Township, Cuyahoga County, the Bedford shale con-
tains about equal parts of red and gray shale and in
the basal part a 12-foot thickness of the Euclid siltstone
member. At its type locality at Bedford, along Tinkers
Creek on the east side of the Cuyahoga River opposite
the town of Independence, no red shale is found in the
entire thickness of the formation. At this locality it is
composed of about 85 feet of gray and bluish-gray
shales, nodular light-gray mudstones, and brownish-
gray to gray irregularly bedded siltstones. The 12 feet
of massive siltstone in the base of the Bedford along
the west bank of the Cuyahoga River is probably
represented by some thin gray siltstones in the basal
part of the Bedford at the type locality.

In the vicinity of Cleveland two zones of massive
siltstone occur in the Bedford shale. The Sagamore
siltstone member is found in the lower third of the
Bedford on Sagamore Creek in southeastern Cuyahoga
County, and the Euclid siltstone member of greater
areal extent crops out from Independence Township,
Cuyahoga County, to Willoughby Township, Lake
County. (See fig. 53.) The Euclid siltstone member
has a maximum thickness of about 20 feet; the Saga-
more siltstone member may reach a maximum thickness
of 20 feet. The Euclid siltstone occurs at the same
stratigraphic level as the Second Berea sand of Athens,
Gallia, Meigs, Morgan, and Muskingum Counties.

In some outcrops in the vicinity of Cleveland the
lower several feet of the Bedford shale contains many
invertebrate fossils. These fossils have been discussed
by Cushing (Cushing, Leverett, and Van Horn, 1931,
p- 43—45) and Prosser (1912a).

The writers easily traced the Bedford shale eastward
across Cuyahoga, Lake, and Geauga Counties, where it
forms cliffs beneath the more resistant Berea sandstone.
The upper contact of the Bedford shale is extremely
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irregular, for the Berea sandstone was deposited in
channels that had been scoured into the Bedford shale
by erosion prior to the deposition of the Berea. The
lower strata of the Bedford in many places appear to
be gradational into the Cleveland. The silt content of
the Bedford increases toward the east so that in out-
crops along the west bank of the Grand River valley
in western Ashatbula and Trumbull Counties the Bed-
ford is composed largely of silty gray shales, hard silty
gray mudstone, and thin platy gray siltstones. The
Bedford, thinning eastward, is 85 feet thick at Bedford
and 45 feet thick at outcrop 24 in southwestern Ashta-
bula County (pl. 4).

CORRELATION OF THE BEDFORD SHALE

Attempts to correlate the Bedford shale in north-
eastern Ohio and northwestern Pennsylvania have
created much discussion and resulted in the suggestion
of several ingenious stratigraphic interpretations. Read
(1873) traced the Bedford shale eastward across Geauga,
Lake, Ashtabula, and Trumbull Counties to the State
line; and White (1881, p. 91-92 and fig. 115, p. 82)
correlated his Cussewago strata with the Bedford shale
of eastern Cuyahoga County. Although not in agree-
ment with Read’s interpretation of the stratigraphic
features of the Berea and associated formations in
northeastern Ohio, Cushing (1888) correlated the
Bedford shale with White’s Cussewago shale of north-
western Pennsylvania. Influenced by the idea of a
threefold or tripartite Berea sandstone, later geologists,
including Prosser (1912a), Chadwick (1925), and Caster
(1934), proposed differing correlations.

In discussing the Chagrin shale of Ohio, Chadwick
(1925) revised the correlation of the lower Mississippian
rocks between Cleveland, Ohio, and Meadville, Pa. He
introduced the idea of an unconformity which from
Cleveland rises eastward in the section, thus cutting
out progressively younger Mississippian (‘“Waverlyan”’)
beds. Chadwick assumed that as these beds were cut
out, progressively younger Upper Devonian (‘‘Brad-
fordian”) rocks were exposed below the plane of the
unconformity as it rose to the east. Figure 12 is his
schematic diagram showing the unconformable relation
of these beds. Chadwick attempted to show that as the
Bedford shale was cut out of the section in Ashtabula
County, White’s Cussewago shale was exposed below
the plane of unconformity. Chadwick (1923, p. 69;
1925, p. 463—464) renamed White’s Cussewago shale,
calling it Hayficld for the township of that name in
western Crawford County, Pa. Chadwick applied the
name Hayfield also to White’s Cussewago limestone,
which Chadwick (1925) believed occurred only sporadi-
cally in eastern Ohio because it had been removed by
erosion at some places.
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Chadwick also assigned a pre-Bedford age to his
Hayfield shale. His correlations (Chadwick, 1933,
p.- 280-281) are based partly on the painstaking field
work of Prosser and Cushing in Ohio and partly on the
following assumptions:

1. The Berea sandstone and the Corry sandstone are
a single formation.

2. The Cussewago sandstone is a part of the Knapp
formation of southwestern New York and northwestern
Pennsylvania.

3. A great unconformity is present at the base of the
Cleveland shale, but no marked unconformity is known
between the Cussewago sandstone and the underlying
Chagrin shale.

4. His Hayfield shale, which is of pre-Bedford age,
extends eastward into the vicinity of Warren, Pa.

Caster (1934, p. 104-105, 155-164) revised Chad-
wick’s classification of these lower Mississippian rocks.
Caster correlated the Bedford shale of Ohio with his
Kushequa shale of north-central Pennsylvania on
rather tenuous evidence which is based in large part on
paleontological data. Caster (1934, p. 116) described
his Hayfield “monothem” as

really composed of two parts, seemingly of member rank. The
upper is the Hayfield, sensu stricto [Chadwick’s Hayfield shale],

which includes the Hayfield limestone (here called Littles Corner
limestone), and a lower member- which enters toward the east
and south which is only meagerly developed in the type Hayfield
arca. This lower member is being termed the Tidioute shale
member.

He states also (Caster, 1934, p. 121):

The position of the Littles Corner limestone to the Berea
(Corry) is somewhat variable, but it usually occurs from 15 to 20
feet below the Corry base.

The writers have traced the Bedford shale across the
Ohio-Pennsylvania State line between outcrop 24 in
southwestern Ashtabula County, Ohio, and outcrop 59
in central Crawford County, Pa. Although fossils were
observed only at outcrop 39 on Stratton Creek, the
Bedford was traced from gully to gully by its character-
istic lithologic features. The shale contains many gray
and bluish-gray ripple-marked siltstones whose upper
surfaces are marked by many fucoids. Pyrite, some
mica, and fragments of plant tissue are found scattered
through the Bedford shale in eastern Ohio. From out-
crop 34 at Wick, Ashtabula County, Ohio, eastward the
Bedford rests on typical Cussewago sandstone and is
overlain by siltstone of the Berea. The Bedford shale
is 44 feet thick at outcrop 34 and decreases to 22 feet at
outerop 59, 8 miles northwest of Meadville, Pa. East
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of outcrop 59 the Bedford shale thins rapidly and loses
its identity as a formation in the vicinity of Meadville,
Pa. At outerop 73, a unit 4.8 feet thick, consisting of
silty gray shales and intercalated thin siltstones, which
has been named the Shellhammer Hollow formation
(de Witt, 1951), contains equivalents of both the Bed-
ford shale and the Berea sandstone. The eastward
thinning of these rocks continues and at outcrop 75, 8
miles northeast of Meadville, Pa., the Shellhammer
Hollow formation is composed of 4 inches of silty gray
shale.

A few thin siliceous limestones occur in the upper or
lower parts of the Bedford shale in eastern Ohio and
northwestern Pennsylvania. Chadwick (1925) applied
the name Hayfield limestone to one of these extremely
lenticular local limestones which was exposed in Hay-
field Township, Crawford County, Pa. These lime-
stones may occur at any stratigraphic horizon from the
middle of the Cussewago sandstone to the lower part
of the siltstones of the Berea, and they cannot be corre-
lated from one exposure to the next. They certainly
do not constitute a formation; in fact no limestone is
present in the Bedford shale at outcrop 59, which is the
type locality cited for White’'s Cussewago limestone,
renamed the Hayfield limestone by Chadwick. At
outcrop 59 a thin siliceous limestone occurs in the base
of the Berea sandstone and a similar appearing lime-
stone occurs 12 feet below the top of the Cussewago
sandstone, but no widespread limestone occurs in Chad-
wick’s Hayfield shale. In the partly exposed sections
between outcrop 59 and outcrop 62, several siliceous
limestones were found, but they were found either ia the
lower part of the Berea or in the Cussewago sandstone
rather than in the Bedford shale.

In describing the Tidioute shale member of his Hay-
field “monothem,” Caster (1934) says:

The Tidioute shale member is so-called for the exeellent ex-
posure of the unit along the Allegany River at Tidioute, and
especially for the exposures along the State Highway through
Dennis Run, one mile southwest of Tidioute. This seems to be
the area of maximum development of the member. Here, on
Dennis Run it is 23 feet thick. At Meadville the member is
about ten feet thick, at Warren the thickness is in excess of
fifteen feet, but the total is unknown. At Miller Farm, on
Oil Creek the Tidioute member is slightly over 20 feet thick.
At Tionesta, on the Allegany River the thickness is approxi-
mately the same. On Cussewango Creek, in the type section
of the Hayfield shale the Tidioute member is much thinner than
at Meadville, being not more than five feet thick in sections

studied.

However, the Bedford shale, which was called Hay-
field by Chadwick, disappears from the section in the
vicinity of Meadville and cannot be recognized as a
distinct formation in outcrop 72. Therefore, it seems
improbable that Caster’s Tidioute shale member ex-
tends westward from the vicinity of Tidioute and
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Warren, Pa., to outcrop 59, Hayfield Township, 8 miles
northwest of Meadville. Caster (1934, p. 116) reports
the thickness of his Hayfield “monothem’ to be 60
feet in the vicinity of Meadville; slightly less than 60
feet on Cussewago Creek; and about 45 feet near
Tidioute on the Allegany River. However, the shale
between the top of the Cussewago sandstone and the
base of the siltstone of the Berea at outcrop 59 is only
22 feet thick; at outcrop 65 it is 7 feet thick; and at
outcrop 81 it is 4 feet thick. At outcrop 75 the Shell-
hammer Hollow formation, which is 4 inches thick,
includes the easternmost remnants of the Berea sand-
stone and the Bedford shale. Therefore, Chadwick’s
Hayfield shale cannot possibly extend east of Meadville
to the Allegany River.

The writers conclude that White’s Cussewago shale
is synonymous with the Bedford shale and that, be-
cause the name Bedford has priority, the names Cusse-
wago shale and Hayfield shale are invalid and may be
dropped from the literature. Also, the names Cusse-
wago limestone, Hayfield limestone, or Littles Corner
limestone cannot be applied to definite rock units and
may also be dropped from the literature.

SUBSURFACE

At its type locality at Bedford, Ohio, along Tinkers
Creek, the Bedford shale is composed mainly of gray
to bluish-gray shales and thin gray to brown siltstones.
Well records do not provide sufficient evidence to trace
these shales and siltstones of the Bedford in the sub-
surface for any appreciable distance, and over a large
area the presence of the typical Bedford may be only
surmised. The base of the Bedford shale may be
recognized in well records only where it rests on the
black Cleveland shale. The Chagrin shale, which
occurs below the Cleveland shale on the outcrop, can
easily be mistaken for the Bedford in the subsurface
because of its lithologic similarity. It is thusimpossible
to draw the boundary between the Chagrin and the
Bedford on the basis of well logs alone at places where
the black Cleveland shale is absent.

In the area in which both the Cussewago sandstone,
known to oil and gas men as the Murrysville sand (area
D of figure 11) and the Berea sand are present, the
Bedford is presumably the shale that occupies the
interval between the base of the Berea sand and the
top of the Cussewago (Murrysville) sand. 'The Berea
and Bedford formations, as clearly shown along their
outcrop in southern Ohio, are so closely related in
depositional history that the Bedford shale is present,
at least in part, in almost the entire area containing
the Berea sand derived from a northern source (as
discussed on p. 73). In a few localities, however, the
Bedford is absent. For example, some of the drill cores
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of the U. S. Army Engineers in Champion Township,
Trumbull County, Ohio, show that the Bedford is
absent, probably by scour, and that the Berea sand
rests directly on the Cussewago (Murrysville) sand.
Other cores in the same locality, however, show what
appears to be a thin remnant of Bedford. Perhaps the
rock between the Berea and Cussewago (Murrysville)
sands represents all of the Bedford. It is possible that
this interval may represent only the upper Bedford
deposition, and that the lower Bedford is in part
equivalent in age to some of the Cussewago (Murrys-
ville) sand. If this supposition is true, the lower Bed-
ford was probably not deposited in this area.

A few miles west of its type locality the Bedford shale
contains only a small amount of gray to bluish-gray
shale. Most of this is present in the basal part, where it
merges into grayish-black shale that appears gradational
with the black Cleveland shale below. Beds of gray
Bedford shale are present also a few feet above the
Eueclid siltstone member of the Bedford along the out-
crop. However, the predominant and characteristic
color of the Bedford shale west of the type locality is red,
though some gray shale occurs in places along the out-
crop, especially in or near the transition belt between
the red and gray phases of the formation. In surface
exposures in northern Ohio the red Bedford shale is
unmistakable, because other red shales are not present
in the Mississippian or Upper Devonian rocks of this
area.

In the same way in the subsurface the red Bedford
shale is easily recognized by its distinctive color. When
the drillers record shale colors at all, they almost invari-
ably record the red Bedford shale wherever it is present.
A driller is not necessarily accurate in estimating the
thickness of the red shale, however; for under the drill
it may be churned and mixed with underlying gray
shale so that a somewhat greater thickness of red shale
is logged than is actually present. The red Bedford
shale throughout most of its area is 50 to 150 feet thick.
It is true, nevertheless, that many lenses of gray shale,
if enclosed by red Bedford shale, would not be noticed
by the driller.

The persistence of the red Bedford shale southward is
remarkable. The writers traced the red shale from well
to well, starting in Lorain and Cuyahoga Counties,
Ohio, and reaching due south across the Ohio River into
Cabell County, W. Va., at one point, and into Boyd
County, Ky., at another. This broad belt (pl. 7) is
defined by about 2,000 reliable records that note the
presence of red shale at the horizon of the Bedford.
Though some of the wells are grouped, as in certain of
the Clinton fields, or along the trend of the Second Berea
sand, which is area E in figure 11, the rough outline of
the full extent of the red Bedford shale is indisputable,
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because a fair spread of detailed logs is available over the
entire area. On the east and south the extent of the red
shale is known from wells whose logs show only gray
shale at the stratigraphic position of the Bedford. On
the west along the outcrop, as well, the red shale thins
and gradesinto gray Bedford shale in Pickaway County,
Ohio. Generally, along all the margins of the red phase
of the Bedford the red shale thins and grades into gray
shale. The Berea sand is recorded above the red shale
in nearly every well log in the entire area of deposition
of the red Bedford shale. In many places a few feet of
gray shale separates the red Bedford shale from the
Berea sand.

In the subsurface the red Bedford shale is normally
separated from the underlying black Ohio shale by about
15 feet of gray shale, representing the basal part of the
Bedford shale. This gray shale appears to thicken
markedly east of the red Bedford shale along the north-
ern outcrop, and merges into the 85 feet of gray shale
and siltstone at the type locality. Similarly along the
western outerop the basal gray Bedford shale thickens
greatly toward the south as the red shale feathers out.
The basal gray shale near the eastern border of the red
shale lies at the same stratigraphic position as the
Second Berea sand (area E, fig. 11), and, indeed, bears
the same relationship to the Euclid siltstone member of
the Bedford (area A, fig. 11) on the northern outcrop.
It appears that the basal gray Bedford shale is a shale
facies equivalent of the Second Berea sand and also of
the Euclid siltstone member, and that the Second Berea
sand and the Euclid siltstone member must have been
deposited in early Bedford time.

Conclusive proof that the Second Berea sand is not
merely a lower member of the Berea sand is furnished
by many logs showing that the red Bedford shale occu-
pies much or most of the 25- to 40-foot interval between
the Second Berea and the Berea sand. The Second
Berea sand is easily traceable as a single sand body,
and is particularly well defined because more than 1,000
wells have been drilled to it in search of natural gas.
The Second Berea sand is completely isolated and is
stratigraphically lower than other sand bodies that some
drillers have called “Second Berea” in Cambridge
Township, Guernsey County (cross section A-A’, pl
10); in Union and Rich Hill Townships, Muskingum
County; and in York Township, Morgan County, Ohio.
The red shale does not extend east of the Second Berea
sand in the subsurface, or east of the Euclid siltstone
member of the Bedford along the outcrop. How far the
gray Bedford shale extends east of the Second Berea
sand is a matter for speculation. The well logs provide
inconelusive evidence.

Other sand bodies, which are separated vertically
from the Berea by the red Bedford shale, are located in
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Ames Township in Athens County, Reading Township
in Perry County, and at other places in the area of the
Red Bedford Delta. These sands are, of course, within
the Bedford shale. Also, an elongate and sinuous sand
body lying deeply enclosed in red shale at many places
occurs in the main part of area B. This sand body
trends north-south, is branched at irregular intervals,
and is generally continuous for more than 40 miles.
Because of its close association with red shale it is
considered a part of the Bedford.

The Bedford shale appears to correlate also with the
greater part of the thick mass of siltstone and fine sand,
which lies in southern Ohio and eastern Kentucky as
shown in figure 11 (area G). Similarly, much of the
thick deposit of sand and siltstone generally known as
Berea in area J (fig. 35) may also be of Bedford age.
The upper 40 feet of the thick sand in this area is Berea,
because it is continuous with Berea sand in surrounding
areas. The lower 60 feet, however, which is often
recorded only as shells or broken sand, is much less
uniform and may be stratigraphically equivalent to part
of the Bedford shale.

One of the regional problems of correlation of the
Bedford is the possible equivalence of the red Bedford
shale with the westernmost occurrences of the Catskill
redbeds of Late Devonian age. Figure 13 incorporates
the results of a survey of thousands of well records
examined to determine the probable maximum bound-
aries of the Catskill redbeds and the red Bedford shale
and to discover if at any point they merged or over-
lapped. No results of such a study have been published
for more than half a century; consequently, correlations
of these beds have been at best tentative or supposi-
tional. i

John F. Carll (1890, p. 93-104) thought that the red
Bedford shale of Ohio could be traced into the upper
part of the Catskill redbeds of western Pennsylvania.
In his sketch map showing the general outlines of the
red shale, Carll was amazingly accurate considering the
amount of data he had available. His 16 wells, 15 in
Ohio and 1 in Kentucky, coupled with information on
outcrops, give a remarkably true picture of the red
Bedford shale in Ohio, except for one area. This area,
unfortunately, was critical; for Carll based his entire

correlation with the redbeds of Pennsylvania on one

well that was drilled in 1886 in Canton, Ohio. The
record of this well, as quoted by Orton (1888b, p. 359)
is certainly open to question. The well log gives 14
feet of red shale below the Berea, but since that well
was drilled, hundreds of other wells, including wells
from which samples were collected, have been drilled
through the Bedford in that area without finding any
trace of red Bedford shale. It is clear now, on the
basis of abundant well logs, that the red Bedford shale
282219—55——3
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Figure 13.—Sketch map showing the westernmost extent of the upper part of
the Catskill redbeds with relation to the red Bedford shale.

is not traceable across eastern Ohio into the red shales
of Late Devonian age in Pennsylvania.

Red shale of definite Late Devonian age is found 50
to 100 feet below the Berea locally in Monroe, Belmont,
Jefferson, and Columbiana Counties, Ohio, although it
is very erratic in distribntion. Unless one keeps in
mind the wide belt of rocks in which red shale is not
present west of these counties, he can easily misidentify
these eastern red shales of Late Devonian age as Bedford
shale. Further, red shales in Cabell County, W. Va.,
and Boyd County, Ky., which were erroneously identi-
fied as the Catskill redbeds, are red Bedford shale.

The Michigan Basin is the only other area containing
red shale reported to be of Bedford age. Newcombe
(1933, p. 79) suggested that the red shale occurring
locally below his Berea sandstone of that area is the
equivalent of the red shale of the Bedford formation of
Ohio. In their study of the Berea sandstone of Michi-
gan, which was based largely on an examination of drill
cuttings, Cohee and Underwood (1944) did not find red
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shale in the Bedford of that area. Their findings
suggest that the extent of the red shale in Michigan is
much more limited than was at first supposed.

BEREA SANDSTONE
EXPOSURES WEST AND SOUTH OF BEREA, OHIO

The Berea sandstone is a medium- to fine-grained
clay-bonded quartz sandstone which can be divided into
two parts at some places along the outcrop between
Berea and Columbus. The upper 20 to 30 feet of the
Berea is thinly bedded, and the upper surfaces of these
beds show many well-formed oscillation-type ripple
marks. The beds of the lower part of the Berea sand-
stone are more massive than the upper beds and cross
bedding predominates over ripple marks. The thick-
ness of the Berea sandstone varies greatly in this area,
for the sandstone was deposited in channels which had
been scoured into, and at some places through, the
underlying Bedford shale. The Berea averages about
50 feet in thickness between Berea and Norwalk, al-
though the mantling glacial drift makes thickness
determinations difficult.

The name “channel sandstone” is used throughout
the report for the thick isolated masses of sandstone
which are characterized by steep walls, sinuous aline-
ment, and rounded basal profiles. As shown in plate 6,
channel sandstones form the lower part of the Berea
sandstone in both the surface and subsurface parts of
area H (fig. 35). '

The channel sandstones range in thickness from a few
feet to more than 235 feet, which is the maximum depth
of quarrying in the Buckeye quarry at South Amherst,
Lorain County. (See figs. 14, 15, 16.) Sandstone as
much as 200 feet thick has been reported from core-
drilling operations in that vicinity. Fast and west of
South Amherst, the thickness of these channel sand-
stones decreases. West of South Amherst the amount
of thinning cannot be accurately determined because
of insufficient exposures in an area mantled by glacial
drift and ancient lake deposits. The rate of decrease
in thickness of the channel sandstones appears to be
less to the west of South Ambherst than to the east. The
lower part of one of these channel sandstones is exposed
on the shore of Lake Erie near Vermilion, Ohio. In
this channel the scouring cut through the Bedford shale
and most of the Cleveland member of the Ohio shale.

The sandstones of these channels are remarkably free
of contaminating materials. A few small lenses of
discoidal shale and siltstone pebbles, scattered plant
fragments, and a few thin seams of coaly material can
be found in the quarries, but this debris makes up much
less than 1 percent of the total mass of sediment in the
lower phase of the Berea sandstone. The lenses of
pebbles are small, ranging in thickness from 1 to 16

inches and in length from 2 to 25 feet. They are most
numerous in those channel sandstones which lie farthest
to the south in area H (fig. 35). The pebbles range
from % to 1 inch in thickness and from ¥ to 3 inches in
diameter. Most are discoidal and their edges are well
rounded, showing that they had undergone some trans-
portation prior to burial in the sandstone. These peb-
bles are composed of red, gray, and black shale and
fine-grained steel-gray siltstone similar in appearance
to the thin siltstone found in the basal part of the Bed-
ford shale. The pebbles are enclosed in a matrix of
Berea sandstone. Most of the lenses of pebbles stand
out markedly from the enclosing light-gray or tan
sandstone because ground water has stained the exterior
of the pebbles deep brown or dull pinkish red. Three
lenses of pebbles were observed in the Buckeye quarry
at South Amherst and 11 in the Nicholl quarry at
Kipton.

South of Norwalk the size and depth of the scour
channels decrease, and in the vicinity of Columbus
the basal contact of the Berea sandstone is a gently
undulatory unconformity, which dies out to the south
in the drift-covered area. The thickness of the Berea
sandstone decreases toward the south. The total
thickness of the sandstone is 65 feet at Sunbury (Stauf-
fer, Hubbard, and Bownocker, 1913, p. 223); 39 feet
near Gahanna (Stauffer, Hubbard, and Bownocker,
1913, p. 220-221), east of Columbus; 6% feet at Lithop-
olis; and about 1 foot on Slate Run (Prosser, 1912b, p.
601-603) in the northeastern corner of Pickaway
County, about 14 miles southeast of Columbus. South
of Lithopolis the Berea is a siltstone containing only
small amounts of very fine sand.

South of Slate Run the siltstone facies of the Berea
increases in thickness; it is about 6 feet thick on Turkey
Run in section 13, Walnut Township, Pickaway County,
Ohio, and about 30 feet thick in southern Ross County,
Ohio. (See figs. 18,19.) In the vicinity of Chillicothe
the lower part of the Berea contains many light-gray
and buff siltstones which greatly resemble the silt-
stones that occur in the top of the underlying Bedford
shale. Along the Ohio River in western Scioto County,
Ohio, the siltstones of the Berea and the siltstones in
the Bedford intergrade, and it becomes impossible to
separate the mass of siltstones into two formations.
Therefore, the Bedford and Berea are mapped together
and considered a single unit lying between two black
shales.

Throughout most of the area between Berea and
Norwalk the Berea underlies a broad gently sloping,
drift-mantled terrace. In the stream valleys that
trench this surface, the sandstone is well exposed, and
many of the smaller streams and runs are choked by
large float blocks of Berea sandstone that have fallen
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FIGURE 20.—Sketch showing three phases of the Berea sandstone in northern Ohio.

Exposure on Granger Road, U. 8. 17, Newburg Township, Cuyahoga County, Ohio
See figs. 36, 37, 38 for photographs of this outcrop.
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in northeastern Ohio.
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Berea sandstone is not the threefold or tripartite
formation that Caster (1934, p. 47) believed it to be.
Thin lenses of shale occur at many horizons, but none
of these could be traced beyond a single outerop. The
hypothesis of the tripartite or threefold Berea was
evolved to account for the presence of the Cussewago
sandstone in northeastern Ohio on the assumption that
the Cussewago was genetically a part of the Berea.
However, the Cussewago sandstone is a separate forma-
tion which was deposited from the southeast and is not
related genetically either to the Berea sandstone of
Ohio or to the Knapp formation of north-central
Pennsylvania.

In studying the outcrops of the sandstone and silt-
stone of the Berea sandstone in northeastern Ohio and
northwestern Pennsylvania, the writers observed inver-
tebrate fossils in the siltstones of the Berea only along
the Ohio-Pennsylvania border, especially in outerop 39
at Stratton Creek near Kinsman, Ohio. The fossils in
these siltstones resemble those found in the siltstone
of the Corry sandstone in the vicinity of Corry, Pa.
With the exception of the outerops in the vicinity of the
State line in eastern Ohio, the Berea sandstone is largely

unfossiliferous.
SUBSURFACE

From the type locality at Berea in northern Ohio,
the Berea sand may be traced underground by means of
numerous well records and is recognizable in the sub-
surface as an almost continuous sand body over thou-
sands of square miles of eastern Ohio, western Pennsyl-
vania, western West Virginia, and northeastern
Kentucky.

Throughout most of Ohio in areas I and J and in most
of areas H and K, as shown in figure 35, the Beree
maintains a gradual southeasterly regional dip. The
black Sunbury, or “coffee’’, shale lying on the Berea
sand serves as a marker, and except in local areas which
will be discussed below, no other persistent sands are
found near the horizon of the Berea.

South of Chardon, Geauga County, Ohio, and in sur-
rounding areas the black Sunbury shale grades into
gray shale in places, and local sands such as the Chardon
siltstone member may be present in the lower part of
the Orangeville shale. Where the Berea is thin and
one or more of these local sands are logged by the driller,
proper identification of the Berea sand can be made by
checking the interval between the top of the Berea and
the top of the “Big Lime” (Devonian). Also, at places
in or near Mahoning County, Ohio, the Berea may be
absent or reduced in thickness as a result of erosion that
cut deep valleys into the Mississippian sediments in the
area. Pennsylvanian sands, such as the Sharon con-
glomerate (member of the Pottsville formation), were
deposited in these valleys and so may be found in some

BEDFORD SHALE AND BEREA SANDSTONE, APPALACHIAN BASIN

places at or near the horizon of the Berea. The locali-
ties where erosion has removed part or all of the Berea
must be carefully determined so that these valley-fill
sands of Pennsylvanian age are not correlated as a part
of the Berea.

Although the Berea sand can be traced eastward from
Ohio into northwestern Pennsylvania, it has not always
been identified there as the Berea. Instead, it is
known by a variety of names, each usually, but not
exclusively, applied in local areas. Chief among these
names are “Amber sand” in Lawrence County and in
parts of Mercer and Butler Counties, “St. Patrick
sand” in northern Butler County, and ‘“Big Shell” in
parts of Mercer County.

The Corry sandstone of eastern Crawford County and
Venango County, which has been confused with the
Berea in some places, cannot be distinguished from the
Berea by its elevation alone; for the top of the Corry and
the top of the Berea probably do not differ by more than
10 feet stratigraphically. Nevertheless, the Corry is
not an eastern siltstone phase of the Berea, be-
cause as shown on plate 1 a definite belt of shale and
shells between 5 and 25 miles wide separates the Berea
sand laterally from the Corry in the subsurface, making
continuous tracing impossible. This belt of shale and
shells is present also along the nearby outcrop, where
it is named the Shellhammer Hollow formation (de
Witt, 1951). Additional evidence presented in the dis-
cussion of surface correlations shows that the Berea and
Corry are separate formations.

In addition to the Corry, the Cussewago (Murrys-
ville) and 2d Gas sands of Pennsylvania and their various
lobes or extensions, which are also known by an assort-
ment of names, have likewise been wrongly identified
as Berea or Berea equivalents in wvarious places.
Though their stratigraphic positions are very close to
that of the Berea, detailed subsurface tracing shows
that they are distinet lithologic units.

RELATIONSHIP OF BEREA SAND AND CUSSEWAGO (MURRYSVILLE)
SAND IN EASTERN OHIO AND WESTERN PENNSYLVANIA

Wherever both the Berea and Cussawago (Murrys-
ville) are present, the Berea lies above the Cussewago
(Murrysville). Locally, in Champion Township, Trum-
bull County, Ohio, as shown by samples of drill cores of
the U. S. Army Engineers, the intervening Bedford shale
has apparently been removed by scour, and the Berea
sand rests directly on the Cussewago (Murrysville)
sand. Northward on the outerop, however, as much
as 44 feet of Bedford shale is present. Well logs gen-
erally show a shale “break” of about 20 feet between
the Berea and Cussewago (Murrysville) sands, but a
very wide range from 2 to 40 feet is not uncommon.
The thinnest “breaks” are usually found in Ohio.
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The most difficult area for correlations, and the one
that holds the key to most of the correlation problems
of the lower Mississippian in the northern half of the
Appalachian basin, lies in Washington County and
eastern Allegheny County, Pa., and extends westward
across the West Virginia panhandle intc Jefferson
County, Ohio. In the central part of this area drillers
usually log about 100 feet or more of what they term
the “Upper 30-foot shells” or “sand.” This unit was
called the “Berea-30-foot sand” on the original Pre-
liminary Map 29, and “Upper 30-foot sand’’ on Prelim-
inary Map 89. (See pl. 14 and fig. 22.) Traced west-
ward, the middle part of the Upper 30-foot shells grades
into easily recognized Berea sand, but eastward the
middle zone is represented only by shale. Traced
westward the basal zone becomes shale, but eastward
it is the Cussewago (Murrysville) sand. The topmost
zone of the Upper 30-foot shells is continuous both
eastward, where it is called the “2d Gas sand”, and
westward where the name “Stray sand” is used. Con-
firmation of these correlations is provided by six wells
in the Burgettstown quadrangle, including a sample
well by Fettke (1941, p. 23-28), the A. T. McBurney
No. 1, all of which show three distinct zones of sand in
the Upper 30-foot shells, corresponding to the 2d Gas,
Berea, and Cussewago (Murrysville) sands. The three
units are thus present in the Burgettstown quadrangle,
though usually lumped by the drillers intc a single
large unit. In the Carnegie quadrangle, to the east,
the 2d Gas and Cussewago (Murrysville) sands are
present, but the Berea is missing, and in the Steubenville
quadrangle, to the west, the Stray (2d Gas) and the
Berea sands are present, but the Cussewago (Murrys-
ville) is absent. The area in which the name “Upper
30-foot shells” is applied by the drillers corresponds
roughly with the southernmost lobe of the Cussewago
(Murrysville) sand as shown in figure 22. In the area
of this lobe the Berea is probably almost completely
absant except along the northwestern border, but the
2d Gas sand, occurring in the upper part of the Upper
30-foot shells, and especially the Cussewago (Murrys-
ville), occurring in the lower part, are generally present.
The 2d Gas sand is also present in Fayette County, Pa.,
and eastern Monongalia County, W. Va., just east of
the lobe of Murrysville sand. This area of the cccur-
rence of 2d Gas sand is called “‘area of Upper Berea
sand”’ on the original Preliminary Map 29. The term
Berea is here restricted to deposits genetically related
to the type Berea in Ohio, and the name “2d Gas sand”
is more suitable for the stratigraphically higher sand.

In western Pennsylvania where the Berea sandstone
is absent, the relationship of the Cussewago (Murrys-
ville) sand to other sands is complex. It is advisable,
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therefore, to discuss the means of determining the
approximate stratigraphic position of the Cussewago
(Murrysville) sand for any well drilled in this area.

The coals of Pennsylvanian age are the most reliable
guides to correlation in the greater part of the area,
because they are widespread and are usually accurately
logged. The Pittsburgh coal is the most reliable, and
its identification can often be checked by the presence
of the Mapletown (Sewickley) and Waynesburg coals
about 100 and 325 feet above it, respectively. The
rough average interval of the Pittsburgh coal above
the Cussewago (Murrysville) in this area is about 1,800
feet, but the interval increases somewhat to the south-
east, and decreases to the northwest. The Upper
Freeport coal, about 1,200 feet above the Cussewago
(Murrysville) in the eastern part of the area, is also
useful locally as a guide in ascertaining the horizon of
the Cussewago (Murrysville). The base of the Injun
sand maintains a fairly constant interval of about 350
feet above the Cussewago (Murrysville) in the western
part of this area, but the interval thins irregularly to
about 250 feet in the eastern part. Although the
Injun is of much aid locally, its usefulness cannot
always be relied upon, because of the presence in some
areas of the underlying Squaw sand.

The parallelism of the numerous Upper Devonian
sands and the Cussewago (Murrysville) sand in area
D (fig. 11), though marked, is not as striking as it is to
the south in area F (fig. 11) of West Virginia. In
Pennsylvania especially, these Upper Devonian sands
are subject to much lensing or overlapping and are often
wrongly identified by the drillers. Shale of the Cats-
kill redbeds is logged by many drillers at about 50 or
100 feet below the Cussewago (Murrysville) sand in
the southwestern corner of Pennsylvania, and similarly
below the Berea in a few places in the West Virginia
panhandle, and in eastern Monroe County and Belmont
and Jefferson Counties, Ohio. This red shale provides
one of the best indications for separating the Berea and
Cussewago (Murrysville) sands from the Upper De-
vonian Gantz sand and 50-foot sand (100-foot group)
below, for in no place in this area is red shale recorded
above either the Berea sand or the Cussewago (Murrys-
ville) sand (fig. 22). The best recent discussion of the
Upper Devonian sands of this area is to be found in the
report by Matteson and Busch (1944).

CORRELATION OF THE BEREA SAND OF SOUTHERN OHIO, WEST
VIRGINIA, AND KENTUCKY

The Berea sand of Ohio is usually easily recognized.
Below the Berea lies the characteristic red Bedford
shale, thus making identification positive in a wide
north-south belt extending from Cuyahoga County on

Lake Erie to Lawrence County, along the Ohio River
in the southernmost part of the State.

In southeastern Ohio, however, approximately along
the valley of the Ohio River, the Berea sand thins to
shells and finally disappears. The single notable ex-
ception occurs where the sand of the Gay-Fink
Channel abuts the main area of the Berea. This
channel sand provides the only means of correlation of
the Berea sand of Ohio with sediments derived from
the eastern side of the basin. The Berea can be traced
without difficulty from well to well northeastward along
the channel to the vicinity of Fink, which lies on the
west edge of area F (figs. 11 and 47). In area F the
Sunbury shale appears to be absent, and the Upper
Devonian sands increase in number and thicken pro-
gressively toward the eastern flank of the Appalachian
basin. New and erratic sands appear in the lower
Mississippian rocks, and structural trends become more
marked, adding to the complication of the correlation
problem in area F. The results of the correlation study
indicate that the Berea sand at Fink lies at the same
stratigraphic level as a broad fan-shaped, eastward-
thickening sand that has been interpreted on the basis
of petrographic and other evidence as a delta fan.
The Berea at Fink, and for at least 19 miles eastward,
as is more fully explained on pages 75-78, 94-95 and
shown on plate 1, appears to have been incised into these
slightly older rocks of the delta fan. The sand of this
delta fan merges northward at the same stratigraphic
level into the southernmost lobe of the Cussewago
(Murrysville), and may be considered to be approxi-
mately equivalent to Cussewago (Murrysville) in age.

The striking parallelism of the sand of area F delta
fan and the other Upper Devonian sands is of great
service in determining the stratigraphic position of the
delta fan. The intervals between the sand of area F
delta fan and the higher Mississippian sands are very
irregular and hence less useful. The Upper Devonian
sands below the sand of this delta fan most often en-
countered in the well records of this area are, from top
down, Gantz, 50-foot, 30-foot, Gordon Stray, Gordon,
Fourth, Fifth, Bayard, Elizabeth, and Speechley.
(See pl. 14 and fig. 22.) The intervals between the
delta-fan horizon and these deeper sands are surpris-
ingly constant. The Fifth sand is the most useful for
correlation, because it is sheetlike, productive, isolated
vertically from other sands, and is nearly always logged
in area F, though occasionally not correctly named by
the drillers. A good rule of thumb is that the top of
the delta-fan deposit lies about 500 feet above the top
of the Fifth sand. This relationship holds true for
more than 90 percent of the wells reaching the Fifth
sand in area F. If the Fifth sand is not logged, the
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deeper Bayard, Elizabeth, or Speechley sands fre-
quently provide good guide horizons. If the wells do
not reach the Fifth sand, the next best guide horizons
are the Fourth, Gordon, and Gordon Stray sands, par-
ticularly if these are productive. Sometimes the 30-foot
or 50-foot sands are helpful, but they are seldom diag-
nostic. The Gantz sand, which often is logged only as
the upper part of the 50-foot, is of little use in correlat-
ing the delta-fan horizon. Frequently the name
“Gantz’’ is misapplied to the next higher sand, which
is actually the area F delta {an, especially when the
Gantz and 50-foot are logged in combination as
“50-foot.”” The Upper Devonian redbeds sometimes
provide an additional correlation check, but more often
are not dependable because of their erratic distribution.

From the top down, the Mississippian units named
by the drillers that are most often encountered above
the area F' delta {fan are the Little Lime, Pencil Cave,
Big Lime, Big Injun, Squaw, and Weir, but correlations
of sand of the delta fan based on any of these units are
generally unreliable, except possibly in very local areas.
The Weir sand is not logged regularly enough to be
used, and the intervals between the sand of area F
delta fan and the other higher Mississippian units
decrease with marked irregularity southeastward toward
the eastern outcrop belt. Although the interval be-
tween the base of the Big Injun and the top of the
delta fan may be fairly constant locally, the frequent
inclusion of the Squaw sand in the Big Injun makes it
difficult to recognize the true base with any assurance
of accuracy. Because of unequal deposition or by un-
conformity the upper Mississippian units thicken and
thin rapidly, and correlations based on them are
doubttul. Because of their extreme lenticularity,
Pennsylvania units have been found highly unsatisfac-
tory for correlating any of the lower sands. The
Pittsburgh and Mapletown (Sewickley) coals do not
appear in most well records in area F, and the coals
recorded are not persistent.

In most of area F the delta-fan horizon can be corre-
lated from well to well without difficulty, but in Barbour
and Upshur Counties, W. Va., and eastward to the
outcrop on the east side of the Appalachian basin,
the Upper Devonian and lower Mississippian sands
thicken, and the intervening shales thin or disappear.
Although the approximate delta-fan horizon may be
recognized in Barbour and Upshur Counties and
eastward, the determination of the boundaries of this
unit is impossible.

The easily recognizable Berea sand of Ohio extends
southward through areas N and M shown in figure 35,
as far as the southernmost counties in West Virginia.
The correlation of the Berea in these areas, as in most
of Ohio, is relatively simple because of the absence of

the Upper Devonian sands that are present in area F
and in parts of western Pennsylvania and because the
Sunbury shale is present throughout the area. Almost
duplicating the relationship found to the north in the
viciaity of the Gay-Fink Channel (area O), the Cabin
Creek Channel (area P) provides the only safe means of
tracing the Berea east of the main sand body in area N.
The sand in area N becomes progressively thinner and
more erratic to the east, until in the eastern part of the
area the Berea is nearly absent except for the com-
paratively uniform sand body of the sand of the Cabin
Creek Channel. This channel sand is the main aid in
determining the horizon of the Berea either to the
north, east, or south in south-central West Virginia.
Whether a delta tan comparable to the one in area I
lying east of the Gay-Fink Channel exists east of Cabin
Creek is still a matter of conjecture, because there has
been almost no drilling between the Cabin Creek Chan-
nel and the Pocono sandstone of the eastern outcrop.
The Berea sand is difficult to trace from area M to
area G (see fig. 35) because of abrupt changes in thick-
ness and lithology. As can be seen from the isopach
map (pl. 1), the thickness of sand and siltstone in-
creases sharply in area G. The drillers’ records gen-
erally show a thick section of sand in the interval
between the black Sunbury shale above and the black
Ohio shale below. Much of this so-called sand may be
Bedford in age as is suggested locally by a shale break
in the upper part of the sand in Boyd County, Ky.
However, in most of area G the age separation cannot
be made because of the gradation of the siltstone of
the Bedford into siltstone and fine sand of the Berea.

In the western part of area G, the siltstones of Bed-
ford and Berea age grade laterally into a gray shale
named Petersville shale by Morse and Foerste (1912,
p. 24-25). This gray shale, which separates the Sun-
bury shale from the Ohio shale, thins to a knife edge.
In this area miscorrelations are sometimes made be-
cause diillers may fail to record the thin gray Peters-
ville shale of Morse and Foerste. Thus, they record
the Sunbury shale, Morse and Foerste’s Petersville, and
the Ohio shale as a single unit which they recognize only?
as the Ohio shale. The Weir sand (see fig. 23), which in
this area occurs above the Sunbury shale, is then called
Berea because it lies above a black shale which the drill- -
ers believe is the Ohio shale. The miscorrelation is
completed when a dark shale above the Weir is erro-
neously termed<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>