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Fig. 2.

Generalized section of rocks of Ohio.
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INTRODUCTION

Ohio became an oil producing state only a few months after the Drake well was completed
in 1859 at Titusville, Pennsylvania. Noble, Monroe, and Morgan Counties, and especially the
area about Macksburg in Washington County, were the principal scenes of these early operations.
Production was found at very shallow depths and thousands of holes were "kicked" down by the
spring-pole method and later by the cable tool drilling machine as greater depths were sought.
The value of a descriptive record or log of the rocks penetrated by these drills was little appre-
ciated. Consequently very few records were made and many that were prepared were lost in the
intervening years to 1931. In that year the Ohio legislature enacted a law requiring that a drill-
ers' log and the location of each well drilled in a coal-bearing county must be filed with the Ohio
Division of Mines. Fortunately, Morgan County and most of the other major producing areas,
with the exception of the Lima-Indiana oil and gas field in northwestern Ohio, lay within the jur-
isdiction of the new law. Information as to wells drilled since 1931, therefore, was readily
available. For wells prior to that date, The Ohio Fuel Gas Company and The Pure Oil Company
permitted the use of their maps and files. Further assistance was received from Orton C. Dunn,
Jr., of Marietta, who loaned records of his father's early operations in Morgan and Athens
Counties. Clyde M. Foraker, of New Lexington and Columbus, for many years an operator in
central Ohio, also contributed much Berea, Clinton, and Medina sand development information.
Many others, mainly citizens of Morgan County, aided by recounting experiences which led to a
better understanding of production, particularly in the shallow sands.

Although studies of the surface geology of Morgan County have been carried on from time
to time through the years, for the most part they were so specialized that little information of
county-wide scope is available for reference. The first report was prepared by E. B. Andrews
(1) in 1873 and is concerned with outcroppings of coal. In 1912, D. Dale Condit (2) described
many of the surface rocks in the western half of the county in "The Conemaugh Formation of
Ohio." And, in 1950, John Bartlett (3), in his ' Geology of Union Township,' presented a de-
tailed study of that area. In addition to the above information, a number of measured surface
sections and coal outcrop data are in the files of The Ohio Geological Survey. Such information
was employed whenever possible as an aid in the interpretation of the subsurface geology pre-
sented herein. '

0Oil and gas in Morgan County is the second county report to be presented in the Petroleum
and Natural Gas Series of Reports of Investigation. The first, Series No. 2, R. I. No. 10, pub-
lished in 1952, dealt with the history and development of ' Oil and Gas in Perry County." The
producing sands in Perry County are the Berea, Clinton, and Medina. In addition to these,
Morgan County contains the so-called shallow sands of southeastern Ohio. These highly lentic-
ular sands of Pennsylvanian and Mississippian age have long presented identification difficulties
to both the driller anfl the geologist. Very little published data is available which could be help-
ful in efforts toward a solution of this perplexing problem. In attacking it in this report it was
soon realized that drillers' logs would have to serve as the principal source of data for the prep-
aration of subsurface cross sections. The limited amount of information available in surface
geology studies, well cuttings, etc. was used wherever possible to add to the accuracy of these
sections. Thus the final sections are believed to represent a reasonably true picture of the suc-
cession of rocks down to and including the Second Berea sand as they are recognized by the
driller. Errors will be found, as drillers' logs are sometimes very confusing, but it is believed
they will be relatively minor. As other counties in the shallow sand area are studied and addi-
tional surface and subsurface data becomes available the problem of sand identification in south-
eastern Ohio will gradually disappear.



2 OIL AND GAS IN MORGAN COUNTY

No attempt was made to present a detailed study of oil or gas production in this review.
Generally, in the Appalachian area, this information is difficult to obtain because no published
production reports are available, Other important factors, such as pay thickness, are also not
known in many instances. However, some general statements can be made as to recoveries.
The Second Berea sand productive gas area covers about 40 square miles of Morgan County and
has produced approximately 1, 600, 000 cubic feet of gas per acre. The Clinton sand gas area
includes about 25 square miles with average per acre recovery of 2,400,000 cubic feet. The
Medina sand productive area comprises nearly 5 square miles and recoveries have been approx-
imately 2, 700,000 cubic feet of gas per acre. Only one Medina sand oil well and several small
Clinton sand oil pools have been found in Morgan County to date. Recovery per acre from the
Clinton oil pools will probably not exceed 1,000 barrels per acre. This figure will also apply to
the First Berea sand oil pool in central York Township. Recoveries per acre from the shallow
sands would be difficult to obtain and would also probably be quite erratic. The First Cow Run
sand in the vicinity of Joy, after a history of 80 years of production, both primary and secondary,
is reported to have produced over 6, 000 barrels of oil per acre on one 400 acre tract.

There has been no significant activity in the Clinton-Medina producing areas in Morgan
County since 1950. Current drilling is restricted to the shallow sands, which remain a constant
lure to the independent operator, and to the marginal gas area of the Second Berea sand which
has responded very favorably to hydraulic fracturing.

= 7
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....and thousands of holes were "kicked"
down by the spring-pole method"



CHAPTER 1

GEOGRAPHY AND GEOLOGY

OUTLINE OF GEOGRAPHY

Morgan County is located in the southeastern part of Ohio (Fig. 3). Its surface features
are shown on portions of nine United States Geological Survey 15 minute quadrangle maps which
are, Zanesville, Philo, Cumberland, Caldwell, McConnelsville, New Lexington, Athens,
Chesterhill, and Parkersburg. McConnelsville, with a population of approximately 2,000, is
both the largest town and the County seat. Other principal villages are Malta, Stockport, Penns-
ville, and Chesterhill. Most of the populace of the county are engaged in farming, although much
of its rugged surface is scarcely suited for cultivation. Agriculture in the Muskingum River
Valley is devoted chiefly to truck farming and raising corn and wheat. The hill country products
are derived from dairying and grazing.

In the past, Malta and McConnelsville were bustling industrial centers and shipping points.
River boats docked and loaded oil, wool, cattle, and farm produce to be transported to points
along the Ohio and Mississippi Rivers. Within the two cities once were located an oil refinery,
several wood working factories, a plow factory, cigar factories, and feed mills. Today only the
wood working factories and a more recent meat packing plant remain. Before the turn of the
century, oil and gas production was an important industry but, by 1900 most of the shallow pro-
ducing pools of Morgan County had been overshadowed by richer strikes elsewhere. Coal mining
also was a major industry in the eastern and southern parts of the county. However, as the
better coal became scarce and production costs rose, many of the mines were forced to close.

Today a rejuvenation of industry in the Ohio and Muskingum River valleys is directly af-
fecting Morgan County. Manufacturers are attracted by the ample labor force available, good
transportation facilities, and cheap electric power. Two miles north of McConnelsville a new
plant for the production of metal bearings has recently been completed and ten miles to the south-
east, near Beverly, an electric power plant recently began operation. The fuel for this plant is
obtained by strip-mining the Meigs Creek No. 9 coal in eastern Meigsville Township and trans-
porting it, via conveyor belt, a distance of some six to eight miles to the plant.

A brief outline of the surface features of Morgan County as presented by Condit (2) follows:

"Drainage. - Morgan County is traversed by Muskingum River, which
flows in a wandering route southeastward across the middle portion. At the
Washington County line the river makes a large bend and flows north for sev-
eral miles. Throughout its course in Morgan County there are no tributaries
of any considerable size. Other drainage lines in the county lie roughly par-
allel to the Muskingum and are separated from it and each other by high
ridges. In the eastern part are Meigs and Olive Creeks, which join the Mus-
kingum at the Big Bend. Wolf Creek drains much of the area west of the
river, but in the extreme western and southwestern parts there are branches
of Federal and Sunday Creeks, which are tributaries of Hocking River.

"All of the valleys in this region are narrow and have little bottom land.
This is true of Muskingum River as well as the small streams, there being
few places where its valley is over one-half mile wide. So narrow a valley
with a stream as large as the Muskingum is abnormal and needs explanation.
The same river, about three miles north of Zanesville, has a valley three
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Fig. 3. Map showing location of Morgan County in Ohio.

times as wide as at McConnelsville. Investigation has shown that the channel
in Morgan County is postglacial in origin and represents the work of the
Muskingum since the recession of the continental ice sheet. Previous to the
coming of the glaciers the course of the river was westward into Licking
County, but the valley in that region was occupied by the ice and filled with
drift, forming a dam so effective that the ponded waters were forced to cut

a new channel to the southward past the location of Zanesville and down
through Morgan County; hence the youthful appearance of the valley in this
region.

""Relief. - The streams of Morgan County have carved the surface

into hills and valleys whose difference in elevation constitutes the relief.
The land is comparatively rugged, and the hills are steep throughout the
county. As has already been stated, the main divides trend northwest -
southeast. Branching out from these are many ridges separated by deep
hollows. The most gentle topography is found west of the Muskingum in

the central part of the county where Wolf Creek and its tributaries flow in
shallow valleys with gentle slopes, giving considerable gently rolling upland.

""The highest hills, lying in the northwestern corner, have a maximum
altitude of about 1, 175 feet above sea level. There are few localities in
the northeastern part where an elevation of 1, 100 feet is reached. In the
central and southern portion are few ridges over 1,050 feet. The least
altitude along Muskingum River is about 620 feet. This gives a range of
555 feet for the county. "



GEOGRAPHY AND GEOLOGY 5

OUTLINE OF GEOLOGY

The surface rocks of western Morgan County are composed of the Allegheny, Conemaugh,
and Monongahela formations of the Pennsylvanian system. East of the Muskingum River the
hills are capped with rocks of the lower Permian system. The strata dip eastward toward the
Appalachian geosyncline approximately 30 feet per mile and are relatively unaffected by struc-
tural features except for the Parkersburg-Lorain syncline in the extreme eastern part of the
county. Three of the more easily identifiable strata are the Ames, Cambridge, and Brush
Creek marine limestones of the Conemaugh formation. The Ames, the most useful of these for
correlation work, lies approximately 175 feet below the Pittsburgh (No. 8) coal and averages
two feet in thickness. It is a hard crystalline limestone, light gray in color, and contains abun-
dant crinoid fragments. Figure 4 is a structure contour map of the Ames or its horizon where
it is absent. The Cambridge, a less persistent limestone, lies 90 to 110 feet below the Ames.
It is a brown limestone which averages 5 feet in thickness, and contains an abundance of marine
fossil fauna. OQutcrops are found in northern Deerfield, York, and Bloom Townships. The
Brush Creek occurs approximately 120 feet below the Ames and is a brown cherty limestone
known to drillers as the "flint." In most areas in the county it is made up of two members sep-
arated by thin layers of shale. The Brush Creek is often confused with the Cambridge by the
driller.

The major portion of the outcropping strata in the western area of the county are members
of the Conemaugh formation. A generalized section of this formation, prepared by Condit (1),
follows:

"General Section of the Conemaugh Formation in Morgan County

Pittsburgh or No. 8 coal, basal member of the Monongahela formation,
thin in most localities.

Ft. In.
Conemaugh formation

22. Clay with a number of beds of limestone. . . . . . . . . . . . 13 -
21. Shale, sandy, sandstone in some localities . . . . .. 35 -
20. Limestone, Summerfield, several beds interlain w1th clay ... 4 -
19. Clay shale, mostly red, with nodular limestone and

hematite. A few beds of sandstone in some localities. . . . . 45 -
18. Sandstone, shaly. . . . . - 11 -
17. Shale, sandy, with one or more layers of 1mpure,

fossiliferous limestone. Skelley horizon. . . . . . . . . . . 16 -
16. Shale, sandy, sandstone in some localities . . . . . . . . ... 21 -
15. Limestone, Ames or '"Crinoidal," a gray,

fossiliferous rock. . . . . .« 4 e e v e e e e oo o1 6
14.Shale,sandy........................11 -
13. Coal, Harlem. . . O | -
12. Shale, sandy and shaly sandstone R .. . 24 -

Limestone, Ewing, with many minute fossﬂs and flsh bones.
The limestone is missing in some localities and in others
is represented by a conglomerate. . . . .. .. B | -
11. Sandstone, Cow Run, massive, prominent along the
Muskingum Valley. This is the "First Cow Run sand”
of oil men. There is shale at this horizon in the

western part of the county. . . e e e e e e e e . 25 -
10. Shale, carbonaceous, with marine fossﬂs

Portersville horlzon .. ... . 4 -
9. Coal, Anderson, disturbed by erosmn in some locahtles

and its place occupied by sandstone. . . . . . . . . . . ... 1
8. Clay shale, with calcareous concretions. . . . . . . .. . . . 10 -

7. Clay, with nodules of fossiliferous limestone,
Cambridgehorizon.....................4 -
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Ft. In.
6. Shale, sandy. . . . 1. -
5. Upper fossiliferous beds Sandy, impure
Shale, sandy oo ey ) ( BrushCreek| - B
Lower fossiliferous beds Cherty, sandy orizon
limestone inlayers . . . . . . . . . . ... b -
4.Coa1,Mason,thin......................— -
3. Sandstone, shaly. . . S £ -
2. Limestone and clay, hOl‘lZOﬂ of ahomng coal e e e e e e e .. 3 -
1. Sandstone, Mahoning, shaly. . . . . T 4 -

Upper Freeport or No. 7 coal, top member
of the Allegheny formation.

The principal structural feature in eastern Ohio is the Parkersburg-Lorain syncline.
The axis of this syncline crosses the Ohio River between Parkersburg and Marietta, then ex-
tends northward to the city of Lorain on Lake Erie. Structure contours on top of the Ames lime-
stone show the axis of this syncline extending northwest-southeast through the extreme eastern
portion of Morgan County. The Berea contour map indicates that the axis lies just over the
Morgan-Noble County line, or a distance of about five miles to the east of the axis of the Ames.
No expression of the syncline is apparent on top of the "Big Lime" (Fig. 8). Two reasons ap-
pear possible for the diminishing effect of the syncline with depth. They are, that the 1, 900
feet of Devonian shales, which thicken to the east as much as 40 feet per mile, absorbed the
stresses which caused the deformation, or that the syncline was formed by tangential forces
whose intensity diminished with depth.

The effect of the Parkersburg-Lorain syncline on the accumulation of oil and gas in Morgan
County remains uncertain. No significant production has been found in the area of the synclinal
axis from central Washington County north through eastern Morgan, western Noble, eastern
Muskingum, and south central Coshocton Counties. It appears that the syncline may be respon-
sible for this territory being barren, at least in the shallower sands.



CHAPTER 2

OIL GAS PRODUCING HORIZONS

The 16 known oil and gas producing strata in Morgan County range in age from Pennsyl-
vanian to basal Silurian. With few exceptions these productive rocks are sandstones that have
been found from a few feet to as much as 4, 500 feet below the surface. During the 93 years of
drilling in Morgan County and southeastern Ohio, many names have been applied to these sub-
surface formations by the driller. Limited attempts have been made through the years to ex-
tend these driller-named horizons to the surface so that they could be definitely identified.
Additional efforts are made in this report in the hope that existing confusion in the shallow sands
may be further clarified.

THE SHALLOW SANDS

There are 14 producing horizons in Morgan County lying above the Berea sandstone. All
are Pennsylvanian in age with the exception of the Big Injun and Berea, which are Mississippian.
Generally, they are lenticular bodies without lateral continuity, which may be replaced by shale
or siltstone within very short distances. This makes it difficult to identify a formation in one
locality and then attempt to locate it some distance away. Two steps have been employed in
studying continuity of sands in this report. They were the identification of the persistent lime-
stones and coals on the outcrop and the establishment of intervals between these persistent for-
mations and the producing horizons.

The most easily identified surface strata in Morgan County are the Ames and the Cam-
bridge limestones. The Ames rarely exceeds two feet and the Cambridge averages five feet in
thickness. The interval between the two varies from 90 to 120 feet. Both are marine lime-
stones easily recognized by the driller because their hardness causes a metallic ring when
struck by the tools. Unfortunately, heavier tools, employed when drilling to the Clinton or
Medina sands, pass through these thin limestones with ease; therefore they are usually not
recorded on the logs of deep wells. Several additional stratigraphic markers in Morgan County
are the Upper Freeport or No. 7 coal, the Middle Kittanning or No. 6 coal, and the Mahoning
sandstone. The interval between the coals varies from 90 to 110 feet. The massive Mahoning
sandstone averages 30 to 40 feet in thickness and lies immediately over the No. 7 coal.

Subsurface cross sections of Morgan County are shown on Plate I. The datum plane em-
ployed in preparing these sections is'the Ames limestone which was converted to horizontal
position so that relationships between the various formations could be more easily understood.
When the Ames was found missing from a desired well log, the elevation of the horizon was
calculated by using intervals from known outcropping formations or from the log of a nearby
well. The cross sections illustrate the lensing nature of the sands, the persistency of the Ames
and Cambridge limestones, and their constant interval. On the following page is a generalized
section which shows the average interval between the Ames limestone and some of the more prom-
inent underlying strata in Morgan County.

Very little production has been found in Morgan County in sands above the Ames limestone.
One sand lens, occupying the position of the Ames intermittently across Penn, Union, and
Marion Townships, has produced small amounts of oil. The geological name of this member,
called the ""Fossil' sand by the driller, is not known.
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: Geologic name . . Avg. no. of ft.
System Formations of member Drillers' name below Ames
Pennsylvanian | Conemaugh | Ames limestone Fossil or

Crinoidal lime 0
Saltzburg sandstone Peeker 30
Cow Run sandstone First Cow Run 52
Cambridge limestone Flint 105
Brush Creek limestone Flint 125
Mahoning sandstone Macksburg 300' 180
Allegheny No. 7 coal 220
Lower Freeport sandstone | Second Cow Run 250
No. 6 coal 310
No. 5 coal 335
Kittanning sandstone Second Cow Run 350

Clarion sandstone Second Cow Run or
Macksburg 500' 400

Pottsville Homewood sandstone Macksburg 700' or
"Stray" 475
Upper Massillon sandstone | Salt 540
Lower Massillon sandstone | Brill 600
Sharon conglomerate Maxton 645

Mississippian Logan Keener variable
Cuyahoga Black Hand Big Injun 790
Berea Berea Berea 1,250
Bedford Second Berea Second Berea 1, 300
Saltzburg Sand
Approximately 30 feet below the Ames limestone lies the Saltzburg sandstone. It is

usually recognized by the driller as Peeker sand, but in Ssome areas it is occasionally mistaken

as Cow Run.

In recent years, as better well records were kept and additional outcrop studies

were made, the Saltzburg or Peeker has been recognized as a definite sand body which is sep-

arated from the Cow Run by shale.

Most of the productive Peeker sand wells have been found

in Penn Township. The sand, in many instances here, is in contact with the underlying Cow
Run so that they are often logged as one sand. In western Windsor, northeast Marion, and south-
west Malta Townships the Peeker averages 10 feet in thickness and is separated from the Cow

Run by 10 to 20 feet of shale.

Cow Run Sand

The Cow Run sandstone, a member of the Conemaugh formation, is found approximately
60 feet under the Ames limestone, 40 feet above the Cambridge limestone, and averages 20 feet

in thickness.

In Morgan County the sand outcrops in western Union, Deerfield, York, and Malta

Townships and dips eastward to a depth of more than 500 feet below the surface in eastern
Windsor Township. Most of the shallow wells drilled in southeastern Ohio search for produc-

tion in this sand.

The Cow Run sand has probably produced more oil than any other formation in Morgan
County. The history of its production dates back to 1860, shortly after oil was discovered at
Macksburg in Washington County. The earliest settlers in the region knew of oil seeps from
this sandstone along Qil Spring Run in Malta Township and in the valley of Wolf Creek in Union
Township. Today oil may still be seen oozing from the outcrop of this coarse sand in the ravine

of Oil Spring Run.

The first wells drilled for oil in the Cow Run were in Homer Township near

Joy and in northeastern Union Township along the valley of Buck Run. These wells were less

than 100 feet deep and five barrels per day was considered a good producer.

The price of oil

was high and the resulting extensive drilling quickly defined the productive limits of the pools.
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Producing wells usually reported 15 to 20 feet of sand and the dry holes found no sand. The Cow
Run sandstone has been found to be an irregular, sinuous deposit that extends from northern
Ames Township in Athens County northward into Morgan County and then eastward to the banks
of the Ohio River just south of Marietta. It has been found in other southeastern Ohio counties
and in West Virginia, but not as a continuous sand deposit. Figure 5 shows the extent of this
sand in Morgan County. In Malta, Marion, and Penn Townships, the presence of the Cow Run
is noted in deeper wells but no oil or gas shows were recorded. Inmany instances records were
poorly kept so that sand characteristics and production data are not known.

The outline of the sand across Morgan and Washington Counties may be seen in Figure 6.
It suggests the course of an ancient stream with sand-filled channels. The character of the sand
also supports this idea. The grains are coarse, sub-angular to angular, and are poorly sorted
to size. In the main body of the channel the sandstone has good porosity and permeability and is
light in color, varying from pure white to light gray and tan. It is composed principally of quartz
but other minerals, such as pyrite and mica, are present at many places. A conglomerate is
usually found at the base. OQutcrop studies of the Cow Run were made by Laubach (4) in Athens
County. His conclusions regarding the depositional environment are as follows:

""Field relation, such as the disconformable lower contact, the local
presence of conglomerate and plant fossils, and its lenticular nature, mark
the Cow Run as a cut-and-fill type of sand body associated with a deltaic
environment. Deposition probably occurred in stream channels on the sub-
areal portion of a distributary system...."

The Saltzburg or Peeker sand seems to have had a similar history although on a smaller
scale and at a later time. Because of poorly kept well records and confusion withthe Cow Run,
the extent of the Saltzburg sand is not definitely known.

Production from the Cow Run is high-grade Pennsylvania crude of light green to amber
color. In the past it has commanded a higher price than any other oil in Ohio. In the early days
of development of the Cow Run pools enough gas was usually encountered to throw oil above the
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Fig. 6. Map showing main Cow Run channel as outlined by production in Morgan, Athens,
and Washington Counties.
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derricks. But it was soon exhausted because of overdrilling and ""flaring, " so that by 1910, when
the second or third "crop" of wells were drilled, it was necessary to obtain gas from deeper
horizons to operate the boilers of the drilling rigs. The greatest Cow Run oil pool in Morgan
County was found near Browns' Mills in southern Windsor Township. The discovery well was
drilled in March 1900 on the Yarnell farm where several later wells produced more than 1,000
barrels the first day after shot.

The future for primary production from the Cow Run sand in Morgan County is not encour-
aging. No important discoveries have been made for many years and reservoir pressures are
nearly exhausted. The use of compressed air to create artificial reservoir energy was initiated
40 years ago and has since been used to force thousands of barrels of additional oil from many
of the pools. Several attempts have been made to increase oil recovery by water flooding tech-
niques but to date they have failed in the Cow Run sand in Morgan County.

Mahoning Sandstone and the No. 7 Coal

The Mahoning sandstone is the basal member of the Conemaugh, and has been named the
Macksburg 300 foot sand by the driller. Although it is very persistent, averaging 30 feet in
thickness, it has produced very little oil or gas in Morgan County. Some isolated wells have
found enough gas to supply a dwelling and several are at present being utilized for that purpose.

The No. 7 or Upper Freeport coal has been named the top member of the Allegheny forma-
tion. The coal ranges from one to seven feet in thickness and from 200 to 300 feet in depth. It
is a small producer of gas in southwestern Malta, southeastern Deerfield, and northeastern
Union Townships. The first wells in this area were drilled in search of gas to operate boilers
during development of the Buck Run pool in Union Township. Gas is usually found at the contact
of the No. 7 coal and the overlying Mahoning sandstone. The small amount found in the Mahoning
sandstone probably originated in the coal and subsequently migrated upward into the sand. Gas
wells in the No. 7 coal average 15,000 cubic feet per day and, since they are used primarily by
farm homes, they last for many years.

Productive Sandstones of the Allegheny Formation

A study of many drillers' logs has revealed three producing sandstone members in the
Allegheny formation. In descending order they are the Lower Freeport sandstone, the Kittanning
sandstone, and the Clarion sandstone. Their production in Morgan County has been comparatively
small, but the Lower Freeport and the Clarion have been prolific producers elsewhere. Consid-
erable confusion sometimes results when drillers erroneously name these sandstones on their
logs. As an example, by using intervals as a basis for identification, the author has found that
the name Second Cow Run has been applied to three distinct sand bodies in Morgan County.

The Lower Freeport sandstone lies approximately 250 feet below the Ames limestone and
between the No. 7 and the No. 6 coals. It is considered here as being the true Second Cow Run.
The sand was discovered in the subsurface in 1866 when a second producing sand was found at
Cow Run in Washington County. The sand was first thought to be the same as the one producing
oil at Macksburg, Washington County, and was identified as the Macksburg 500 foot. It was later
determined by Minshall (5) to be 83 feet lower stratigraphically and so was named the Second
Cow Run. Laubach (4) has studied the surface geology of the sandstone member in Athens County
and affirms the belief that the Lower Freeport sandstone and the Second Cow Run are the same.
Production from this sand is primarily gas and the producing area in Morgan County begins in
south central Malta Township, extends southward across Penn Township, and into Marion Town-
ship. It was discovered between 1880 and 1890 as the Malta and McConnelsville Gas Company
attempted to develop a gas pool in the vicinity of those two cities. Wells were being drilled to
the Second Berea and occasionally sizable gas flows were encountered in the Second Cow Run.
The better wells were saved and produced until the gas was exhausted. Drilling was then,con-
tinued to the Second Berea. Many wells drilled in Penn Township in the years between 1920 and
1930 recorded open flows up to 750, 000 cubic feet of gas per day natural from the Second Cow
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Run. The sand is light buff to tan in color. It gives up its gas easily and the wells are usually
exhausted in less than five years. Rock pressures seldom exceed 200 p.s.i. The Second Cow
Run ranges in depth from 400 to 600 feet below the surface in its producing area of Morgan
County.

The Kittanning sandstone is directly beneath the Lower Kittanning or No. 5 coal. Drillers
usually record it as the Second Cow Run. It is similar in character to the Lower Freeport sand-
stone which produces gas in approximately the same areas in south central Malta Township.

The sand is found in most deep wells in the county but has been productive only to a small de-
gree in Malta Township.

The Clarion sandstone has been named the Macksburg 500 foot sand by the driller. 1t is
a persistent member which is found beneath the No. 4a or Clarion coal and forms the base of
the Allegheny formation. The Macksburg 500 foot has been a good producer of oil and gas in
Washington, Meigs, Noble, and Monroe Counties. In Morgan County production to date has
been limited to small gas pools in Marion, Penn, Union, Windsor, and York Townships. Nearly
a dozen gas wells drilled in central Marion Township have been reported as Second Cow Run but
a study of sand intervals indicates that these wells are producing from the Macksburg 500 foot
or Clarion. The pool in York Township resulted from a search for gas to be used in repressur-
ing in the First Berea oil pool. Production was small and the life of the wells short, as is true
of most of the Macksburg 500 foot gas production in Morgan County.

Productive Sandstones of the Pottsville Formation

In Morgan County sands of Lower Pennsylvanian age are very difficult to identify by exist-
ing methods of investigation. The No. 6 coal is the deepest stratum that can be correlated with
any degree of certainty and it is not always present. The top of the Mississippian is known to
be a disconformity having as much as 200 feet of relief, so it offers little definite identification
assistance. Despite the many obstacles in the way of positive recognition it is possible to trace
certain persistent members by using a reasonable number of drillers' logs. The top and bottom
of these sands are extremely irregular and the intervals often change between wells. Cross
sections made from drillers' logs (Plate I) show that, although intervals may change within
short distances, the strata may be traced across the county with some degree of certainty. By
employing this method, four producing horizons appear to be identifiable. In descending order
they are, the Homewood sandstone, two members of the Massillon sandstone, and the Sharon
conglomerate. These porous sands produce only gas in Morgan County. The producing area
extends across Penn Township southward through Marion Township into Athens and Washington
Counties. The wells are comparatively short-lived.

The Homewood sand in Morgan County has been called the Macksburg Stray by the driller.
It has been traced southward and eastward into Washington County where it was recognized by
the local drillers as Macksburg 700 foot. It consists of localized lenses and produces gas in a
few isolated spots in Morgan County. In Section 5 of Deerfield Township approximately six wells
appear to have produced from the Homewood. Records for these wells were poorly kept so the
producing horizon is not certain. In Marion Township several isolated wells have small gas
production from the Macksburg Stray. In Penn Township, in Sections 11 and 12, four wells
were drilled to a gas producing horizon on the Harris farm. It was named the Harris gas sand
by local operators. These ""stray' sands have been correlated with the Homewood, or Macks-
burg 700 foot of the driller. It is usually found just above the Mercer limestones although in
Morgan County the driller seldom records a limestone at this horizon.

The Massillon sandstone is one of the most persistent members of the Pottsville forma-
tion. It ranges up to 50 feet in thickness and carries large amounts of salt water. Quite natu-
rally it was named the Salt sand by the drillers. This stratum is a moderate producer of gas
in scattered areas from Meigs County northeastward to Columbiana County. Production in
Morgan County is localized in Penn and Marion Townships. In southern Marion Township there
appears to be two members of the Massillon. The upper is the Salt sand and the lower, sepa-
rated by a few feet of shale, is the Brill sand of the driller. The author believes these two
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sandstones are Massillon. The Salt sand and the underlying Brill have been developed as pro-
ducers in a manner somewhat similar to that of the Second Cow Run. Drilling between 1920 and
1930 in Penn and Marion Townships was primarily in search of Second Berea gas. Many wells
obtained such strong flows of gas in the Salt sand at depths from 800 to 1,000 feet that operations
were stopped and the wells produced. Often the wells lasted only a few years, but usually they
were profitable because of the large volumes of gas yielded. Open flows of many exceeded

1,000, 000 cubic feet per day after shot and rock pressures varied from 200 to 300 p.s.i. As the
Salt sand gas was exhausted most of the wells were extended to the Second Berea. Gas pools in
the Massillon or Salt sand may be localized accumulations above salt water in areas of greatest
sand thickness. The Brill sand is very similar to the Salt sand in productive characteristics and
lithology. Both are white sands that are relatively free of foreign material and with considerable
variance in grain size. The Brill has been identified only in south central Marion Township where
the wells average 200, 000 cubic feet the first day after shot. In other areas the Salt sand is more
easily recognized because of its normal position 70 feet below the Mercer limestone and just
above the Quakertown coal. Neither of these strata is reported in wells in Morgan County.

The Maxton sand is the drillers' name for the Sharon conglomerate, which occurs at the
base of the Pottsville formation. In northern Morgan County the Maxton sand is generally not re-
corded. In its place is found the Maxville limestone which is considered to be the top member of
the Mississippian system in Ohio. Regarding the Sharon or Maxton, Stout and others (6) state:

"The Sharon member occurs only in the pre-Pennsylvanian troughrlike
basins which were eroded deeply into the Mississippian floor. When the seas
of early Pennsylvanian time entered Ohio, they first filled the low depres-
sions with thick beds of quartz sand and pebbles now representing the Sharon
conglomerate. The thickness of these deposits ranges from 10 to 200 feet,
the texture from that of coarse conglomerate to fine-grained sandstone. "

In Morgan County the Maxton has been a producer only in Marion Township. Here it is often
logged with the Massillon as 100 feet of continuous sand which usually contains salt water near
the base.

Big Injun Sand and the

Mississippian - Pennsleanian'Contact

The Maxville limestone is the top formation of the Mississippian system. It outcrops north
and west of Morgan County in Perry, Muskingum, Licking, and Hocking Counties and although it
is missing in some areas it has been found by most wells in southeastern Ohio. In Morgan County,
the northwestern townships, including York, Deerfield, Malta, Morgan, and Bloom, the Maxville
is consistently present. It gradually thins (Plate I) southward and is missing entirely in the area
from the Malta-Penn Township line to central Washington County.

The Pennsylvanian-Mississippian contact is difficult to locate where the Maxville limestone
is absent. It is an ancient erosional surface which is so irregular in some areas as to allow
Mississippian rocks to extend as much as 200 feet into the overlying Pennsylvanian rocks. The
bottom strata of the latter are composed of material eroded from upper Mississippian beds and
therefore resemble them very closely.

The Big Injun sand has been the only productive horizon in the Mississippian system above
the Berea in Morgan County. It is tentatively correlated with the Black Hand conglomerate which
outcrops in Licking, Fairfield, and Hocking Counties. However, it is possible that the sand
called the Big Injun in some localities could be another member of the Cuyahoga formation or
even one of the sandstones in the overlying Logan formation. In Morgan County the Big Injun is

"a coarse-grained sandstone averaging 50 feet in thickness and usually contains salt water. The
only significant production found to date occurred in eastern Marion Township where several gas
wells were drilled 55 years ago. There are no records of these wells but several of the older
local residents report that a pipe line was laid a distance of 10 miles to the village of Malta and
that the wells supplied gas for a number of years.
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THE FIRST BEREA SAND

The Berea sandstone, commonly known as the ''grit," is of Mississippian age and is one
of the most extensive sandstone formations in the Appalachian region. In Ohio the outcrop ex-
tends from Pennsylvania, a few miles south of Lake Erie, westward to the center of the State and
then southward across the Ohio River and into Kentucky. Thicknesses range from 200 feet in the
northern part of the State to about 40 feet in the south. It underlies nearly all of eastern Ohio
and has long been one of its most important producers of oil and gas.

In Morgan County, the Berea ranges from approximately 1, 100 feet below the surface in
the west to 1, 650 feet in the southeast. It is easily recognized by the driller because of the sharp
contrast in hardness between it and the soft brownish-gray shales of the overlying Sunbury for-
mation. This formation, called the "Coffee shale'" by the driller, is from 30 to 50 feet thick.
Beneath the First Berea are the red or gray shales of the Bedford formation.

Figure 7 illustrates a section across central Morgan County. The First Berea sand thick-
ness varies from a maximum 90 feet in the eastern part of the county to as little as 8 feet in
western York Township. In Section 22, Meigsville Township, the Clyde Foraker - Claude Murray
No. 1 well logged 70 feet of Berea sand, but produced only a hole full of water and a small show
of gas. Farther east, in Section 12 of the same township, the John Morrow - L. ¥. Murrey No. 1
well logged 45 feet of Berea sand. Microscopic examination of the cuttings (See Appendix I) from
this well showed, however, that 45 feet of siltstone was penetrated below the sand which was log-
ged by the driller as shale. The siltstone is also Berea so that the total sand thickness in this
well should be 90 feet. The presence of siltstone in the lower portion of the sand and the preva-
lence of salt water as found in these two wells are characteristic of the First Berea east of the
Muskingum River in this county.

The character of the First Berea sand in Morgan County is variable. The upper 2 feet,
known as the cap rock, occurs throughout the county as a very fine-grained, gray, hard siltstone.
Below this is found from 6 to 60 feet of fine- to medium-grained, light brown to gray sand which
normally contains the ''pay' zone. East of the Muskingum River a lower member is present
consisting of as much as 50 feet of very fine-grained, light gray siltstone.

Oil and gas accumulations in the First Berea sand in Morgan County apparently are largely
controlled by differences in porosity and permeability. A possible exception may be the York
Township pool where production is found in bowl-shaped depressions up dip from a monocline or
terrace-like structure (Plate II). Gas is usually found up dip from the oil. Initial production
after shot for gas wells averaged 200, 000 cubic feet and for oil wells 30 barrels per day after
shot. The largest oil wells were found in the bowl-shaped depressions. The average life of the
gas wells has proved to be from 15 to 20 years and for the oil wells 25 to 30 years.

Salt water is generally found in the First Berea sand in Bristol, Center, Manchester,
Marion, Meigsville, Windsor, the eastern half of Penn, and southeastern portion of Homer Town-
ships. Water has also been encroaching from the southwest upon the oil production in western
Deerfield and northwestern Union Townships. The sand in the central and northern parts of the
county is mostly free from salt water.

The prospects for future production from the First Berea sand in Morgan County appear to
be limited to those townships lying outside of the water-bearing area. The most favorable area
appears to be from central Union Township southward to north central Homer Township. Of the
six wells drilled in this area, two reported shows of oil and gas.
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THE SECOND BEREA SAND

The Second Berea is a lenticular sand deposit, approximately 70 miles long and six miles
wide, which extends northeastward from Gallia County through Meigs, Athens, Morgan, and into
central Muskingum County. DeWitt (7) has described this elongated sand body as an off-shore -
bar laid down in a sea which covered eastern Qhio and western-Pennsylvania during Bedford time,
(Lower Mississippian.)  Although this period was devoted chiefly to the deposition of shale,
some fine sand was carried in and subsequently sorted by currents along the shore and concen-
trated into a bar. Pepper (8) states that the shore was a delta which extended from Canada into
south central Ohio and that the Second Berea sand bar was formed off the southeastern shore of
this delta. Development of the bar was halted when the shore line or water level was altered.

It is believed that most of the fine sediments and clays of late Bedford time which were deposited
in the Morgan County area were trapped in the lagoon between the bar and the shore. Bedford
time came to a close when the sediments reached the approximate level of the top of the sand bar.

The Bedford shale interval between the First and Second Berea sands in Morgan County
varies from ten feet in the area of thickest Second Berea sand to an average of 45 feet west of the
bar. The upper five to ten feet of shale, west of the crest of the bar, is red. Regarding this
Pepper (8) says: '"The sediments deposited above water in the main body of this delta retained
their red color; those deposited under water were bleached to gray." Figure 7 illustrates the
relationship between the First and Second Berea sands and particularly the apparent convergence
of the sands at the crest of the Second Berea bar in central Morgan County.

The Second Berea sand is a much finer-grained sandstone than the First Berea. The
grains are well sorted and, though porosity is good, permeability is low. Initial open flows,
therefore, are usually low. Wells drilled during development of the field normally produced
about 20, 000 cubic feet of gas per day natural with rock pressure varying from 400 to 600 p.s. i.
Production normally increased four to five times after shot. The average life of the wells has
been 30 years.

The new hydraulic fracture method of well completion has been very successful in this
"tight' sand formation. In the summer of 1953, one of the major gas companies in the State
treated several of their older gas wells in Athens County by this process with such encouraging
results that it was applied to several new wells. Results indicated that wells with shows of
5, 000 cubic feet of gas per day natural could be increased to as much as 200,000 cubic feet of
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gas per day after fracture. Leasing has been going on at a rapid rate over the entire length of
the Second Berea trend and a number of successful new wells have been completed recently,

A large percentage of this lenticular sand body has been found to contain gas though only
in small amounts where the sand is less than ten feet thick. In Morgan County, commercial
quantities are nearly always encountered where the sand is 20 feet or more thick. On Plate III
it will be noted that the principal producing zone is almost entirely within the 20 foot thickness
line.

DeWitt (7) points out that water currents were more effective in sorting the sand from the
clays and silts along the western or near-shore side than on the eastern side of the Second Berea
bar. A number of facts tend to verify this opinion. One is that studies of the few available sand
samples from wells drilled in the area indicate more favorable sand conditions for oil or gas
accumulation exist west of the crest of the bar. Another is that the largest wells were found
along the west flanks and that similar open flows tended to align in a northeast-southwest direc-
tion or parallel to the crest. The most favorable area for additional Second Berea production
appears to be along the western margin of the bar where sand characteristics and thickness may
be expected to be favorable. Recent drilling in Ames Township, Athens County, tends to con-
firm this idea. Other areas considered as prospective are western Bloom, northwestern Deer-~
field, northwestern Morgan, and the extreme northern portion of Malta Townships, where the
sand averages 20 feet in thickness {Plate II). Most of the wells in these areas were drilled to
test the Clinton or Medina sands but the majority recorded shows of 5,000 to 10,000 cubic feet
of gas per day in the Second Berea. These shows were not considered sufficient under the shot
method for increasing production. The new hydraulic fracture method of completion may in-
crease these small shows to commercial producers in areas where the rock pressures are
favorable.

THE "BIG LIME”

The term "Big Lime," as it is used by the driller in eastern Ohio, includes approximately
1, 000 feet of strata. Geologically it includes all formations from the base of the Ohio Shale
{Devonian) down to the top of the Clinton group (lower Silurian). To the geologist this sequence
of rocks contains many unanswered questions as to correlation, formation names, and age bound-
aries. In Morgan County it is approximately 975 feet thick along the western edge and 1, 200
feet at the eastern border— a thickening of 8 feet per mile eastward. Figure 8 shows structure
contours on top of the "Big Lime." No prominent features are indicated and the dip to the south-
east is approximately 50 feet per mile. A general description of these rocks in Morgan County
may be obtained in the following analysis by G. G. Shearrow (see Appendix I) of the Murrey well,
Section 12, Meigsville Township:

100 feet, hard, brown to buff limestone and chert.

25 feet, fine-grained, white to buff sandstone, Oriskany.
100 feet, hard, gray to buff limestone and chert.
700 feet, hard, buff to brown dolomite, chert and anhydrite.

- feet, Newburg horizon.
200 feet, hard, gray to brown limestone, shale, traces of gypsum.

1,125 feet

The Oriskany horizon contained a small quantity of gas in the Murrey well, but'in this area
it is usually dry or contains small quantities of salt water, known to the driller as the ''First"
or ''Little' water. The extent and productivity of the Oriskany in Ohio are presented in ''Oris-
kany Sand Study’' by John Hall in Report of Investigations No. 13, Ohio Geological Survey, 1952,

Although the Newburg horizon is not distinguishable in the Murrey well, it normally occurs
about 200 feet above the base of the '"Big Lime.'" It is believed to be the zone of the "Second™
or "Big" water of the driller and is generally a prolific producer of salt water in southeastern
Ohio.
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Oil and gas production from the Oriskany or Newburg is believed due to accumulations in
localized "highs" or in favorable porosity-permeability controlled stratigraphic traps usually
above or adjacent to salt water. These productive areas are comparatively small and are most-
ly found by wells drilling to the Clinton sand. The largest production recorded from either of
these horizons in Morgan County was in 1944 by the Palm Oil Corporation - Thomas Lyons Well
No. 1 in Section 15, Bloom Township. It reported 750, 000 cubic feet of gas natural from the
Oriskany and blew open four days before a successful shut off could be made so drilling could
proceed to the Clinton. On the basis of existing information, the outlook for future production
from the Oriskany or Newburg horizons in Morgan County is not favorable.

THE CLINTON SAND

The Clinton sand is found under most of eastern Ohio. It does not crop out in the State, so
is known only by cuttings brought to the surface during the drilling of oil and gas test wells. It
has been found at depths ranging from 8, 000 feet in eastern Washington County to 2, 000 feet in
central Ohio, where it gradually changes to shale. The sand ''pinch out" line has been defihed
by numerous dry holes along the western edge of the great Clinton sand gas belt, which extends
from Cleveland to within a few miles of Ironton on the Ohio River. The discovery of this exten-
sive gas-producing area occurred in 1887 near Lancaster, Fairfield County, in a well which pro-
posed to test the Trenton limestone. Many of the earlier wells had open flows in excess of
8, 000, 000 cubic feet per day. Today, the field is largely depleted and Clinton sand drilling has
moved eastward.

The exact correlation of this sand is difficult but on the basis of well sample studies and
drillers' logs, it is generally considered to belong to the Medina group of rocks which mark the
base of the Silurian system. The name Clinton sand as applied here should not be confused with
the geologic term Clinton given to a group of formations in the lower Niagaran series of the
Silurian. Orton (9) named this sand in 1887 as he believed it was a member of the Clinton group
of Niagaran limestones which outcrop in New York state. It has since been established that the
rock is probably older than the Clinton group. However, the use of the term has become wide-
spread and any attempt to change it would probably result in confusion.

In Morgan County, the Clinton sand occurs from 160 to 200 feet below the base of the ''Big
Lime." (See Fig. 9.) The intervening section contains approximately 40 feet of shales and the
Brassfield limestone or ''Packer Shell.'' Beneath the sand are 50 to 70 feet of blue gray shale
and the Medina sand. In the absence of the latter these shales are in direct contact with the
underlying Ordovician rocks.

The Clinton is quite changeable in character, but usually is a ''tight" fine-grained sand-
stone of variable hardness both laterally and vertically. Porosity and permeability can vary
appreciably within short distances, and shale breaks are common. Although the sand is known
to be absent in some areas, all wells drilled to date in Morgan County have found it present. It
is usually about 3, 500 feet below the surface in western York Township and more than 5, 000 feet
in Manchester Township, and dips approximately 60 feet per mile to the southeast.

The exact conditions under which the Clinton sand was laid down have not been determined.
The erratic porosity and permeability, the inconsistent shale breaks, and varying positions of
the pay within the sand present a very confusing picture. Many ideas and theories of deposition
have been expressed only tobe proved false as new wells were drilled. J. F. Swain, (10) has
presented a logical reconstruction of Clinton sedimentation, although certain portions of this
work were subsequently found erroneous. He believed the sand to have been deposited in an early
Silurian sea which was advancing westward. Along the shoreline, between high and low tide,
wave action washed the sand free of all foreign material, leaving a clean pure deposit. As the
sea moved westward it covered this clean sand with less pure sand. Another such deposit was
then made along a new shoreline and so on, thus forming a series of clean sand lenses surround-
ed by less pure sand or shale. These lenses are now the potential ''pay' zones. Irregularity
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of the shorelines caused similar erratic outlines in the sand lenses and to the present location of
production. As a result of these conditions, locating new pools in the Clinton sand is extremely
hazardous.

Production from the Clinton sand in Morgan County is limited to the northwestern portion
(see Plate IV). Two reasons for this are: (1) drilling in this area extended from the Crooksville
pool, immediately to the west in Perry County; (2) the sand lies less than 4, 500 feet and depths
in excess of this figure tend to be too expensive for the local operators. Figures 10 and 11 show
that there is little relationship between structure, sand thickness, and the location of production.
The Clinton sand has been tested by 248 wells in Morgan County, 16 of which produced oil, 108
produced gas, 106 were dry, and 18 found production in the underlying Medina sand. Oil has been
discovered in Sections 2 and 3 of Bloom Township, where five wells averaged 25 barrels per day
after shot, in Sections 22W, 35W, and 36 W of York Township, where ten wells averaged 40 bar-
rels per day, and in Section 20 of Deerfield Township, where one well produced 117 barrels the
first 24 hours after shot. Gas production is more widely distributed. The principal gas pool ex-
tends in an east-west direction across York and Bloom Townships. Wells in this area came in
as high as 12, 000, 000 cubic feet per day natural and the average for the pool is 500, 000 cubic
feet of gas per day per well. The Clinton is found at depths ranging from 3, 700 to 4, 500 feet and
the original reservoir pressure was approximately 1,150 p.s.i. Most of the drilling took place
between 1942 and 1950.

Prospective areas for future drilling are difficult to select because much of the county re-
mains to be tested for Clinton sand production. The sand has been found present and free of
water in the few scattered test wells which have been drilled. One promising area, on the basis
of existing information, appears to be in eastern Bristol Township where two wells a mile apart
found production. These wells, drilled by the Wittmer Oil and Gas Company in 1948, are the
W. D. Wortman No. 1 in Section 24 and the Ivan E. Morris No. 1 in Section 13. The Wortman
well found the Clinton at 4, 840 feet and produced 1,047,000 cubic feet of gas natural with a pres-
sure of 1,140 p.s.i. The Morris well found the Clinton at 4, 855 feet and made 452, 000 cubic
feet natural with a rock pressure of 1,250 p.s.i. During the summer of 1954 the Wiser Oil Com-
pany, present owner of these wells, plugged the Morris No. 1 because of declining production
and low rock pressure.

There have been no Clinton tests drilled in Morgan County since the advent of hydraulic
fracturing. In the summer of 1953 an attempt was made to fracture an old oil well in Section 35W
of York Township. This well, the Foraker Drilling Company - Harry Gibbs No. 1, was down to
stripper production when the fracture treatment was given. A faulty casing seat prevented satis-
factory results so production was not increased. In the future it is probable that additional pro-
duction from the Clinton may result from the use of this method in completing new wells.

THE MEDINA SAND

The Medina sand, as referred to here, is a sandstone formation lying 90 to 100 feet below
the top of the Clinton sand in Morgan County. Where present, it forms the bottom of the Medina
group and the base of the Silurian system. Beneath it is a red shale, known to the driller as the
""Red Medina,' which is the Queenston shale of the Richmond group in the Upper Ordovician
system. Due to the lack of sufficient conclusive evidence, no attempt is made here to definitely
correlate the Medina sand. It is placed at the bottom of the Silurian system in this report be-
cause such evidence as is available indicates this to be a logical conclusion. The lithology of
this sequence of rocks, as well as the intervals between the various members, seem to corre-
late reasonably well with the type locality of the Medina formations in western New York State.
So, until sufficient work can be done to prove or disprove these apparent correlations, continued
use of the New York terms in Ohio are advisable and convenient.

The probable area in which the Medina sand may be found is outlined in Figure 12. It is
not entirely defined because many of the wells were not drilled deep enough to reach the sand.
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Development of production in the Medina sand areas has been slow due to its depth and the pre-
sence of oil or gas in the overlying Clinton. Drilling usually stopped when the latter sand was
found to be productive. Furthermore, few Medina wells have been large producers, so the''pay-
outs" are long.

The Medina sand is found under most of Morgan County, but to date production has been
limited to southwestern York Township (See Fig. 13). The first Medina sand test well in the
county was drilled by The Ohio Fuel Gas Company in 1930, in Section 24, York Township, on the
R. S. Cosgrove farm. A small show of gas was found, but it was considered insufficient and
the well was plugged back to produce an oil show in the Clinton. During the next ten years many
dry Clinton test wells were deepened to the Medina, but the only rewarding areas were found in
Sections 25 and 26W of York Township and Section 9 of Bloom Township. Eleven gas wells in
York Township had an average initial open flow of 440, 000 cubic feet of gas per day after shot
and an average rock pressure of 1,150 p.s.i. The sand averages six feet thick and 3,975 feet
deep. In Section 9 of Bloom Township the National Gas & Qil Corporation - Stewart & Huffman
No. 1 well, drilled in 1944, found the Clinton dry and was extended to test the Medina. The top
of the sand was struck at 4,470 feet and the ""pay' penetrated from 4,476 to 4, 479 feet. After
shot, this well made 33 barrels the first 24 hours and is still producing.

The Medina sand, as found in wells in Morgan County, varies from brown to gray in color
and is very fine-grained. In some wells the driller records two members of the sand, as in the
Stewart & Huffman well. The top six feet is red and the bottom three feet is white. An examina-
tion of the samples from the National Gas & Qil Corporation - Maynard Barnes No. 1 well shows
the sand to be very fine-grained and light gray in color from 4, 394 to 4, 401 feet in depth (see
Appendix I). It gradually changes to a gray siltstone from 4, 401 to 4, 411 feet where the red shales
of the Ordovician were penetrated.

The conditions under which the Medina sand were deposited are not known. Swain (11)
states that the source sediments were the underlying Queenston from the eastern limb of the
Cincinnati arch which was raised above drainage at the close of Ordovician time. Subsequent
erosion then carried away large amounts of Queenston shales and silts and deposited them in a
sea that extended eastward into central New York and southern Ontario. Swain further believed
that the Medina sand is a phase of this deposition in which sand was sorted from the finer materi-
al and deposited in southeastern Ohio. Whether or not this hypothesis is correct is beyond the
scope of this report.

Future Medina production in Morgan County depends, as it has in the past, on Clinton
drilling. The rewards from the Medina sand to date have not been great enough to warrant wild-
cat drilling. However, all unsuccessful Clinton tests in outlying areas in southeastern Ohio
should be extended to test the Medina horizon. Very few Medina, sand wells have been subjected
to hydraulic fracturing in Ohio therefore the probable results of such a treatment are not known.
This new method for increasing production, which has been so successful in the Clinton sand,
may prove a stimulus to further Medina sand drilling.
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CHAPTER 3

DEVELOPMENT BY TOWNSHIPS

The first commercial oil wells drilled in Ohio were located on the banks of Duck Creek and
Cow Run in neighboring Washington County (Minshall, 5). These wells were drilled in the late
summer of 1860 by the use of a treadle and spring-pole. The work was hard but the rewards
were great, as a barrel of oil delivered to a refinery in St. Louis brought approximately twenty
dollars. The excitement caused by these discoveries spread over all of southeastern Ohio.

By the fall of 1860 a number of companies had organized in McConnelsville for the purpose
of leasing land and drilling for oil. Several holes were started immediately, with the result
that oil was found near the town by November. The production was small but it stimulated the
drilling of approximately a dozen wells in other parts of the county. This activity resulted in the
discovery of two of the most important pools in the region at that time. They were the Federal
Creek oil field in southeast Homer Township and Buck Run oil field in northeast Union Township.
The latter was soon extended to include another rich pool a mile to the east on Wolf Creek.

During the Civil War the drilling of new wells was suspended. However, in Morgan County
previously developed pools continued to produce so much oil that it became necessary to build a
refinery at McConnelsville. On August 29, 1861, the village newspaper, The Weekly Enquirer,
announced the opening of the McConnelsville Carbon Oil Company's new plant. The refined oil
was sold principally for lubricating purposes and brought 50 cents per single gallon or 40 cents
per gallon by the barrel. This refinery remained in operation until 1873 when a decline in the
oil market forced it into bankruptcy.

After three years of inactivity due to the war, prospecting for new pools began again. New
strikes on Buck Run and at Joy created much excitement and on November 25, 1864, the Morgan
County Herald of McConnelsville ran the following article: '"The oil fever has just broken out
and now it has become epidemic and is raging to a fearful extent. This county abounds in oil
springs and in 1860 and 1861 many wells were put down with springpoles to depths of 18 to 40
feet. The war and low price of oil stopped nearly all operations.” The boom lasted for five to
six years until declining oil prices caused drilling to stop once again. No important oil discov--
eries were made in Morgan County in the period between 1870 and 1900. However, during this
time a gas pool, which later became part of the Second Berea gas field, was developed in the
immediate vicinity of Malta and McConnelsville. In 1900, oil excitement was renewed as the re-
sult of several big wells drilled in southern Windsor Townshjp. This new activity lasted for
several years, during which nearly all the older pools were redrilled with a ''second crop' of
wells. By 1910, when the industry was nearly at a standstill in Morgan County, a new method
of obtaining oil from the reservoir was attempted. The late Orton Dunn of Marietta perfected a
means of introducing compressed air into the producing formation and forcing the oil out. As
air compressors were put to work another flurry of drilling hit the old pools. By 1920 most of
the better pools in Morgan County were being "aired' and attention was turned to drilling a
strip about three miles wide and 25 miles long extending northeast-southwest through Marion,
Penn, Malta, and Morgan Townships. This was the Second Berea gas field which was developed
in the years 1920 to 1930. An important First Berea sand oil pool was discovered in York Town-
ship in 1922 and was developed principally by The Pure Qil Company and the Sun Oil Company.

In 1934 the Clinton and Medina sand development in Bearfield and Pleasant Townships, Perry
County, moved northeastward into Morgan County. The limits of this pool were defined by 1948
and since that time there has been little activity. Recent favorable results from several hydrau-
lic fracture treatments of edge wells in the southern part of the county have caused operators to
take a new look at the Second Berea gas field.

27
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BLOOM TOWNSHIP

The search for oil in Bloom Township began in 1865 when rich strikes on Federal Creek
in Homer Township and Buck Run in Union Township stimulated drilling in all parts of Morgan
County. In October of that year a 15-barrel well was struck on the Jewett farm in.the northeast
quarter of Section 8, Bloom Township. The well was 163 feet deep and produced from the Cow
Run sand. Approximately ten wells were drilled in Section 8 and nine wells in Section 14.
Other than their location, no information about these wells has been found. The only other known
shallow production in the township was discovered in a proposed Clinton test well drilled in 1943
on the Richardson farm in Section 10. The well was stopped when a good show of gas was en-
countered in the Big Injun sand at 759 feet. It was shot and gauged 500, 000 cubic feet of gas per
day. The production dropped rapidly, however, and the well was plugged after three months.

There has been no commercial production in the First or Second Berea sands in Bloom
Township. In the north and west portion, a number of Clinton and Medina sand test wells found
shows of gas in the Second Berea. Water has been found in the First Berea in the eastern part
of the township but its extent is not known because of the lack of test wells. The author believes
the central and eastern areas of Bloom Township are good prospective Second Berea drilling
territories because of the 15 to 20 feet of sand present. The Second Berea gas field (Plate III)
indicates this thickness of sand is favorable for gas accumulation.

The first deep test in Bloom Township was drilled in 1927 by the Logan Gas Company.
This well, the Wilkie Huffman No. 1, located in the southwest quarter of Section 26, was the
first attempt since 1908 to find Clinton sand production in Morgan County. The sand occurred
from 4, 595 to 4, 621 feet but was dry. This discouraged further deep drilling in the township
until 1941 when the Ohio Fuel Gas Company drilled on the C. E. Mercer farm in the southwest
quarter of Section 24 in an attempt to extend the Clinton gas pool in eastern York Township. A
show of gas was found in the sand, 4,139 to 4, 169 feet, but it soon blew out. Drilling was con-
tinued to the Medina sand which was penetrated from 4, 231 to 4, 239 feet, but contained only salt
water. The hole was plugged back to the Clinton and shot. It yielded 200, 000 cubic feet .of gas
per day and produced for five years.

The portion of the pool in Bloom Township now comprises 19 gas wells, 4 oil wells, and
22 dry holes. The top of the Clinton sand varied from 4, 300 to 4, 500 feet in depth, initial pro-
duction averaged 500, 000 cubic feet of gas per day after shot, and the original reservoir pres-
sure was approximately 1,150 p.s.i. Reservoir sand conditions appear to be extremely variable
as some wells had natural open flows as high as 12, 000, 000 cubic feet of gas per day but 'blew
down' very rapidly. Others made 200,000 cubic feet of gas per day and lasted for several years.
Only eight of the original 23 successful wells drilled since 1941 are still producing. Dry holes
have defined the boundaries except to the northeast where four oil wells were found in Sections 2
and 3. Offsets to these wells have not been drilled because of the 4, 500 feet depth and the ex-
pected average initial production of 20 barrels of oil per day after shot is not encouraging.
Favorable territory surrounding this small oil pool is believed to be the north half of Sections 1
and 2 in Bloom Township and the adjoining portion of Sections 35 and 36 in Blue Rock Township,
Muskingum County. The new hydraulic fracture method of well completion may increase the
potential of new offset wells and thus make them profitable.

Nearly all of the unsuccessful Clinton tests in Bloom Township were deepened to the
Medina sand. The only well that found production was the Industrial Gas Corporation - Stewart
and Huffman No. 1 in Section 9. This well, completed in 1944, penetrated the Medina from
4,470 to 4,490 feet, and produced 33 barrels of oil per day after shot. It is still producing.

BRISTOL TOWNSHIP

There has been little drilling in Bristol except in Section 31, in the southwest corner of
the township. Two Clinton, two Medina, 18 Berea, and five shallow sand wells are known to have
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been drilled in the township, the earliest being an unsuccessful Cow Run test in 1866. The loca-
tions are all that is known of the five shallow wells.

The southwest corner of the township marks the northern boundary of the Second Berea
gas field. Development of this portion of the field took place between 1895 and 1910. The pay
was found from 1, 500 to 1, 600 feet and production averaged 80, 000 cubic feet of gas per day
after shot.

Four deep wells have been drilled in the township. Three tested the Medina sand and found
it dry and two discovered gas in the Clinton. The latter are discussed in Chapter 2 under the
heading, ""The Clinton Sand." Though the "pay' sand is in excess of 4, 800 feet deep it appears
possible that profitable wells can be drilled in this area.

CENTER TOWNSHIP

Much of Center Township remains to be tested for oil and gas. There have been 34 Berea
tests, two Oriskany, and no Clinton or Medina sand tests drilled in the township. Several scat-
tered shallow wells have been drilled but no information was found concerning them. The lack
of deep wells in the township is probably due to the depth of the Clinton which lies in excess of
4,500 feet below sea level. The Oriskany tests, drilled in Sections 9 and 30, found sand at
3,707 feet and at 3, 728 feet respectively but also a hole full of water.

There has been some First Berea development in the southeast part of Center Township.

This area was first tested by the Carter Oil Company shortly after 1900. Two wells in Section
23 and 24 made over 1,000,000 cubic feet of gas after shot but were troubled by water and soon
had to be plugged. Since that time many attempts have been made in the area to find production
free of water but only five wells, located in Sections 23 and 24, produce enough oil to be profita-
ble. These wells, drilled 10 to 15 years ago, each makes less than a barrel of oil per day and
is pumping many times more water than oil. The oil is Pennsylvania grade and comes from the
First Berea sand at approximately 1, 600 feet in depth.

DEERFIELD TOWNSHIP

Very little oil and gas production in the shallow sands has been discovered in Deerfield
Township., A few small, widely scattered, gas wells have been found in sands lying less than
400 feet in depth. Several attempts have been made to find Cow Run oil but either the sand was
missing or production was so small that the wells were not economical.

Southwestern Deerfield Township lies within the limits of the Corning Berea sand oil pool
of Monroe Township, Perry County, which was discovered at Corning in 1890 (Bownocker, 12).
Drilling moved into Morgan County by 1893 but the productive area was limited to Sections 30
and 31 in Deerfield Township. Most of the wells were drilled and operated by the firm of Ralston
and Maynard of Corning. The sand is approximately 1, 500 feet below the surface, averages 25
feet in thickness, and has a pay zone of eight feet. An estimated 125 wells were drilled in Sec-
tions 30 and 31, but little is known of their productive history and the majority are now aban-
doned. At present the remaining operating leases are owned by Leon Keller of New Lexington,
He states that they pump the wells a few hours a day using a central power plant and that six to
eight times as much salt water as oil is being produced. The salt water appears to be advancing
from the southwest and is believed due to either faulty casing or improperly plugged wells within
the main body of the Corning pool.

Approximately two miles northeast of the Corning pool in Deerfield Township a First Berea
gas pool, composed of 16 gas wells and five dry holes, was found soon after 1920. The sand
was found at 1,200 to 1,400 feet below the surface and the wells produced as much as 1,000, 000
cubic feet of gas per day after shot with an original reservoir pressure of 500 p. s. i.
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Development of the pool has been slow as wells were being completed as recent as 1948.

Future Berea sand drilling in Deerfield Township seems to hold the most promise in the
unexplored areas of Sections 4 and 5 to the north of the gas pool. It is possible that this pool
may connect with the oil production to the north in York Township.

Clinton sand production in Deerfield has been spotty. The only pool of note to date is
located in Sections 11 and 12 where six gas wells and six dry holes have been drilled. The dis-
covery well was the Industrial Gas Corporation - Florence Martin No. 1 completed in 1945 in
the northwest quarter of Section 11. It found the Clinton sand from 4, 314 to 4, 338 feet below
the surface and produced over 300, 000 cubic feet of gas per day after shot, with rock pressure
of 900 p.s.i. This well proved to be located on the western edge of the pool as an offset to the
west was dry. The producing wells lie in an irregular east-west line across Sections 11 and 12
and attempts to find production by offset wells to the north and south have failed. The largest
well was the Ackerman Development Company - J. C. Benanti No. 1 in the southwest quarter of
Section 12. It was drilled in 1948 and had an initial production of 4, 000, 000 cubic feet of gas per
day natural. The Clinton was penetrated from 4, 134 to 4, 160 feet and the reservoir pressure
was 960 p. s. i.

The National Gas and Oil Corporation - Herbert Bankes No. 2 in Section 20 is the only
Clinton sand oil well in Deerfield Township. It was drilled in 1947 and produced 117 barrels of
oil the first day after shot. Unsuccessful offsets have been drilled on three sides but the west
side still remains untested.

In the southwest quarter of Section 12 the National Gas and Oil Corporation completed a
Clinton test on the Maynard Barnes farm in 1947. When the Clinton was found to have only a show
of gas, drilling was continued an additional 2, 300 feet to the ''St. Peter' horizon. The total
depth of the well was 6, 644 and all formations below the Clinton were dry. A microscopic anal-
ysis of the samples from this well is presented in the Appendix.

HOMER TOWNSHIP

The first big oil strike in Morgan County occurred on the banks of Federal Creek in south-
eastern Homer Township. The discovery well was completed June 4, 1861, in the Cow Run sand
on the farm of James Joy in Section 2. In the March 10, 1865, issue of the Morgan County
Herald, which was published at McConnelsville, the following interesting article appears:

"Federal Creek Oil Region - Although the existence of oil has been known
here for forty years or more it was not until 1861 that any attention was paid to
its development. In June, 1861, Messrs. Alderman, Ellis & Co. after drilling
to a depth of 71 feet struck a vein of oil which astonished the gratified borers
and created an excitement in the neighborhood never before or since equaled. The
oil rushed from the well—expanding in volume as it rose to a height of nearly
60 feet—presenting in the sunlight a grander exhibition than was ever produced
by any or all the Panoramas of the artist. It continued to flow in this way during
2 or 3 days saturating the ground with the oil which for want of tanks could not
all be saved. However, soon as barrels could be procured 103 of them were
filled with the oil which had been so lavishly poured out upon the earth about the
well. About 1,000 barrels were pumped from this well when it was abandoned
on account of the low price of oil..... Land to the amount of 860 acres on this
creek, formerly owned by Mr. Joy and for which he would have taken $35. 00 per
acre before oil development, together with a few leases, has since the oil excite-
ment began sold for the sum of $1, 000,000 and land in the immediate vicinity is
still selling at marvelous prices."

- Following the Civil War oil continued to be found in Sections 1 and 2. Development then
moved north into Section 3, east to Chesterhill, and to the south into Athens County (Bownocker,

12).
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Fig. 14. Map of property in Section 2, Homer Township, issued in 1864 to prospective
shareholders in the Ohio Petroleum Company. Oil was produced on this farm from the Cow Run
sand until 1938.
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In 1863 ownership of the Federal Creek lands passed from the local operators to larger
companies which had been formed to exploit the newly found oil field. One of the early organiza-
tions was the Ohio Petroleum Company. Figure 14 shows a map which accompanied a prospectus
prepared to promote the sale of stock in the company. Hundreds of Cow Run oil wells were
drilled on these farms in the years from 1861 to 1938 and ownership of the mineral rights changed
six times. The operating companies have been: Ohio Petroleum Company, 1861 to 1871; The
Mansfield Petroleum Company, 1871 to 1890; The Midland Petroleum Company, 1890 to 1900;
The Squires Brothers, 1900 to 1911; and Smith and Dunn from 1911 to 1938. In their efforts to
get all the oil, wells were sometimes drilled without regard to spacing or to the location of older
wells. Figure 15 illustrates an instance in which two wells, less than 10 feet apart, produced
from the same sand. In 1911, when Smith and Dunn acquired the Joy farm, production had de-
clined until it was hardly economical to operate the wells. They introduced a revolutionary new
program of repressuring the oil reservoir by forcing compressed air into some of the wells.

The surrounding wells responded and in some cases began flowing as much as 50 barrels of oil
per day. Operations continued in this manner until 1938 when the economic limit was again
reached ana the wells were abandoned.

Coirtesy of O. C. Dunn, Jr.

Fig. 15. Two wells producing from the Cow Run on the Dale (Joy)
farm in Section 2, Homer Township. Although less than ten feet apart
they produced independently. The wells are equipped with the Dunn
compressed air lifting unit.

Very little is known of this and other early production as records were either poorly kept
or lost. The oil was Pennsylvania grade and was produced from the Cow Run sand. The outline
of the sand body was soon defined by producing wells or by dry holes where the sand was not pre-
sent. The sand, which was found about 100 feet below the level of Federal Creek, contained
enough gas to cause most of the early wells to flow their oil but by 1870 it was exhausted. They
were then pumped by hand with two men raising 40 to 50 barrels in a 12-hour day.
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Courtesy of O, C., Dunn, Jr.

Fig. 16. Close up of Cow Run well head on Dale (Joy) farm equipped with
apparatus perfected by the late O. C. Dunn for automatically flowing wells by
compressed air. Use of this method never became widespread because of diffi-
culty in keeping the mechanism in adjustment.

In the May 12, 1865, issue of the Morgan County Herald the following article appears:

"The Ohio and Pennsylvania Company on Federal Creek after going in
one well to a depth of 540 feet struck a vein of gas and salt water which has
been blowing with such a force as to prevent the workmen from tubing it.
Some oil is thrown out and they anticipate a good yield of oil. This is the
greatest depth oil has been obtained in the Creek."

The company was in search of oil and gas was regarded as a nuisance except as fuel to fire the
boilers. The producing formation was probably the Lower Freeport sandstone and salt water
evidently drowned out the gas. No further production from this formation has been found in the
immediate area.

The First Berea sand in Homer Township has been only meagerly productive. In Sections
25 and 31 some wells are known to have produced oil but no other information was found concern-
ing them. A few other unsuccessful tests have reached this sand but the greater part of the town-
ship remains unexplored.

In Sections 1 and 2, in approximately the same productive area as the overlying Cow Run
sand, gas has been found in the Second Berea sand. Seventeen gas wells and two dry holes have
been drilled in these two sections which mark the western boundary of the Second Berea gas
field (Plate III). The first producing well was completed in 1931 by the Bowman Qil and Gas
Company on J. J. Joy farm in Section 1. The Second Berea, which was found 40 feet below the
First Berea, was penetrated from 1, 632 to 1, 645 feet and produced 120, 000 cubic feet of gas
per day after shot. This well is still producing. The initial open flows were relatively small,
few exceeding 100, 000 cubic feet per day after shot, but they produced for many years. The
pay is a very fine-grained sand which has responded very well to the hydraulic fracture method
of increasing natural production. As a result of this success, current activity in Sections 1 and
2 will probably extend the limits of the gas producing area.

No Clinton or Medina sand test wells have been drilled in Homer Township.
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MALTA TOWNSHIP

Newspaper accounts concerning oil and gas wells completed in Malta Township may be
found as early as 1861. From the time of the early settlers oil seeps near Oil Spring Run and
Gillespie Run were known so it was along their banks that the first test wells were drilled. Al-
though a number of the seeps are still active, very little other evidence of this early production
now exists.

Several Cow Run and Peeker sand oil pools were developed in the western part of the town-
ship prior to 1900 but the wells were relatively small. The Joetown pool, discovered in 1910,
later proved to be a continuation of the Oil Spring Run productive area. Between 1910 and 1920
compressed air was introduced into the oil sands of these pools in an effort to increase recovery.
Production records of these operations are not available so the degree of success is not known.
Occasional wells continue to test edge areas of these old pools but they seldom exceed one bar-
rel per day.

Shortly after the Civil War gas was struck near Malta at a depth of 40 feet. It was unused
until 1888 when the S. R. Dresser Gas Company was formed to furnish gas to the residents of
McConnelsville and Malta. The company later became known as the Malta-McConnelsville Gas
Company and their first gas well was completed in 1891 to a total depth of 562 feet on the George
W. Riley farm in Section 16 of Malta Township. The producing sand, found from 482 to 517 feet,
was probably the Clarion sandstone. In the same year the company, encouraged by shows of gas
in a well on the McConnelsville fair grounds, completed several successful wells in the Second
Berea sand. By 1929, when they became a part of the Ohio Fuel Gas Company, the Malta and
McConnelsville Gas Company had drilled a total of 104 gas wells and 22 dry holes. Seventy-five
of the successful wells were in the Second Berea sand and 29 were in shallow sands. Nine of the
dry holes were Secend Berea and 13 were shallow. The territory developed is about four miles
wide and reaches from Bristol Township southwestward to the Malta-Penn Township line. The
producing sands in the shallow wells are the Clarion and the Lower Freeport sandstones which
are referred to in the area as Second Cow Run: The wells vary from 400 to 600 feet in depth.
The Second Berea sand occurs 10 to 30 feet below the First Berea and 1, 350 to 1,550 feet below
the surface. Production, after a 40 to 80 quart shot of nitroglycerine, usually ranged from
10, 000 to 200, 000 cubic feet of gas per day and the rock pressure about 500 p.s.i. Many wells
drilled by the original company are still producing.

Clinton or Medina sand test wells in Malta Township have met with limited success. In the
northwestern part of the township (Section 32) the Industrial Gas Corporation - Gillespie No. 1
well, completed in April of 1943, found the Clinton sand from 4, 412 to 4, 460 feet with 527, 000
cubic feet of gas per day after shot and with a somewhat below normal rock pressure of 750 p. s. i.
Although the production was not large considering the cost of the hole, eight other wells were
drilled near by. Two produced for a short time and the rest were dry. In Section 23S a Clinton
gas well was completed on the Richard Cashman farm in 1948 by the Mid-East Oil Company. The
sand was penetrated from 4, 696 to 4, 720 feet and produced 1, 750, 000 cubic feet of gas per day
after shot. After one year the well was producing 120, 000 cubic feet of gas per day but was
plugged because of litigation. It has not been offset.

Thirteen wells have tested the Medina sand in Malta Township but none was successful.
However, one well in the southeast quarter of Section 16 is reported to have produced 25 barrels
of oil per day after shot. It apparently did not hold up as it was plugged several months after
completion.

MANCHESTER TOWNSHIP

Only three wells have been drilled in this township. The first, completed in 1920, was
drilled in Section 5 to a depth of 526 feet without finding oil or gas in quantity. The second, the
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Wittmer and Morrow - Dye No. 1, Section 30, was completed in 1949 with a show of gas in the
Medina sand from 5, 175 to 5, 200 feet. It was abandoned as a dry hole at total depth of 5,205
feet in "red rock.”" Another Medina sand test, the Mid-Atlantic Oil and Gas Company - Rex
No. 1, drilled in 1952, reached a total depth of 5, 153 feet without finding production.

Manchester Township lies near the axis of the Parkersburg-Lorain syncline. To date
very little oil or gas production has been discovered near the axis or along the western flank of
this structure. For this reason the outlook for future production from Manchester Township is
not encouraging.

MARION TOWNSHIP

Very little of this township remains to be tested for oil and gas in the shallow sands. An
estimated 1, 600 holes have found production in 14 different pay sands. The only Clinton sand
test drilled in the township was unsuccessful.

The Chesterhill pool produces oil from the Cow Run sand in an irregular strip about one
mile wide in the southern portion of the township. Although the wells were not large, the pool
produced for many years. Development began in 1861 near the village of Joy in Homer Township
but it was not until 1892 that it was successfully extended eastward into Section 33 of Marion
Township. Bownocker (12) gives the following account of the discovery of oil near Chesterhill.

"In the spring of 1899 a well was drilled on the land of E. J. Lambert,
two miles south of Chesterhill. When put to pumping it started at 60 barrels,
but the production decreased so rapidly that the well was abandoned the follow-
ing December. Within a year 40 wells were drilled in this field, one-half of
which were failures. In December 1900, the Southwest Petroleum Company
and A. J. Lovell bought the pool for $37,000, the production being 37 barrels
per day. The first well was drilled on the Crayton farm between two dry
holes 400 feet apart, and a 30-barrel producer secured. With this encour-
agement other wells were drilled in quick succession and the pool was soon
connected with the production lying to the northwest and to the northeast. "

Courtesy of O, C. Dunn, Jr.

Fig. 17. Well drilling in the Chesterhill pool, Marion Township, about 1900.
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Between 1910 and 1920 much of the productive acreage in the vicinity of Chesterhill was
purchased by the Henne and Dunn Company. The wells were repressured with compressed air
and many responded by producing as much as 30 barrels of oil per day. Today the pool is
mostly abandoned, although occasionaly one-barrel wells are still being drilled by the local op-
erators.

The producing formation at Chesterhill is the Cow Run sand which lies approximately 80
feet below the Ames limestone and ranges in texture from a conglomerate to a siltstone. It
averages 30 feet in thickness with a pay zone of as much as 10 feet.

In the northwest corner of Marion Township a small Cow Run oil pool was discovered in
1899. The sand was found at 310 feet and was less than five feet thick. Daily production of the
individual wells was small but 63 known producers were drilled. Some of the wells are reported
to have produced from the Peeker sand which lies between the Cow Run and the Ames limestone.
Records were so poorly kept that positive identification of the sand is not ascertained in this re-
port.

Oil has been found in Marion Township in commercial quantities only in the Peeker and
Cow Run sands (Conemaugh). The deeper sands have produced only gas. Beginning about 1920
an unknown number of wells were drilled to sands of Allegheny age. They were prolific but
short lived producers of gas. Pay sands in the Allegheny are the Lower Freeport and the
Clarion sandstones and are known to the driller as either the Macksburg 500-foot or Second Cow
Run. These sands, found from 300 to 450 feet below the Ames limestone, have the appearance
of sugar when brought from the bore hole. They are pure granular quartz sandstones that may
have excellent porosity and permeability but usually ‘lens out" to a shale within relatively short
distances. Some of these wells have produced over 1,000, 000 cubic feet of gas per day natural
when completed. They are known to blow down within a few hours or last as long as five to ten

years.

The Macksburg 700-foot, the Salt, the Brill, and Maxton are local drillers' terms for gas-
bearing sandstones in the Pottsville formation. They are very similar in character to the over-
lying Allegheny strata but they have been better producers of oil and gas. The productive area
of these sands is in the eastern half of the township where the development has largely been in
the hands of local operators. Well depths vary from 800 to 1,000 feet and rock pressures range
up to 400 p.s.i. Average initial production is comparatively high as many wells were in excess
of 500, 000 cubic feet of gas per day after shot. Salt water sometimes becomes a problem, but
usually when production is no longer economical the wells are deepened 500 to 600 feet to the
Second Berea sand.

Although the Big Injun sand generally has not been productive in Morgan County a few wells
in Saction 3 of Marion Township, on the J. A. Daugherty farm, are reported to have produced
gas. They were drilled in 1900 by the Home Gas Company to supply gas for about 50 homes in
the village of Malta. The sand was found at approximately 1, 000 feet below the surface and
reported 60 feet thick. Production figures and date of abandonment are not known.

Marion Township lies in the main trend of the Second Berea gas field. Development began
shortly after 1920, in the southern part of the township. Drilling progressed rapidly until 1940
when nearly 300 gas wells and 17 dry holes had been completed. The peak year was in 1928 when
50 wells were drilled. After shot the wells produced up to 300, 000 cubic feet of gas per day, the
average being about 100, 000 cubic feet. The original reservoir pressure was 550 p.s.i. and the
sand occurred from 1, 500 feet below the surface in the northern part of the township to about
1,700 feet in the south. Although the initial production from these wells is comparatively low
their normal life span has proved to be 20 years or more.

The Second Berea is a very fine-grained sand with low porosity and permeability. It is
described by the driller as being ''tight." The formation is free of salt water and makes only
enough oil in Marion Township to necessitate periodic removal to avoid gas flow interference.
The Second Berea occurs approximately 30 feet below the First Berea and averages 25 feet in
thickness. The location of the pay zone varies considerably as some wells find gas in the top,
some in the bottom, and others throughout the entire sand section.
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Recent successful hydraulic fracturing of marginal wells in the Second Berea gas field has
spread into Marion Township as the sand characteristics here should also be well suited to this
process. The prospects of finding additional Second Berea gas around the edges of the old field
appear good if this new procedure continues to prove successful. There are a few untested areas
in this township where additional gas may be found in Pennsylvanian sands. To date these strata
have failed to respond to hydraulic fracturing because rock pressures are often under 200 p. s. i.
and the sands are usually soft and porous.

The possibility for production from the Clinton or Medina sand is not known in this town-
ship. The only deep well drilled, the Texas Utilities Company - C. W. Newton No. 5, Section 23,
was completed as a dry hole in the Clinton in 1941, The sand was found "broken'" between 4, 468
and 4, 493 feet. The total depth of 4, 532 feet was not deep enough to reach the Medina sand hori-
zon.

MEIGSVILLE TOWNSHIP

Although the search for oil and gas in Meigsville Township began in the early 1860's no
commercial production has been found. Many Cow Run sand tests, mainly in the valleys of
Meigs Creek and Fourmile Creek, found only small shows of oil or dry holes. Of the four First
Berea or deeper test wells known to have been drilled in the township, three recorded shows of
oil. One, located in southwest quarter of Section 18, reported a good show of gas in the Second
Berea. Another, the Clyde Foraker-Claude Murray No. 1, in Section 1, was an unsuccessful
Oriskany sand test. The sand occurred between 3,475 and 3, 505 feet but produced only salt
water. The remaining two wells tested the Medina sand. One was located in the northwestquar-
ter of Section 22, and the other in the southeast quarter of Section 12, but both were dry. The
latter, the John Morrow - L. F. Murrey No. 1, was drilled in 1948 to a total depth of 5, 231
feet. A complete string of rock samples were saved from this well and given to the Ohio Geo-
logical Survey for study. They have been of valuable assistance in studies of the subsurface
geology in this area (See Appendix I).

MORGAN TOWNSHIP

The first well in Morgan Township was drilled in the spring of 1861 when the "oil fever"
first reached Morgan County. No commercial production was found. Further development did
not occur until almost 30 years later when the discovery well in the Second Berea gas pool was
completed north of McConnelsville. Bownocker (12) describes this well as follows:
¢
"In the spring of 1889 a well was drilled on the east bank of the river about

one-half mile northeast of the city. The Berea sand was found at a depth of
1, 195 feet, but the amount of gas liberated was so small that the well was aban-

doned About the same time a well was drilled three-fourths of a mile north of
the city. It supplied enough gas for one residence.

“*These wells were failures, but the people were not satisfied. Some
believed that gas would be found if only the drill were forced deep enough, and
accordingly it was decided to attempt to reach the Clinton or Lancaster gas
rock. However, no company was found that was willing to back so expensive
and hazardous an enterprise, but the city, through its council, provided $5, 000
to explore the territory further. The well was located on the McConnelsville
fair grounds, and work was begun September 3, 1894. The Berea was reached
at a depth of 1,279 feet on October 24. It gave nothing more encouraging than
a show of oil and gas, and many of the most intelligent citizens urged that the
well be abandoned, and that the funds, of which a large part still remained, be
used for drilling other wells near the city. The State Geologist was appealed
to, and strongly advised that the well be abandoned, stating that even should the
Clinton be reached and gas found, the expense of drilling such deep wells would
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~ be so great that the gas would be too costly to be used as a fuel. However,
those in charge insisted on drilling deeper, and on November 8th work was
resumed. Progress was very slow, and on March 14th, 1895, when at a
depth of 3, 186 feet, the tools became fast and the well was abandoned. "

The good show of gas found in the fair grounds well led to a successful test by the S. R.
Dresser Gas Company on the C. B. Bozman farm, in Section 12, just east of McConnelsville.
This well in turn led to further development in the immediate vicinity so that both Malta and
McConnelsville were assured of an ample supply. Of the 30 known Second Berea test wells in
Morgan Township, 28 were drilled by the S. R. Dresser Gas Company, or as it was later known,
The Malta and McConnelsville Gas Company. The development of the Second Berea sand gas
pool in Morgan Township was contemporaneous with its development in Malta Township, which
has been previously discussed. The geology of the sand is also similar. The potential produc-
tive life of these gas wells is attested to by a well on the B. F. Reed farm, northwest quarter
of Secti0356, which was completed in 1899 and was still delivering gas into the line in the sum-
mer of 1954.

The only well to reach the Clinton or Medina sands in Morgan Township was the Stephens
Petroleum Company - Edwin Roberts No. 1 in Section 27. It was completed in 1945 as a dry
hole through the Medina sand.

PENN TOWNSHIP

Development of production in Penn Township has been very similar to that in Marion Town-
ship which borders it on the south. Besides the numerous Cow Run and Peeker oil pools within
its limits, the Second Berea gas field extends in a northeast-southwest direction across it in a
strip approximately three miles wide. Many shallow sand gas wells also produced in this area
and were subsequently deepened when their production declined. An estimated 1, 300 wells have
been drilled in the township.

The principal oil pool is located in Sections 11, 12, and Fraction 2, to southeast of
Pennsville. Production is from the Cow Run sand at about 400 feet below the surface. The
maximum thickness of this channel deposit south of Pennsville is 40 feet with the average 25
feet. The pay zone is about 15 feet thick and the oil is Pennsylvania grade. Little is known of
the discovery or early development of the pool except that drilling began shortly after 1910.

The wells started at approximately 20 to 30 barrels of oil per day but declined in a few years to

a point where it became necessary to use compressed air on nearly all the leases. By using

this method of secondary recovery, production in many cases increased to the original daily
output. The wells were operated in this manner until about 1935 when decreased production made
it necessary to abandon them. The Henne and Dunn Qil Company of Marietta owned most of the
acreage in this pool during repressuring. Several smaller Cow Run pools occur in various parts
of the township but little or nothing is known regarding their development.

In the vicinity of Pennsville, in Sections 2 and 35, oil is found in a sand known as the
Peeker to the driller. The following is a portion of the driller's log of the Ohio Fuel Gas
Company - Charles Harkins No. 1 well, in Section 2, completed August 20, 1932, as a Second
Berea gas well:

Lime 290-295 AMES

Sand 295-315 PEEKER (SALTZBURG)
Slate and Lime 315-330

Slate 330-380

Sand 380-400 COW RUN

Red Rock 400-425

Lime 425-440 BRUSH CREEK?

Slate 440-560

Sand 560-573 MAHONING

Coal 573-576 NO. 7
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This log shows the position of the Peeker sand in this area. Here, as in so many of the other
shallow oil pools, no records are available which show sand conditions or production. From
interviews with drillers the author has learned that the Peeker sand is usually finer grained and
harder than the Cow Run. In this area it is reported that the crude oil produced by the Peeker
is slightly inferior to that of the Cow Run. Development of the pool probably occurred between
1910 and 1920. It has also been partially repressured.

The Allegheny sands have been found productive principally in Sections 1, 16, and 17.
The Macksburg 500-foot, which is the Clarion sandstone, is reported to have produced small
amounts of oil and gas in Section 1. The wells were from 550 to 650 feet deep but no other
information concerning them is known. Wells in Sections 16 and 17 produced gas from the
Clarion and Homewood sandstones. They were drilled on the James, Harris, and Gladden farms
between 1920 and 1925, and had initial open flows as high as 1,000, 000 cubic feet of gas per
day, but salt water soon ruined them. Local operators refer to these two pays as the James
and the Harris gas sands.

The Pottsville sands have not been as productive in Penn Township as in Marion Township.
Many wells have produced gas from the Massillon sand in the southern part of the township.
Initial open flows were as high as 1,500, 000 cubic feet of gas per day with the average being
near 800,000 cubic feet. The original rock pressure was about 100 p. s. 1. and the depth of the
wells from 700 to 900 feet. Many of these wells were later deepened to the Second Berea sand.

The first well in the Second Berea gas field in Penn Township was completed in 1922 by
the Malta and McConnelsville Gas Company as they moved southward from Malta Township.
However, the Company drilled very few wells in this area, and the major portion of the develop-
ment was done by local independents. The geology and production history of this portion of the
field is similar to that in Malta and Marion Townships.

In studying future prospects for Second Berea production in Penn Township, careful con-
sideration should be given to all of Section 4, the eastern portion of Section 5, the western half
of Section 34, and the southeast quarter of Section 33. These are untested areas between the
main producing trend and a gas well located in Section 5. (See Plate III).

The only deep test drilled in Penn Township was completed in 1948 by the National Gas
and Oil Corporation on J. C. O. Tompkins farm in Section 36 and recorded a 23 barrel show of
oil in the Medina sand from 4, 925 to 4, 933 feet. It was drilled to a total depth of 4,944 feet and
abandoned.

UNION TOWNSHIP

Oil production in Union Township is centered in Sections 1, 2, 3, 11, and 12, in the valleys
of Wolf Creek and Buck Run in the northeast corner of the township. (See Plate V). It was
regarded as very favorable territory when drilling for oil first began in Morgan County in 1860.
At that time it was thought that oil occurred only in valleys so exploration was centered along
the banks of the smaller streams. The great spring floods probably prevented extensive drilling
along the Muskingum River.

The first well in Union Township was completed in the fall of 1860 on the Ritchey farm in
the southeast quarter of Section 12, on the east bank of Wolf Creek. The pay sand was struck
at 37 feet, just below the Ames limestone, and probably would correlate with the Saltzburg or
Peeker sandstone. About a year later oil was discovered one mile west on the banks of Buck
Run. The identity of the producing sand here is not certain but it is thought to have been Cow
Run. Following the Civil War hundreds of wells were drilled along both streams as the entire
Wolf Creek - Buck Run area was found productive. The oil was hauled by wagon to McConnels -
ville and sold to the McConnelsville Carbon Oil Company, who refined and marketed it for
lubricating purposes. The refinery, as a result of declining oil prices, went into bankruptcy
about 1872. When they lost the market for their oil many of the operators on Buck Run and Wolf
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Creek were forced to shut down. In 1893, a pipeline laid from Corning to Macksburg passed
near Buck Run and provided a new outlet for the oil. Exploratory work resumed, wells were
cleaned out, and the pool was returned to production. Early well locations had been confined
to stream bottoms but as these wells were exhausted the adjoining hills became dotted with rigs
as equally good producers were found. By 1912 production had again declined to a minimum
and the new Smith-Dunn air-repressuring process was being instituted. Production increased
and new wells were drilled, many of which pumped until 1940. Drilling has continued through
the years so that today a few leases still have pumping wells. Production figures are not known
but the early wells are believed to have averaged about five barrels per day, with the largest
being about 100 barrels per day. One well in this pool has become famous for its long produc-
tion record. It was completed in the summer of 1861 and named the Greathouse No. 1 after its
driller. By 1865 it had produced over 13,000 barrels of oil. This is exceptional production
when one considers that it was pumped by hand. Greathouse No. 1 was pumped regularly until
1894 when tools became fast in the hole during a clean out job. After all attempts failed to
remove the tools a new hole was put down a few feet from the old one and production resumed.
This well, located in Section 11, was still producing in the summer of 1953. (See Fig. 18).

Although two pay sands appear to be present in the Buck Run pool there is no record of
any one well producing from both sands. Presence of the two separate reservoirs becomes
evident when the intervals between them and the Ames limestone are considered. One of the
sands is found directly beneath the Ames and is probably the Peeker. Its pay section is varia-
ble in both thickness and position within an average 20 feet of sand. Where the sand is absent
oil is often found in the Cow Run about 80 feet below. The Ames is fairly persistent in this
area and freshwater usually occurs both directly above and below it. Some salt water is found

1953

Fig. 18. The Greathouse well—oldest producer in
Morgan County. Original well was drilled in 1861 and pro-
duced until 1894 when swabbing tools were lost in the hole.
The present well was then drilled a few feet from the old
one. It is approximately 300 feet deep and still produces
a small amount of oil.

in the Cow Run. Since very little gas was produced with the oil at Buck Run, it was necessary
to drill wells to the No. 7 (Upper Freeport) coal to obtain sufficient gas for pumping and other
operating purposes.

The First Berea sand oil production in Union Township is considered part of the Corning
pool of Monroe Township, Perry County. Drilling extended into Union Township in 1895 and
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at least 65 First Berea wells were drilled in the western portion of Sections 6 and 7. Most of the
wells have been plugged because of salt water encroachment from the southwest.

The first well to reach the Clinton sand in Morgan County was drilled in Union Township
in 1908. It was the O. C. Edda Company - T. J. Chappalear No. 1 completed as a dry hole at
a total depth of 3,947 feet. The Clinton was penetrated from 3, 925 to 3, 944 feet. Two addition-
al deep tests in the township also found the Clinton dry. One, drilled in Section 22, was carried
to the Medina but failed to find production.

WINDSOR TOWNSHIP

To date, production in Windsor Township is limited to the southwestern portion where
three shallow sand oil pools have been found. In area the largest of these produces from a nar-
row zone of Peeker sand, which is sometimes less than a hundred yards wide, which extends
from Fraction 6 southeast to the Washington County line. The sand, averaging 22 feet thick,
lies approximately 375 feet beneath the surface and just below the Ames limestone. The first
wells were drilled about 1898. Initial productions were from 20 to 40 barrels per day, but with-
in a short time they settled to about 2 barrels. By 1920 almost 50 percent of the pool was aban-
doned. Drilling has continued sporadically through the years as small producers may still be
found in the area. South of the Dale pool (see Plate V), as this narrow Peeker sand productive
strip has been named, lies a group of 75 to 100 wells of which little is known except that they
produce from the Peeker or the Cow Run sands.

The discovery of a third pool in Windsor Township was announced in the May 16, 1900,
issue of the McConnelsville Herald by the following article:

"Qil excitement five miles southeast of Windsor and about two and a
half miles from Roxbury is intense. Four wells have been drilled in on the
Yarnell place and they can be included in about eight acres of ground. No.
4 is reported as a 2,000 barrel well. It has been increasing since it was
struck. Such wells in shallow sands have never been struck before. The
wells are only about 350 feet deep. "

This activity occurred in Lots 1 and 2 of Windsor Township just north of the Washington
County line. The news item is not an exaggeration as the oil wells in this pool were the largest
ever reported in the county. The First Cow Run sand lies immediately above the Cambridge
limestone in the area of this pool. Large quantities of gas were associated with the oil.

There have been several attempts to find other producing areas in Windsor Township but
all have failed. Four widely scattered Big Injun sand tests resulted in dry holes. Ten First
Berea sand wells have been drilled but only salt water and shows of oil and gas were the rewards.
No Clinton or Medina welis have been attempted.

YORK TOWNSHIP

Production in York Township has been derived from the First Berea, the Clinton, and the
Medina sands. For convenience the township is divided into three pools (see Fig. 17): the York
Township First Berea sand pool which produces oil and gas in the central area; the Deavertown
pool which produces oil and gas from the Clinton and Medina sands in the western portion; and
the Brush Creek Clinton sand gas pool in the eastern part of the township.

The First Berea pool was discovered in 1923 when the Pure Oil Company completed the
Ira Barringer well No. 1 in Section 32 with 30 barrels of oil per day after shot. The Berea sand
was found from 1, 328 to 1, 352 feet. Development of the pool was extremely rapid as nearly 200
wells were completed during the next three years. By 1926 the limits of the oil area had been



42 OIL AND GAS IN MORGAN COUNTY

defined but gas continued to be discovered to the west. Very little new drilling occurred in the
area from 1930 to 1941. In the latter year a successful gas well on the Dallas Stoneburner farm
in Section 30 renewed activity and during the next three years the productive area was extended
westward and southward to the village of Deavertown.

First Berea sand gas wells in York Township, despite comparatively low initial volumes,
have produced about 15 to 20 years. Although initial open flows ranged as high as 1,000, 000
cubic feet per day the average was about 200, 000 cubic feet. The original reservoir pressure
was 350 to 400 p.s.i. Of the more than 250 First Berea wells drilled in York Township only 13
were dry.

Many of the oil wells in the York Township pool have produced from 25 to 30 years. Aver-
age initial production after shot was 35 barrels. Most of the acreage was owned by large com-
panies who agreed to drill the wells on a spacing pattern of approximately eight acres per well.
This respect for distances between wells and lease lines was at times maintained under severe
difficulties due to heavy timber, underbrush, and rugged topography. The major operating com-
panies were The Pure Oil Company, the Sun Qil Company, The National Gas and Qil Corporation,
and the Preston Oil Company. The Pure Qil Company later acquired nearly all the oil producing
leases and in 1938 drilled two wells as inputs for an experimental gas pressure maintenance pro-
ject. It met with only limited success and was abandoned due to the high cost of purchased gas.
In 1948 an experimental water flood was placed in operation. A detailed report of this project
together with the geology of the field is included in Chapter 4. Most of the oil pool is still in
production although it has been in stripper stage for many years.

The productive area of the Clinton and Medina sands in western York Township is the
southeast extension of the Crooksville pool in adjoining Perry County. The first well in York
Township was The Ohio Fuel Gas Company - R. S. Cosgrove No. 1 in Section 24. It was drilled
to the Medina sand but, after finding only a small show of gas, was plugged back to the Clinton
and completed as a small oil and gas well. The Clinton sand was found from 3,868 to 3,920 feet
and the Medina from 3,954 to 3,957 feet. Further development was slow, 11 wells being drilled
during the next 14 years. In 1944 two fairly productive gas wells were found in Sections 30 and
34W. During the next seven years the territory in the vicinity of these wells received 63 suc-
cessful tests and eight dry holes. Twenty of the successful tests were Medina gas wells and six
were dry holes. The remainder were completed in the Clinton sand at approximately 3, 800 feet
below the surface and with an average thickness of 25 feet. The original reservoir pressure of
the gas wells was 900 p.s. i. and the average initial production was 800,000 cubic feet of gas
after shot. Four Clinton oil wells in Sections 35 W and 36 W averaged 90 barrels after shot.

The top of the Medina sand in this pool is found at approximately 110 feet below the top of the
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Clinton and varies from 5 to 8 feet thick. The average initial production from wells in this sand
is 200, 000 cubic feet of gas after shot. Medina production has been found principally in Sections
25, 26w, 34w, 35W, and 36W. The wells were drilled during the past seven years and are
still producing.

In July 1941 The Pure Oil Company and The Ohio Fuel Gas Company completed two suc-
cessful Clinton sand wells in eastern York Township and thereby extended the Brush Creek gas
pool of Muskingum County southward into Morgan County. The Pure Qil Company - Clara Fouts
No. 1 well in Section 22E. was the largest with an open flow of 10, 000, 000 cubic feet of gas per
day natural although it "blew down' and was plugged in less than a year. The Ohio Fuel Gas
Company - Charles Snyder No. 1 in Section 23E. produced 530, 000 cubic feet after shot. In this
area the Clinton sand lies at an average depth of 4, 200 feet below the surface. Average initial
production of wells in this pool was over 1, 000,000 cubic feet of gas per day and the original
reservoir pressure was 1,100 p.s.i. Sixty-two wells were drilled from 1941 to 1951, 40 of
which were successful. In most instances when the Clinton sand did not produce they were con-
tinued on to the Medina, although it has failed to produce in this township.




CHAPTER 4

SECONDARY RECOVERY
REPRESSURING WITH AIR

As production from the shallow sand oil pools in the Appalachian area started declining,
the operators began experimenting with various methods of obtaining additional oil from their
wells. It was discovered, more by accident than intent, that introducing gas under pressure in-
to an oil producing formation considerably increased the daily output. Often times gas was not
available, or the market price made it uneconomical for use, so compressed air was substituted.
This method was first demonstrated in Marion Township, Morgan County, by the late I. L. Dunn
of Marietta, Ohio. The experiment was conducted in 1911 near Chesterhill on the Wood farm
which was then under lease to the Cumberland Oil Company. Oil was being recovered from the
Cow Run sand at approximately 400 feet below the surface. Efforts to stabilize production by
applying a vacuum to the wells on this property had been going on for five years but the annual
production had declined from 17,000 to 8, 700 barrels. In the initial repressuring operation
150, 000 cubic feet of air was injected into the pay sand of one of the wells at a pressure of 40
p-s.i. Within a week production increases in offset wells were so encouraging that the opera=-
tion was greatly expanded. Old wells were cleaned out and converted to air inputs and where
necessary new wells were drilled. Four years after repressuring was begun on this farm the
annual production reached over 16,000 barrels of oil.

The success of this experiment and its rapid acceptance by producers revitalized shallow
sand oil operations in Morgan County. The 'Smith-Dunn or Marietta Compressed-Air Process, "
as it was named by J. O. Lewis (13), was put into operation on nearly every lease in the shal-
low sand producing area. Most of the supposedly exhausted areas were redrilled and others,
which had been abandoned due to low initial production or other economic reasons, were rede-
veloped. By 1930 the great majority of these projects had passed their economic limit and were
abandoned. A few small installations have operated at various times until as recently as 1950.
Several favorable areas which appear to have not been subjected to repressuring are the Dale
pool in southwestern Windsor Township, the Pennsville pool in the area northeast of the village
of Pennsville, and the extreme northwestern portion of the Buck Run pool which lies in the north
half of Section 3, Union Township (see Plate V). There were over a hundred wells in each of
these pools.

WATER FLOODING

The only known attempt to increase oil production by water flooding in Morgan County
was undertaken by The Pure Oil Company in York Township during 1948. We thank this com-
pany for allowing us to include the following report on this project by their Production Engineer,
Mr. James B. Hunter.

"It is the purpose of this report to briefly summarize procedure and
results of a pilot water flood which was executed to determine the possibili-
ties and economics of water flooding the Berea sand in York Township,
Morgan County, Ohio.

"The York-Morgan pool is located in York Township, Morgan County,
Ohio. The oil-producing portion of this pool is located partly in Sections
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20, 21, 28, 29, 32, and 33, T-10N, R-13W. Its areal extent is about 3
square miles extending about 23 miles in a north-south, and about 1%
miles in a east-west direction. The terrain in this area is very rough
and broken with about 200 feet of relief. It is subject to numerous slips
and slides which cause considerable trouble by tilting or shearing of
casing heads of producing wells.

"Qil in this area is produced irom the First Berea sandstone
which is found at a mean depth of about 1,265 feet. Its mean thickness
is 22 feet with an average pay section of approximately 8. 8 feet (average
pay in area of pilot flood).

"This field was developed between the years of 1920 and 1925.
Initial well productions ranged from 5 to 50 barrels per day. The over-
all primary production to date has been in the neighborhood of 1,000
barrels per acre, or 125 barrels per acre-foot. (These statistical
figures were derived by spot check and could vary in either direction.)

"Spacing in this field has been about 8 acres per well. Core anal-
ysis of sand from R. E. Hughes well No. 10 and Charles Swytser well
No. 22 indicates a porosity of 19 percent, permeability of 69 millidarcys,
and a residual oil content of about 300 barrels per acre-foot as of 1938.

"In 1948 a pilot water flood was initiated in the southeast part of
this pool to determine the characteristics and economics involved. Two
adjacent six-spot patterns were developed by converting existing wells,
R. E. Hughes well Nos. 2, 3, and 10, and Charles Swytser well Nos. 8,
10, 12, 16, and 22 to water input wells, which left Hughes No. 1 and
Swytser No. 11 as pattern producers. (See Fig. 20.) The area has
previously been subjected to repressuring with gas.

"The first consideration in development of any water flood is
source water. In this flood, water was obtained from a fresh water well

at valley level. This particular well was 30 feet in depth. In order to
have a uniform flow of water through the water plant on the upstream

side of the high-pressure pump, water from the well was raised with a
Pomona deep well pump. This water was found to be fairly stable, if

not exposed to atmosphere. Water was treated with certain additives
which were introduced by means of a common garden hose down the annu-
lus of the water well.

"The water plant itself consisted of 100-barrel stock tank to re-

. ceive water from the well, a small centrifugal pump to move water
through the plant, Pur-O-Cel FAC-9 (diatomaceous earth) filter, 20-
barrel finished water tank, and a HP 3'" x 6" Worthington KIS duplex pump
powered by a W-25 Allis-Chalmers engine: the above equipment was
hooked-up in series as set forth respectively. All tanks were equipped
with gas seals and immersed over-flows for exclusion of air. The high-
pressure pump had 800 p.s.i. rating which was based on requirement of
0.5 p.s.i. per foot of depth: pressure parting of the sand in the area was
tested and found to occur at 650 p.s.i. plus.

"The original casing program when this field was developed was
to set a long string of casing in the bottom of a slate formation about
225 feet above top of Berea sand, and leave the rest of the hole open.
In completing old wells for water input wells, the production string of
tubing was pulled and the wells cleaned out to bottom. A 2-inch injection
string was run with a burlap packer which was set in the top of the First
Berea. The packer was then covered with flint rock and sand for a seal,
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Figo 20. Map showing location and outline of pilot water flood of Berea sand in
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after which cement was run on same. When the tubing had been cemented,
the shot hole was filled with washed pea gravel through the tubing to pre-
vent caving.

"In the case of the R. E. Hughes well No. 10 and the Charles Swytser
well No. 22, it was necessary to shoot these two wells as they had been
drilled in 1938 for gas input wells and were not previously shot. Neither
of these two wells was ever produced. After shooting these two wells they
were completed in the same manner as the others.

"In August 1948, all of the above mentioned wells which had been
selected for input wells were converted and were on injection. With the
exception of Hughes No. 10 and Swytser No. 22, all input wells had a build-
up of tubing-head pressure after the first or second day on injection. In-
put rates at the beginning were 50 barrels per day per well, or 5 barrels
per day per foot of pay sand.

" After a couple of month's operation it became apparent that the
desired volumes could not be injected. Tubing-head pressures built up
to maximum limit of 650 p.s.i., at which pressure only 3 barrels per day
per foot of pay was being injected: exceptions again being the Hughes No.
10 and the Swytser No. 22 which were still taking water with no appreciable
tubing-head pressure. These were the two wells which were shot just
prior to water injeetion, having never been produced.

The first thought was that the sand face in the old wells was par-
tially plugged. An attempt was made to correct this condition by circu-
lation of live steam, and next a paraffin solvent. The efficiency of both
operations was retarded by the presence of pea gravel in shot holes and
having to work through 2-inch tubing which was cemented in. Neither of
the above jobs was successful.

"By the early part of 1949 the injection rate at full-line-pressure
was only 275 barrels per day for both patterns, or 27.5 barrels per day
per well. Based on an estimate of 1,362,000 barrels’ required to com-
pletely flood both of these patterns, it would have required about 134 years
to complete this pilot flood. Operating costs for this length of time would
more than consume anticipated returns of recovered oil. The cost to re-
work the once converted injection wells was considered prohibitive, and
the project was abandoned early in 1949.

"The ability of the Hughes No. 10 and the Swytser No. 22 to take
water very definitely proves that the Berea sand in this field will take water:
these wells had no build-up of tubing pressure when the project was aban-
doned. It is a possibility that if the old producers used for water injection
wells had been given a light shot prior to cleaning-out, they would have
taken water as did the above two newer wells which were drilled for gas
input wells originally.

"Recovery of oil by water flooding is still unknown in this field as

this pilot flood did not proceed far enough to effect the production of the
pattern or the first line offset producers."

HORIZONTAL WELLS

There have been several attempts to recover oil from the shallow First Cow Run sand in
Morgan County by boring horizontal holes either into the outcrop or into the sand face that has
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b Courtesy of O, C, Dunn, Jr. Courtesy of O, C, Dunn, Jr.
Fig. 21. Drilling the first Fig. 22. Oil flowing from the
horizontal well in Morgan County. horizontal well after being shot along
This was the second well of its kind its entire length of 802 feet.

in the world.

Fig. 23. The horizontal well as it appears today. Oil
and water are still running from the pipe cemented in the
sandstone. The black area on the face of the Cow Run sand-
stone is oil seeping from the formation.
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been exposed by excavation. Although the engineering achievements involved in these projects
were notable the companies failed in each case because of high operating costs and small pro-
duction. In the future, should crude oil become scarce and prices rise sufficiently these meth-
ods of recovery may again be employed on the oil sands which lie near the surface.

The first horizontal hole in Morgan County was drilled near the village of Malta in Section
32 of Malta Township by the Ohio Levelwell Company under the direction of Leo Ranney (14, 15).
This well, completed in 1937, was drilled 802 feet into the outcrop of the First Cow Run sand
along Havener Run on the Dion Birney farm (see Figs. 21 and 22). The sand here is 28 feet
thick with two pay streaks which are separated by a hard, fine-grained impermeable zone.
The upper pay lies three feet from the top of the sand and is four feet in thickness while the
lower pay includes all of the bottom 14 feet of the sand. The pool was discovered in the 1860's
and had been subjected to both vacuum and pressure. It had not been operated since 1930. A
core of the sand was taken from a well drilled about 700 feet from the outcrop and 40 feet from
the horizontal well. Parke Dickey's (16) report of the project states:

"The sand showed a porosity for the upper pay of about 16 percent
and an oil saturation of 16 percent. The lower pay showed a porosity up
to 20 percent and oil saturation of 17. 5 percent. The permeability of both
pays was high and quite uniform, ranging from 150 to 750 millidarcys.
The oil content was quite low, and was estimated as 4, 200 barrels per
acre for the 185 feet of pay sand (Leo Ranney, personal communication).

"The horizontal well was started in the upper pay and drilled al-
most level for 802 feet. Later a branch hole was drilled from 630 to 953
feet. The branch was believed to have descended 8 or 9 feet, and to have
finished in the lower pay.

"The well was drilled with a conventional diamond drilling machine
with a rotatable hydraulic having a 2-foot feed, powered by a 25 hp. gas-
oline engine. The hole was 2-5/8 inches in diameter. At times the drill
advanced at the rate of one foot per minute, and in one 7-hour shift 106
feet of hole was made. The average rate of drilling on the first hole was
40 feet per shift.

"Three times during the drilling, gas and oil spouted from the hole,
which doubtless penetrated pockets in the sand that had formerly been
sealed off so that escape of their contents to the outcrop or to the old
wells had béeen prevented.

"The hole was shot with 1, 150 pounds of 80 percent high velocity
gelatine in sticks 2 inches in diameter. Great lengths of dynamite cannot
be fired from a single point, since the compression wave travels faster
than the ignition wave and the compressed explosive will not fire. Ac-
cordingly a fuse of TNT (Cordeau-Brickford) was laid along-side the dyna-
mite, with blasting caps attached at short intervals.

"After shooting, the well blew for about 20 minutes and then flowed
by heads for about an hour. It is estimated that several hundred barrels
flowed out, but this oil, which was confined behind a dam, was lost dur-
ing a washout of the creek. The hole was found to be open clear back,
and was cleaned out by washing. Large quantities of sand were removed.

"The well has 3 feet of casing cemented to the rock, and is tubed
to 940 feet, the last 10 feet of pipe being perforated. When producing,
vacuum applied to this pipe removes the oil collected in the far end of
the hole, and is then applied to the casing which removes the oil from
the first branch of the hole. The well is said to have produced 9 bar-
rels in 7 hours after standing two weeks before shooting. "
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In the summer of 1953 the authors visited the location of this well and found the three-
inch pipe still protruding from the outcrop (see Fig. 23). Operations have long been abandoned
but a stream of water and oil one-half inch in diameter is still issuing from the pipe. It was
estimated eight parts water to one part oil.

In 1939, after Ranney and The Ohio Levelwell Company had experimented with the hori-
zontal well bored into the outcrop, they decided to dig a pit through the First Cow Run to expose
fresh surfaces of the sand. This pit, located about 500 yards upstream from the horizontal
well, was 30 feet deep and 30 feet in diameter with concrete walls one foot thick. The plan
called for horizontal holes to be drilled radially from the pit into the sand (see Fig. 24). After
three holes had been drilled and were producing a few barrels of oil per day the company was
dissolved because of financial difficulties. Work was never resumed and today the pit stands
half filled with water.

The second attempt to drill a horizontal well into the outcrop of the First Cow Run sand
was made in 1938 by the Fear and Branbury Company with LLeo Ranney as consultant. This well
was located on the Sarah Drake farm in Section 16 about one-half mile from the nearest produc-
tion. The hole, 3-3/64 inches in diameter, was bored for a distance of 981 feet where it was
stopped because the sand "lensed out’” into shale. Although initial production is not known, oil
was taken from this well for several years. When the sand surrounding the bore hole had given
up its free oil, production declined rapidly as there was insufficient reservoir energy to cause
the oil to move to the open hole.

The last attempt at horizontal drilling in Morgan County was made in 1945 by the Blakson
Oil Company of Charleston, West Virginia. They sank a shaft on the Lelia Anderson farm in
Section 2 of Union Township in the middle of the old Buck Run pool, and cores of the First Cow
Run were taken adjacent to the location of the shaft. The sand averaged 20 feet in thickness
with the lower 10 feet constituting the pay zone. The rectangular shaft, six by eight feet at the
top and widening into a 20-foot-square room at the bottom, was sunk to a depth of 113 feet
through the sand. Workmen were lowered into the shaft by means of a hoisting cage. The Com-
pany planned to drill 24 horizontal holes radially from the bottom of the shaft into the First
Cow Run sand. The first two holes were successfully completed and had a combined production
of 12 to 14 barrels of oil per day after being shot along their entire length. The expense of op-
eration at this point became too great for the rewards and the Blakson Oil Company was forced
to abandon the project. The well was operated for a few years by local men but is now shut
down.

Fig. 24. Bottom of the pit from which horizontal wells
were bored radially into the Cow Run sand. Workman has
his hand on one of the wells.
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SAMPLE ANALYSIS OF TWO WELLS IN MORGAN COUNTY

Analyses of samples from two wells in Morgan County were made by George G. Shearrow
of the Survey staff and the findings presented here. A nearly complete ''string’ of cuttings
were saved and processed from the Murrey well but cuttings from the Barnes well were not
saved until the Silurian rocks were penetrated. The latter was drilled into the Cambrian and
is the deepest hole in Morgan County to date.

Due to the limited data available, the interpretations made in these analyses are con-
sidered as preliminary. The drillers’ logs are presented for comparison.

J. E MORROW - L, F, MURREY #1
SECTION 12, MEIGSVILLE TOWNSHIP, MORGAN COUNTY
FLEVATION: 865 FEET

DRILLERS' LOG SAMPLE ANALYSIS

Pennsylvanian

1- 72 Clay 0 - 73 No samples
72 - 111 Big Lime 73 - 110 Limestone, light brown to gray, dense
111 - 122 Shale 110 - 115 Shale, medium green, slightly calcareous
115 - 122 Shale, dark gray

122 - 125 Coal 122 - 125 Coal

125 - 128 Lime 125 - 140 Limestone, light brown, dense

128 - 132 Shale 140 - 160 Limestone, light brown to gray, dense
132 - 145 Lime 160 - 180 Shale, grayish green

145 - 245 Shells 180 - 185 Shale, gray, minor amounts of coal

185 - 220 Shale, gray
220 - 225 Shale, dark gray, traces of coal
225 - 245 Limestone, buff to light brown, dense

245 -~ 340 Red shale 245 - 340 Shale, reddish brown, calcareous

340 - 385 Gray shale 340 - 385 Shale, green and brown, calcareous

385 - 400 Red shale 385 - 400 Shale, reddish brown and green, calcareous
400 - 402 Cambridge lime 400 - 402 Limestone, buff, dense

402 - 540 Shale 402 - 410 Shale, reddish brown and green, calcareous

410 - 450 Siltstone, greenish gray

450 - 470 Limestone, gray, brown, green, dense, traces of pyrite
470 - 505 Shale, medium green

505 -~ 525 Shale, dark gray

525 - 540 Shale, reddish brown

540 - 570 Sand 540 - 570 Sandstone, white, fine- to medium-grained
570 - 580 Shale 570 - 580 Shale, reddish brown and gray
580 - 630 Sand 580 - 590 Sandstone, white, fine- to medium-grained, aggregate

590 - 595 Shale, dark gray
595 - 600 Sandstone, light gray, very fine- to fine~grained, aggregate
600 - 625 Sandstone, white, fine- to medium-grained, subangular,

aggregate
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DRILLERS' LOG

SAMPLE ANALYSIS

630 - 770
770 - 800
800 ~ 810
810 - 815
815 - 855
855 - 860
860 - 910
910 - 1,080

1,080 - 1,155

1,155 - 1,190

1,190 - 1,280

1,280 - 1,300
1,300 - 1,590

Blue shale

White sand
White shale

White sand
Brown shale

White sand
Blue shale

White sand

Green shale

Big Injun sand,
water

White sand & shale

White sand
Blue shale

625 - 626
626 - 650
650 - 655
655 - 656
656 - 705
705 - 755
755 - 765
765 - 775
775 - 785
785 - 800
800 - 805
805 - 810
810 - 849
849 - 850
850 - 860
860 - 870
870 - 905
905 - 910
910 - 920
920 - 925
925 - 945
945 - 960
960 - 1,005
1,005 - 1,025

1,025 - 1,055

1,055 - 1,075
1,075 - 1,095

1,095 - 1,105
1,105 - 1,115
1,115 - 1,125
1,125 - 1,150
1,150 - 1,170

1,170 - 1,175
1,175 - 1,190

1,190 - 1,195
1,195 - 1,230
1,230 - 1,290
1,290 - 1,350
1,350 - 1,470
1,470 - 1,500
1,500 - 1,520
1,520 - 1,580

Coal, traces

Shale, gray

Limestone, light brown, dense, cherty

Coal, traces

Sandstone, white, fine-grained, subangular, aggregate

Shale, medium gray

Siltstone, light gray

Shale, medium gray

Siltstone, light gray

Sandstone, white, fine-grained, aggregate

Shale, gray

Sandstone, white, fine-grained, aggregate

Shale, dark gray and brown

Coal, traces

Siltstone, dark gray

Shale, dark gray, traces of coal

Shale, dark gray

Shale, dark gray, traces of coal

Sandstone, white, very fine-grained, aggregate

Shale, gray

Shale, medium gray, minor amounts of light gray
siltstone )

Sandstone, white, very fine- to fine-grained, aggregate

Sandstone, white, fine-grained, aggregate

Sandstone, white, very fine-grained, aggregate

Siltstone, gray, fragments of limestone, traces of
siderite and limonite

Mississippian

Logan and Cuyahoga Formations

Siltstone, calcareous, light blue-gray

Siltstone, light blue-gray, minor amounts of light gray
shale

Shale, dark gray

Siltstone, gray

Siltstone and shale, gray

Shale, gray, minor amounts of gray siltstone

Sandstone, conglomeratic, with fine- to coarse-grained
subangular sand

Siltstone, gray and brown :

Sandstone, conglomeratic, fine- to coarse-grained
subangular sand

Sandstone, very fine-grained, aggregate

Shale and siltstone, medium gray

Siltstone, medium gray, minor amounts of gray shale

Shale, medium gray, minor amounts of gray siltstone

Siltstone, medium gray, minor amounts of gray shale

Shale, medium gray

Shale, medium gray, minor amounts of siltstone

Shale, medium gray, minor amounts of brown shale
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DRILLERS' LOG

SAMPLE ANALYSIS

1,590 - 1,615

1,615 - 1,660

1,660 - 1,706

1,706 - 2,750

2,750 - 2,900
2,900 - 3,190

3,430 - 3,620

3,620 - 4,824

3,710 - 3,730

Brown shale

Berea sand, show of
gas & oil; HFW
Shale

Shale

Shale
Shale

Blue shale

Niagara lime

Oriskany, gas;
60,000 blew down

1,580 ~ 1,600

1,600 - 1,615
1,615 - 1,620
1,620 - 1,650
1,650 - 1,700
1,700 - 1,705

1,705 - 1,740

1,740 - 1,940
1,940 - 1,955
1,955 - 1,970
1,970 - 2,010
2,010 - 2,235
2,235 - 2,315
2,315 - 2,330
2,330 - 2,370
2,370 - 2,385
2,385 - 2,490
2,490 - 2,505
2,505 - 2,595
2,595 - 2,660

2,660 - 2,780
2,780 - 2,960
2,960 - 2,970
2,970 - 3,190

3,190 - 3,620

3,620 - 3,630
3,630 - 3,660
3,660 - 3,720

3,720 - 3,728

Sunbury Formation

Shale, dark gray
Shale, black

Berea Formation

Sandstone, very fine-grained, aggregate
Sandstone, very fine-grained, subangular
Siltstone, medium gray

Bedford Formation v

Siltstone, medium gray, minor amounts of red shale
Shale, medium gray, minor amounts of brown shale

Devonian

Chio Formation

Shale, medium to dark gray

Siltstone, med gray, minor amounts of dark gray shale
Shale, medium to dark gray

Shale, medium gray, minor amounts of gray siltstone
Shale, medium to dark gray

Shale, light to medium gray

Shale, light to nredium gray, traces of siltstone

Shale, light to medium gray

Shale, light to medium gray, traces of siltstone

Shale, light to medium gray

Shale, light to med. gray, traces of light gray siltstone
Shale, light to medium gray

Shale, 1t, to med, gray, minor amounts of gray siltstone
Shale, medium to dark gray

Shale, black

Shale, dark gray to black

Shale, black

Olentangy Formation

Shale, light to medium gray, very slightly calcareous

Columbus Formation

Limestone, brown, dense, 10% chert

Limestone, brown to buff, dense, 60-75% chert

Limestone, buff, dense, 50 to 75% chert, traces of very
fine sand

Oriskany Formation

Sandstone, fine-grained, subangular, 15% limestone
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DRILLERS' LOG SAMPLE ANALYSIS
3,728 - 3,735  Sandstone, very fine- to fine-grained, subangular, 10%
: limestone
3,735 - 3,745  Limestone, buff to white, dense, 40% very fine-grained
subangular sandstone
Lower Helderberg Group
3,745 - 3,855  Limestone, buff to gray, dense, 20 to 60% chert
Silurian'
Cayuga Group
3,900 - Water 3,855 - 3,940 Limestone, buff, dense to finely crystalline, 10% chert
3,940 - 4,050 Dolomite, brown to buff, dense, 40 to 50% anhydrite,
traces of brown and gray shale
4,050 - 4,195 Dolomite, buff, dense to finely crystalline, 30 to 40%
brn. and gry shale, minor amounts of anhydrite
4,195 - 4,390 Dolomite, buff to brown, dense, 20 to 30% brown and
gray shale, minor amounts of anhydrite
4,390 - 4,450 Dolomite, brown and green, dense, 40 to 60% gray,
brown, and green shale, traces of anhydrite
4,450 - 4,545 Dolomite, buff to brown, dense, 40 to 50% gray and
brown shale, traces of anhydrite
Lockport Formation
4,545 - 4,600 Dolomite, brown and gray, finely crystalline, 20% gray
and brown shale, traces of gypsum
4,600 - 4,670 Dolomite, brown, dense to finely crystalline, 15 to 20%
brown shale, traces of gypsum
4,670 - 4,690 Limestone, brown, finely crystalline, 30% gray shale,
traces of gypsum
4,690 - 4,695 Limestone, brown, finely crystalline, 25% gypsum
4,695 - 4,720 Limestone, brown, finely crystalline, 10% brown shale
4,720 - 4,735  Limestone, brown, dense to finely crystalline, 20%
brown shale
4,735 - 4,750 Limestone, brown, dense to finely crystalline, 35%
brown shale
Clinton Formation
4,750 - 4,765  Shale, gray brown, 15% brown crystalline dolomite
4,765 - 4,775  Shale, gray -brown, 15% very fine-grained aggregate
sandstone, 10% brown, crystalline dolomite
4,775 - 4,805 Dolomite, brown to buff, finely crystalline, 30% very
fine-grained, aggregate sst., 15% gray shale
4,805 - 4,815  Shale, gray, 15% very fine-grained aggregate sandstone,
10% brown, crystalline dolomite
4,824 - 5,003 Gray shale 4,815 - 4,830 Shale, gray, 10% gray and brown dense dolomite

4,830 - 4,850

Shale, gray, 15% gray siltstone, 5% gray and brown
dense dolomite
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DRILLERS' LOG SAMPLE ANALYSIS

4,850 - 4,885  Shale, gray, red, and brown

4,885 - 4,905 No sample

4,905 - 4,930  Shale, gray, red and brown

4,930 - 4,965 Shale, green, minor amounts of red, traces of glauconite
4,96S - 5,005  Shale, calcareous, green, red, and gray

5,003 - 5,036 Shale 5,005 - 5,035  Shale, gray and red
Medina Group
5,036 - 5,050 Shell 5,035 - 5,050 Dolomite, buff, coarsely crystalline, 15% chert, 30%
gray and green shale
5,050 - 5,068 Shale 5,050 - 5,068  Shale, gray-green
5,068 ~ 5,084 Stray Sand 5,068 - 5,084 Sandstone, very fine-grained, aggregate
5,084 - 5,102 Gray shale 5,084 - 5,100 Shale, gray-green
5,102 - 5,135  Clinton Sand 5,100 - 5,108 Sandstone, very fine- to fine-grained, aggregate

5,108 - 5,124  Sandstone, very fine- to fine-grained, subangutar

5,124 - 5,140  Sandstone, very fine-grained, aggregate, minor amts,
i of gray-green shale

5,140 - 5,148 Sandstone, very fine- to fine-grained, subangular

5,135 - 5,207 Shale and shells 5,148 - 5,175  Shale, gray, interbedded gray siltstone

5,175 - 5,185  Shale, gray

5,185 - 5,205  Shale, gray, interbedded gray siltstones

5,207 - 5,225 Medina sand 5,205 - 5,211  Sandstone, very fine- to fine-grained, aggregate
5,211 - 5,215  Sandstone, very fine- to fine-grained, subangular
5,227 - 5,231  Shale 5,215 - 5,231  No sample
5,231  Total Depth 5,231  Total Depth

NATIONAL GAS & OIL CORP, - MAYNARD BARNES # 1
SECTION 12, DEERFIELD TOWNSHIP, MORGAN COUNTY
ELEVATION: 928 FEET

DRILLERS' LOG SAMPLE ANALYSIS

0 - 4,242 No samples

Silurian

Medina Group

4,239 - 4,250  Big shell 4,242 - 4,250 Dolomite, shaly, 40% gray shale
4,250 - 4,255  Shale, gray
4,258 - 4,263  Second shell 4,255 - 4,265 Shale, gray, 20% brown, dense dolomite, minor amounts
of red hematite .
4,263 - 4,276  Red rock 4,265 - 4,270  Shale, gray, 20% brown, dense dolomite

4,270 - 4,274  Shale, gray, 20% brown, dense dolomite, 10% very fine-
grained sandstone
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DRILLERS' LOG

SAMPLE ANALYSIS

4,276 - 4,337

4,337 - 4,394

4,394 - 4,401
4,401 - 4,411

4,411 - 4,6%

4,696 - 5,510

Clinton sand show
gas; 20,000

Dark shale

Medina sand, dry
Gray shale

Red shale

Gray shale

4,274 - 4,278
4,278 - 4,295
4,295 - 4,309

4,309 - 4,325
4,325 - 4,345
4,345 - 4,395

4,395 - 4,400
4,400 - 4,411

4,411 - 4,556
4,556 - 4,566
4,566 - 4,665
4,665 - 4,695
4,695 - 4,720

4,720 - 4,750
4,750 ~ 4,765

4,765 - 4,790
4,790 - 4,875

4,875 - 4,895
4,895 - 4,905
4,905 - 4,920

4,920 - 4,930
4,930 - 4,945
4,945 - 5,005
5,005 - 5,085

5,085 - 5,100

5,100 - 5,135
5,135 - 5,160
5,160 - 5,180
5,180 - 5,200
5,200 - 5,240
5,240 - 5,260
5,260 - 5,275
5,275 - 5,305
5,305 - 5,320
5,320 - 5,350
5,350 - 5,395
5,395 -~ 5,405

Sandstone, very fine-grained, aggregate

Shale, gray, 35% very fine-grained, aggregate sandstone

Sandstone, very fine-grained, aggregate, minor amounts
of gray shale

Sandstone, very fine- to fine-grained, subangular

Shale, gray, 20% very fine-grained, aggregate sandstone

Shale, gray, traces of very fine-grained, aggregate
sandstone

Sandstone, very fine-grained, subangular

Shale, gray, 35% very fine~-grained, aggregate sandstone

Ordovician

Cincinnatian Series

Shale, red

No sample

Shale, red

Shale, brown

Shale, gray, traces of very fine-grained aggregate
sandstone

Shale, gray, 10% very fine-grained aggregate sandstone

Shale, gray, traces of very fine-grained aggregate
sandstone

Shale, gray, 10% very fine-grained aggregate sandstone

Shale, gray, traces of very fine-grained aggregate
sandstone

Shale, gray, 20% fossiliferous limestone, traces of very
fine-grained aggregate sandstone

Shale, gray, traces of very fine-grained aggregate
sandstone

Shale, gray, 35% fossiliferous limestone, traces of very
fine-grained aggregate sandstone

Shale, gray

Shale, gray, 20% fossiliferous limestone

Shale, gray, 30% fossiliferous limestone

Shale, gray, 35% dense limestone, traces of very fine-
grained aggregate sandstone

Shale, gray, 23% dense limestone, traces of very fine~
grained aggregate sandstone

Shale, gray, 40% dense limestone

Shale, gray, 15% dense limestone

Shale, gray, 35% dense limestone

Shale, gray, 10% dense limestone

Shale, gray, 25% dense limestone

Shale, gray

Shale, gray, calcareous

Shale, gray

Shale, gray, calcareous

Shale, gray

Shale, gray, calcareous

Shale, gray
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DRILLERS' LOG

SAMPLE ANALYSIS

5,510 - 5,562  Brown shale
5,562 - 5,592  Black shale
5,592 - 5,720  Dark brown shale

5,720 - 6,437  Trenton limestone,

dry

5,405 ~ 5,455
5,455 - 5,470
5,470 - 5,495
5,495 - 5,510
5,510 - 5,580
5,580 - 5,592
5,592 - 5,635
5,635 - 5,681
5,681 - 5,690
5,690 - 5,705
5,705 - 5,719

5,719 - 5,735
5,735 - 5,765
5,765 - 5,780

5,780 - 5,790
5,790 - 5,815

5,815 - 5,835
5,835 - 5,845
5,845 - 5,885
5,885 - 5,925
5,925 - 6,095
6,095 - 6,160
6,160 - 6,165

6,165 - 6,200

6,200 - 6,290
6,290 - 6,315

6,315 - 6,355

6,355 - 6,390
6,390 - 6,400

6,400 - 6,415

6,415 - 6,425

Shale, gray, calcareous

Shale, gray

Shale, gray, calcareous

Shale, gray

Shale, gray, calcareous

Shale, gray

Shale, black

Shale, black, calcareous

Shale, brown, 45% dense fossiliferous limestone
Shale, brown, 35% dense fossiliferous limestone
Shale, brown, 45% dense fossiliferous limestone

Trenton Formation

Limestone, light brown, dense, fossiliferous, 30% gray
and brown shale, traces of chert

Limestone, light brown and gray, dense, 35% brown and
gray shale, traces of chert

Limestone, light brown, dense, 35% brown and gray
shale, traces of chert

No sample

Limestone, light brown

Black River Formation

Limestone, light brown, lithographic, 10% gray and
brown shale

Limestone, light brown, lithographic, 25% gray and
brown shale, traces of chert and bentinitic shale

Limestone, light brown, lithographic, 5% gray and
brown shale, traces of chert

Limestone, brown, lithographic, 25% gray and brown
shale

Limestone, light brown, lithographic, 5% brown shale

Limestone, light brown, lithographic, 25% brown shale

Limestone, light brown, lithographic, 35% gray and
brown bentinitic shale

Limestone, light brown, dense to crystalline, 10% gray
and brown shale, traces of dolomitic chert

Limestone, light brown, lithographic, 15% brown shale

Limestone, brown, lithographic, 25% brown shale and
chert

Limestone, brown, lithographic, 35% brown shale and
chert

Limestone, light brown, lithographic, 5% brown shale

Limestone, light brown, dense, 35% brown shale and
chert

Limestone, light brown, lithographic, 25% brown shale
and chert

Limestone, light gray and brown, lithographic, 40%
brown shale and chert
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DRILLERS' LOG

SAMPLE ANALYSIS

6,437 - 6,493

6,493 - 6,610

6,610 - 6,631

6,631 - 6,644

6,644

Green shale

Dolomite

~ Sandy dolomite

St, Peter water

Total Depth

6,425 - 6,450
6,450 - 6,460+
6,460 - 6,475

6,475 - 6,493

6,493 - 6,501

6,501 - 6,505
6,505 - 6,510
6,510 - 6,515
6,515 - 6,520
6,520 - 6,535
6,535 - 6,540
6,540 - 6,550
6,550 - 6,560
6,560 - 6,575
6,575 - 6,590

6,590 - 6,610

6,610 - 6,620
6,620 - 6,625
6,625 - 6,630

6,630 - 6,644

6,644

2

Limestone, light gray and brown, lithographic, 25%
brown shale and chert

Shale, gray and green, 35% lithographic limestone
(Glenwood Horizon)

Dolomite, green, crystalline, 35% green shale and gray
chert

Shale, green, 25% green and brown crystalline dolomite

Cambrian

St, Peter Formation

Sandstone, fine- to medium-grained, rounded and
frosted

Oneota Formation ?

Dolomite, gray and brown, crystalline, 45% very fine-
grained sandstone, traces of glauconite

Dolomite, gray and brown, crystalline, 15% very fine-
grained subangular sandstone, traces of glauconite

Dolomite, gray and brown, crystalline, 40% very fine-
grained subangular sandstone

Dolomite, brown, crystalline, 20% very fine~grained
subangular sandstone

Dolomite, brown, crystalline, 25% brown chert and
gray shale, traces of pyrite

Dolomite, brown, crystalline, 20% gray shale

Dolomite, white, brown, and gray, crystalline, 20%
very fine-grained subangular sandstone, traces
of gray shale

Dolomite, white and gray, crystalline, 15% gray shale,
traces of pyrite

Dolomite, white and gray, crystalline, 20% white dolo-
mitic chert and gray shale

Dolomite, white and brown, crystalline, 15% gypsum
sand and gray shale

Dolomite, white and brown, crystalline, 10% gypsum
sand and white dolomitic chert, traces of gray
shale

Dolomite, brown, crystalline, 45% gypsum sand and
gray, brown, and red shale

Dolomite, brown, crystalline, 25% very fine- to fine-
grained quartz sand and 40% gypsum sand

Dolomite, brown, crystalline, 35% chert sand and shale

Sandstone, fine-grained, subangular to rounded and
frosted, 10% brown crystalline dolomite

Total Depth
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WELL DATA TABLES

The following tables are records of wells with known surface elevations
that penetrate the First Berea sand and deeper formations in Morgan County.
The section, farm name, total depth, depths of producing horizons, and initial
production are listed. The wells are numbered in order by townships and
coincide with the map numbers on Plate IV.
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