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Mr. A. W. Marion, Director

Ohio Department of Natural Resources
State Office Building

Columbus 1b, Ohio

Dear Director Marion:

Herewith is a report on the investigation of the
ground-water resources of Summit County, the field work for
which was conducted during the period, 1947 to 1950.

During the summer months more than 35 million
gallons of water are pumped from the ground each day by
towns and industries. There is potentially available in Summit
County a much larger quantity of ground water, but the geology
1s complex and additional ground water is sometimes difficult
and costly to locate. This report will be an invaluable guide in
the wise use of present ground-water supplies and in the safe
development of new ones.

Very truly yours,

C. V. Youngquist, Chief
Division of Water

CVY/ar
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THEGROUND-WATER RESOURCES OF SUMMIT COUNTY,OHIO

ABSTRACT

This report describes the ground-water re-
gsources of Summit County in northeastern Ohio,
in which Akron is the principal city and the
county seat. Summarizing the results of an in-
vestigation begun in April 1947, it is presented
as a guide for the future development of farm,
home, municipal, and industrial supplies. It is one
of a series of county reports being prepared or
planned that will ultimately cover the entire State.
Summit County was chosen for investigation be-
cause it is one of the most highly industrialized
and heavily populated counties in the State.

The report containg a detailed map of Summit
County showing the existing ground water con-
ditions, the topography of the bedrock surface
{beneath glacial drift), and the topography of the
land surface of the county. It includes tabulated
data for more than 2,000 wells in the county,
graphic logs for more than 1,500 wells, a table of
the chemical analysis of water from selected wells
in the county, and a desgcription of the ground-
water conditions that exist in each township. It
includes also a description of the geology and the
geologic history of the area, a general map show-
ing the geology of the consolidated rocks, and a
detailed map showing the geology of the glacial
deposits.

Summit County is an area of shale, sandstone,
limestone, and coal overlain by glacial deposits of
clayey till and sand and gravel. The consolidated
rocks were eroded and dissected by preglacial
streams. The valleys of these preglacial streams
have been partly or completely filled by glacial de-
posits. The best sources of ground water in Sum-
mit County are in the southern part and are in
areas where the buried valleys are filled with
permeable glacial-outwash sand and gravel ex-
posed at the surface to recharge from rainfall or
a surface stream. Two such areas, one along the
Tuscarawas River in Springfield and Coventry

Townships and one along the Cuyahoga River just
east of the city of Cuyahoga Fallg, are potentially
the best ground-water areas in Summit County.

The southern half of Summit County also con-
tains many areas in which buried valleys are filled
with sand and gravel but are not traversed by a
surface stream. Such areas are capable of yielding
large supplies of ground water, but not quite so
large as the two areas mentioned above. Yields
are in proportion to the amount of recharge avail-
able. The most important such areas are the valley
of Wolf Creek north of Barberton, a valley parallel
te the Ohio Canal in south-central Akron, the area
of the Portage Lakes, and a valley in east Akron.

The poorest ground-water conditions occur in
the upland area bordering the Cuyahoga River in
the western two-thirds of Boston and Northamp-
ton Townships. There thick deposits of imperme-
able clayey till overlie impermeable shale, and
ground water is almost nonexistent.

In two areas, namely, south-central Akron and
east Barberton, there is contamination of the
ground water by salt. In both areas there are
large and important industrial well fields. Further
detailed investigation would be necessary before a
solution to the problem could be found, but unless
the problem is solved the two well fields and an im-
portant supply of ground water will be rendered
valueless.

With the exception of the unfavorable area in
Boston and Northampton Townships, small to
moderate supplies of ground water adequate for
farm and domestic needs can be obtained almost
everywhere in Summit County. Large quantities
of water—that is, 5 to 10 million gallons a day—
are generally available only in the southern half
of the county. There is potentially available, in
areas not now heavily pumped, far more ground
water than is now being used.



~THE GROUND-WATER RESOURCES OF SUMMIT COUNTY, OHIO

INTRODUCTION

The Ohio Division of Water, Department of
Natural Resources, and the United States Geologi-
cal Survey cooperate in the systematic investiga-
tion of Ohio’s ground-water resources. Reports on
several counties have already been published and
other investigations are in progress. The latest
county to be described iz that covered in the
present report. Field work was done in Summit
County from April 1947 to September 1949, and
the data that were collected during the investiga-
tion are presented herein as a guide for the future
development of farm, home, public, and industrial
ground-water supplies in Summit County.

The collection and interpretation of most of the
basic data of this report were by the author. Field
investigations of the glacial deposits were made
by George W. White. Dr. White wrote the section
of this report entitled “The character and distri-
bution of the glacial and alluvial deposits” and he
also prepared the maps of the glacial deposits,
plates 6 and 8. Chemical analyses of 15 samples
of ground water from wells in Summit County
were made by the U. S. Geological Survey.

The investigation and the preparation of the
report were under the immediate supervision of
Edward J. Schaefer, Columbus, Ohio, District En-
gineer of the Ground Water Branch, and under
the general supervision of A. N. Sayre, Chief of
the Ground Water Branch, U. 8. Geological Survey.
The Ohio Department of Natural Resources was
represented in the investigation by C. V. Young-
quist, Chief, Division of Water. R. J. Bernhagen,
Geologist, Division of Water, gave valuable advice
in the course of the investigation. Water analyses
were made under the immediate supervision of
W. L. Lamar, District Chemist, and the general
supervigion of 3. K. Love, Chief, Washington, D. C.

In March 1947, Mr. Youngquist and the author
met with the Industrial Water Development Com-
mittee of the Akron Chamber of Commerce and
described plans for an investigation of the ground-
water resources of Summit County. The Commit-
tee was asked to cooperate by contributing data
relative to the ground-water supplies of the in-
dustries in Akron., Members of the committee
were T. F. Doyle, chairman, and H. E. Cook, W. H.
Tyson, James Shaw, W. K. Gilkey, and Harry
Schrank. Through their services and those of H.
G. McGee of the Akron Chamber of Commerce,

Secretary to the Committee, many well and pump-
age data, and measurements of water levels in
wells were obtained from the large industrial users
of ground water in the county.

More than 2,000 well records are listed in this
report. Many of them were obtained from the
files of the Division of Water in Columbus. The
rest were collected in the field from well owners
and drillers. Some wells were meagured to de-
termine depth and water level, and the well drillers
were asked to verify as much as possible of the
information given by the well owners. Only data
from field measurements or from the drillers’
records were used in making the maps in this
report. The character of the deeply buried con-
solidated formations was learned in large part
from the oil and gas well records on file at the
Ohio Divigion of Mines. The discussion of the
geclogy of the consolidated rocks in Summit
County is based on field studies, well records, and
published geological reports. A bibliography of
references is contained at the end of this report.
Specific data on municipal ground-water supplies
were obtained chiefly from city authorities.

Periodic measurements of ground-water levels
in Summit County were begun in 1941 and have
continued to date. Records of water levels in ob-
servation wells have been published annually since
1944 by the U. 8. Geological Survey in a series of
water-supply papers entitled “Water levels and
artegian pressures in observation wells in the
United States,” and they appear also in publica-
tions of the Division of Water. Hydrographs of
the records of the observation wells are also shown
in this report. The identifying numbers and the
names of the owners of the observation wells and
the year that automatic recording gages were
ingtalled or tape measurements begun are as fol-
lows: Su-1, Hudson (municipal well field) 1946;
Su-2, Firestone Tire & Rubber Co., 1947; Su-3,
Goodyear Tire and Rubber Co., 1944; Su-4, Fire-
stone Tire & Rukber Co., 1947; and Su-6, Goodyear
Tire & Rubber Co., 1941.

The cooperation of the many residents and well
drillers of Summit County who readily supplied
helpful well data iz gratefully acknowledged.
Special thanks are extended to the members of
the Industrial Water Development Committee of
the Akron Chamber of Commerce. Appreciation



is extended alzo to W. K. Gilkey, Colonial Salt Co.,
Sidney Forbes, Columbia Southern Chemical Corp.,
John E. Kallgren, Seiberling Rubber Co., C. L.
Williams, Iirestone Tire & Rubber Co., C. H. Na-
gel, Sun Rubber Co., E. Brownsword, Goodyear
Tire & Rubber Co., T. T. Thompson, Seiberling
Latex Co., R. C. Johnson, Minnesota Mining &
Manufacturing Co., C. J. Collinsg, General Tire &
Rubber Co., and C. T. Carmichael, Jaite Paper Co.
These men answered many queries and supplied
many data regarding their companys’ use of
ground water. The authors also thank W. R. La-
due, Superintendent of the Akron Municipal Water

INTRODUCTION

Supply, and H. G. McGee, who supplied helpful
background information on the area, together
with ligts of industrial userg of ground water in
the area. Thanks are extended also to the Fire-
stone Tire & Rubber Co. and to the Goodyear Tire
& Rubber Co. for permission to maintain observa-
tion wells in their well fields, and especially to the
employees of those companies who measured the
wells,

The authors appreciate and acknowledge the
excellent services of John C. Krolezyk and Mrs.
Evelyn Wheaton of the Division of Water who
prepared the maps and illustrations in this report.



THE GROUND-WATER RESOURCES OF SUMMIT COUNTY, OHIO

GEOGRAPHY

LOCATION AND SIZE OF AREA

Summit County (pl. 3) is in northeastern Ohio
not far from Lake Erie. Akron, its largest city and
the county seat, is about 120 miles northeast of
Columbus, about 35 miles south of Cleveland, and
about 23 miles north of Canton. Summit County
hag an area of 413 square miles, It is 61st in size
of the 88 counties in the State, being about 30
mileg in extent north and south and about 15 miles
in extent east and west. It occupies parts of six
topographic quadrangle maps of the U. 8. Geologi-
cal Survey, namely, the Akron, Canton, Chagrin
Falls, Cleveland, Kent, and Massillon quadrangles.

TOPOGRAPHY AND DRAINAGE

As shown on plate 3, most of Ohio includes por-
tions of two of the major physiographic provinces
defined by Fenneman (1938)." These are the Ap-
palachian Plateau province and the Central Low-
lands, each of which occupies about half the State.
The boundary of the Appalachian Plateau in Ohio
is marked by an escarpment, prominent in places
and indistinet elsewhere, which extends from
Cleveland eastward towards Albany, N. Y., and
southwestward through Chillicothe, passing be-
tween Columbus and Newark. Summit County
lies wholly within the glaciated section of the
Appalachian Plateau province, the edge of the
plateau lying just a few miles to the north and
northeast.

The northwestern third of the county is deeply
dissected, into high, narrow hills and steep-sided
deep valleys. The Cuyahoga River has cut a deep
gorge into the unconsolidated glacial deposits,
north of Akron, and several picturesque waterfalls
occur in the tributary valleys east of the main
gorge. The remainder of the county consists most-
ly of gently rolling uplands, broad flat valleys, and
gentle hills with a few steep sided hills in Franklin
Township. The highest elevation in the county,
near West Richfield, is 1,320 feet above sea level.
The lowest area, only 8 miles away, in the extreme
northeast corner of Northfield Township, is slight-
ly more than 600 feet above sea level and about
130 feet above the level of Lake Erie. In the
northwestern third of the county the valley floors
range in elevation from 600 to 800 feet, the hill-
tops range from 1,100 to 1,200 feet above sea level.

! See list of references at the end of this report.

Local relief exceeds 200 feet. Elsewhere in the
county the valley floors are, on the average, about
1,000 feet above sea level and the hilltops range
from 1,100 to 1,200 feet above sea level,

sSummit County is drained by two major streams
separated by a drainage divide that extends north-
west-southeast through the southern part of
Akron. North of Akron the drainage is into Lake
Erie by the Cuyahoga River, which enters the
county from the east near Cuyahoga Falls. South
of Akron the drainage is by the Tuscarawas River,
which rises in southern Springfield Township and
western Green Township and flows into the Ohio
River by way of the Muskingum.

CLIMATE

The climate of Summit County, based on records
from two weather stations, is near the average for
the State. The average annual precipitation at
Akron, based on a 40 year period of record, is
35.44 inches. The average length of the growing
season during that period was 170 days, the aver-
age first and last days being April 29 and October
16 respectively. The average annual temperature,
according to the U. 8. Weather Bureau, is 49.8° F,
based on 65 years of record from three stations.
The average January temperature is 28.5° F, and
the average July temperature, was 72.6° F. During
a 23-year period of record at Hudson the average
temperature and precipitation were about the
same as the average at Akron.

ECONOMIC DEVELOPMENT

Population

The population of Summit County, according to
the 1950 census, was 410,032, which is an increase
of 23 percent over the 1940 total. In 1950 the
urban population was 837,441, and the rural popu-
lation was 72,591. The population of the principal
towns in 1950 was as follows: Akron, 274,605,
Cuyahoga Falls, 29,195, and Barberton, 27,820.

Agriculture

In 1945, according to the census of agriculture,
there were 2,881 farms in Summit County aggre-
gating 127,707 acres, or 48.3 percent of the total
land area. Of the farm land, 56,269 acres were
used for crops, 33,184 acres were in pasture, and
16,534 acres were in woodland. The total value of
all farms, including lands and buildings, was
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$22,827,372, an average of $178.75 per acre. Gross
farm income in 1949 was $4,698,000, of which
almost one-half represented gale of livestock.

The principal crops in Summit County are corn,
wheat, oats, and soybeans. In 1945 corn produc-
tion amounted to 375,957 bushels and wheat,
220,428 bushels. Algo in Summit County are sev-
eral fruit farms. In 1945, 176,057 bushels of
apples were produced.

Indusirial Development

Summit County is more important industrially
than as an agricultural region. In 1947, accord-
ing to the Ohio Department of Industrial Rela-
tions, there were 451 manufacturing establish-
ments in the county, employing 91,774 persons.
Rubber manufacturing and processing, particu-
larly the making of tires and tubes, is the largest
single industry. The Firestone Tire & Rubber Co.,
the General Tire & Rubber Co., the B. F. Goodrich
Co., and the Goodyear Tire & Rubber Co. in Akron
and the Seiberling Rubber Co. in Barberton to-
gether employ more than 56,000 persons. The
manufacturing of chemicals ranks second in in-
dustrial importance within the county. The Colum-
bia Southern Chemical Corp. in Barberton and the
Colonial Salt Division of the General Foods Corp.
in Akron, together employ more than 2,000 per-
gons. Other large manufacturing concerng in
Summit County include the Babcock & Wilcox Co.
in Barberton, which fabricates structural metal
products and employs about 5,000 persons, the
Quaker Qats Co. in Akron, a grain mill employing
about 1,000 persons, and the Diamond Match Co.
in Barberton, which employs about 800 persong.
There are in addition many smaller plants in Sum-
mit County, manufacturing a wide variety of other
products. The total value of products manufac-
tured in Summit County in 1947 was $460,327,000,

THE GROUND-WATER RESOURCES OF SUMMIT COUNTY, OHIO

Mineral Resources

Limestone, salt, sand and gravel, and clay and
shale, are important mineral resources of Summit
County. The limestone is mined in an area west
of Barberton, from a depth of about 2,500 feet, by
the Columbia Chemical Division of the Pittsburgh
Plate Glass Co. Salt is obtained in Akron and in
Barberton by the Colonial Salt Division of Gen-
eral Foods Corp. and the Columbia Southern
Chemical Corp. from brine wells about 2,800 feet
deep. Sand and gravel pits are located in the
valley-train or kame deposits shown on plate 6.
Shale and clay are quarried at several places in
southern and southwestern Summit County for
use in the manufacture of clay products. The shale
and clay quarries are located in rocks of Pennsyl-
vanian age, shown on plate 5.

Near Copley the Sharon conglomerate member
of the Pottsville formation is quarried for quartz.
Coal also has been mined in Summit County at

various times, but little or none is mined at
present.

Transportation and Public Utilities

Summit County is served by an excellent system
of roads. U. 8. Highways 224 and 21, and State
Highways 5, 18, 8, 14, and 176 form the principal
lines of road transportation. Nearly all of the
county and township roads are hard surfaced or
well maintained gravel roads. All but a very few
roads are passable for automobile traffic the year
round.

Four railroads cross Summit County: the New
York to Chicago line of the Erie Railroad ; a branch
of the Pennsylvania Railroad; a branch of the
Baltimore & Ohio Railroad; and the Akron, Can-
ton, & Youngstown Railroad.



GROUND-WATER HYDROLOGY

GROUND-WATER HYDROLOGY

PRINCIPLES OF OCCURRENCE, SOURCE, AND
MOVEMENT OF GROUND WATER

A complete discussion of the principles of
ground-water hydrology is beyond the scope of
this report. However, brief summary of some of
the basic concepts is pertinent, and the following
is adapted from Meinzer (1923).

The rocks that form the crust of the earth gen-
erally are not solid throughout. They contain
numerous open spaces which range in size from
microscopic openings to large caverns. There are
many kinds of rocks, and there are many varia-
tions in the number, character, and arrangement
of the open spaces or voids. Usually the voids are
interconnected, so that water can circulate through
the rocks; but in some rocks the voids are scat-
tered, and there is little opportunity for water to
circulate. The occurrence of ground water in any
region, therefore, is determined by the character,
distribution, and structure of the rocks.

The porosity of a rock is its property of contain-
ing voids. The porosity of a sedimentary deposit
depends chiefly on (1) the shape and arrangement
of its constituent particles, (2) the degree of
assortment of those particles, (3) the cementation
and compaction that have occurred since deposi-
tion, (4) the removal of mineral matter by perco-
lating waters, and (5) any fracturing to which the
rocks have been subjected. The specific yield of a
water-bearing rock is a measure of its ability to
yield water by drainage. The specific yield would
be the same as the porosity were it not for the fact
that part of the contained water is retained
against the force of gravity by mutual attraction
between the water and the rock particles. The
permeability of a water-bearing material is a
measure of the capacity of the material to trans-
mit water under hydraulic head. A rock may be
very porous but if the interstices are very small
water can move through it only with difficulty.
Such a rock will have a high porosity but a low
permeability, and hence also a low specific yield.
A coarser grained rock may have fewer openings
and therefore lower porosity, but because the open-
ings are larger its permeability and specific yield
will be greater. For example, there are deposits of
glacial outwash material in Summit County that
in some places consist of fairly coarse sand and
gravel, and in other places of fine sand and silt.

The sand and gravel deposits are very permeable,
have a high specific yield, and are the source of
large quantities of ground water. The fine sand
and silt, though they have a high porosity, have
a low permeability and a low specific yield. There-
fore they yield only small supplies of water.

The water table may be defined as the upper
surface of the saturated portion of a water-bearing
formation, except in areas where that surface is
formed by an impermeable body. Where that oc-
curs the water table is absent, and confined or ar-
tesian conditions are said to exist. In such areas
where water is confined at a lower level than its
recharge area, it is said to be under artesian pres-
sure. Water under artesian pressure will rise in a
well above the point at which it is first encoun-
tered. Wherever the top of an artesian well is
sufficiently below the level of the recharge area
the well will flow. The level to which water will
rise in an artesian well is known as the piezometric
surface. Neither the water table nor the piezo-
metric surface maintains a constant level in an
area. Nor is the water table necessarily a plane
surface; rather, its shape generally follows the
shape of the land surface, though in more subdued
profile. Both the water table and the piezometric
surface rise and fall in response to variations in
recharge and discharge. Thus, changes of the
water levels in wells record the fluctuations of
either the water table or the piezometric surface
and indicate whether the ground-water reservoir
is being depleted or replenished. Plate 4 shows a
typical installation of an automatic water-stage
recorder on an observation well in Ohio which is

used to record the fluctuations of ground-water
levels.

The ultimate source of all recharge—that is,
the addition of ground water to the water-bearing
formation, or aquifer—in any area is rain or snow.
Not all the precipitation, however, percolates down
into the rock. Some part of it is carried away in
surface streams, some evaporates, and some of it
is taken up by the vegetation and evaporated
(transpired) directly to the atmosphere. The
amlount of precipitation that recharges the water-
bearing formations depends upon many factors,
such as the permeability of the soil covering the
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Plate 4. Photograph of recording gage mounted on an observation well.

area, duration and intensity of rainfall, slope of
the land, type and amount of vegetation, previous
soil-moisture content, the air temperature and
humidity during the period immediately following
the rainfall, and amount of storage space available
in the aquifer. Under pumping conditions recharge
may be induced from surface streams where they
flow across water-bearing formations. Such re-
charge is generally termed induced infiltration.

The normal flow of ground water is from the
area of recharge to some lower area of discharge.
Under water-table conditions the discharge is
usually into rivers or streams. Under artesian
conditions, the flow is commonly down the dip of
the rock from the area of outcrop toward some
lower outcrop, and the discharge may occur as
springs or seeps that flow into surface streams.

Whenever the discharge from an aquifer is
greater than its recharge, water levels in the aqui-
fer decline. Thus, the long-term sustained yield of
wells in any one area is limited to the average
amount of recharge received. Depending on the
amount of storage space available in an aquifer,
water can be withdrawn from storage in quan-

tities in excess of the recharge, provided that the
water is replaced during a later period when the
recharge exceeds the withdrawal and before the
storage is exhausted.

The pattern of normal ground-water flow in an
aquifer is altered by pumping. When a well is
pumped, water enters the well from all sides. At
first water is withdrawn only from storage in the
immediate vicinity of the well. The water level
declines in the form of an inverted cone, called the
cone of depression. The distance that the water
level is lowered in the well is calied the drawdown.
As pumping continues, more water flows to the
well from progressively greater distances, the
water level continues to decline, and the cone of
depression expands until it intercepts enough
natural recharge to balance the pumping. The
size and shape of the cone of depression are con-
trolled, for the most part, by the permeability, the
thickness, and storage properties of the aquifer.
If the available drawdown (the amount of lower-
ing that is possible before the pump fails) is
reached before the cone is stabilized, the yield of
the well will decrease until a condition of equilib-
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rium is attained. The size of the cone of depres-
sion is an important factor in determining the
location of wells in a well field because it determ-
ines the amount of drawdown available at other
wells located within its area. It is entirely possible
for two or more closely spaced wells in the same
aquifer to have a combined yield only slightly
larger than the yield from one of the wells alone.

Wherever large withdrawals of ground water
for industrial or public supplies are contemplated,
it is essential that some estimate be made of the
quantity available from the proposed well field
before its development. In addition to those hy-
drologic factors already mentioned, the quantity
of water available depends on the areal extent of
the aquifer, the amount of recharge available, and
the distance from the proposed well gite to the
sources of recharge. If all these factors can be
determined with reasonable accuracy an estimate
can be made of the available yield from one well
or from a group of wells within a given area.
Controlled pumping tests can be used to evaluate
the hydraulic characteristics of the aquifer, and
under certain conditions the extent or the hydrau-
lic boundaries of the aquifer can be determined.

The principal hydraulic characteristics of an
aquifer are the coefficient of permeability, the co-
efficient of transmissibility, and the coefficient of
storage. The coefficient of permeability in Mein-
zer's units (Stearns, 1928, p. 148) is expressed as
the rate of flow of water, in gallons a day, through
a cross-sectional area of 1 square foot under a
hydraulic gradient of 100 percent at a tempera-
ture of 60° F. The field coefficient of permeability
is the same except that it is measured at the pre-
vailing ground-water temperature, not connected
to 60° F. The coefficient of transmissibility is the
field coeflicient of permeability multiplied by the
thickness of the aquifer in feet, that is, it is the

number of gallons of water a day transmitted
through a vertical strip of the aquifer 1 foot wide
extending the height of the aquifer. The coeffi-
cient of storage (Wenzel, 1942, p. 87) is the
amount of water, expressed as a fraction of a cubice
foot discharged from each vertical column of the
aquifer with a base of 1 square foot when the
water level falls 1 foot. Under artesian conditions
the coefficient of storage is a small quantity, gen-
erally 0.00001 to 0.001 representing both the water
squeezed from fine grained materials and that
derived by slight expansion of the water itself as
the head falls. Under water-table conditions the
coefficient of storage includes this small quantity
but includeg also the much larger quantity, gen-
erally 0.01 to 0.3 or 0.4, representing water that
drains by gravity out of the top foot of the aquifer
unwatered by the 1-foot lowering in head.

Controlled pumping tests may be made under a
wide variety of conditions. The most useful meth-
od is that which employs one pumped well to-
gether with several observation wells located in
various directions and at various distances from
the pumped well. Pumping is at a constant rate,
or in steps in each of which the rate is held steady
and the magnitude of the drawdown produced by
the pumping is measured in the observation wells
at frequent intervals. The methods of collecting
and analyzing the data are described by Wenzel
(1942, pp. 75-117). The nonequilibrium method
developed by Theis (Wenzel, 1942, pp. 87-91) is
the one used most widely. The image well method
described by Ferris (1948) is used with the non-
equilibrium formula to analyze boundary condi-
tions. The theory of inducing infiltration from a
surface stream and the application of pumping
test procedures to make an analysis of the possi-
bilities of induced infiltration are deseribed in
detail by Rorabaugh (1948).

METHODS OF RECOVERY OF GROUND WATER

Although some dug or driven wells are used,
drilled wells furnish most of the ground-water
supplies in Summit County. Springs supply part
of the water used for rural domestic and stock
needs. In a few areas, one of which is the valley
of Wolf Creek north of Barberton, driven wells
are common. The method of recovery used at any
particular site depends upon the economics in-
volved as well ag on the character of the aquifer,
the availability of water, and the quantities
degired.

Dug wells are excavated by hand, usually with

pick and shovel. In Summit County they are gen-
erally more than 2 feet in diameter and about 25
feet in average depth. Most are lined with con-
crete, rock, tile, or brick. Most dug wells penetrate
only a few feet of material below the water table
and as a result they go dry periodically when the
seasonal fluctuations cause the water level to fall
below the bottom of the well. As a rule, dug wells
are poorly sealed and are subject to contamination
from the surface, In Summit County, however,
dug wells are the best means for obtaining water
from the relatively impermeable glacial till. The



large diameter of a dug well provides large storage
capacity and a large surface area through which
watber can seep into the well.

A driven well is constructed by driving a pipe 1
to 3 inches in diameter, with a screen and point at
the end, into the water-bearing formation. Driven
wells are suitable only in areas underlain by loose,
unconsolidated, highly permeable material in
which the water table is fairly shallow, usually
less than 25 feet below the land surface. In such
areas moderate supplies of water for farm and
domestic uses can generally be obtained.

Drilled wells are those drilled into the unconsoli-
dated or consolidated rock by either the percussgion
method or the hydraulic-rotary method. Drilled
wells generally can penetrate to a greater depth
than the first twe types of wells mentioned. So
far as is known, only the percussion method has
Leen used to drill water wells in Summit County.
This method uses a heavy bit which is alternately
lifted and dropped from a portable cakle tool drill-
ing rig to break up the material at the bottom of
the hole. The crushed material mixed with water
is removed by a bailer. When drilling by this
method in unconsolidated material, a length of
casing or pipe is first driven into the ground for a
few feet, then the loose material ingide the casing
is removed by the bailer. The hole is deepened by
successively driving the casing and bailing out the
ingide of the casing, using the drill only when
necessary to break up tough material. The largest
guantities of ground water obtained in the county
are from drilled wells,

Drilled wells may be finished in various ways.
Galvanized iron casing is generally used in the
unconsolidated material above the bedrock. Wells
that are drilled into the consolidated rock forma-
tions are cased only to the top of the bedrock, and
the hole is continued into the rock until it inter-
cepts sufficient water-bearing voids to supply the
needed amount of water. Wells that are drilled
only into the unconsolidated material may be left
open at the ends, or they may be screened to pro-
vide a greater area of opening for water to enter
the well. Generally, in unconsolidated material,
screened wells last longer and yield more water
than open-end wellg, chiefly because the latter may
become filled with fine material after a period of
use. Most of the domestic and farm wellg in the
county range from 414 to 6 inches in diameter and
from 50 to 200 feet in depth. Only a few are
screened.

Most of the industrial and municipal wells in
the county are 12 inches or more in diameter,
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Some of them are gravel walled (gravel packed),
which means, as implied, that carefully sorted
gravel has been introduced around the screen. A
gravel-walled well is generally constructed by drill-
ing a hole of large diameter, inserting casing of
smaller diameter with a screen at its lower end
into the larger casing, and then pouring gravel he-
tween the two casings as the outer one is pulled
back to the level of the top of the screen.

In recent years, another type of well has been
used successfully in places for very large with-
drawals. It ig called a horizontal well or collector
and is constructed by sinking a large diameter
concrete caizgon, 10 to 15 feet in diameter, to the
bottom of the water-bearing formation. Near the
hottom of the caisson, slotted pipes are forced
out horizontally in several directions, for distances
of as much as 200 feet. A number of collectors of
this type are in use in Ohio, but at present none
are in use in Summit County.

Several types of well pumps are used in Summit
County, most of them powered by electricity, but
8 few by gasoline. Many of the dug wells are
equipped with hand pumps. Most of the domestic
and stock wells are equipped with lift or jet pumps
which generally are capable of delivering 4 to 8
gallons a minute. The large industrial and munici-
pal wells are equipped with deep-well turbine
pumps, some of which are capable of delivering
1,000 gallons a minute or more.

A few terms used in this report, relative to
quantities withdrawn from wells, should be de-
fined. In several placeg, particularly in the gection
describing the ground-water resources of specific
areas, the reported vield of a well or group of wells
is given, In most cases this refers either to the
rated capacity of the pump on the well or to the
drillerg estimate of the yield of the well basged on
2 bailer test. It is not necessarily the maximum
yield of the well. The maximum yield or total
capacity of a well may be defined as the rate at
which it will yield water without excessive draw-
down (to the top of the gereen or to the bottom of
the well, whichever may be the governing factor).
Both the reported yield and the total capacity are
expressed in gallons a minute, The specific capac-
ity of a well is its rate of yield per foot of draw-
down. It is determined by dividing the yield by
the drawdown that results from that yield, and it
is expressed in gallons a minute per foot of
drawdown.

Most of the springs used for water supply in
Summit County result from percolation of water
downward by gravity through a permeable rock to
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an impermedble rock, and then by lateral move-
ment along the top of the impervious bed to the
outcrop where it discharges as a spring. Most of
the springs in the county are located at the base
of an outeropping rock that has formed an abrupt
cliff or ledge. Some have been developed for do-

mestic or stock use by constructing a springhouse
or collecting basin around the outlet. The water is
then pumped from the basin or bed, or allowed to
flow by gravity, through pipes to its point of use.
Unless properly sealed, springs are subject to con-
tamination from a surface source.

UTILIZATION OF GROUND WATER IN SUMMIT COUNTY

Ag of the date of writing this report (1950) an
average of 25 million gallons of water a day was
pumped from wells by industries and municipali-
ties in Summit County. During the summer
months, pumpage is more than 35 million gallong
a day. The total yearly withdrawal of ground
water by the industries and municipalities
amounts to somewhat more than 9 billion gallons.
Use of ground water in rural areas for domestic
and farm purposes is estimated to be slightly less
than 1 million gallons a day.

Data on the principal ground-water develop-
ments in Summit County are listed in table 1. Rec-
ords of approximately 1,800 farm and domestic
wells, and 400 industrial and municipal wells and
test borings gathered during the investigation, are
listed in table 6 in the appendix of this report.
Table 6, together with plate 22, which shows
graphically the logs of more than 1,600 of the
wells, contains nearly all of the data on which this
report and several of the accompanying maps are
based. The lacations of the wells are shown on the
map in plate 2.

Use By Industries

Ground water is used by the many industries in
the county for a wide variety of purposes. Pump-
age by individual companies ranges from a few
thousand gallons a day to as much ag 8 or 9 million
gallons a day. By far the largest use of ground
water in the county results from its nearly con-
stant temperature, which approximates the mean
annual air temperature and thus is lower than that
of surface water in the summer. In general the
temperature of water from wells 30 to 60 feet deep
averages 52° to 53° F or about 2° to 8° F above
the mean annual air temperature of 49.8° F in the
area. According to Collins (1925, p. 98) it gen-
erally increases about 1° ¥ for each additional 50
to 75 feet of depth. Companies such as Firestone,
Goodyear, Goodrich, and Columbia Chemical begin
pumping ground water in the late spring of each
year. As the temperature of their surface water
supply increases during the summer, their rate of
pumping ground water increases proportionally
to reach a maximum usually in July or August,
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The rate of withdrawal declines during the fall,
and pumping ceases usually in October or Novem-
ber. The Columbia Chemical Co. uses ground water
also to recover salt from brine wells. One industry,
the Jaite Paper Co., uses ground water as a raw
material in the manufacture of paper products.
All the large industrial ground-water supplies are
cbtained from the glacial outwash, as are most of
the small supplies. A few industries, requiring
smaller quantities, use water from the bedrock.,

Use by municipalities

Of the 12 incorporated municipalities in the
county, 8 have municipal water supplies, and of
the 8, only Cuyahoga Falls, Hudson, and Lake-
more use ground water. Akron and Barberton
have surface reservoirs, and Mogadore and part
of Tallmadge obtain water from Akron. Silver
Lake uses water from the Cuyahoga Falls supply.
Twinshurg, which ig unincorporated, is served
ground water by a private water company. Homes
in the other communities are supplied by private
wells. The municipal ground-water supplies are
discussed in some detail in the section of this re-
port describing the ground-water conditions in
specific areas.

Use for domestie, stock, and irrigation
purposes

The greatest number of wells in Summit County
are rural wells supplying water for household use.
A large number of the suburban residences, which
are not served by a municipal supply, use wells to
obtain their water supplies. Nearly all of these
are small-diameter drilled wells. A few house-
holders in rural areas obtain water from drive-
point wells, and a few use dug wells. Cisterns are
used in a few places, particularly in parts of Bos-
ton and Northampton townships. It is generally
estimated that household water requirements are
100 to 150 gallons a day per person. Except in
Boston and Northampton Townships along the
Cuyahoga River valley north of Akron, sufficient
water for household use ig generally available.
Consequently, most wellg drilled for home use can
be located wherever convenient. The wells are
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generally located as close to the area where the
water will be used as local sanitary conditiong
permit.

Most of the farm acreage in the county is wood-
land or cropland, Farm animals, which are raised
mostly in small numbers, are generally watered
from farm ponds. Only a few wells are used for
this purpose and these are generally used algo to
gsupply domestic needs.

Irrigation in the usual sense is not practiced in
the county. There are a few greenhouses in the
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rural sections and they all ugse ground water, but
only in small amounts, Two apple orchards, the
Babb Orchard in the Richfield Township and the
Dannemiller Fruit Farm in Franklin Township,
use greund water when gpraying the trees with
insecticides. At times the Babb Orchard pumps
ground water at 300 gallons a minute for very
short periods. A small truck farm north of Barber-
ton uges water from 6 drive-point wells to irrigate
vegetables. The total ground water used for such
various types of irrigation is very small compared
to that used for other purposes.
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GEOLOGY IN RELATION TO GROUND-WATER CONDITIONS
SUMMARY OF STRATIGRAPHY AND STRUCTURE

The rocks of Summit County comprise two
major units: (1) consolidated sedimentary layers
of Late Devonian, Mississippian, and Pennsylvan-
ian age, which form the bedrock, and (2) uncon-
solidated surficial deposits of Pleistocene age, The
unconsolidated Pleistocene glacial deposits cover
nearly all the county and are the more important
of the two major rock divisions with respect to
the availability of ground-water supplies, The con-
solidated rocks underlie the Pleistocene deposits
and crop out in the beds and on the steep sides of
some streams, and in a few other places where
erosion or excavation has removed the surficial
deposits. The areal distribution of the consolidated
rocks is shown on the geologic map, plate 5, and
the distribution of the Pleistocene deposits on the
glacial map, plate 6. Geologic sections of the rocks
in the county are shown on plate 7.

Underlying the exposed bedrock strata of Sum-
mit County is a great thickness of Devonian,
Silurian, and Ordovician strata whose character is
known locally from records of wells that have been
drilled in search of galt, oil, or gas. Beneath the
Ordovician strata are Cambrian rocks which rest
on a base of pre-Cambrian crystalline rocks. The
general character and ground-water supply of the
geologic formations that crop out in Summit
County are described briefly in the generalized sec-
tion (table 2) and are discussed in detail in por-
tions of the report dealing with the geology and
water-bearing properties of the consolidated rocks
and of the glacial deposits,

The rocks of Paleozoic age have been little dis-
turbed by folding; they dip generally southeast.
In the northeastern part of the county the dip is
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southward, which is the same as the regional dip
of the rocks in northeastern Ohio, western New
York, and Pennsylvania—that is, away from the
upland area of pre-Cambrian rocks north of Lake
Ontario, and toward the central part of the Appal-
achian trough in West Virginia. In the north-
western part of the county the southward dip
gradually changes to an eastward dip. As a result,
successively younger formations crop out to the
southwest, in roughly concentric belts. The strue-
ture of the rocks of Paleozoic age in the county
might be likened to one-quarter of the rim of a
bow!l whose center, the Appalachian trough, is in
West Virginia.

Because of variations in the thickness of some
of the underlying formations, and the presence of
erosional unconformities at the base of the Cleve-
land member of the Ohio shale, the Bedford shale,
the Berea sandgtone, and the Sharon conglomerate
member of the Pottsville formation, the dip of the
surface rocks does not everywhere agree with the
regional dip, but may differ locally, in both degree
and direction. It is not within the scope of this
report, nor is it pertinent to a discussion of the
water-bearing properties of the rocks, to show
accurately these local differences in dip. It is suf-
ficient to note that the general dip is to the south-
east. Lockett (1924) has estimated the average
degree of dip in northeastern Ohio to he 35 feet
to the mile. Cushing (Cushing, Leverett and Van
Horn, 1931, p. 82) reports that the southerly com-
ponent of the dip in eastern Ohio is 15 to 20 feet
to the mile. In Summit County the degree of dip
is about 20 feet to the mile.
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TABLE 2

Stratigraphie sequence of the unconsolidated and consolidated rocks that crop out in Summit County

System

Series

1

Group or
Formation

Quaternary

Recent

Thiclkness

(feet)

Character of material

Water-bearing properties

1 to 40

Clay, silt, and alluvium on flood-
plaing of major streams, and in
kettleholes. Includes silts deposited
by post-glacial lakes in Cuyahoga
River valley.

Pleistocene

‘Wisconsin

glacial wmeltwater, generally in
gravels and coarse sands deposited

Up to 250 |98 kames and valley trains by the

glacial melt water, generally in
bluried valleys. Includes patches of
‘elay.

Generally not water bearing or contains water
that cannot be recovered because of the fine-
nesg of the material. In uplands along the
Cuyahoga River, north of Akron, lacustrine
elays on top of till with a combined thickness
of as much as 200 feet make it very difficult
or impossible to obtain ground water.

Quantity of ground water available depends
upon the thickness of the material and the
source of recharge. Where conditions are good
may yield more than 1000 gpm to vproperly
constructed wells. Source of greatest amount
of ground water pumped in county.

Up to 180 Clay, silt, and fine sand in glacial

iakes.

Generally not a source of ground water. Fine
sand, called quicksand by well drillers, con-
tains a great deal of water that is usually not
recoverable because of the extreme fineness.

1 to 200

Till, a heterogeneous mixture of
clay, sand, gravel and boulders,
with predominence of clay.

Generally a poor source of ground water
althougzh in places gravel lenses within the till
yield small supplies for farm and domestic
uses.

Illinoian

Pennsylvanian

Pottsville

Unknown

The deep sands and gravels in
some of the buried valleys may be
outwash from Illinoian.

Alternating layers of shale, clay,
sandstone, limestone and coal.
Locally sandstone may attain
thickness of 20 or more feet.

May yield up to 500 gpm.

Yields sufficient ground water for most do-
mestic and farm needs. Wells ordinarily yield
from 5 to 10 gpm. In Franklin and Green
Townships the Massillon is the most persistent
thick sandstone present. It may vield up to
50 gpm in places.

Medium grained, loosely cemented,
conglomeratic sandstone contain-
ing zones of white quartz pebbles.
(Sharon conglomerate member.)

Most important consolidated rock =aquifer in
the county. Adequate ground water available
for most domestic and farm uses. Generally
yields from 5 to 50 gpm. Some wells yield as
much as 200 gpm for relatively short periods
of pumping. Where it outcrops to form ledges,
springs occur at base,

Mississippian

Cuyahoga group

Meadville
shale

sandstone

Orangeville
shale

! Sharpsville

Alternating layers of sandstone
and shale. Sandstones may be
magsive or they may be thin bedded
and contain thin layers of shale.
They vary from 5 to 50 feet in

Up to 300 ithickness. The shales generally

contain thin, platey layers of sand-
stone, although in places they may
be massive and attain a thickness
of more than 100 feet. Include
Sunbury shale of earlier reports.

Berea sandstone

Massive to thick bedded, fine
grained sandstone. May be cross

Up to 58  |bedded and in places contains

pebbles.

Bedford shale

Light gray, silty shale, contain- |

Up to % ing, in a few places, thin platey '

sandstones.

Ground water generally obtained from sand-
stoneg which usually yield from 5 to 1 gpm.
Adequate supplies available for farm and do-
mestic requirements, except from the Bedford
shale which is not a reliable source of groungd
water, Berea and Sharpsville sandstones may
vield as much as 20 gpm to wells in North-
field Township. Wherever thick shales pre-
dominate, ground water is difficult to obtain,
Berea may contain salt water southeast of
Richfield, Northfield and Macedonia Townships.

Devonian

Ohio shale

Primarily shale. Cleveland shales
of earlier reports.

|

Chagrin shale

4504

Predominately shale, but includes
some thin sandstones. Included in
Ohio shale of earlier reports.

Not dependable sources of ground water in
eounty.
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EXPLANATION

]

POTTSVILLE FORMATION
ALTERNATING LAYERS OF SHALE, SANDSTONE,
LIMESTONE AND COAL. SHALE AND SANDSTONE
PREDOMINATE. LIMESTONES ARE FEW AND THIN.
COALS ARE PATCHY. GENERALLY GOOD WATER
SUPPLIES FOR FARM AND DOMESTIC PURPOSES.
WELLS ORDINARILY YIELD 5 TO 10 GPM. SHARON
CONGLOMERATE MEMBER AT BASE IS MOST
PERSISTENT MEMBER AND BEST SOURCE OF
WATER. WELLS IN THE SHARON GENERALLY
YIELD FROM 5 TO 50 GPM. BASE OF SHARCON
IS AN IMPGRTANT SPRING HORIZON,

r

CUYAHOGA GROUR, BEREA SANDSTONE,
AND BEDFORD SHALE
MOST OF SURFACE MAPPED AS MISSISSIPPIAN
IS CUYAHOGA GROUP CONSISTING OF ALTER-
NATING SANDSTONE AND SHALE. GROUND WA-
TER GENERALLY OBTAINED FROM SANDSTONES
WHICH YIELD 5 TO 10 GPM. BEREA SANDSTONE
IS THE BEDROCK SURFACE ONLY IN NORTHFIELD
TOWNSHIP. 1T ALSO OUTCROPS IN THE WALLS MAP OF
OF THE DEEP VALLEYS. IT IS IMPORTANT AS

AN AQUIFER ONLY IN NORTHFIELD TOWNSHIP THE CONSOLIDATED ROCK FORMATIONS OF

WHERE IT YIELDS AS MUCH AS 20 GPM. SOUTH-
EAST OF NORTHFIELD AND RICHFIELD TOWN- S U M M I I CO U N I Y O H | 0
SHIPS IT MAY CONTAIN SALINE WATER. -BEDFORD )

SHALE, WHICH 1S AT THE SURFACE ONLY IN

EXTREUE WESTERN NORTHFIELD TOWNSHIR WITH DESCRIPTION OF THEIR WATER-BEARING PROPERTIES
- AND SHOWING CONTOURS ON THE BEDROCK SURFACE
ELEVATIONS IN FEET ABOVE SEA LEVEL
CONTOUR INTERVAL 50 FEET
OHIO SHALE AND CHAGRIN SHALE
:(l): :og:g?tx OF GROUND WATER IN SUM- SCALE IN MILES
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EXPLANATION

FLOOD PLAINS AND KETTLE HOLES

(SILT AND ALLUVIUM ON VALLEY FLOORS.
IN CUYAHOGA VALLEY INCLUDES LACUS-
TRINE SILTS OUTCROPPING ABOVE VALLEY
FLOOR, AND BEDROCK IN CUYAHOGA GORGE.|
KETTLE HOLES, GENERALLY SHOWN AS
ENCLOSED BASINS, USUALLY WITH MUCK
AND PEAT DEPOSITS. MATERIAL IS NOT A
SOURCE OF GROUND WATER.)

RECENT

\ 14

GROUND MORAINE

(HEAVY CLAY TILL GENERALLY NOT OVER
30 FEET THICK.)

LATE, CARY

END MORAINE

(HEAVY CLAY TILL CONTAINING SOME WA-
( TER-BEARING SAND AND GRAVEL LENSES.)

END MORAINE

(MAINLY SANDY AND SANDY-SILTY TILL
WITH SOME WATER-BEARING SAND AND
GRAVEL LENSES.)
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(MAINLY KAMES AND KAME MORAINE.
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Plate 7 Generalized cross sections showing geology of Summit County, Chio.



THE GROUND-WATER RESOURCES OF SUMMIT COUNTY, OHIO

GEOLOGY AND WATER-BEARING PROPERTIES OF
THE UNCONSOLIDATED DEPOSITS

The Character and Distribution of the Glacial and Alluvial Deposits
By George W. White

The mantle of unconsolidated material that
overlies the bedrock in Summit County is of
glacial origin, except for postglacial alluvial de-
pogits along major streams and organic deposits
In marshes. It is known that four times in the
Pleistocene epoch ice sheets invaded the northern
United States. Evidence that one or both of the
first two ice sheets invaded Ohio is indirect and
g based on changes in the pattern of ancient
drainage lines. Evidence that Summit County
must have been invaded by ice in the third-glacial
stage, the Illinoian, is found in deposits south of
Summit County that were not overridden by the
last ice sheet and are not concealed by later de-
posits, The fourth glacial stage, the Wisconsin,
covered all of Summit County and advanced into
Stark County to the south.

The map on plate 6 shows the areal distribution
of the glacial deposits in Summit County. The
map, and the following discussion, are based
principally on field studies and well records. Also
utilized were aerial photographs of the U. 8. De-

partment of Agriculture, taken in 1938 over the
entire county.

Deposits of Pre-Wisconsin age
It is certain that the Illinoian ice sheet covered
Summit County and it is possible that the pre-
Hlinoian ice sheets also invaded the county. TIli-
noian drift is recognized south of Summit County
beyond the Wisconsin border at Canton (White,
1951a; Schaefer, White, and Van Tuyl 1946) and
also is recognized beneath the Wisconsin drift
in Cuyahoga, Portage and Mahoning Countieg
(White, 1951b). Illinoian drift has not been Posi-
tively identified beneath the Wisconsin drift in
Summit County. It is probable, however, that the
lewer part of the thick glacial deposits in some of
the buried valleys ig Illinoian. Pre-Illincian glacia-
tion has been (White 1934) postulated from the
pattern of drainage changes in northern Ohio,
although no known pre-Illinocian drift has been
found.
Deposits of Wisconsin age
The glacial drift at the surface in Summit
County is of Wisconsin age. Differences in thick-
ness, lithologic character, orientation of elongate

18

pebbles, and surface expression ghow that it was
deposited from ice of two different lobes at differ-
ent times within the Wigconsin stage.

East of the highland of Geauga County the ice
of the Grand River lobe advanced into the Grand
River lowland of Ashtabula and Trumbull Coun-
tieg; it then spread westward and southwestward
into Geauga, Portage, and Stark Counties, and
into the extreme eastern and southeastern parts
of Summit County. West of the Geauga County
highland the Killbuck lobe of the Wisconsin stage
advanced over the lower land between the Sum-
mit County upland and the highland in north-
western Richland County. (See pl. &)

There are only two major types of drift or de-
posits left by a glacier. One type consists of ma-
terial laid down directly by the ice as it wastes
away. This material is called till and occurs
principally as ground moraine, or till plain. Till is
a mixture of unstratified materials in which the
Individual particles range in size from clay or «ilt
to boulders. Till is generally called “clay” or
“hardpan” by well drillers,

The other major type of glacial deposit, com-
monly called outwash, consists chiefly of sand,
gravel, and silt that has been ecarried and laid
down in stratified layers by melt water from the
ice. Qutwash occurs in the form of kames, out-
wash plaing, and valley trains.

Tazewell deposits.—As shown on the map, plate
6, most of the drift in the southern half of the
county is of early Wisconsin (or Tazewell) age.
This drift was deposited by ice advancing south-
eastward, as indicated by the direction of the
glacial scratches on the bedrock (Leverett, 1902,
pl. 13). The highland areas in central and south-
western Summit County are covered by ground
moraine that consists of coarse sandy till con-
taining a high proportion of sandstone and sandy
shale fragments derived from local hedrock. Tt is
compact and relatively impervious, as is the clay
till of later age in the northern part of the county.
The thickness of the till in the ground moraine
is generally between 15 and 30 feet; in places it is
less than this, and bedrock crops out, chiefly on
steeper slopes. The surface of the ground moraine
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GLACIAL OUTWASH, UNDIFFERENTIATED
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siltincluded, especially in southern Summit County.

(Note: Wayne County in part after Conrey, 1921.)
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GEOLOGY IN RELATION TO GROUND-WATER CONDITIONS

is smooth to gently undulating and it generally
conforms to the surface of the underlying bed-
rock (pl. 9).

In the valleys of Van Hyning Run and Hud-
son Run in Norton Township are two elongate
areas in which the drift is from 30 to more than
100 feet thick. The surface is undulating to hum-
mocky and it has a morainic aspect. The material
ig till, in places somewhat washed, for it includes
some gravel masses. At the southeastern end of
each of these valleys where they become part of
the larger valley of Wolf Creek, the till gives way
to gravelly kame deposits.

Within the area covered by drift of the Tazewell
ice are deposits of sand and gravel (pl. 6), most of
which are located in wide valleys. Many were not
deposited entirely from meltwater from the Taze-
well ice; they are complex in origin and have been

modified and enlarged by meltwater from later ice
advances.

Kames were deposited at the margin of the wan-
ing ice or around ice masses that had become
separated from the main ice sheet. Kames massed
along valley walls form what is appropriately
called a kame terrace. In the headwater areas of
Yellow Creek and Shocalog Run in southweastern
Bath Township, in the valley of Wolf Creek in
southern and western Copley Township, and in the
area north of Barberton in Norton Township are
kame and kame terrace deposits of Tazewell age.
Knolls of gravel 10 to 40 feet in height are com-
mon. Northeast of Barberton are gravel knolls
almost 100 feet in height. Kettle holes are promi-
nent in these kame deposits. They are the casts
of the last remaining ice masses, and some of
which now contain marshes or ponds.

Post-Tazewell outwash occurs at lower levels in
southwestern Bath Township. It was deposited by
meltwater from later readvances of the ice which
flowed southeast through the Tazewell area down
the Shocalog valley.

The materials of the kames range from coarse
to fine gravel and include considerable sand. Till
masses are present, especially near the margins of
the areas and in those kames that consist of poorly
sorted gravel. The more level areas between kames
have the character of valley trains, in that the
material is generally better sorted and not as
coarse as it is in the kames.

The kame areas described above grade down-
stream along Schocalog Run and Wolf Creek into
fine sand and silt, which forms the floor of a wide
valley extending from Fairlawn southward to Bar-
berton, and of a lowland to the east extending
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from a point between Kenmore and Barberton to
the Tuscarawas River. Silt occurs southward in
the Tuscarawas Valley to the south boundary of
the county. Extensive, shallow depressions occur
in the surface of the silt deposits. These, in part,
are kettle holes like those in Shocalog valley and
upper Wolf Creek valley; in part, they are kettle
holes that have been modified by silt deposits from
the late Cary ice advance that reached the buried
valley south of Fairlawn. That area is now occu-
pled by Pigeon Creek and lower Wolf Creek.
Shallow channel scars occur in the surface of the
wide silt area south of Barberton in southwestern
Coventry and in northern Franklin Townships.
The depressions are swampy, or are occupied by
ponds, and they contain extensive organic deposits.
The peat in the Copley marshes is reported to be
as much as 40 feet in some places.

A complex cutwash deposit occurs in the Little
Cuyahoga River valley at Akron. The outwash
extends from Old Forge west to the Cuyahoga
Gorge, and south almost to Springfield Lake. It
occurs also in the mile-wide depression in the cen-
tral part of the city. The deposit consists in part
of kames and kame terraces of Tazewell age; part
is outwash from the late Cary ice margin, which
reached as far south as Cuyahoga Falls; and the
remainder is from the Grand River lobe of early
Cary age which reached the eastern part of the
county and discharged melt waters down the Cuya-
hoga and Little Cuyahoga Rivers. Most of the
so-called Akron complex is composed of medium to
fine gravel and coarse sand. The bedding is com-
monly horizontal, rather than steeply dipping, as
is shown in sections exposed in many gravel pits.
Interbedded in the complex are lacustrine silts,
deposited at different times in ponds. The surface
of the complex is irregular. That part north of the
Little Cuyahoga River is fairly level, with the ex-
ception of a few large kettle holes. In the southern
part of Akron, south of Summit Lake, the topog-
raphy is somewhat rougher because of the pres-
ence of numerous large kettle holes. The Tus-
carawas River flows through a series of these in
Coventry Townghip.

Early Cary deposits.—Deposits in the eastern
part of the county; in eastern Talimadge Town-
ship; In eastern, southeastern and southern
Springfield Township; in Green Township; and in
southern Franklin Township, were laid down by
ice of Cary age. The drift in the eastern part of
the area was deposited by the Grand River lobe;
that in the southwestern part was deposited by
the Killbuck lobe. The Cary ice made two major
advances; till deposited during the first advance is



THE GROUND-WATER RESOURCES OF SUMMIT COUNTY, OHIO

A Photograph showing Tazewell ground moraine. The rolling surface is a reflection of the topography
of the underlying bedrock. View is looking northwest across the Tuscarawas River in Franklin
Township.

B Photograph showing glacial outwash gravel exposed in a pit at Paxton, Copley Township. The water
in the pit represents the level of the water table.

Plate 9. Photographs of glacial deposits in Summit County, Ohio.
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GEOLOGY IN RELATION TO GROUND-WATER CONDITIONS

A Photograph showing the topography of the kame end moraine of the Grand River lobe in southeast-
ern Franklin Township. Hills in the foreground are kames. Depression behind the house is a kettle
hole.

B Photograph of sand-and-gravel outwash deposited by the Grand River lobe and exposed in a gravel
pit near the Tuscarawas River in southern Springfield Township. Water in the foreground is at the
level of the water table.

Plate 10. Photographs of glacial deposits in Summit County, Ohio.
21



THE GROUND-WATER RESOURCES OF SUMMIT COUNTY, OHIO

of different character than that deposited during
the later advance. Cary drift of both advances is
considerably younger than drift of Tazewell age.
This is shown by a difference in weathering and
erosion of the two drifts.

End moraines are deposits that accumulated
along the ice front where the front remained rela-
tively stationary for a long time. Early Cary drift
in Summit County (except in a small area in
southern Franklin Township) is part of the great
end moraine that extends from central Geauga
County south-southeast across western Portage
County into central Stark County (pl. 8). That
part in Summit County belongs to the western
margin of this moraine complex. The drift of the
end moraine generally consists of coarse sandy till,
gravel, gsandy gravel, and sand. The surface is
hummocky ; in places very high, sharp kames form
the most rugged and picturesque glacial topog-
raphy of Ohio (pl. 10). Tt has been possible to
separate the predominantly till areas from the pre-
dominantly gravel kame areas of the moraine, and
this has been done on plate 6.

Relatively small areas of the end moraine in
northeastern Tallmadge Township, in eastern
Springfield Township, and in southern Franklin
Township, and a relatively large area in central
Green Townghip consist of till. The till is sandy
to sandy silty and contains a high proportion of
pebbles and cobbles. Many of the rock fragments
are sandstone or sandy shale, but crystalline rocks
also occur. Included in the till are gravel and sand
masses.

The drift is from 15 to 40 feet thick in Tall-
madge and Springfield Townships, and from 50 to
100 feet thick in Green and Franklin Townships.
Drift in a linear area in Green Township that ex-
tends northwest-southeast from a point north of
Greensburg has a thickness of less than 30 feet.
It is shown by a special pattern on plate 6.

In eastern Tallmadge Township, in southern and
southeastern Springfield Township, and in north-
eastern, western, and southwestern Green Town-
ship, the end moraine is composed mainly of gravel
and coarse sand aggregated in prominent kames.
Large quantities of gravel have been quarried
from many pits in the area. The material ranges
in size from coarse gravel to sand; much of it is
medium to sandy gravel. Till masses also occur.

In several valleys that discharged melt water
from the ice of the Grand River lobe, valley trains
of gravel and coarse sand extend from the end
moraine through the area of Tazewell drift. A
narrow valley train at the Portage County line ex-
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tends west in the Cuyahoga valley to Cuyahoga
Falls, where it grades into the great outwash com-
plex in the Akron area. Some of the melt water
may have passed southward through a wide chan-
nel in Tallmadge east of Cuyahoga Falls. A well-
developed valley train extends from the moraine
margin at Mogadore westward in the Little Cuya-
hoga valley to the great outwash complex at
Akron. Some of the gravel north and northwest
of Springfield Lake is outwash from the moraine.
A great deal of outwash was carried down the
Tuscarawas valley from the ice margin in south-
western Springfield Townghip (plate 10). In that
area it is difficult to draw the boundary between
end moraine and pitted outwash. Some of the out-
wash extends from the former ice margin at
Turkeyfoot Lake northward to the Tuscarawas
valley, and westward through a low area in north-
ern Franklin Township to the Tuscarawas valley.
In the latter area the outwash consists of fine
sand and silt.

The drift in the kame moraine area attaing a
maximum thickness of more than 100 feet and the
drift may be much thicker than 100 feet in buried
valleys. Where there are buried rock hills, as in
southeastern Green Township, and in the area in
east Springfield Township, the drift thickness is
reduced and it may be less than 50 feet.

Late Cary deposits.—The drift in the northern
part of Summit County differs markedly from that
in the southern part, as the northern drift is more
clayey and it contains a much smaller proportion
of pebbles and cobbles. The clayey character of
the late Killbuck drift may be explained if the ice
is assumed to have retreated into the Erie basin.
During the readvance of the ice large amounts of
lacustrine clays and silts were picked up from the
basin and moved forward, together with ground-up
clayey shale of Devonian age.

In many places in Cuyahoga County, in north-
western Portage County, and in Medina County,
late Cary clay till overlies early Cary till. This
relationship is exhibited at several localities in
northern Summit County, but here the sections
are not as clearly distinguishable as they are in
adjacent counties.

Areas covered by late Cary ground moraine gen-
erally are confined to uplands, but they also include
the sides of some valleys. The material is very
compact and impervious, fine-grained, clayey to
silty-clay till. At places it contains pebbles and
cobbles, though much is so pebble-free that it
resembles lacustrine silt. On plate 6, some true
lacustrine silt and silty clay are included in the
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ares shown as ground moraine in the Cuyvahoga
Valley, where it was not practicable to separate
the deposits in the mapping. The thickness of the
ground moraine ig generally from 20 to 30 feet hut
at placeg it ig lesg than 20 feet, and the bedrock or
earlier (Tazewell) till crops out. The thinnest
ground moraine appears to be in Twinsburg Town-
ship, where large tracts are covered by lesg than
20 feet of till.

Fxtensive tracts of end moraine also occur
within the area of late Cary drift, The most promi-
nent of these is the moraine that marks the mar-
gin of this advance., Its thickness ig generally
from 100 to 200 feet, and its position corresponds
to that of the deep preglacial valleys across Bath
and Northampton Townghips. The thickness of
the moraine in Stow Township is generally less
than 100 feet, and itg topographic expression is
legs atriking. This is because it does not follow a
deep valley. It is probable that much of the thicker
drift is of early Wisconsin or Illinoian age.

The next most prominent end moraine lies on
either side of the Cuyahoga Valley. It crosses the
valley at Peninsula in Boston Township. 'This
moraine hag been correlated with the Defiance
moraine (Cushing, Leverett, and Van Horn, 1931,
fig. 8). Its posilion in northeastern Ohio ig shown
on plate 8 It is compoged of drift ranging gener-
ally from 50 to 100 feet in thickness, except in the
Cuyahoga Valley east of Ieninsula, where its
thickness has not been determined.

Between the moraine that marks the margin of
the late Cary advance and the Defiance moraine
are several elongate morainic tracts. They are gen-
erally in deep valleyg and they range in thickness
from 50 to 200 feet or more. The northern part
of the late Cary moraine in Northampton Town-
ship is probably of later origin than the main part
of this moraine, the norlhern part being related
to the morainic tract along IFurnace Run to the
northwest, and to the discontinuous morainic
tracts in southeastern Boston Townghip and in
central and northeastern Hudson Townghip.

The drift of the end moraines is dense clayey
till. It is similar in character to the ground
moraine, but includes masses and lenses of sand
and gravel. It is probable that in the lower part
of the moraines in the deep valleys the drift is of
earlier age, for in some well records considerable
sand and gravel is noted.

Associated with the late Cary moraines are
kames that may cover an area up to almost 2
square miles. The material is coarse sand and fine
gravel with some cobbles and boulders. In some
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places it containg magses of till. The deposits range
from ahout 20 feet to more than 100 feet in thick-
ness. The small area of gravel at Macedonia is a
fan shaped deposit built by a tributary of Brandy-
wine Creek where it enters the flat basin from the
hills to the north.

Extengive areas of fine gand and silt form parts
of the lowlands, as in Northfield and Macedonia
townships. Similar deposits occur in western Hud-
gon Township and in a section of the city of Cuya-
hoga Falls. The material congists of outwash from
the ice and lacustrine deposits of glacial and post-
glacial age. The fine sand is often called “quick-
sand” in well records, and the silt may be recorded
as “clay.” The deposits are more than 100 feet
thick in places.

Late Glacial and Postglacial deposits in
Cuyahoga and Other Valleys

In the Little Cuyahoga valley, below Market
Street in east Akron, and in the Cuyahoga valley
north of ity junction with the Little Cuyahoga
valley, are outcrops of silt and clay. The silts, of
lacustrine origin, are brown, yellow, and blue.
They are finely laminated and contain no pebbles.

As the ice withdrew to the north water was
ponded between the ice and the divide between
the Erie and Ohio Basins, which runs northwest-
southeast through Akron. A main outlet for the
water wag through the Akron lowland where Sum-
mit Lake is now located, but other outlets were
used at various times. Newberry (1873, pp. 201-
222), Claypole (1887, p. 218, 1888, pp. 421-458)
and Leverett (1902); and Cushing, Leverett and
Van Horn, (1931, pp. 57-81) have all noted this
early drainage. Because more than one advance
and retreat of the ice took place during the Wis-
congin stage, and because there were one or more
advances and retreats during the Illinoian stage,
several lakeg have existed at different times and
the lacustrine deposgits are not all of one age
(Cushing, Leverett, and Van Horn, 1931, p. 69;
Bagley, 1950, pp. 1561-62). Precise and detailed
mapping of these lacustrine deposits is not within
the scope of this report. The deposits occur mainly
in the area mapped on plate 6 ag “flood plain,”
though seme deposits oceur higher on the valley
wallg within the area of the Bath moraine,

Other flood-plain areas also are shown on the
glacial map, plate 6, but these are small in extent.
Alluvium is at the surface in these areag. It is
generally silty and of no great thickness.

Kettle holes are common features in Summit
County. Many of them are swampy and contain an
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accumulation of organic material in the form of
peat or muck. Below this material in some places
iz a few feet of marl, a calcarecous deposit. In ad-

dition to the large kettle holes shown on plate 6,
there are thousands too small to be shown.

Bedrock Surface and Valleys Buried by Glacial Drift

If it were possible to completely remove the
glacial deposits from Summit County, the exposed
bedrock surface would then look much as it did
before glaciation. Many of the hills are capped by
the resistant Sharon conglomerate member of the
Pottaville formation. These hilltops are all that
remain of a formerly more extensive surface,
which, because of its relatively greater resistance,
formed a widespread platform that protected the
formations below it, and became progressively
more exposed as the formations above it were re-
moved. The Sharon conglomerate member dips to
the southeast, the bedrock hilltops in the north-
western part of the area therefore, are generally
higher than those in the southeastern part.

The rocks above the Sharon conglomerate mem-
ber form an irregular, rather indefinite escarp-
ment. The escarpment faces northwestward, and
is roughly parallel to the edge of the Appalachian
Plateau in Medina and Cuyahoga Counties. It is
not a steep, abrupt cliff, but marks the beginning
of a general rise from the platform of the Sharon.
Thus, an idealized cross section of the bedrock
surface across the county would show a gentle
downward slope from the northwest corner south-
east to about the center of the county, and then a
steeper, but less regular slope up the escarpment
face to a high in the southeast. In Richfield Town-
ghip the highest bedrock hill is 1,250 feet above
sea level. Eleven miles southeast, near Akron, the
bedrock hills are 1,000 to 1,050 feet above sea
level. In Green Township to the southeast the
elevation of the bedrock reaches 1,200 feet above
sea level.

The preglacial topography resembled the pres-
ent topography of the unglaciated portion of the
Appalachian Plateau. The major valleys were
broad and steep-sided, and their gradients were
gentle; the hills were high, generally smooth, and
gently rolling, The shorter tributary valleys were
narrow, and their gradients were steep in the head-
water regions, becoming more gentle toward the
mouth.

In the northwestern half of Summit County the
bedrock hills are narrow and long, and are sepa-
rated by parallel valleys. The general trend of the
long axes of the hills and valleys is northwest-
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southeast. The main pattern is interrupted by
valleys at right angles to the general trend.

In the southeastern part of Summit County the
bedrock topography is distinctly different from
that to the northwest. There is no definite pattern
of hills and valleys but rather a broad gently roll-
ing upland cut by a few deep, broad valleys.

Elevations range from less than 400 feet above
sea level at the lowest point (the southwest corner
of Northfield Township) to 1,250 feet at the
highest point (the northwest corner of Richfield
Township). It was essentially a mature region.

There were, of course, some modifications made
by the eroding ice, but the major topographic
features have remained unchanged. Valleys were
deepened, but only those whose courses were
parallel to the direction of ice movement. Hilltops
were rounded, and some minor valleys were cut
by streams that the ice diverted from their normal
channels.

Before the advance of the first glacier, the
drainage system in Summit County was quite dif-
ferent from that in existence today. The name
“Teays Stage” hag been given, (Stout, Ver Steeg,
and Lamb, 1943, p. 51) to the drainage system
presgent in OQhio prior to the earliest glacial stage
of the Pleistocene epoch. It is applied to all streams
correlative with the Teays River, the master or
type river of the system, which flowed across Ohio
in a northwesterly direction and drained all of the
southern two-thirds of the State. Neither the
Teays River nor its tributaries drained Summit
County because of a divide south of the county.
The drainage was north to the Lake Erie basin
and from there eastward to the ocean. The princi-
pal stream rose southeast of Summit County near
Canton in Stark County. Two branches, one enter-
ing Summit County in Springfield Township, the
other entering the county in Green Township,
combined south of Akron. From this confluence
the former river flowed north through Akron,
Peninsula, and Boston, Between Akron and Cleve-
land the valley of this ancient river is occupied by
the Cuyahoga River.

The name “Akron River” might well be given
this ancestral Cuyahoga River because of its be-
ginning in the Akron area. It was formerly con-
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sidered (Stout, Ver Steeg and Lamb, 1943, p. 51)
part of the preglacial Dover River, a much larger
stream which rose in Belmont, Harrison, and
Guernsey Counties. On the basis of bedrock ele-
vationg in Stark County (Schaefer, White, and
Van Tuyl, 1946, pl. 3) and in Medina County (from
the files of the Ohio Division of Water), not previ-
ously available, it seems more likely that the
course of the Dover River was farther west
through Canal Fulton in Stark County, and that
it crossed the extreme southwestern corner of
Summit County near Clinton. It flowed into Medina
County through the valley of Chippewa Creek. In
Teays time the Ravenna River (Stout, Ver Steeg,
and Lamb, 1943) also drained a small portion of
Summit County ; it flowed across Twinsburg Town-
ship. The preglacial streams were generally larger
than those of the present, and they cut broad, deep
valleys into the bedrock. The Teays drainage sys-
tem in Ohio was disrupted by the advance of a pre-
Ilinoian glacier which blocked the northward and
westward passage of the principal streams, and
caused them to seek new outlets to the south.
Whether this early glacier reached Summit County
is conjectural, but it is probable that the drainage
system that followed it was essentially the same
as the Teays system.

The Illinoian glacier ended the post-Teays drain-
age system and deposited glacial debris in the
valleys, Very likely post-Illinoian drainage was
similar to the Teays and post-Teays systems be-
cause the valleys, though partly filled, were sub-
stantially lower than the surrounding country and
still controlled the stream pattern. Channels such
a8 in Franklin Township west of Turkeyfoot Lake,
in southwest Akron, and in the northeastern
corner of Copley Township were probably cut dur-
ing Illinoian time when ice or glacial drift blocked
the normal stream channels.

The Wisconsin ice again changed the drainage
of Summit County. Some streams still follow the
preglacial pattern, others are cutting new chan-

nels acrogs buried valleys and hills. Some of the
older valleys are so filled with glacial debrig that
drainage is poor—for example, the Portage Lakes
area, or the valley of Mud Brook in northeastern
Summit County. A drainage divide extends from
Ghent, in Copley Township, through Akron, to
Springfield Lake. South of the divide some streams
drain south into the Ohio River system.

A few streams in Summit County are cutting
new channels in headwater areas but follow old
valleys farther downstream. The Cuyahoga River,
for example, flows west across the county to a
point north of Akron, where it turns north and
follows the valley of the preglacial Akron River to
Lake Erie. The drift in the buried valley has been
eroded much faster than the rock in the uplands.
This has produced a waterfall where the Cuya-
hoga River enters the old valley. The falls were
located originally about at the highway bridge on
State Route 8. Subsequent erosion has worn them
back to their present location. Similar falls occur
in tributary streams along the Cuyahoga Valley,
as in Brandywine Creek in Northfield Township.

During the glacial epoch the main valleys be-
came drainageways for meltwaters from the
glaciers, and they were partly filled with outwash
materials. The glacial drift in the main buried
valleys in Summit County generally is more than
200 feet thick and in some places it is more than
400 feet thick, These deposits offer the best possi-
bilities within the county for obtaining large
ground-water supplies. A study of the configura-
tion of the bedrock surface and of an accurate map
of the buried valleys is therefore essential to a
complete inventory of the ground-water resources.
This was made from data obtained from well rec-
ords and rock outerops. Plate 11 shows, by means
of contours drawn on the bedrock surface, the
ancient drainage channels in Summit County and
the probable direction of flow of the major pre-
glacial rivers. Contours on the bedrock surface
are shown also on the water map, plate 1.

Occurrence of Ground Water in the Glacial
and Post-Glacial Deposits

As shown on the glacial map, plate 6, a large
part of Summit County is covered by till deposited
as ground and end moraine. Although the till was
deposited by different lobes of Wisconsin ice and is
therefore of different character according to its
source, it is generally impermeable and contains
little or no available water. Well drillers commonly
describe it as yellow or blue clay. It ranges in
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thickness from about 10 feet to more than 100
feet. It is generally thin on the tops of the bed-
rock hills and thick in the buried valleys. Nearly
all the wells in the till areas, particularly in the
areas shown asg ground moraine, are drilled into
the underlying bedrock to obtain water. Where
the till has been deposited over partly buried val-
leys, water can be gotten from the underlying
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outwash. In places, particularly in the end moraine
areas and in the areas covered by till of the early
Cary ice, waterbearing gravel lenses are inter-
bedded in the till, and generally they yield small
supplies. Because such gravel ig surrounded by
till, recharge is very slow.

Some dug wells in the county yield water from
a weathered zone in the top of the bedrock, and a
few dug wells reportedly yield water from the £ill.
Dug wells provide a large seepage area through
which to receive water, and have large storage
space for the accumulation of water between pe-
riods of pumping. However till yields water very
slowly, and such wells produce only small supplies;
yields from such wells therefore are generally
adequate only for hand pumps. During dry periods
till sometimes shrinks and develops cracks, and
dug wells in the till may thus be subject to con-
tamination from the surface. Formerly, shallow
dug wells were much more common than they are
today and Leverett (1896, pp. 548-549) writes of
such wells near Hudson as follows:

Hon. M. . Read has published a paper upon
the water of Hudson and vicinity, in which it
is shown that many shallow wells are obtained
at the junction of the yellow and blue till at
depths of 10 to 15 feet or less. This scurce of
supply he considers dangerous, for the reason
that the yellow clay in seasons of drought
openg a series of fissures which readily admit
the washings off the surface in showers fol-
lowing such droughts. As in underdraining
clay lands the fissures will be opened more
rapidly near the drains, on account of the
earlier desiccation along them, so they will
open up more rapidly for the same cause
around the wells, and thege will be put in com-
plete communication with the network of
openings reaching to the surface. In examin-
ing such wells Mr. Read has found centi-
pedes, sow bugs, and earthworms by hundreds
brought up in the first drawings of water
after copious summer showers. They have
gought moisture in the fissures of the clay,
and the fact that they were uniformly carried
in great numbers into the well when a dagh-
ing rain succeeded a long-continued drought
shows how directly these fissures connected
with the well . ..

The coarse outwash material in kame and wval-
ley train deposits, under certain conditions, forms
the best aquifers in the county. The material con-
gists generally of highly permeable gravel and
sand, though in some places blocks of till are im-
bedded in the gravel. The conditiong necessary for
large vields are that the deposits be fairly exten-
sive and lie substantially below the water level in
the aquifer., For example, a part of the kame
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moraine in eastern Springfield Township and west-
ern Green Township, deposited by the Grand River
lobe, contains very coarse material, but it is in the
form of high, steep-sided hills. The water table in
these hills is far below the land surface and much
of the material, therefore, is dry. Water entering
the gravel from rainfall is quickly dissipated by
leakage through the sides of the hill. Wells must
be drilled fairly deep and, except where the gravel
extends well helow the water table, yields are not
large. They are generally larger, however, than
from wells in the till areas, and are adequate for
most farm and domestic needs.

In places, such ag in the Tuscarawas Valley in
southern Springfield Township and elsewhere, the
outwash has been laid down in buried valleys now
occupied by the larger streams. Such locations
make possible the largest sustained yields in the
county because the aquifers are generally re-
charged by water from the streams that cross
them. Maximum yields depend on the thickness
of the aquifer, its permeability, and the distance
of the wells from the source of recharge. Wells
properly located and constructed may yield more
than 1,000 gallons a minute. At present the only
large withdrawal from such an area in Summit
County is west of Cuyahoga Falls, where the city
pumps an average of 1,200 gallons a minute from
2 or 3 wells. This amount does not indicate the
maximum quantity available.

Outwash sand and gravel in buried valleys not
now occupied by the larger streams are recharged
primarily from rainfall. Initial yields from these
aquifers may be quite large, but the sustained
yields are generally less than from those areag
that receive recharge from streams., Where the
outwash is thick, such as in the buried valleys that
underlie south-central and east Akron, large sea-
sonal withdrawals may be made from water in
storage in the gravels. In south-central Akron an
average of 13 million gallong of ground water a
day is pumped for industrial cooling purposes dur-
ing the warm months. By the end of the season
water levels in the wellg are low and pumping at
the summer rate could not be continued much
longer. During the winter months the water in
the gravels is replenished, so that by the time the
next pumping season begins it usually has recov-
ered to the level it had at the beginning of the
previous pumping season.

Some of the glacial outwash was deposited as
gilt and fine sand in ponds or lakes. The silt, which
is commonly called “clay” by the well drillers, is
relatively impermeable. It containg little or no
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available ground water. The sand is generally
called “quicksand” by the driller. It containg large
quantities of water, which, however, is extremely
difficult to recover without also pumping sand.
Screens fine enough to hold back the sand are too
fine to permit the very rapid entry of water into
the well.

Some of the deeper buried valleys contain out-
wash deposited during early stages of glaciation
and afterward covered by till or silt. Fairly large
vields are available to wells that penetrate this
buried outwash where the materials are coarse.
Recharge to such aquifers is limited by the amount
of precipitation that percolates through the over-
lying sediments or to the amount of recharge
available from a surface source some distance
away. It is difficult to map the buried coarse ma-
terial because it was deposited under widely vary-

ing conditions. Some wells, even though drilled
near wells of good yield, may encounter only fine
material. The better wells yield as much as 500
gallons a minute for short periods, but their sus-
tained yield is probably somewhat less than this.

As the ice sheets retreated from Summit
County, lakes were formed in the Cuyahoga Valley
in which thick layers of silt were deposited. The
silts, together with associated till deposits, are not
water bearing. In that area most home-owners are
forced to rely on cisterns for their water supply.

Recent alluvium, consisting of silt and sand de-
posited by the present streams on their flood
plaing, and peat and marl laid down in swamps in
the kettleholes, are of little importance. The de-
posits are impermeable and generally thin, and
most wells are drilled through them to obtain
water from the underlying formations.

GEOLOGY AND WATER-BEARING PROPERTIES OF
THE CONSOLIDATED ROCKS

The consolidated rocks that underlie Summit
County, at least to the depth penetrated by wells
seeking oil, gas, or salt, are of sedimentary origin
and were deposited during the Paleozoic era. Dur-
ing much of Paleozoic time the area was covered
by seas, in which sheets of mud, calcareous mud,
and sand and gravel were deposited. For a time
inland lakes existed, and salt and gypsum were
formed. At times shallow water, or shoreline con-
ditions, existed, deltas were formed, and vegeta-
tion accumulated in the swamps. Consolidation of
the sediments changed the mud into shale, the
calcareous mud into limestone or dolomite, the
sand and silt into sandstone and siltstone, the
gravel into conglomerate, and the vegetation into
coal.

The exposed consolidated rocks in Summit
County consist primarily of interbedded shale,
sandstone, and conglomerate. In places the shales
are sandy and the sandstone is more nearly silt-
stone. A few thin limestones and some coal beds
occur in the southern part of the county. Beneath

the exposed rocks are more shales, underlain in
turn by thick limestone. At greater depths are
beds of gypsum, anhydrite, and salt. Some forma-
tions, found elsewhere in the State, have been re-
moved in Summit County by erosion during the in-
tervals in the Paleozoic era when the region was
above gea level, and their absence iz marked by
unconformities.

The formations listed in table 2 are not found
everywhere in the county. Some have been re-
moved locally by erosion. The geologic map on
plate 5 shows the areal distribution of the exposed
congolidated rocks. Only the major units, the
Pennsylvanian, Mississippian, and Devonian 8y8-
tems, are shown. The map and the discussion of
the rock units are based on field studies, well rec-
ords, and previous reports dealing with the geology
of the area. More complete descriptiong of the
occurrence and distribution of the consolidated
rock formations in the county may be found in
reports by Cushing, Leverett, and Van Horn
(1931), Prosser (1912), and Newberry (1873).

Stratigraphic Sequence, Character, and Distribution of the Rocks
Pennsylvanian System

The youngest consolidated rocks in Summit
County are the members of the Pottsville forma-
tion of the Pennsylvanian system. Stout (Stout,
Ver Steeg and Lamb, 1943, table 1) gives the fol-
lowing as a generalized section of the Pottsville
formation in Ohio:

Member Kind of Material Thickness Interval

Clay, plastie 4

Homewood Shales or sandstone 10 15

Tionesta No. 3b Coal, local o
Clay, plastic 5
Shale and sandstone 247

Upper Mercer

Big Red Block Ore, irregular 47 32

Upper Mercer Limestone or flint 18"
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Member Kind of Material Thickness Interval
Bedford Coal, patchy B
Clay, siliceous 3
Shale and sandstone T
Sand Block Ore, siliceous, local G 1
Shale and sandstone By
Upper Mercer No. 3a  Coual, locul o
Clay, siliceous, plastic 3
Shale and sandstone 1
Lower Mercer
Little Red Block Ore, kidney 3
Shale, siliceous 19" 186"
Lower Mercer Limestone, marine 2
Middle Mercer Coal 6
Clay, siliceous, plastic 36
Shale and sandstone 3 &
lint Ridge Coal, local 67
Clay, plastic and flint 4’
Shale and sandstone 5
Boges Ore and limestone, marine 6 116"
, Shale, siliceous 1
Lower Mercer No. 3 Coal b
Clay, siliceous 3
Shale and sandstone 23 28
Lowellville
Toverty Run Limestone or ore, marine 1’
Vandusen Coal, unsteady 1’
Clay, impure 4
Shale and sandstone 17 206"
Bear Run Coal, local 16"
Clay, siliceous L3
Connoguenessing
or Massillon Shale or sandstone 24 29
Quakertown No. 2 Coul, patchy ¥
Clay, siliceous ¥
Shale and sandstone 12 173"
Huekleberry Coal, local 3"
Clay, siliceous 4
Shale, argillaceous 1 103"
Guinea Fowl Ore, local 37
Shale, gray, siliceous 59"
Anthony Coal 3
Seiotoville Clay, flint and plastic ¥
Shale and sandstone 20
Sharon Qre, local, marine 3" 32!
Shale, siliceous 479
Sharon No, 1 Coal, patehy 3
Clay, impure 2
Shale, siliceous, irregular 5 18
Sharon Conglomerate 10
Harrison Qre, local, impure, marine 1

Not all of the members listed occur in Summit
County, nor are they everywhere of the same
character or thickness shown in the generalized
column. Rocks of the Pottsville formation in Ohio
are extremely variable and may change in both
character and thickness within short distances.
Within a few miles a shale may give way to a
sandstone. The coals usually occur in patches.
Members present in one locality may be repre-
sented only by an unconformity in another. The
generalized section showing the alternating layers
of shales, clays, sandstone, limestone and coal il-
lustrates the physical character of the Pottsville
formation in Summit County.
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The Lower Mercer limestone member is the
highest stratigraphic unit of the Pottsville in
Summit County. All younger Pennsylvanian rocks
have been removed by erosion, The Lower Mercer
limestone member, the Middle Mercer coal and
clay member, and the Flint Ridge coal and clay
member are exposed In a quarry at Aultman
(Stout, Stull, McCaughery, and Demorest, 1923,
p. 177). The Boggs, the Lower Mercer coal, the
Lowellville-Poverty Run, and the Vandusen mem-
bers have not been recognized in the county. In a
quarry, just west of Mogadore, the Bear Runm,
Massillon and Anthony members are present
(Lamborn, Austin, and Schaaf, 1938, p. 84). The
Quakertown No. 2 coal is represented by a trace
of carbonaceous material, and the Huckleberry
and Guinea Fowl members are absent. The shales
of the Massillon member are also present in quar-
ries in Akron. In a quarry south of Barberton the
Massillon member is separated from the Anthony
member only by a thin black shale at the horizon
of the Quakertown No. 2 coal member (Lamborn,
Austin, and Schaaf, 1938, p. 76). In a second
quarry near Mogadore the Sciotoville member is
present beneath the Anthony (Stout, Stull, Me-
Caughey, and Demorest, 1923, p. 141). The Sharon
No. 1 coal member has been mined in southern
Norton Township and in Franklin Township. The
Sharon conglomerate member also is present in
the county, and occurs in cliffs, such ag “Ritchie
Ledges,” and in many road cuts. In places it has
been quarried.

The greatest mass of the Pottsville formation
occeurs southeast of a roughly semicircular line
extending from Barberton northeast through
Stow Township, south of Darrowrville. Generally,
north and northwest of the line, the Sharon con-
glomerate member is the only Pennsylvanian rock
present. It occurs in patches capping the higher
hills. Progressively younger rocks occur in succes-
sive concentric bhelts southeast of the line. The
yvoungest consolidated rocks in any one area are
those that cap the bedrock hills. Beneath Tall-
madge, Akron, and Norton Townships, the Massil-
lon sandstone member is generally the uppermost
unit, though in places, particularly at the tops of
the bedrock hills, shales and thin sandstones occur
above it. In northern Springfield Township and in
Green Township the Lower Mercer limestone mem-
ber is the youngest rock unit present. In Green
Township the Pottsville formation, or a portion of
it, reaches a thickness of 250 to 300 feet. In
Springfield and Franklin Townships it is about 200
feet thick, and in Norton and Tallmadge Town-
ghips it is 100 to 150 feet thick.
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The most prominent and continuous members
of the Pottsville formation are the Massillon
sandstone member and the Sharon conglomerate
member. The Massillon member is fine to coarse
grained and in places it may be pebbly. It is cross-
bedded.and generally a buff color, though it may
be pink, brown, or several other shades when
weathered. It is well cemented and has been quar-
ried elsewhere in Ohio for buildin g stone. Its
thickness varies considerably, and in places the
Magsillon horizon may be predominantly shale.
Near Mogadore the Massillon member consists of
2 feet of clay, 3 feet of shale, and 5 feet of sand-
stone (Lamborn, Austin and Schaaf, 1938, p. 84).
South of Barberton, in a quarry, the Massillon
sandstone member is 16 feet thick. It is believed
that in Summit County the sandstone rarely ex-
ceeds 20 feet in thickness.

The Sharon conglomerate member occurs some
50 to 80 feet beneath the Massillon sandstone
member. The interval varies considerably, and it
may be less than 20 feet in places. The Sharon,
although called a conglomerate, is composed pre-
dominantly of medium-grained sandstone, loosely
cemented. The conglomeratic zone is chiefly at
the base of the rock and consists of a mass of
rather well sorted white quartz pebbles. The space
between the pebbles is occupied by sand grains.
The Sharon conglomerate member of the Potts-
ville is the basal member of the Pennsylvanian
system. It was deposited in basins or troughs
formed by pre-Penngylvanian erosion of the sur-
face of the underlying Mississippian rocks. Con-
sequently, its thickness is quite variable. In the
northern and northeastern parts of the county,
where it now caps the bedrock hills, it ranges
in thickness from only a few feet to as much as
50 feet or more. North of Twinsburg it is 44 feet
thick and at Hudson it is 46 feet thick. Near Bar-
berton it is 64 feet thick, and in a deep well at
Akron (Prosser, 1912, pp. 173-176) it was found
to be 40 feet thick. Where erosion has removed
the overlying drift the Sharon forms cliffs and
ledges. The most spectacular of these are “Bos-
ton Ledges” and “Ritchie Ledges” in Boston
Township. The main falls of the Cuyahoga River
in the center of Cuyahoga Falls are formed by
the Sharon. The Sharon has been quarried for
the quartz pebbles near Copley. Photographs of
the Sharon conglomerate member are shown on
plate 12.

Correlation and identification of the wvarious
members of the Pottsville formation in Summit
County from the drillers’ logs shown in plate 22
has not been attempted, because the distinction
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between a shale and a sandy shale or between a
sandstone and a shaly sandstone cannot usually
be detected in well cuttings. For example, many
drillers frequently determine the character of the
rock by its ease of drilling with the result that a
rock that appears to be sandstone may actually
be a shaly sandstone or a sandy shale, or it may
consist of several interbedded layers of thin sand-
stones and shales. Moreover, very thin, platy
sandstones sometimes appear white in well cut-
tings, and may therefore be called “lime shellg”
by the driller.

Mississippian System

The Mississippian system in Ohio has been sub-
divided by Stout (Stout, Ver Steeg and Lamb,
1943, table 1) into six groups or formations.
They are, in descending order: Maxville, Logan,
Cuyahoga, Sunbury, Berea, and Bedford. The Max-
ville and the Logan do not occur in Summit
County, having been removed, together with the
upper part of the Cuyahoga group, by pre-Penn-
sylvanian erosion. In the Summit County area
the Cuyahoga group is subdivided into the Mead-
ville shale, the Sharpsville sandstone, and the
Orangeville shale. According to DeWitt (1951),
though the Sunbury shale elsewhere in Ohio is a
distinet rock unit separated from the Orangeville
by local siltstones, in northeastern Ohio it is a
member of the Orangeville and it will be so con-
sidered in this report. The Berea sandstone and
the Bedford shale are both present in Summit
County, though in places part of the Bedford was
removed by erosion prior to deposition of the
Berea gandstone.

The youngest recognizable Mississippian unit in
Summit County, the Cuyahoga group, forms the
bedrock in much of the northern and northeastern
parts of the county. Capped by the Sharon con-
glomerate member of the Pottsville formation,
rocks of the Cuyahoga group comprise most of
the bedrock hills in that area. Cuyahoga rocks
also outerop in the deeper buried valleys in the
southwestern part of the county, though at no
place in Summit County is there a complete sec-
tion present. In the northern part of the county
the Cuyahoga group averages about 250 feet in
thickness; at Akron, where it is covered by the
Sharon, a deep well (Prosser, 1912, p. 173) pene-
trated only 170 feet of Cuyahoga rocks. A few
miles to the west of that well in what once was
called Kenmore, and now is a part of Akron, a
salt well (Prosser, 1912, pp. 173-176) penetrated
about 300 feet of the Cuyahoga. Near Barberton
the log of the shaft of the Columbia Chemical
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A Photograph showing quartz pebbles at the base of the Sharcen conglomerate member of the Pottsville
formation. Arrows indicate contact between the Sharon and the underlying Cuyahoga group. View
is at “Old Maid’s Kitchen” in the Akron Metropolitan Park, west of Cuyahoga Falls.

B Photograph of the Sharon conglomerate member at Ritchie Ledges in Virginia Kendall Park, Boston
Township.

Plate 12. Photographs of the Sharon conglomerate member of the
Pottsville formation in Summit County, Ohio.
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Co. limestone mine (Stauffer, 1944) shows more
than 350 feet of Cuyahoga rocks.

The Cuyahoga group consists of interbedded
sandstones and shales. The sandstones may be
platy and only a few inches thick (pl. 13 A). Where
they are as much as 8 or 10 feet thick, they are
composed of thin beds ranging from 2 to 8 inches
in thickness. The shales may be sandy or clayey
and range in thickness from less than one foot to
as much as 100 feet. Individual beds of the Cuya-
hoga group have not been differentiated in the
well logs (pl. 22), for the reasons described in the
section dealing with the Pottsville formation.
That part of the Cuyahoga group which occurs
most generally beneath the glacial drift is the
Meadville shale. The Sharpsville sandstone, ac-
cording to Prosser (1912), underlies parts of
Northfield Township and is also present in the
Cuyahoga gorge southwest of Cuyahoga Falls,
where it forms the lower falls. Plate 13 B is a
photograph of the Sharpsville sandstone taken
near the lower falls. The Orangeville shale oc-
curs in the sides of the deep buried valleys, ex-
cept in a small area in Northfield Township where
it is the bedrock. The following portion of Stauf-
fer’s log of the shaft at the limestone mine at
Barberton illustrates the character of the Cuya-
hoga group:

Thickness
Rock Type (feet)
Sandstone with shale partings....... ... 10

Shale with bands of sandy layers 10
Shale o 30
Sandstone 10
Sandstone with interbedded shale....._.._.._....._.._ ... 30
Shale with interbedded thin sandstone......... .. 5
Sandstone with interbedded shale..... ... ... 60
Sandstone 10
Shale

Shale with lawyers of sandstone
Shale .o

Sandstone ...
Shale (called Sunbury by Stauffer)

The Berea sandstone, according to DeWitt
(1951) was deposited in three phases. The first
phase was the filling of the channels cut after
deposition of the Bedford. The sandstone of this
phase is massive and in places it contains pebbles.
The second phase was deposited by rivers, in
sheets 20 to 30 feet thick, and it is crossbedded.
The third phase was deposited at the bottom of
shallow seas and is a thin bedded, fine grained
sandstone 5 to 20 feet thick, with shale partings
between the beds. The channel deposits have not
been recognized as such in Summit County. The
Berea is at or near the surface only in the north-
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western part of the county. It forms the bedrock
surface in part of Northfield Township, where it
is 40 feet thick. It also forms the falls on Brandy-
wine Creek and it crops out in the sideg of the
Cuyahoga Valley. It has been quarried at Penin-
sula where it is about 58 feet thick. The photo-
graph, plate 14 A, shows a portion of the Berea
sandstone. Presumably the Berea occurs also in
the sides of the buried valleys. Elsewhere in the
county it is covered by thick layers of consolidated
rocks and glacial deposits. It has been penetrated
by deep wells in search of oil or gas but identifi-
cation from the available well records is difficult.
That the Berea may not everywhere be present is
indicated by the fact that it was not identified in
the limestone mine shaft at Barberton.

The Bedford shale forms the bedrock surface of
a small part of western Northfield Township and
is exposed in the walls of the Cuyahoga River
north of Peninsula. Presumably it occurs also in
the walls of some of the deeper buried valleys.
DeWitt (1951) reports that in the Peninsula area
the Bedford consists of about 85 feet of light
gray silty shale containing many thin platy sand-
stones.

Devonian and Silurian Systems

Following is a condensation of the log of the
shaft of the limestone mine at Barberton (Stauf-
fer, 1944) which shows the formations that occur
in Summit County beneath the Mississippian rocks.
The nomenclature and the correlation are Stauf-
fer’s.
Devonian Thickness

(feet)
Cleveland shale (Ohio shale of this report)
Shale, black, slaty, with thin layers of sand-

stone 3

Shale, black to gray 57
Chagrin formation

Shale, dark gray, with interbedded sandstone .. 10

Shale, gray, with interbedded gray sandstone.... 130
60

Shale, slaty, gray .
Shale, gray, argillaceous, thick bedded with
thin gray sandstones
Shale, gray, slaty ... ...
Shale, gray, argillaceous, soft
Huron shale

Shale, gray, to brown to black. ... 989
Hamilton shale

Shale, blue gray, gray brown, and black........_. 108
Delaware limestone

Limestone, gray, crystalline ... 5
Columbus limestone

Limestone, gray to light gray with occasional

flint or chert layers.... ... .. 215

Lucas dolomite

Limestone, dolomitic, gray, cherty or sandy... 36
Sylvania sandstone

Sandstone, gray to white ... . 5
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A View across Brandywine Creek at Little York in Northfield Township, showing the thin-bedded,
platy character of the Sharpsville sandstone; a typical sandstone in the Cuyahoga group.

B Photograph of a portion of the Sharpsville sandstone. Exposure is a short distance downstream
from the lower falls of the Cuyahoga River.

Plate 13. Photographs of the Sharpsville sandstone in Summit County, Ohio.
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A Photograph showing the upper portion of the Berea sandstone exposed in a quarry near Peninsula,
Boston Township.

B Photograph of an exposure of the Ohio shale in a raiiread cut near Brecksville Station. The cut is
on the west side of the Cuyahoga River nearly oppesite the center of Northfield Township.

Plate 14. Photographs of the Berea sandstone and the Ohio shale
in Summit County, Ohie.
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Silurian

Bass Island dolomites
Limestone, dolomitic, gray to dark gray and

dolomite, gray to dark gray formation. ... 94
Salina formation
Gypsum and gypsiferous shales ... 200
Salt with interbedded gray shale and shaly
limestone ... 100

The only rocks older than the Mississippian that
are exposed in Summit County are the Cleveland
member of the Ohio shale, and the Chagrin shales.
They occur in the sides of the Cuyahoga River
valley along the western edge of Northfield Town-
ship, shown in the photograph, plate 14B. Pre-
sumably, the lower walls and the bottom of the
buried valleys beneath the Cuyahoga River, Yellow
Creek, and Mud Brook are composed of Devonian
rocks, probably the Cleveland member and the
Chagrin shale. The presence in the county of
rocks deeper than those are known only from rec-
ords of a few scattered oil, gas, and salt wells.

The Occurrence of Ground Water in the
Consolidated Rocks

The bedrock beneath Summit County is the
source of water for most of the wells in the county.
Yields from wells in the consolidated rocks are
much less than from wells in the glacial outwash,
but, with few exceptions, they exceed the yields
available from the glacial till. Except in a few
areas the quantities available from the bedrocks
are generally adequate for most farm and domes-
tic needs. In places, they suffice for small munici-
pal or industrial requirements.

The Pottsville formation of Pennsylvanian age
yields more water to wells than any other consoli-
dated rock formation in Summit County. Of all
such wells surveyed during the course of this in-
vestigation, none was reported as having failed to
yield water. The water generally is found in the
sandstones, although some may come from frac-
tures in the shale. Reported yields generally range
from 5 to 50 gallons a minute; higher yields are
reported from the Sharon conglomerate member.
Wells are drilled into the Pottsville only as deep
as 1s necessary to obtain a quantity of water suf-
ficient to meet the needs of the well owner, and
that depth is generally dependent upon the num-
ber and thicknesses of the sandstone beds encoun-
tered. Generally the quantity of water available
from a well can be increased by drilling deeper
into the Pottsville. Some wells have gone dry dur-
ing dry periods. Usually this situation results
from too shallow a well or too short a pump col-
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umn; that is, when the normal seasonal decline
in water level occurs, the water level in such wells
is near or below the bottom of the well or pump
column. The average yield from 100 representa-
tive wells in the Pottsville formation, excluding
those wells obtaining more than 50 gallons a min-
ute from the Sharon, is 11 gallons a minute.

The Sharon conglomerate member is the prin-
cipal aquifer of the Pottsville formation. Presum-
ably the Massillon member is nearly or equally as
productive, but the available data do not show
definitely which wells obtain most of their yield
from the Massillon or what the yields are. Small
municipal and industrial supplies are available
generally from the Sharon. The village of Twins-
burg is supplied by water from wells and a spring
in the Sharon. Lakemore pumps an average of 25
gallons a minute daily from the Sharon. The U. S.
Stoneware Co. in Tallmadge reported that one of
two wells in the Sharon yielded a maximum of
200 gallons a minute for relatively short periods.
The average yield from both wells is 55 gallons
a minute. The city of Hudson is supplied by
several wells in the Sharon which yield an aver-
age of 145 gallons a minute. The Sharon crops
out in many places in the county, usually produc-
ing a spring line at its base. Many farms and
homes obtain water from such springs.

The Mississippian rocks generally yield less
water than the rocks of the Pottsville formation,
though their yields, with a few exceptions, are
sufficient, for most farm and home needs. Again,
as with the Pottsville formation, the sandstones
are the principal sources of water, and the yields
of wells are roughly proportional to the number
of water-bearing sandstones they intercept. The
Berea and Sharpsville sandstones are in places the
best aquifers, yielding up to 20 gallons a minute.
These two sandstones seem to be of principal
value in Northfield Township, where they are
close to the surface. In most of Richfield Town-
ship the Berea is deep and only one well (No.
442) has reached it. Well 220, ending in the Be-
rea sandstone in Macedonia Township, contains
salty water. Tt is believed that the Berea contains
saline water southeast of well 220.

The Cuyahoga group, because it forms the bed-
rock over large areas, is the main source of water
for most wells in the Mississippian rocks. Except
in areas such as in Boston and Northampton
Townships, where it is buried under a great thick-
ness of clay or till, small supplies can generally
be obtained from the Cuyahoga group. So far as
can be determined, the Bedford formation sup-

