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GEOLOGY AND GROUND WATER RESOURCES OF GRADY
AND NORTHERN STEPHENS COUNTIES
By LeoNn V. Davis
ABSTRACT

This report describes the areal geology and ground-water re-
sources of Grady County and northern Stephens County in south-
central Oklahoma. The area includes all or parts of 456 congres-
sional townships and covers about 1,236 square miles. The largest
city is Chickasha, which is the county seat of Grady County and
is an industrial and farming community. The other towns are pri-
marily agricultural centers. The average annual temperature at
Chickasha is about 61.6° F., and the average annual precipitation
is about 30.81 inches.

The area is characterized by rolling plains, cut in places by
deeply eroded valleys. About 85 percent of the area is drained by
the Washita River, about 10 percent by the Canadian River, and
about 5 percent by tributaries of the Red River.

Rocks cropping out in the area of the middle and upper parts
of the Permian system are divided into the El Reno and White-
horse groups, overlain by the Cloud Chief formation.

Rocks of the El Reno group crop out at the surface in the
eastern and extreme southern parts of the area. They include (as-
cending) the Duncan sandstone, Chickasha formation, and the
Blaine formation and Dog Creek shale, undifferentiated. The Dun-
can sandstone consists of interbedded sandstone and shale, and it
yields hard water to domestic and stock wells in the outcrop area.
Down dip to the west, the Duncan contains water under artesian
pressure, and a few wells tapping this water flow at the surface.
The water is generally hard in the south and highly mineralized
in the north; locally it is too highly mineralized even for stock use.
The Chickasha formation is composed of irregularly bedded con-
glomeratic siltstone with erratic sandy lenses occuring sparingly
throughout the formation. It yields little water to wells except
where sandstone lenses are penetrated. The water is very hard
and in places is salty. The Dog Creek shale and Blaine formation,
undifferentiated, are composed of dark red even-bedded shales
and a few lenses of siltstone conglomerate. These beds yield al-
most no water to wells in Grady County.

Roeks of the Whitehorse group crop out at the surface in the
southwestern third of the area and also in the northwestern part.
They include, in ascending order, the Marlow formation and the
Rush Springs sandstone. The Marlow formation is composed of
even-bedded sandy or silty shale, with a few bands of sandy
gypsum. The Verden sandstone member occurs near the middle
of the Marlow and the Relay Creek dolomite beds are at the top
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of the formation. The ground water in the Marlow formation is
highly mineralized and the yields to wells are only a few gallons
per minute. The Rush Springs sandstone is a fine-grained, cross-
bedded sandstone, containing irregular silty lenses. Wells yield
moderate supplies of water in most of the area of outerop. The
water is suitable for most industrial, munieipal, and irrigation
uses. The towns of Rush Springs and Marlow get their municipal
water supplies from this formation.

The Cloud Chief formation occurs only as scattered thin out-
liers. The formation is mostly gypsum, which loeally is dolomitic,
but at many places it contains inter-bedded red clay shale. It is
not water bearing in Grady County.

Terrace deposits composed of alluvial gravel, sand, silt, and
clay, laid down when the streams flowed at higher elevations,
oceur along the major streams. These deposits yield moderate
amounts of hard water to small municipal, domestic, and stock
wells. The towns of Tuttle, Verden, and Alex get thelr municipal
water supplies from terrace deposits.

Alluvium along both the major and minor valleys is composed
of gravel, sand, silt, and clay. It yields hard water to domestie
and stock wells. Alluvium is the sourece of the mumicipal water
supply at Mineo, Oklahoma.

The ground-water recharge comes mostly from precipitation
within the area and in part by underflow from ouiside the area.
Discharge is by transpiration and evaporation, by effluent seep-
age, and by springs and wells. The ground water in alluvium
along the Washita and Canadian Rivers is recharged during most
of the year from precipitation and at times of high water it is
recharged by seepage from the rivers.

Records of 94 water wells and test holes are given in table
15, and the chemical analyses of 73 samples of ground water are
llsted in table 13. The water wells in alluvial sediments range in
depth from 20 to 105 feet. Water-table wells in bedrock range
from 15 to 200 feet in depth, and some artesian wells are as mueh
as 400 feet deep. Yields range from a few gallons per minute to
several hundred gallons per minute. The ground water is gen-
erally suitable for most domestie, industrial, and irrigation uses,
but in some areas it is too highly mineralized for any of these
purposes. The total discharge of ground water from wells is esti-
mated at several hundred million gallons per year.

Four controlled pumping tests on wells in Grady County gave
the following values for the coefficients of transmissibility and
storage: in terrace deposits, transm1ss1b111ty 18,500 gallons per day
per foot, storage 1.95 x 107°; in the Rush Sprmgs sandstone, trans-
missibility 12,650 gallons per day per foot in the Dunean sand-
stomiz transmissibility 900 gallons per day per foot, storage 2.8
x 107



INTRODUCTION
SCOPE AND PURPOSE OF THE REPORT

Ground water is one of the most abundant and most
valuable natural resources. However, it should not be assumed
that ground water is available in unlimited quantities in all
places. The demands of cities or of industries using ground
water may, in given localities, increase the use of water far be-
yond the local rate of replenishment. If more water is taken out
of a ground-water reservoir than can be replenished by precipita-
tion, the excess must come from ground-water storage. The water
table will be lowered and contamination may occur by encroach-
ment of mineralized ground water. Such damage to ground-water
supplies is not easily reparable. A ground-water reservoir is an
invisible pool from which all users draw their supply. If the
ground-water reservoir becomes contaminated by one user it may
be spoiled for all; and if it is overdrawn by one wuser, the supply
for all will be reduced. In Grady and Stephens Counties, as else-
where, an understanding of the occurrence and movement of
ground water and of the quantity and quality of water available
is necessary for efficient development of available supplies to fill
the expanding needs of municipal, industrial, and agricultural
activities.

Accurate information about the chemical character of the water
in the local aquifers is essential to aid in the selection of the most
satisfactory water-bearing stratum, to permit advance estimation
of the cost of treatment of the waters that may be available, and
to prevent useless drilling in areas where prospects for suitable
water are poor.

Ground water for municipal and industrial use in Grady and
northern Stephens Counties, Oklahoma is obtained principally from
alluvium along the major streams, at depths ranging from 20 to
105 feet, and from beds of water-bearing sandstone of Permian
age at depths ranging from 15 to 200 feet. The water tapped by
such wells is under water-table or semi-artesian conditions and some
wells have relatively high yields. Other deeper wells penetrate
aquifers in which the water is under artesian pressure. Increased
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INTRODUCTION 11

use of water has resulted in a demand for more ground water;
but the occurrence, quantity, and quality of the available ground
water in Grady County have been but imperfectly understood.

This investigation has been conducted as a cooperative project
of the United States Geological Survey and the Oklahoma Geological
Survey in order to make available to the public information on the
occurrence, quantity, and quality of the ground water in Grady
and northern Stephens Counties.

It was carried out under the general supervision of O. E. Meinzer
and A. N. Sayre, successively Chiefs of the Ground Water Branch,
U. S. Geological Survey, and R. H. Dott, Director (field work
and most of the manuscript), W. E. Ham, Acting Director (com-
pletion of manuscript), and C. C. Branson, Director (editing and
publication), Oklahoma Geological Survey, and immediately under
the direction of S. L. Schoff, District Geologist, U. S. Geological
Survey.

LOCATION OF THE AREA

Grady County lies just southwest of the middle part
of Oklahoma, north of the Oklahoma Base Line and west of
the Indian Meridian. It is approximately rectangular in
shape and is bounded by Canadian County on the north; Cleve-
land, McClain, and Garvin Counties on the east; Stephens County
on the south; and Comanche and Caddo Counties on the west.
Grady County comprises all or part of Tps. 3 to 10 N., and Rs.
5 to 8 W., and totals about 1,092 square miles. Also included are
T.2 N, Rs. 5, 6,7 and 8 W,, about 144 square miles in area, com-
prising a part of the northernmost tier of townships in Stephens
County and lying immediately adjacent to and south of Grady
County.

Grady County was included in the land given to the Choc-
taws by the treaty of Doak’s Stand in 1820. It remained a part
of the Choctaw country until the treaty of 1839 between the Choc-
taws and Chickasaws that allowed the latter tribe to settle in the
Choctaw country and to form a separate district there. In 1855
the Chickasaws made a bilateral treaty with the Choctaws and the
United States, and the Chickasaw District became -the Chickasaw
Nation. In the treaty of 1866 between the Choctaws and Chickasaws
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and the United States, the Leased District which included the
westernmost tier of townships in what is now Grady County, was
ceded to the United States for the use of friendly Indians. Later,
in 1890, this western land became part of the Oklahoma Territory
but was not opened to settlement until 1901. The present boundaries
of the county were established when Oklahoma and Indian Terri-
tories were combined to form the State of Oklahoma in 1907.

The largest town and county seat is Chickasha, with a popula-
tion of about 15,842. In the northern part are Minco, Tuttle,
Amber, and Middleberg; and in the southern part are Rush Springs,
Marlow, Ninnekah, Alex, and Bradley.

Grady County is transversed by U. S. Highways 62, 81, and
277; by Oklahoma State Highways 1, 17, 19, 29, 37, 39, 41, and 92;
and by the St. Louis and San Francisco Railway, and the Chicago,
Rock Island and Pacific Railroad.

PREVIOUS INVESTIGATION

Prior to this investigation the geological reports on Grady
County have been more concerned with the geology and
nomenclature of the sedimentary rocks rather than with the
ground-water possibilities. The earliest noteworthy report in-
cluding Grady County is that by Gould (1905) which was made
in connection with his study of the geology and water resources
of Oklahoma. Many other geologists have contributed to the
knowledge of the geology of Grady County. The principal reports
relating to the geology or ground water of Grady County are as
follows:

1902

Gould, C. N., General geology of Oklahoma: Oklahoma Dept. of Geol. and
Nat. History: Bienn. Rept. 2, p. 17-74.

1905

Gould, C. N., Geology and water resources of Oklahoma: U. S. Geol. Survey,
Water-Supply Paper 148.

1915
Wegemann, C. H., The Duncan gas field: U. S. Geol. Survey, Bull. 621.D.

1918

Ohern, D. W,, A contribution to the stratigraphy of the red beds: Amer. Assoc.
Petroleum Geologists, Bull, vol. 2, p. 114.
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1921
Clapp, F. G., Geology of Cement oil field: Amer. Inst. Min. Met. Eng., Trans.,
vol. 65, p. 156-164.

1921

Reeves, Frank, Geology of the Cement oil field, Caddo County, Oklahoma:
U. S. Geol. Survey, Bull. 726, p. 41-85.

1924

Sawyer, R. W., Areal geology of a part of southwestern Oklahoma: Amer.
Assoc. Petroleum Geologists, Bull., vol. 8, p. 312-321.

1924

Gould, C. N., A new classification of the Permian red beds of southwestern
Oklahoma: Amer. Assoc. Petroleum Geologists, Bull., vol. 8, p. 322-341.

1926

Gould, C. N., The correlation of the Permian of Kansas, Oklahoma and north-
ern Texas: Amer. Assoc. Petroleum Geologisis, Bull, vol. 10, p. 144-153.

1026
Aurin, F. L., Officer, H. G., and Gould, C. N., The subdivision of the Enid
formation: Amer. Assoc. Petroleum Geologists, Bull, vol. 10, p. 786-799.

1926

Gould, C. N., and Lewis, F. E., The Permian of western Oklahoma and the
panhandle of Texas: Oklahoma Geol. Survey, Circular 13.

1927
Gould, C. N., and Willis, Robin, Tentative correlation of the Permian forma-
tions of the southern Great Plains: Geol. Soc. Amer., Bull, vol. 38, p. 431-442,

1927

Becker, C. M., Geology of Caddo and Grady Counties, Oklahoma: Oklahoma
Geol. Survey, Bull. 40-L

1930
Sawyer, R. W., Oil and gas in Oklahoma, Kiowa and Washita Counties: Okla-
homa Geol. Survey, Bull. 40, vol. 2, p. 311-32L.

1930

Becker, C. M., Structure and stratigraphy of southwestern Oklahoma: Amer.
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PRESENT INVESTIGATION

This is the first investigation having as its primary
objective an evaluation of the ground-water resources of Grady
County, Oklahoma. Initially, it was intended to study only
the Rush Springs sandstone in southwestern Grady County,
but later the program was expanded to cover the entire county, and
still later, to include four townships at the north end of Stephens
County. In the spring of 1946 surface mapping of the exposed
rock formations was begun and the mapping was continued with
interruptions until the spring of 1950. Meanwhile, several pumping
tests were made, municipal supplies were investigated, and records
of pumpage obtained where available. Samples of water collected
from wells and springs were analyzed, and in addition several un-
published analyses representing ground water from Grady County
were made available by oil companies.

A well inventory was made of representative wells throughout
the county with special emphasis on wells in the Rush Springs
sandstone. Test holes were drilled in areas where information
from farm wells was meager or lacking. Altitudes of wells selected
as observation wells were determined by alidade or level.

As the published geologic maps of Grady County are on a
small scale the area was remapped in the field, using aerial photo-
graphs on a scale of approximately 3.2 inches to the mile as a base.
Descriptions of the rocks and the geology of the area are based
on the author’s observations and on published reports.

WELL-NUMBERING SYSTEM

The well-numbering system used in this report is based
on the township system of the General Land Office. The first
patt of the well number is the township number, the second
is the range number, and the third is the section. Thus SN8W-14
designates a well in sec. 14, T. 5 N,, R. 8 W. Where several
wells are recorded in the same section, serial numbers are added
to distinguish one from another. For example, well SN§W-14-2
is the second well recorded in sec. 14.

In table 15 the wells are grouped by townships set off by a
center heading. The well numbers are given in the first, or left-
hand, column. The part of the well number derived from the town-
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ship and range is given once, at the left in bold-face type, with only
the section and serial elements of the number showing on the line

describing the well, thus:

SNEW
-14-1
-14-2

Locations within the sections are given in the second column
of the well tables, following the usual pattern of land descriptions:
NWWNWYNWY4. In this example, the smallest fractional unit
is given first, and the location is the northwesternmost 10 acres of
the section, and is read the NW%%4 of the NW%4 of the NW%4. This
part of the location is not repeated in other tables, and in most cases
is not mentioned in the text.
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GEOGRAPHY
TOPOGRAPHY

The area covered in this report is in the Osage Plains of
the Central Lowland Province (Fenneman, 1930, p. 455, p. 605-
630). Rolling plains developed by erosion of shales and silt-
stones characterized the eastern part. The western part is cut
by deep drainage channels eroded in sandy shales and sandstones.
Local relief in most places does not exceed 200 feet and generally is
much less. The Washita River crosses about midway of Grady
County flowing southeast. The Canadian River also flowing south-
east forms the north boundary of the County.

Three distinct alluvial terraces, 2 to 5 miles wide, flank the
Washita River forming broad flat plains across the area. Correlative
terraces are found along most of the major tributary streams and
also along the Canadian River at the north edge of Grady County.

DRAINAGE

The area lies within the Washita River drainage basin,
with the exception of two townships adjacent to the southwest
corner, which are drained southward into the Red River by
Buckhorn Creek, and a strip about 5 miles wide along the north
side of the county, which is drained by the Canadian River. The
Washita River is a perennial stream with steep mud banks, very
little sand in the stream bed and heavy timber on the bottom lands.
The Washita flows generally eastward from Verden to Chickasha,
thence southeastward to Alex and Bradley, and leaves the area near
the northeast corner of T. 4 N.,, R. 5 W. The other perennial
streams are Little Washita River and Rush Creek, both tributary
to the Washita, and Boggy Creek, which flows into the Canadian
River. These streams head in the outcrop area of the Rush Springs
sandstone and are spring fed. Other major tributaries of the Washita
River include High, Salt, Otter, West Fork Bitter, East Fork Bitter,
Winter, Loflin, and Colbert Creeks. Rush Creek, in the south-
castern part- of Grady County, flows eastward and enters the
Washita River near Pauls Valley in adjacent Garvin County.

North of the principal drainage divide, which is near the
north edge of Grady County, the drainage is northward into the
Canadian River, which flows eastward and forms the north
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boundary of the county. Its tributaries are Store, Worley, and Cool
Crecks (intermittent) and Boggy Creek (perennial).

ECONOMIC DEVELOPMENT

Prior to the opening of the area to settlement, the economy
of the region of which this area is a part was confined to
hunting and fishing, and later, after the bison disappeared, to
ranching, but as the white population increased, farming be-
came more and more important. Farming increased income,
and towns and cities grew up as service centers for the rural
population. Corn was the major farm crop until about 1910,
when it was displaced by cotton, which reached peak production
about 1929. Since 1929 farming in this area has become highly
diversified. Although corn and cotton are still the principal crops,
the area is now widely known for the broomcorn raised in the east-
central part of Grady County, and watermelons and produce raised
in the vicinity of Rush Springs. Alfalfa is an important crop on
the alluvial soils of the Washita Valley, and peanuts are a major
crop on the sandy soils in the southwestern part of the area. In
the change to diversification, cattle have not been neglected. In
the areas not suited to the plow, both beef and dairy cattle are
raised, including pure-bred stock, which are highly valued for
breeding purposes.

Mineral resources other than oil are little used. Gypsum, in
the form of gypsite, formerly was processed into wallboard at a
plant near Acme. The plant has been abandoned for many years.
Calcareous sandstone suitable for the manufacture of rock wool is
found at several localities in Grady County, but none of these
deposits has been developed. Analyses of this rock and results of
laboratory experiments by the Oklahoma Geologcial Survey are
summarized in Table 1 (Wood, 1939, p. 30, 31, 32). Sand and
gravel in large quantities are available from terrace deposits, but
only one large gravel quarry is operated continuously although
many small pifs have been opened and operated for short periods
to meet local needs for road gravel. Building stone has been quarried
from the Verden sandstone member of the Marlow formation, but
the rock is difficult to quarry and waste is high. Little or none
has been quarried since 1937.
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TABLE I

ANALYSES OF ROCK SUITABLE FOR THF PRODUCTION
OF ROCK WOOL

Laboratory No. 4981
Location: SWi, NE% SE4 sec. 97T, 5 N,R.TW.
' Chemical Components (percent)

Silica (8i0,) 34.32 Calcium oxide (CaO) 21.14
Alumina (Al:0,) 0.76 Magnesium oxide (MgO) 13.12
Iron oxide (Fe;0s) 1.22 Carbon dioxide (CO:) 28.86
Manganese dioxide (MnO.) trace Combined water (H:0) none

Total 99.42

Physical Characteristics of Wool

Fiber Diameter (Microns) Color Apparent Texture Blowing Temperature

Maximum | Minimum | Aver.

15.0 1.0 b4 :White_' Long fibered and flexible. 1410° C.
Very good grade of wool,

Laboratory No. 4082
Location: SEY NW¥% NW1i; sec. 1, T.4 N, R. 7T W.
Chemical Components (percent)

Silica (S10,) 4226 Calcium oxide (CaO) 16.26
Alumina (ALO;) 0.99 Magnesium oxide (MgO) 11.74
Iron oxide (Fe,0:) 1.13 Carbon dioxide (CO.) 25.57
Manganese dioxide (MnO,) 0.09 Combined water (H.0) 0.22
: Total 99.06

Physical Characteristics of Wool

Fiber Diameter (Microns) Color Apparent Texture Blowing Temperature

Maximum | Minimum | Aver.

15.0 15 51 | Very | Soft and flexible. 1527° C.
‘White Good grade of wool.

Laboratory No. 4983
Location: SEY% SEY% NE sec. 12, .4 N, R. 7 W.
Chemical Components (percent)

Silica (8i0s) 36.88 Calcium oxide (CaO) 19.61
Alumina (AlOs) 1.17 Magesium oxide (MgO) 12.18
Iron oxide (Fe;0s) 1.79 Carbon gdioxide (CO.) 27.54

Manganese dioxide (Mn0Q:) none
Total 99.17
Physical Characteristics of Wool

Fiber Diameter (Microns) Color |Apparent Texture Blowing Temperature

Maximum | Minimum | Aver.

15.0 13 5.0 | White| Soft and flexible. 1 1532° ©.
Good grade of wool.

Laboratory No. 4985
Location: SEl, SW¥% SE14 sec. 1, T. 4 N, R.7TW,
‘ Chemical Components (percent)

Silica (8i04) 36.30 Calcium oxide (CaQ) 20.24
Alumina (AlOs) 1.05 Magnesium oxide (MgQ) 12.98
Iron oxide (Fes0,) 2.2% Carbon dioxide (CO:) 268.75

Manganese dioxide (MnO,) none
Total 99.61
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Physical Characteristics of Wool

Fiber Diameter (Microng) Color |Apparent Texture Blowing Temperature

Maximum | Minimum | Aver.

7.0 1.5 2.4 | White Fine and soft. 1527° C.
Good grade of wool.

Grady and northern Stephens Counties are becoming in-
creasingly important in oil production in Oklahoma. The Chick-
asha gas field, discovered in 1922, is the major gas field; and the
Carter-Knox oil field, discovered in 1919, is the major oil field.
Drilling and production have continued in these two fields since
their discovery. Within the past several years oil has been found
in older and deeper rocks, and several new fields have been de-
veloped. At the same time, deeper drilling has proved new re-
serves in the older fields. FExploration for and discovery of ad-
ditional oil and gas may be expected to continue for many years.

CLIMATE

Grady County has a moist-subhumid climate (Thornthwaite,
1941, p. 3, pl. 3). In winter the temperatures generally are
moderate with occasional short periods of severe cold and rela-
tively little snow. In summer temperatures often are uncom-
fortably hot during the day, but usually the nights are cool. The
distribution of precipitation is generally such that it exceeds the
losses by evaporation and plant needs, resulting in a moist subsoil
and accretion to ground water. Farming without irrigation is
practical in most years, but several years of average or above-
average rain may be followed by several dry years during which
irrigation would be necessary for optimum crop growth.

Records of precipitation and temperature have been kept by
the U. S. Weather Bureau at Chickasha and Marlow (Stephens
County) from 1901 to date (tables 29, and fig. 2). Intense pre-
cipitation over small areas is common, as well as storms of re-
gional extent. Storms of the latter type are most frequent in the
spring and fall, and may cause extensive flooding in the valleys.
The average annual precipitation for the period of record is 30.81
inches at Chickasha, about 7 percent below State average, and 32.93
inches at Marlow, about 1 percent below State average. The annual
precipitation has ranged from 16.33 inches to 4745 inches at
Chickasha, and from 1751 inches to 58.32 inches at Marlow.
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Thus, the highest annual precipitation has been about three times
the lowest at Chickasha and four times the lowest at Marlow.
About 63 percent of the total annual precipitation occurs in the
spring and summer (table 2).

The air temperatures recorded at Chickasha have ranged from
—I1° F. on January 4, 1947, to 116° F., recorded on August 11,
1936 (table 6). January has the lowest average temperature and
July has the highest (table 3). The average annual air temperature
at Chickasha is 61.6° F., just 1 degree above the average for the
State.

The average number of days between the last killing frost in
the spring and the first killing frost in the fall, for the period of
record, is 213 days at Chickasha and 223 days at Marlow. The
last killing frost in spring occurs late in March, but has varied from
February 22 to May 1. The first frost in the fall usually occurs
late in October or the first part of November, but has ranged from
October 8 to December 1 (tables 6-7).

TABLE 2.

AVERAGE MONTHLY PRECIPITATION, IN INCHES, AT
CHICKASHA, OKLAHOMA, 1901 to 1953 INCLUSIVE.

Winter Spring Summer Autumn
December 1.51 March 2.13 June 3.95 September d3.24
January 1.31 April b3.45 July 2.28 October 2.08
February a1.81 May 5.19 August c2.48 November ©1.86
Seasonal

total 4,13 10.77 8.71 8.08

1947 not included.
1936 not included.
1936 and 1947 not included.
1939 not included.
1932 and 1949 not included.

PRSP

TABLE 3.
AVERAGE MONTHLY TEMPERATURE, IN DEGREES FAHRENHEIT,

AT CHICKASHA, OKLAHOMA, 1901 to 1958 INCLUSIVE.

January 39.1 April 261.2 July 82.6 October 63.4
TFebruary  43.2 May 69.0 August 82.7 November 509

March 52.3 June 78.5 September 74.8 December 41.8

a, April 1933 not included.
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