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GEOLOGY AND GROUND-WATER RESOURCES
OF GRANT, HASKELL, AND STEVENS
COUNTIES, KANSAS

By Tuap G. McLatgHLIN

ABSTRACT

The report deseribes the geography, geology. and ground-water resources
of Grant, Haskell. and Stevens Counties in southwestern Kansas. These
counties have an area of about 1881 square miles and had a population of
7227 in 1940. The area consists predominantly of flat upland plains which
are disrupted only by the valleys of the Cimarron River and its tributaries
and by sand hills. The c¢limate is semiarid. the average annual precipitation
being about 18 inches. Farming and raising of livestock are the principal
occupations in this arca. Irrigation has been practiced in several parts of
the area and has increased greatly since 1940.

Almost all the exposed rocks in the Grant-Haskell-Stevens area are Pleis-
tocene or Recent. A map showing the areas of outerop of the rock for-
mations is included in the report. The Meude formation (Pleistocene) and
the Kingsdown formation (Pleistocene and Recent) crop out in most of
Grant and Haskell Counties and in the northern part of Stevens County,
and dune sand is at the surface in much of the remainder of the area. The
Tertiary and Quaternary formations contain thick beds of coarse sand and
gravel which yield large quantities of water to wells. The report also con-
tains a diagrammatic cross section of the area showing the distribution of
the rock formations above the Permian redbeds, as determined by extensive
test drilling.

The report contains a map of the area showing by means of shading the
depth to water level. The water table ranges in depth from less than 10
feet in parts of the valleys of the Cimarron River and its tributaries to
almost 250 feet in the upland area in western Haskell County. A map show-
ing by means of contours the shape and slope of the water table is also in-
cluded in this report. This map shows that ground water moves castward
through Grant, Haskell, and Stevens Counties. and that the gradient of the
water tables ranges from about 5 fect to the mile in eastern Haskell County
to about 50 feet to the mile in southeastern Grant County.

The ground-water reservoir is recharged principally from rain and snow
that fall within the area, by percolation from Intermittent streams and de-
pressions, and by underground movement from adjacent areas. Ground water
18 discharged from the ground-water reservoir by movement into adjacent
areas to the south and east. by evaporation and transpiration in arcas of shal-
low water table, by seepage into perennial streams, and by wells. All of the
domestic, stock, public, industrial, and irrigation supplies are obtained from
wells,

Most of the wells in this area are drilled. but a few are dug, driven, or
bored. Of the 356 wells listed in the report, 20 were used for irrigation when
visited. In 1942, they supplied about 3,500 acre-feet of water to irrigate 2277
acres of land. The areas most faveruble for the development of irrigation
are in western Grant County, northern Stevens County, and northeastern
Haskell County.

The ground water in Grant, Haskell, and Stevens Counties is hard but is
suitable for most ordinary uses. Waters from the Pliocene and Pleistocene

9
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10 Geological Survey of Kansas

formations are similar in composition and hardness. Waters from the Recent
alluvium generally are very hard.

The principal water-bearing beds in this area are the Pliocene and Pleis-
tocene deposits, including the Laverne, Rexroad (?), and Meade formations.
The character and water supply of each formation are discussed in the report.

The field data upon which most of this report is based are given in tables;
they include records of 356 wells and chemical analyses of the water from 76
representative wells and from one gravel pit. Logs of 60 test holes, water
wells, and oil and gas wells in the arca are given, including 46 test holes put
down by the State and Federal Geological Surveys.

INTRODUCTION
PuURPOSE AND SCOPE OF THE INVESTIGATION

An investigation of the geology and ground-water resources of
Grant, Haskell, and Stevens Counties was begun in May 1941, by
the United States Geological Survey and the State Geological Sur-
vey of Kansas, with the coéperation of the Division of Sanitation
of the Kansas State Board of Health and the Division of Water Re-
sources of the Kansas State Board of Agriculture. The work was
done under the general administration of R. C. Moore, state geolo-
gist, J. C. Frye, acting state geologist, and O. E. Meinzer, geologist
in charge of the Division of Ground Water of the Federal Geologi-
cal Survey, and under the direct supervision of S. W. Lohman, fed-
eral geologist in charge of ground-water investigations in Kansas.

Ground water is one of the principal natural resources of Kansas.
This is particularly true in western Kansas where surface-water
supplies are limited. The entire population of Grant, Haskell, and
Stevens Counties obtains its water supply from wells. In addition,
wells supply water for livestock and for the irrigation of more than
2,000 acres of land. Ground water acquires its great value as a
natural resource because relatively large supplies are in storage and
available for use at any time, and these supplies are replenished
continuously or at intervals by precipitation, stream flow, or both.
If withdrawals of ground water are kept within safe limits, the
supply should last indefinitely.

The investigation in Grant, Haskell, and Stevens Counties was
made to determine the quality, quantity, movement, and availa-
bility of ground water and the feasibility of further development of
irrigation from wells. It is hoped that the data given herein will
facilitate the safe development of the ground-water resources of
these counties.
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12 Geological Survey of Kansas

the water supplies of Kansas. Haworth (1913) made additional
studies of ground-water conditions in this area in 1913.

The first detailed study of the geology and ground-water resources
of this arca was made by Darton (1920) in his description of the
Syracuse and Lakin quadrangles, which include the northern part of
Grant County. His report includes maps showing geology, topog-
raphy, and depths to water level. More recently this area was de-
scribed briefly by Theis, Burleigh, and Waite (1935) who made a
reconnaissance of the ground-water resources of the High Plains;
and by Smith (1940) who made a reconnaissance of the Tertiary
and Quaternary geology of southwestern Kansas. Schoff (1939)
made a detailed geologic and hydrologic study of Texas County,
Oklahoma, which borders Stevens County on the south.

Since 1938 the State and Federal Geological Surveys in codpera-
tion with the Division of Sanitation of the Kansas State Board of
Health and the Division of Water Resources of the Kansas State
Board of Agriculture have made detailed studies of the geology and
ground-water resources of most of the counties in southwestern Kan-
sas (Fig. 1). These include Stanton County (Latta, 1941), Morton
County (McLaughlin, 1942), Ford County (Waite, 1942), Meade
County (Frye, 1942), Hamilton and Kearny Counties (McLaughlin,
1943), Finney and Gray Counties (Latta, 1944), Seward County
(Byrne and McLaughlin, in press), and Scott County (Waite, in
press.)

MEeTtHODS OF INVESTIGATION

An observation-well program was begun in Grant and Haskell
Counties by Woodrow W. Wilson in May and June 1941. About 30
representative wells were selected for periodic water-level measure-
ments.  Most. of these wells have been measured monthly since
that time in order to obtain information concerning the fluctuations
of the ground-water table.

Field work in Grant and Haskell Counties was begun by the writer
in July 1941 and continued through October 1941. In October 1941,
an observation-well program was begun in Stevens County by
Woodrow W. Wilson and the writer. Ficld work in Stevens County
was done during July, August, and September 1942 and additional
work was done in Grant and Haskell Counties in October 1942
Several days were spent in field investigations in this area in 1943
and 1944 by Claude W. Hibbard and the writer.

Data were obtained on 356 wells in Grant, Haskell, and Stevens
Counties during this investigation. About 277 wells were measured
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14 Geological Survey of Kansas

with a steel tape to determine the depth of the well and the depth
to the water level below some fixed measuring point (generally the
top of the casing). Additional data concerning the yield and draw-
down of irrigation wells were obtained by measurement or from well
owners. Only reported data were obtained for those wells that could
not be measured, including the depth of the well, the depth to water
level, the yield and drawdown of the well, and the character of the
water-bearing materials. Seventy-two samples of water were col-
lected from representative wells and were analyzed by Howard A.
Stoltenberg, chemist, in the Water and Sewage Laboratory of the
Kansas State Board of Health.

Thirty-nine test holes were drilled at strategic points in the area
by the portable hydraulic-rotary drilling machine (Pl. 4) of the
State and Federal Surveys, operated by Ellis D. Gordon, James B.
Cooper, and Oscar S. Fent. The locations of these holes are shown
on Plate 3. Test holes 1, 2, 3, 4, 5, 23, 35, and 38 were drilled in
connection with investigations of the geology and ground-water
resources of adjacent counties.

The drill cuttings were collected and studied in the field and later
were examined microscopically in the office. The altitudes of the
measuring points of the measured wells and of the test-hole loca-
tions were determined with a plane table and alidade. Those in
Grant and Haskell Counties were determined by a level party
headed by John B. LaDuex and those in Stevens County were de-
termined in part by a level party headed by Richard N, Tripp and
in part by a level party headed by Charles K. Bayne.

The field data were recorded on maps prepared for the Kansas
Highway Planning Board by the Kansas Highway Department
(Pls. 1 and 2). The roads and drainage on these maps were cor-
rected by field observations and from aerial photographs obtained
from the United States Department of Agriculture.

Wells shown on Plate 2 were located within the sections by use
of the odometer, and the locations are believed to be accurate to
0.1 mile. The wells in each county are numbered by townships
from north to south and by ranges from east to west, and within a
township the wells are numbered in the same order as the sections.
The Grant County wells are numbered from 1 to 129, the Haskell
County wells from 130 to 227, and the Stevens County wells from
228 to 356. For each well shown on Plate 2 the number above the
line corresponds to the number of the well in the well tuables and
the number below the line is the depth to the ground-water table
below the land surface.
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GEOGRAPHY
History!

Grant, County was created in 1887 by an act of the Kansas legis-
lature by taking eight townships each from Hamilton and Kearny
Counties. A census was taken in August 1887, indicating a popu-
lation of 2,716. The county was organized in 1886 and the gov-
ernor named Ulysses the temporary county seat. After the elee-
tion of October 1888 Ulysses became the permanent county seat,
having received more votes than the cities of Cincinnati and Sur-
prise. The election was contested by Cincinnati but in 1890 the
Supreme Court ruled in favor of Ulysses.

Because of the extended drought during the 1890’s, which cul-
minated in the panic of 1898, the population of Ulysses decereased
from 1,500 to 40 and the bonded indebtedness grew to $84,000. In
order to avoid financial chaos, the entire city (with the exception
of the schoolhouse and courthouse) was moved 2 miles northwest
and the city of New Ulysses was organized,

1. History of the orgunization of these counties is taken primarily from Bluckmar (1912).
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16 Geological Survey of Kansas

The unorganized county of Arapahoe was created by the legis-
lature in 1873 and later (1883) became a part of Finney County.
It was separated from Finney County in 1887 and named Haskell
County for Dudley C. Haskell, congressman from Kansas. As a
result of a census taken in March 1887 (population 2,841), the
governor declared the county organized and named Santa Fe the
temporary county seat. Santa Fe was chosen the permanent county
seat by popular vote in preference to Ivanhoe and Lockport. In
1912, the Atchison, Topeka and Santa Fe Railway Company com-
pleted a branch line through Haskell County to Elkhart in Morton
County. The city of Santa Fe was left without railroad facilities
and the county seat was moved to Sublette.

The unorganized county of Stevens was created in 1873 and named
for Thaddeus Stevens. The area became a part of Seward County
in 1883 when the western boundary of Seward was extended to the
Kansas-Colorado line. Stevens county was re-created in 1886, a
census was taken (population 2,662), and Hugoton was designated
the county seat.

ToPOGRAPHY AND DRAINAGE

Grant, Haskell, and Stevens Counties are in the High Plains sec-
tion of the Great Plains physiographic province. The area com-
prises parts of eight physiographic divisions (Fig. 2), most of which
were defined by Smith (1940, pp. 140-146). - These areas are de-
scribed briefly in the following pages.

Syracuse upland.—This is the name given by Smith to the long
tableland that extends from western Hamilton County to north-
western Grant County. The area is relatively flat but has fairly
stecp slopes on all sides. It was formed primarily by the folding of
the rock strata on the north and by faulting and subsidence of the
strata on the south. The surface of the area slopes east-south-
castward at the rate of 10 to 30 feet to the mile,

Bear Creek depression—Bear Creek crosses the northwestern
corner of Grant County where it becomes a series of sinkholes and
short intermittent. streams rather than one continuous stream. It
is bordered on the north and northwest by the Syracuse upland and
on the east by the Haskell area. The southern boundary is not
distinet because it grades imperceptibly into the Stanton area.

Finney sand plain—The Finney sand plain (Smith, 1940) is an
area intermediate in level between the Arkansas Valley and the
uplands of the Haskell arca. It extends from the Arkansas Valley
southward into Grant and Haskell Counties (Fig. 2) and is covered
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by dune sand in all but its southern part. The southern boundary
is a low bluff which generally is less than 50 feet high. L

Stanton area.—Most of the western half of Grant County and:
the northwestern corner of Stevens County lie within the Stanton
area, which is a broad, relatively flat plain that slopes east-north-
eastward. The lowest part of the area is near Bear Creek in the
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northwestern part of Grant County. The area is bordered on the
south by the Cimarron River and on the east by Lakin Draw and
North Fork Cimarron River.

Cimarron Valley area.—The valleys of the Cimarron River, North
Fork Cimarron River, Sand Arroyo, and Lakin Draw constitute the
Cimarron Valley area (Pls. 5 and 6). These valleys have a rela-

2—2135
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20 Geological Survey of Kansas

tively small amount of flat bottomland. In many places along the
Cimarron Valley the bottomland has been cut away by the widening
channel of the Cimarron River leaving only moderate pediment-
like slopes along the sides of the valley. In other places, dune sand
has been deposited within the valley and forms a typical sand-dune
topography.

Haskell area.—The Haskell area, which was named by Smith
(1940), is a broad, relatively flat upland extending across most of
Haskell County and the eastern half of Grant County. In contrast
to the Stanton area which slopes east-northeastward, the Haskell
area slopes gontly toward the east-southeast. The area is bordered
on the east by Crooked Creek, on the north by the Finney sand
plain, and on the south and west by the Cimarron River and its
tributaries.

Meade area—The Meade area was defined by Smith (1940) as
comprising the drainage basin of Crooked Creck. The headwaters
of Crooked Creek are in easternmost Haskell County; therefore
the Meade area comprises only a small part of the Grant-Haskell-
Stevens area. The Meade area is lower than the Haskell upland
and slopes toward the east.

('imarron Bend area—The large upland area south of the Cim-
arron River was called the Cimarron Bend area by Smith (1940).
It is a broad upland almost devoid of surface drainage and almost
completely covered by sand dunes in various stages of develop-
ment. The average slope is east-northeastward, as in the Stanton
area.

The Grant-Haskell-Stevens area iz drained by the Cimarron
River and its tributaries (North Fork Cimarron River, Crooked
Creek, Bear Creek, and Lakin Draw). The Cimarron River rises
in New Mexico and enters Stevens County northwest of Feterita.
It flows northeastward through northwestern Stevens County, east-
ward through southern Grant County, and southeastward through
the southwestern corner of Haskell County.

Bear Creek rises in southeastern Colorado and enters Kansas a
few miles north of Saunders whence it flows northeastward and
joins Little Bear Creek in northeastern Stanton County. From
there the stream flows eastward and enters Grant County about
3.3 miles south of the northwest corner of the county. In Grant
and Kearny Counties, Bear Creck is not a single stream but is a
series of short intermittent streams whose courses are determined
largely by depressions or sinkholes.  The streams have no valley
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Grant, Haskell, and Stevens Counties 21

and have only small, shallow channels bordered by low natural
levees. Many years ago flood waters flowed from one depression
to another and terminated in the sand hills south of Lakin. Sev-
eral dikes have been built in an attempt to control the flood waters
of Bear Creek, and little water can now reach the sand hills in
Kearny County. Much of the.flood water spreads over the fields
and some enters the Cimarron drainage system by way of Lakin
Draw.

Crooked Creek rises in northeastern Haskell County (Fig. 2)
and drains parts of Haskell, Gray, Ford, and Meade Counties. Tt
enters the Cimarron River in northeastern Beaver County, Ok-
lahoma.

North Fork Cimarron River flows across the northwestern corner
of Stevens County and the southeastern corner of Stanton County
and enters Grant County near its southwest corner. The stream
flows northeastward to Ulyvsses where it turns abruptly toward the
southeast and joins the Cimarron River near the southeast corner
of the county.

Sand Arroyo flows across southern Stanton County and enters
Grant County about 7 miles north of the southwest corner of the
county. It enters North Fork Cimarron River a short distance
east of the Grant County line.

Lakin Draw is a short intermittent stream which flows southward
from northern Grant County to North Fork Cimarron River near
Ulysses. Part of the flood waters of Bear Creek flow southward
through Lakin Draw to North Fork Cimarron River, but because
of the low gradient of Lakin Draw part of the flood waters of North
Fork Cimarron River extend northward in the channel of Lakin
Draw for about 2 miles above their confluence.?

CLIMATE

The climate of Grant, Haskell, and Stevens Counties is much like
that of other parts of the High Plains section, and is characterized
by low precipitation, rapid evaporation, and a wide range of tem-
perature. The summer days generally are hot but, due to the move-
ment of wind and the low humidity, the nights are relatively cool.
The winters are moderately cold, but generally are free from ex-
cessive snowfall and damp cloudy days.

The mean annual precipitation in Grant, Haskell, and Stevens
Counties is 17.71 inches. (All climatic data are from records of the

2. Mr. Joseph Jungferman, porsonal communication,
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MineraL RESOURCES

An important mineral resource of the Grant-Haskell-Stevens
area is ground water, with which much of this report is concerned.
Natural gas is another important mineral resource. A large part
of the Hugoton gas field, the most important natural gas-produc-
ing area in Kansas, is located within these three counties. The
first gas well in the Hugoton field was the Defenders Petroleum
Company No. 1 Boles in sec. 3, T. 35 8., R. 3¢ W, in southwestern
Seward County. It was completed in December 1922 and had
an initial daily potential of 5 million cubic feet. The first gas
well in the Grant-Haskell-Stevens area was the Independent Qil
and Gas Company No. 1 Crawford which was drilled in sec. 31, T.
33 S, R. 37 W, in May 1927 to a depth of 3,502 feet. In January
1928, it was plugged back to the gas-producing zone at 2,620 fect
and had an initial daily potential of 8 million cubic feet. There was
little drilling in the field until 1930 and 1931 after the Argus Pipe
Line Company had completed a pipe line from the gas field to
Dodge City. There was additional drilling in 1936 and 1937 after
the Northern Natural Gas Company and the Panhandle Eastern
Pipe Line Company had completed pipe lines that connected the
field with their major lines at Mullinville and Arkalon.

Drilling activities in the Hugoton arca are described in the annual
oil and gas development reports published by the State Geological
Survey. Bulletin 54 (Ver Wiebe, 1944) and Bulletin 56 (Ver Wicbe.
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26 Geological Survey of Kansas

1945) contain large maps that show all wells drilled in this field
to the end of 1943 and 1944, respectively. On January 1, 1945,
there were 328 gas wells in the Grant-Haskell-Stevens area, includ-
ing 70 wells in Grant County, 41 in Haskell County, and 217 in
Stevens County (Fig. 7). These wells had an average deliver-
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Fic. 7. Map of Grant, Huskell, and Stevens Counties showing the Hugoton
gas field (modified from Ver Wiche, 1944).

ability? of 1,788,623 cubic feet of gas a day. The aggregate po-
tential open flow of 265 of these wells was more than 3 billion cubic
feet of gas a day in 1943. In 1944 the entire Hugoton field pro-
duced 83,007,568,000 cubic feet of gas and by the end of that year
the total production from the field was more than 433 billion cubic
feet.

3. Deliverability standard pressure is 311.6 ponnds per square inch,  Data supplied by R.
J. Plullippn of the Kinsas State Corporztion Comniission,
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Grant, Haskell, and Stevens Counties 217

According to Hemsell (1939, pp. 1054-1067), gas occurs in at
least two zones and as many as six zones in the Permian rocks in
the Hugoton field. The first gas is encountered about 10 feet below
the top of the Herington limestone member of the Nolans limestone
which is the uppermost formation in the Wolfcampian series. Much
larger quantities of gas are obtained from the Krider limestone
member which is at the base of the Nolans limestone. Additional
quantities of gas are obtained from the Winfield limestone, from
two zones in the Fort Riley limestone member of the Barneston
limestone, and in a few places from the Florence limestone member
of the Barneston limestone. Hemsell states that the gas-bearing
beds dip 12 to 14 feet a mile east-southeastward toward the Ana-
darko Basin. Along the west side of the Hugoton field these beds
grade laterally into red and brown clastics which serve as a trap
for the gas that is migrating up the monoclinal structure.

By estimating that the average porosity of the gas-producing
beds is 12 percent and that their average thickness is 45 feet, Hem-
sell computed that the Hugoton gas field originally had a reserve of
7.4 million cubic feet of gas to the acre. The proved area in Kansas,
therefore, had a total reserve of nearly 12 trillion cubic feet of gas
{Hemsell, 1939, p. 1061).

Deposits of volcanic ash occur in several places in Grant County
(Pl. 12) and at one place in Haskell County, but only one deposit
has been worked commercially (Landes, 1928, pp. 22, 23, 26-28).
This deposit (owned by Western Spar Products Company) is in the
NW1j; sec. 24, T. 30 8., R. 35 W., and formerly was connected to
the Atchison, Topeka and Santa Fe railroad by a narrow gauge
spur line. According to Landes (1928), the ash has an average
thickness of 9 feet and is of good quality, ranking third among the
37 samples analyzed by him. The screen analysis of the ash from
Grant County is given in Table 1. Several thousand tons of ash
have been taken from this deposit and it has been estimated that
15,000 tons of ash remain.

TasLe 1.—Scrcen analysis of volcanic ash from NW1Y see. 25, T. 30 S., R. 35
W., Grant County (Landcs, 1928, p. 23)

(Perzent by weight)

More than 0.833- “ 0.147- 0.074- ‘ Less than
0.833 mm. | 0.147 mm. ) 0074 mm. | 0046 mm. | 0.046 mm.
| |

0.2 5 l 18 25 52
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Another deposit of voleanic ash, in NE1} sec. 24, T. 30 S, R.
35 W, is reported to belong to the Pumicite Company and to con-
tain about 60,000 tons of ash. Voleanic ash also is found in the
following places in the Grant-Haskell-Stevens area: (1) NWij4
sec. 17, T. 30 S., R. 35 W., owned by C. D. Hickok estate, Ulysses,
Kansas; (2) SWY sec. 6, T. 30 S, R. 35 W., owned by Charles P.
Metcalf, Lawrence, Kansas; (3) SW14 sec. 7, T. 29 S, R. 37T W,
owned by Dan Sullivan, Ulysses, Kansas; (4) SEl} sec. 19, T.
30 S, R. 34 W, owned by F. E. Murphy, Sublette, Kansas.

Sand and gravel is another mineral resource of this area, and is
used primarily for road metal. It is found mainly along the Cimar-
ron River and North Fork Cimarron River in the lower part of the
Meade formation of Pleistocene age.

AGRICULTURE

The soils of Grant, Haskell, and Stevens Counties are derived
primarily from loess and dune sand. A relatively thin deposit of
loess covers most of the Haskell and Stanton areas and the northern
part of the Cimarron Bend area. The soils derived from loess are
dark compact eclay-loams and silty clay-loams which are especially
suited for growing wheat and other small grains. Dune sand covers
most of the Finney sand plain and most of the Cimarron Bend area
(PL. 1). Soils derived from dune sand are very sandy and are sus-
ceptible to wind erosion. Where the sand dunes are relatively old,
however, the soils are developed more fully and are less susceptible
to wind erosion. The older dune-sand soils are especially suited
for growing row crops.

A total of 918,632 acres of land was under cultivation in Grant,
Haskell, and Stevens Counties in 1940. (All agricultural data,
unless otherwise stated, are from rccords of the U. 8. Census Bu-
rcau). There were 1,128 farms in the three counties and the aver-
age farm comprised 842 acres. The following list of crops grown in
Grant, Haskell, and Stevens Counties was compiled by the 1940
census (Table 2).

As indicated by Table 2, the total acreage of crops grown in the
three counties deereased greatly between 1929 and 1939, This was
caused primarily by abnormally low preeipitation during that
period. The precipitation sinece 1940 has been above normal and
the total acreage of erops has increased greatly.
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TaBLE 2.—Acreage of principal crops grown in Grant, Haskell, and Stevens
Counties

Crop 1929 1939
Wheat. ... ... 478,194 158,005
Sorghums. .. ... ... 76,495 62,416
Corn. ... 62,597 359
Broomecorn. ............... ... .. ... ... ... 14,799 4,716
Root and grain crops (other than annual legumes). .. a 3,454
Mixedgrains. ................. ... ............. a 2,722
Barley. ... ... ... ... ... .. 9,019 1,036
Hay (exclusive of sorghums). .. ... ... ... ... .. 703 728
a. No record available,
PorprLaTiON

The population of Grant, Haskell, and Stevens Counties has
fluctuated nearly in accordance with climatic conditions. The popu-
lation probably was greatest during the land boom between 1885
and 1890, although no official census was taken at that time. Many
towns were organized at that time, including 11 towns in Grant
County and at least five in Haskell and Stevens Counties.

The population of the counties is shown in Table 3. (All popula-
tion data, unless otherwise stated, are from records of the U. S.
Census Bureau.)

TasrLe 3.—Population of Grant, Haskell, and Stevens Counties from 1889
to 1939

1889 1899 1909 1919 1929 1939

Grant County........| 1,308 422 1,087 1,087 | 3,092 1,946
Haskell County. . .. .. 1,077 457 993 1,435 | 2,805 | 2,088
Stevens County . . .. .. 1,418 620 2,453 3,943 4,655 3,193
Total. .......... 3,802 | 1,499 ' 4,533 | 6,485 |10.552 | 7,227

There are five cities in Grant, Haskell, and Stevens Counties.
They are Ulysses, county seat of Grant County (population 824);
Sublette, county seat of Haskell County (population 582); Satanta,
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(population 345) also in Haskell County; Hugoton, county seat of
Stevens County (population 1,349) ; and Moscow (population 177),
also in Stevens County.

TRANSPORTATION

Branch lines of the Atchison, Topeka and Santa Fe Railway
Company cross Grant, Haskell, and Stevens Counties and serve the
principal communities. All state and federal highways in the three
counties are hard surfaced. U. S. highway 160 enters Grant County
from the west and extends east through Ulysses and Hickok to the
site of the old town of Santa Fe in Haskell County and thence south
into Seward County. U. S. highway 270 enters Grant County from
the west and serves the communities of Ulysses, Hugoton, and
Woods. U. S. highway 83 crosses the middle of Haskell County
from north to south. Kansas highway 25 crosses Grant County
from north to south and terminates at Hugoton. Kansas highway
45 parallels the Atchison, Topeka and Santa Fe railroad through
Haskell and Stevens Counties and Kansas highway 51 crosses
Stevens County as a part of U. S. Highway 270 and Kansas high-
way 45.

In addition to the highways, there are many graveled county and
township roads in the area. Most of the roads are not surfaced, but
because of slight precipitation and rapid evaporation the earth roads
are passable during most of the year.

GENERAL GEOLOGY

SUMMARY OF STRATIGRAPHY

Rocks that crop out in Grant, Haskell, and Stevens Counties
are of sedimentary origin and their arcal extent is shown on the
geologic map (PL 1.) The rocks that supply water to wells are the
Rexroad formation of Tertiary age, the Meade formation of Pleis-
tocene age, and the Recent alluvium of the Cimarron River and its
tributaries. The character and ground-water supply of the geologic
formations in this area arc deseribed briefly in the generalized sec-
tion (Table 4) and in more detail in the section on geologie forma-
tions and their water-bearing properties.

Gieorocic History

Grant, Haskell, and Stevens Counties are underlain by thick de-
posits of limestone, shale, sandstone, clay, sand, and gravel and
smaller amounts of salt, gvpsum, and anhydrite. The thickness of
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these sedimentary deposits is not known, but probably exceeds 5,000
feet. A well in northwestern Kearny County (Stanolind Oil and
Gas Company No. 1 J. M. Judd) penetrated 6,005 feet of sedi-
mentary rocks before entering the underlying igneous rocks. The
character, appearance, and relationships of these rocks as studied
in well cuttings and at outcrops reveal much of the geologic history
of the region.
PALEOZOIC ERA

Only a few wells in southwestern Kansas have been drilled
through all the sedimentary rocks; hence very little is known of
the early Paleozoic sediments in this area. Those wells that were
drilled to the underlying granite penetrated Cambrian, Ordovician,
Mississippian, Pennsylvanian, and Permian marine limestone and
shale. This indicates that southwestern Kansas was covered by
seas during much of the Paleozoic era. The apparent absence of
Silurian and Devonian deposits indicates that southwestern Kan-
sas probably was a land area during that time. If deposits were
laid down in this area during Silurian and Devonian time, how-
ever, they were removed by subsequent erosion, probably during
Mississippian time. After Devonian time this area was again sub-
merged and marine limestone and shale were deposited in Missis-
sippian, Pennsylvanian, and early Permian time. In late Permian
time there was general withdrawal of the sea and deposition of
thick deposits of redbeds. The presence of salt and gyvpsum in
these deposits implies an arid climate in late Permian time.

MESOZOIC ERA

Triassic period.—Conditions during Triassic time probably were
similar to those in late Permian time inasmuch as the Triassic
deposits in this region are very similar lithologically to the upper
Permian deposits. Redbeds that probably are Triassic in age crop
out in the Cimarron Valley in Morton County, but these seem-
ingly do not extend into the Grant-Haskell-Stevens area. If Tri-
assic beds were deposited in this area, they subsequently were re-
moved by erosion.

Jurassic period—Rocks of Jurassic age (Morrison formation)
crop out at Two Buttes in southern Prowers County, Colorado, and
have been encountered in test holes in Hamilton, Stanton, and Mor-
ton Counties, Kansas. Similar deposits were encountered in test
hole 9 in northwestern Grant County. Fosxil remains of dinosaurs
and other land animals have been collected from beds of the Mor-
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34 Geological Survey of Kansas

rison formation in other areas. During the Jurassic period the
fluviatile Morrison deposits were laid down on a large land mass
which probably extended into the Grant-Haskell-Stevens area, but
most of these beds subsequently were removed from this area by
erosion.

Cretaceous period—Sand now forming the Cheyenne sandstone
was deposited in the northern part of Grant and Haskell Counties
in early Cretaceous time (Pl. 3 and Fig. 8), probably by streams
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Fic. 8. Map of Grant, Haskell, and Stevens Countics showing the southern
lilnits of the Dakota, Kiowa, and Cheyenne formations.

(Twenhofel, 1924, p. 19). Then an invasion of the sea brought
about the deposition of the dark fossiliferous muds that formed
the Kiowa shale. At the beginning of late Cretaceous time the
sand and clay of the Dakota formation were laid down, probably
in broad low lagoonal areas rexembling the lower Mississippi Delta
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(Plummer and Romary, 1942, pp. 341-2). Although the Dakota
sediments are nonmarine, Plummer and Romary believe they were
deposited near sea level under conditions similar to those prevailing
during the formation of the Mississippi Delta.

Marine deposits of limestone, chalk, and shale were laid down
in southwestern Kansas in late Cretaceous time. The late Cre-
taceous sea probably covered much if not all of the Grant-Haskell-
Stevens area, but subsequent erosion has removed most of the sedi-
ments that were deposited in it except a thin deposit of Graneros
shale in northeastern Haskell County (Pl. 3). At the end of the
Cretaceous period occurred the mountain-making movements that
produced the Rocky Mountains and affected at least part of the
High Plains section. At this time the Cretaceous and older beds
probably were tilted to the slightly inclined position they now have.

CENOZOIC ERA

Tertiary period—A long period of erosion probably took place
after the tilting of the Cretaceous and older beds in early Tertiary
time. During this time the Cretaceous deposits lving above the
Dakota formation were removed from the Grant-Haskell-Stevens
area by erosion, leaving only the remnant of Graneros shale in
northeastern Haskell County. Later, but still in early Tertiary
time, the Syracuse anticline was being formed, causing a tilting of
the rocks in northwestern Grant County (Pl 3). At the beginning
of the Pliocene epoch the deposits that comprise the Laverne for-
mation (Gould and Lonsdale, 1926a; Frye and Hibbard, 1941) were
laid down in parts of southwestern Kansas (Meade and Seward
Counties) and northwestern Oklahoma (Bcaver and Harper Coun-
ties). These deposits probably underlie much of the Grant-Has-
kell-Stevens area but they do not crop out in this area and seecm-
ingly cannot be distinguished from the overlying deposits by exami-
nation of well cuttings. Fryc (1942, p. 23) suggested that these
deposits were laid down in part in small lakes and on the flood
plains of streams. The beds of coarse sand and gravel in the lower
part were deposited by streams. Toward the end of Tertiary time,
aggrading and laterally shifting streams deposited the silt, sand,
and gravel comprising the Ogallala formation. The Ogallala for-
mation in most, if not all, of the Grant-Haskell-Stevens area was
then removed by erosion and deposits of the Rexroad (?) formation
were laid down by streams (according to views of the author).

Quaternary period—Near the end of the Tertiary period or in
the early part of the Quaternary period there probably was renewed
folding of the Syracuse anticline accompanied by faulting. This
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36 Geological Survey of Kansas

period of deformation probably was the same as that which pro-
duced the major faulting in the Meade Basin in Meade County,
Kansas (Frye and Hibbard, 1941). Subsequent to the period of
deformation, extensive deposits of sand, gravel, silt, clay, and vol-
canic ash were laid down in the Grant-Haskell-Stevens area, and
comprise the Pleistocene Meade formation.

During late Pleistocene time, aggrading streams flowing at the
upland level spread fine sand and silt over their flood plains. These
sediments, which comprise a part of the Kingsdown silt, probably
were laid down over most of Grant, Haskell, and Stevens Counties.
Erosion subsequently removed much of the water-laid part of the
Kingsdown silt from the Grant-Haskell-Stevens area. In late Pleis-
tocene and/or Recent time a thin deposit of loess was laid down over
most of Grant and Haskell Counties and over the northern part of
Stevens County. The loess deposits are considered the uppermost
part of the Kingsdown silt.

During late Pleistocene and/or Recent time the high terrace de-
posits of the Cimarron River were laid down, the valley was
deepened nearly to its present level, and the alluvium was deposited.
More recently (primarily since the flood of May 1914) the channel
of the Cimarron River has widened throughout most of its course
in Grant, Haskell, and Stevens Counties. When this area was sur-
veyed in 1874 the width of the channel of the Cimarron River was
measured at each section line that the river crossed. The greatest
measured width of the channel in this area in 1874 was 132 feet,
at the west line of sec. 35, T. 30 S., R. 37 W., and the smallest width
was 17 feet, at the west line of sec. 23, T. 30 S, R. 35 W. The
average width at that time (average of more than 40 measurements)
was about 47 feet. In 1939, however, the greatest width was more
than 0.5 mile, the smallest width was about 125 feet, and the aver-
age width (based on measurements from aerial mosaics) was ap-
proximately 1,000 feet.

Other events in late Pleistocene and Recent time included the de-
position of dune sand over most of Stevens County and parts of
Grant and Haskell Counties and the formation of sinkholes, most
of which are in the Stanton area in the vicinity of Bear Creek. This
area probably subsided at the time of the folding and faulting of
the Syracuse anticline. The sinkholes and depressions, which prob-
ably began to form after the major subsidence, continued to form
through Recent time. The most recent sinkhole adjacent to the
Syracuse anticline began to develop in western Hamilton County
on December 18, 1929 (Bass, 1931).
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GROUND WATER

PrincIPLES OF OCCURRENCE

The discussion of principles governing the occurrence of ground
water that is given here takes account of conditions in Grant, Has-
kell, and Stevens Counties. Preparation of the discussion has been
based chiefly on the authoritative and detailed treatment of the
occurrence of ground water by Meinzer (1923), to which the reader
is referred for more extended consideration. A general discussion of
the principles of the occurrence of ground water with special refer-
ence to Kansas has been published by Moore (1940).

The rocks that make up the outer crust of the earth generally are
not entirely solid, but contain numerous openings, called voids or
interstices, which may contain air, natural gas, oil, or water. The
number, size, shape, and arrangement of the interstices in rocks de-
pend upon the character of the rocks. The occurrence of water in
any region, therefore, is determined by the geology.

The interstices or voids in rocks range in size from microscopic
openings to the huge caverns found in some limestones. The open
spaces generally are connected so that water may percolate from
one to another, but in some rocks these open spaces are isolated and
the water has little chance to percolate. In Grant, Haskell, and
Stevens Counties the rocks from which ground water is obtained
are poorly consolidated silt, sand, and gravel. Generally the sand
and gravel of the Rexroad (?) and Meade formations contain many
interstices and water percolates freely through them, but locally
these interstices may be filled with calcium carbonate or other ma-
terial, such as clay, that makes the rock almost impermeable. Some
of the silt, sand, and gravel of the Rexroad and Meade formations
is poorly sorted and the finer particles fill much of the space be-
tween the larger particles, thereby decreasing space available to
ground water.

The porosity of a rock is the percentage of the volume of the
rock that is occupied by the interstices. A rock is said to be satur-
ated when all its interstices are filled with water or other liquid,
and the porosity is then practically the percentage of the volume
of rock that is occupied by water. The porosity of a rock deter-
mines only the amount of water a rock can hold, not the amount
it may yield to wells. Some rocks may be moderately porous and
yet will not yield an appreciable amount of water to a well. The
permeability of a rock is defined as its capacity for transmitting
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water under pressure and is measured by the rate at which it will
transmit water through a given cross section under a given differ-
ence of pressure per unit of distance. A rock containing very small
interstices may be very porous but it would be difficult to force
water through it, whereas a coarser-grained rock, although it may
have less porosity, generally is much more permeable. Water may
be held in rocks by the force of molecular attraction, which, in
some fine-grained rocks, is sufficiently great to make the rock rela-
tively impermeable.

Below a certain level in the earth’s crust the permeable rocks
generally are saturated with water and are said to be in the zone of
saturation. The upper surface of the zone of saturation is called
the ground-water table or simply the water table. All the rocks
above the water table are in the zone of aeration, which ordinarily
consists of three parts: the belt of soil water, the intermediate or
vadose zone, and the capillary fringe.

The belt of soil water lies just below the land surface and con-
tains a small amount of water held by molecular attraction. The
soil zone must be saturated with water before any water can per-
colate downward to the water table. The thickness of the zone is
dependent upon the character and thickness of the soil and upon
the precipitation.

The intermediate or vadose zone lies between the belt of soil
water and the capillary fringe. The interstices in the rocks in this
zone generaly are filled with air but may contain water for a short
time while it iz moving downward from the belt of soil water to
the ground-water table. The vadose zone may be absent in places,
such as some river valleys where the water table is near the surface,
or it may be more than 200 feet thick, as in parts of Grant, Haskell,
and Stevens Counties.

The capillary fringe lies directly above the water table and is
formed by water rising from the zone of saturation by capillary
action. The water in the capillary fringe is not available to wells,
which must be deepened to the zone of saturation before water will
enter them. The capillary fringe may be absent in coarse sedi-
ments, where the capillary attraction is negligible, but may be as
much as 8 feet thick in very fine-grained sediments.

WATER IN SAND AND GRAVEL

Grant, Haskell, and Stevens Counties are underlain by thick de-
posits of unconsolidated materials that were laid down by streams
in Tertiary and Quaternary time. The sorting action of streams on
these sediments caused the deposition of many distinct beds of
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gravel, sand, silt, and clay. Deposits of such uniform texture may
have a relatively high porosity. Coarse, well-sorted gravel of this
type has a relatively high specific yield and permeability, and
properly constructed wells in this material yield large quantities
of water. Some of the stream-laid material is poorly sorted and
ﬁ"‘ff material occupies much of the pore space between the larger
Erams, reducing the porosity and specific yield.

In Grant, Haskell, and Stevens Counties, water is found in un-
consolidated beds of sand and gravel in the Rexroad (?) and Meade
formations and in the alluvium in the Cimarron River Valley. The
Rexroaq (?) and Meade formations are most important sources of
ground water in the Grant-Haskell-Stevens area. Most of the do-
mestie, stock, irrigation, industrial, and public-supply wells in this
area obtain water from these deposits. The yields of wells ending
n the Rexroad (?) and Meade strata range from a few gallons a
Dinute to more than 1,400 gallons a minute. The alluvium of the
(;‘fnal‘ron River Valley probably would yield relatively large quan-
fltles of water to wells. The Cimarron River, however, has widened
Its channel and destroyed most of the bottom land, and as a result
10 Irrigation has been developed in the valley area. The Laverne
formatijon is an important potential source of ground water in thie
frea but it is practically unexploited because of its great depth

WATER IN SANDSTONE

The particles comprising a sandstone generally are more even-
frained and better sorted than those in unconsolidated sand and
gravel. These particles are held together by cementing material
%hich iy some places may fill the interstices and prevent water
from Percolating through them. In this area, sandstone occurs in the

€¥enne and Dakota formations and locally in the Kiowa shale,
ut Very few wells penetrate these beds because an adequate sup-
Ply of potable water can be obtained in the overlying unconsolidated
Tertiary and Quaternary deposits.

WATER IN SHALE

Shale is formed by the induration of clay or clayey mixtures; it
lgiiél]er ally has a relatively low specific yield and therefore yields
- € or no water to wells. In some areas the shale may have
perny open joints and bedding planes and consequently a higher
w Mieability; in other areas it may contain sand grains in sufficient
; aht,ity to make it somewhat permeable. In this area shale occurs

in . .
Welt[ e Kiowa and Dakota formations and does not yield water to
3,
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PERMEABILITY OF WATER-BEARING MATERIALS

The rate of movement of ground water is determined by the size,
shape, quantity, and degree of interconnection of the interstices and
by the hydraulic gradient. The capacity of a water-bearing ma-
terial for transmitting water under hydraulic head is its permea-
bility. The coefficient of permeability may be expressed as the rate
of flow of water, in gallons a day, through a cross-sectional area of
1 square foot under hydraulic gradient of 100 percent at a temper-
ature of 60° F. (Meinzer's coefficient; see Stearns, 1927, p. 148.)
The coefficient, of transmissibility is a similar measure and may be
defined as the number of gallons of water a day transmitted through
each 1-foot strip extending the height of the aquifer under a unit-
gradient (Theis, 1935, p. 520). The coefficient of transmissibility
may also be expressed as the number of gallons of water a day
transmitted through each section 1 mile wide extending the height
of the aquifer, under a hydraulic gradient of 1 foot to the mile.

The coefficient of transmissibility is equivalent to the coefficient
of permeability (corrected for temperature) multiplied by the
thickness of the aquifer.

The coefficient, of permeability of water-bearing materials can be
determined in the laboratory (methods summarized by V. C. Fishel
in Wenzel, 1942, pp. 56-58) or in the field. Pumping tests were
made in Grant and Stevens Counties between June 1, 1941, and
October 1, 1942, by Melvin 8. Scanlan of the Division of Water
Resources of the Kansas State Board of Agriculture and Woodrow
W. Wilson of the Federal Geological Survey. Discharge measure-
ments were made using a Collins flow meter (Pl. 8) and measure-
ments of drawdown and recovery were made using a steel tape or
an electrical measuring device, or both.

Theis (1935) has shown that to the extent that Darcy’s law gov-
erns the motion of ground water under natural conditions and under
the artificial conditions caused by pumping, an analogy exists be-
tween hydrologic conditions in an aquifer and thermal conditions
in a similar thermal system. Darcy’s law is analogous to the law
of the flow of heat by conduction, hydraulic pressure being analo-
gous to temperature. hydraulic gradient to thermal gradient, per-
meability to thermal conductivity, and specific yield to specific
heat. From his equation expressing the relation between the draw-
down and the rate and duration of discharge of & well, Theis de-
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veloped the following recovery formula for determining the trans-
missibility of an aquifer (as defined above):
264q t

T=— loglo —_—
8 151

in which T = cofficient of transmissibility
q = pumping rate, in gallons a minute
t = time since pumping began, in minutes
ty = time since pumping stopped, in minutes
& = residual drawdown at the pumped well, in feet at time ¢;

The residual drawdown (s) is computed by subtracting the static
water-level measurement (Table 5) from water-level measurements
made after pumping stops (Fig. 9). The proper ratio lo_g,:ﬁ
is determined graphically by plotting log,, ¢/, against correspond-
ing values of s (Fig. 9). This procedure is simplified by plotting
t/t, on the logarithmic codrdinate of semi-logarithmic paper. For
any convenient value of log,, t/¢,, the corresponding value of s may
be found by inspection, provided the curve passes through the ori-
gin. If the curve does not pass through the origin, it can be made
to do so approximately by applying an empirical correction to the

264q t+c
—S— 1Oglo

formula as follows: 7 = in which ¢ is a correction

factor (Wenzel, 1942, p. 127). Only 0;1e (well 115) of the curves
for tests in Grant and Stevens Counties passed through the origin.
The correction factors needed to make the other curves pass through
the origin ranged from — 185 to 4 147.

The weighted average discharge (q) of well 115 was 680 gallons
a minute (Table 5). When values for s, £/¢,, and g are substituted
in the Theis recovery formula, the coefficient of transmissibility of
the water-bearing material at the pumped well is found to be 43,573.
Dividing the coefficient of transmissibility by the average thickness
of the saturated water-bearing material in the vicinity of the well,
295 feet, the average coefficient of permeability is found to be about
148. (The temperature of the water was 60° F., hence no temper-
ature correction is needed.) Data on seven pumping tests in Grant
and Stevens Counties are listed in Table 6.

The irrigation wells listed in Table 6 obtain water primarily
from the Rexroad (?) formation but also from the lower part of
the Meade formation. As indicated by the pumping tests, these
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deposits have low to moderate permeabilities, but because of the
great thickness of saturated material the coefficient of transmissi-

bility generally is large.

Some wells, such as 299, penetrated de-

posits consisting primarily of silt, whereas wells 244 and 247 en-
Two of the wells
listed in Table 6 (30 and 56) penetrated the entire thickness of
saturated material above the Cretaceous deposits.

countered thick deposits of sand and gravel.

TaBLe 5.—Data on pumping test of well 116, Grant County, made on Septem-
ber 25, 1942, by Melvin Scanlan, Woodrow W. Wilson, and Thad G. Mc-

Laughlm
Time Time
since since ('t;iﬁlds Depthto | . o
pumping | pumpin, gallons water .
started stop! a level ((ifoe:tg Remarks
(minutes) | (minutes) minute) (feet)
t t
................... 116.36 |........| Static water
level. Pump
started.
. 6 |.......... 652 139.59 | 23.23
36 |.......... 557 139.47 | 23.11
66 |.......... 536 140.10 | 23.74
9% |.......... 768 140.06 | 23.70
126 |.......... 746 140.00 | 23.64
156 [.......... 756 139.65 | 23.29
186 |.......... 750 139.59 | 23.23
194 | e e Pum‘?ed
stopped.
195.5 1. 30 ... 123.00 6.64
197 3 . 122.35 5.99
200 6 33 ... 123.76 7.40
202 8 . 123.50 7.14
204 - 10 . 122.40 6.04
206 12 A7 121.96 5.60
208 14 .86 |.... . ... 121.51 5.15
212 18 . 121.04 4.68
216 22 . 120.59 4.23
221 27 A9 L 120.20 3.84
226 32 7.06 |..... .. ... 119.85 3.49
231 37 6.24 |..... ... 119.63 3.27
236 42 562 |.......... 119.43 3.07
246 52 4.73 |.......... 119.10 2.74
263 69 3.81 [.......... 118.70 2.34
276 82 3.37 |.......... 118.51 2.15
308 112 273 |.......... 118.15 1.79
336 142 2.37 |.......... 118.01 1.65
366 172 213 ... 117.87 1.51
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Grant, Haskell, and Stevens Counties 45

ARTESIAN CONDITIONS

The head of water has been defined as the height that a column
of water will rise in a tightly cased well which has no discharge.
Ground water that rises in wells to a level above that at which the
water is encountered is said to be artesian or “piestic” (Meinzer and
‘Wenzel, 1942, p. 451).

The Rexroad (?) formation in places contains beds of saturated
sand and gravel in which the ground water is confined by overlying
beds of clay which are relatively impermeable. Wells drilled to
these water-bearing beds encounter water under artesian head, and
in Lakin Draw and North Fork Cimarron Valley the head is suffi-
cient to cause a few of them to flow. Artesian water has been en-
countered in many wells in Grant, Haskell, and Stevens Counties,
but the water generally is not under sufficient head to flow at the
surface.

The only flowing wells in this area are near Ulysses. Well 47 en-
countered artesian water at a depth of about 160 feet, and in 1943 it
had a measured yield of 1.25 gallons a minute. A feebly flowing
well about 2 miles southeast of Ulysses in North Fork Cimarron
Valley was reported to be 220 feet deep.

THeE WATER TABLE

The upper surface of the zone of saturation in ordinary permeable
soil or rock has been defined as the ground-water table, or simply
the water table. Where the upper surface is in impermeable ma-
terial the water table is absent. The water table is not a plane sur-
face in all parts of the area, but in places has irregularities com-
parable with and related to those of the land surface, although it
is less rugged. It does not remain stationary but fluctuates up and
down. The irregularities are caused chiefly by local differences in
gain and loss of water, and the fluctuations are caused by variations
from time to time in gain or loss of water. The water-table con-
tours shown on Plate 2 were based on water-level measurements
made during the summers of 1941 (Grant and Haskell Counties)
and 1942 (Stevens County) and represent the approximate shape
and slope of the water table at the time the measurements were
made. Fluctuations in water level, particularly in the areas of shal-
low water, might cause considerable change in the shape and slope.
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SHAPE AND SLOPE

The shape and slope of the water table in Grant, Haskell, and
Stevens Counties are shown on the map (Pl. 1) by contours drawn
on the water table. Each point on the water table along a contour
has the same altitude. The water-table contours show the configur-
ation of the water surface just as topographic contours show the
shape of the land surface. The direction of movement of the
ground water is at right angles to the contours in the direction of
the downward slope.

The map (Pl. 1) shows that the general movement of the ground
water in Grant, Haskell, and Steveps Counties is toward the east,
but that the slope and the direction of movement range considerably
from one part of the area to another. The maximum slope is about
50 feet to the mile and is near Ryus in southeastern Grant County.
The minimum slope is about 5 feet to the mile and is in eastern
Haskell County. The average slope in the northern part of the
area is 7.5 feet to the mile whereas the average slope in the south-
ern part of the arca is 10 feet to the mile. )

The shape and slope of the water table determine the rate and
direction of movement of ground water and are controlled by sev-
eral factors. Irregularities in the shape and slope of the water table
may be caused by: (1) configuration of the bedrock floor; (2) dis-
charge of ground water into streams; (3) recharge of the ground-
water reservoir by ephemeral streams; (4) unequal additions of
water to the ground-water reservoir; (5) local differences in the
permeability and thickness of the deposits; and (6) pumping of
water from wells.

The shape of the underlying bedrock floor of Cretaceous and
Permian rocks in Grant, Haskell, and Stevens Counties has no ap-
parent effect upon the shape or slope of the water table. As in-
dicated by Figure 10, the surface of the bedrock floor in Stevens
County slopes toward the southeast whereas the water table slopes
eastward and east-northeastward. Figure 10 also shows a trough
in southeastern Haskell County and a ridge in northeastern Has-
kell County, neither of which is indicated by the shape of the water
table. Figure 10 shows a high ridge in northwestern Grant County
which also is not indicated by the shape or slope of the water table.

The discharge of ground water into the Cimarron and North Fork
Cimarron Rivers has modified the shape and slope of the water table
in this area, as indicated by the upstream flexure of the water table
contours along the Cimarron River in the western part of its course
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in part by seepage of water from sinkholes in the vicinity of Bear
Creek,

The Cimarron River is a losing stream in a part of its course in
northwestern Stevens County, in southeastern Grant County, and
in southwestern Haskell County (Pl. 5). As shown by Plate 1,
there is a ridge on the water table beneath the Cimarron River
from a point about 7 miles west of the Grant-Haskell line to about
3 miles below the point where the river crosses the Haskell-Seward
line. North Fork Cimarron River is a losing stream in western and
southeastern Grant County, but its effect on the shape of the water
table could not be indicated on the water-table contour map because
of insufficient data.

Unequal additions of water to the ground-water reservoir have
caused some of the irregularities in the shape of the water table in
the Grant-Haskell-Stevens area. In the northwestern part of Grant
County, Bear Creek is & series of intermittent streams terminating
in sinkholes. In addition, there are many other sinkholes or de-
pressions in that area. After heavy rains, the water stands in the
depressions until it evaporates or percolates downward to the water
table (Pl. 6), and this is in part the cause of the ridge on the water
table in the vicinity of Bear Creek. Similar though less pronounced
depressions in many parts of the Grant-Haskell-Stevens area also
contribute water to the ground-water reservoir. Conditions favor-
able for the addition of water to the ground-water reservoir are to
be found in the sand-hills areas where there are many undrained
basins underlain by moderately permeable rocks. (See Ground-
water recharge.)

Local differences in permeability are among the principal factors
affecting the shape and slope of the water table in this area. The
area of steeply sloping water table in southeastern Grant County
and southwestern Haskell County that is indicated by the closely
spaced contours (Pl. 1), and which extends southeastward through
southwestern Seward County and into Oklahoma, probably is caused
by a relatively low permeability of the -rocks through which the
ground water moves. In western Grant and Stevens Counties the
upper part of the zone of saturation is in the lower part of the
Meade formation, which is primarily sand and gravel; hence water
moves relatively freely through it and the slope of the water table
is slight. In southeastern Grant and southwestern Haskell Coun-
ties, where the water table is in the clay and silt of the Rexroad
formation, however, the water cannot move freely through the fine
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- material and therefore the water table has a steep slope. The
gradient of the river channel in this area is less than it is in areas
upstream and downstream. Therefore, the water table gradient
exceeds the stream gradient and the Cimarron becomes a losing
stream (Fig. 11).

Figure 11 illustrates the relation of the channel of the Cimarron
River to the level of the water table in adjacent upland areas.
Where the water table is above the channel, the Cimarron River
generally flows; and where the water table is below the channel,
the Cimarron generally is dry. Throughout much of its course in
eastern Morton County and northwestern Stevens County the chan-
nel of the Cimarron River is nearly level with or is below the level
of the water table in adjacent areas. Figure 11 is based on water-
level measurements made during the summers of 1941 and 1942
and may not represent accurately the conditions during other sea-
g0NS Or years,

Some variations in stream flow in the Cimarron River are shown
in Figure 12 which was compiled from data obtained by joint studies
of the states of Kansas and Oklahoma and the Water Resources
Branch of the U. S. Geological Survey. Measurements of stream
flow along the Cimarron River show that the river valley between
the Elkhart bridge and the Satanta station absorbs a large quantity
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F1a. 12. Variations in stream flow in the Cimarron River.
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of water. They also indicate that discharges of more than 40 cubic
feet a second at the Elkhart bridge are required to produce a sur-
face flow at Satanta. Small discharges have been observed in this
losing section of the Cimarron River. When the stream is dry at
the Elkhart bridge, discharges of as much as 1.13 cubic feet a sec-
ond have been measured at the bridge north of Hugoton. Although
the Cimarron River is a losing stream through Morton, Stevens,
Grant, and Haskell Counties, there is a very rapid recovery of
stream flow in Seward and Meade Counties.

Most of the water that is lost between Point of Rocks and the
Satanta station is added to the ground-water reservoir although
some is then lost by transpiration from vegetation on the valley
floor. The relatively rapid addition of water to the ground-water
reservoir in the losing sections of the stream generally forms a
mound or ridge on the water table. The ground water moves from
the ridge at approximately right angles to the stream. Water on
the north or northwest side of the stream probably reénters the
stream in a relatively short distance because the general movement
of ground water is toward the east (Pl. 1). This may account for
the small local areas where the Cimarron is a gaining stream.
Ground water that moves south and southeastward from the ridge
then flows eastward across the Cimarron Bend area. At least a
part of this water reénters the Cimarron River between the Liberal
bridge and the Forgan bridge. What effect the loss in stream flow
between Point of Rocks and Satanta station has upon the gain in
stream flow between the Liberal and Forgan bridges and upon the
level of the water table in the Cimarron Bend area is not known.
This could not be determined until the loss of water by transpira-
tion and evaporation in the Cimarron Valley and the addition of
water by ground-water recharge in the Cimarron Bend area are
known. »

Local depressions are formed on the water table when large
quantities of water are pumped from wells. These generally are
short-lived, however, because water moves in from adjacent areas
to replenish the water that is withdrawn by pumping. There seems
to have been no permanent lowering of the water table in this area
by pumping from wells.

RELATION TO TOPOGRAPHY

The depth to water level below the land surface in Grant, Has-
kell, and Stevens Counties is controlled largely by the configuration
of the land surface. A map (Pl 2) has been prepared showing by
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isobath lines the depths to water level in wells in the three counties.
Isobath lines connect points of equal depth to water level. As
shown on the map, the depths to water level in the Grant-Haskell-
Stevens area range from less than 10 feet in the Cimarron Valley
area to nearly 250 feet in the Haskell area. For the purpose of de-
tailed description, Grant, Haskell, and Stevens Counties may be
divided into eight areas based upon the depths to water level: (1)
Syracuse upland, (2) Bear Creek depression, (3) Finney sand plain,
(4) Stanton area, (5) Cimarron Valley area, (6) Haskell area, (7)
Meade area, and (8) Cimarron Bend area. These areas are the
same as the topographic divisions, and their locations and areal
extent are described in the section on Topography and drainage on
pages 16 to 21 (note Fig. 2).

Syracuse upland—On the Syracuse upland, which extends into
northwestern Grant County, depths to water level range from about
50 feet near Bear Creck to about 120 feet at the northwest corner
of the county, and the depths of wells range from about 60 feet to
more than 130 feet. The Rexroad (?) and Meade formations are the
principal water-bearing beds in this area.

Bear Creek depression.—The area of sinkholes and depressions in
the vicinity of Bear Creek is called the Bear Creek depression. As
stated in the section on Topography and drainage, it is difficult to
distinguish the southern limit of the Bear Creek depression because
it merges gradually into the Stanton area. In this discussion the
limits shown in Figure 2 will be used. Wells in this area range in
depth from about 50 fcet to more than 110 feet and the water levels
are 35 to 50 feet below land surface. The wells obtain water from
are the Meade or Rexroad (?) formations or both.

Finney sand plain.—Northeastern Grant County and northcrn
Haskell County are a part of the Finney sand plain which extends
northward to the Arkansas Valley in Kearny and Finney Counties..
The depths to water level in wells range from a little more than 50
feet in the westernmost part of the area in Grant County and the
nortkeastern corner of Haskell County to about 145 feet near the
Grant-Haskell line. The wells in this area range in depth from
about 70 feet to almost 200 fect. The principal water-bearing beds
are the Meade or Rexroad (?) formations or both.

Stanton area.—Most of western Grant County and the north-
western part of Stevens County are in the Stanton area which ex-
tends westward into Stanton, Hamilton, and Morton Counties. In
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Grant and Stevens Counties this is an area of shallow to inter-
mediate depth to water, the water level in most of the area being
less than 100 feet below land surface. The depth to water level in
the area between Bear Creek and North Fork Cimarron River is in
most places less than 50 feet, whereas in southwestern Grant County
and northwestern Stevens County the depth to water level in most
places is between 100 and 150 feet. Wells in the Stanton area ob-
tain water from the Rexroad (?) or Meade formations or both;
their depths range from 50 to more than 300 feet.

Cimarron Valley area—The valleys of the Cimarron River and
its principal tributaries constitute the Cimarron Valley area (Fig.
2). Depths to water level are less than 10 feet in the lowlands
along the Cimarron River, in the lower part of Lakin Draw, and in
the lowlands in the central part of North Fork Cimarron Valley.
Depths to water level are as much as 150 feet at the edges of the
Cimarron and North Fork Cimarron Valleys near their confluence.
The greatest depth to water in the Cimarron Valley is about 50 feet
in southwestern Haskell County. The principal water-bearing for-
mation in the Cimarron Valley is the alluvium. In the valleys of
Lakin Draw, Sand Arroyo, and North Fork Cimarron River the
Meade formation supplies most of the water to wells. In south-
eastern Grant County the slope of the water table exceeds the slope
of the Cimarron River so that in southeastern Grant and south-
western Haskell Counties the water table is near the base of the
alluvium (Pl. 3). Wells in this area obtain water from the Rex-
road (?) formation and perhaps also from the Meade formation and
from the alluvium, and range in depth from 15 to 61 feet.

Haskell area—Most of Haskell County and a large part of
eastern Grant County lie within the Haskell area (Fig. 2) in which
the depth to water level ranges from about §0 feet in the vicinity
of Hickok to nearly 250 feet in northwestern Haskell County. The
depth to water level is more than 150 feet in about 90 percent of
the area, and is more than 200 feet in about 30 to 40 percent of the
area. Wells in this area range in depth from slightly less than 100
feet to more than 300 feet, and most of them obtain water from the
Rexroad (?) formation. A few get all or part of their water from the
lower part of the Meade formation, and a few may obtain part of
their water from the upper part of the Laverne formation.

Meade area.—The headwaters of Crooked Creck in eastern Has-
kell County lie within the Meade area (Fig. 2). The depths to
water level in this small area range from about 140 feet to 170 feet,
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and the depths of the wells range from about 150 to 200 feet. Most
of the wells obtain water from the Rexroad formation.

Cimarron Bend area—Almost all of Stevens County and a small
part of Grant County lie within the Cimarron Bend area, which also
includes southern Morton and southwestern Seward Counties. The
depths to water level range from about 75 fect in the area northwest
of Feterita to about 215 feet in the area east of Moscow. The
depths to water level in most of the area, however, are between 100
and 150 feet. The depths of wells in the Cimarron Bend area range
from about 80 feet to more than 300 feet. The principal water-
bearing formation is the Rexroad (?), but many wells get part of
their water from the Meade formation and some of the deep wells
may penetiate beds of the Laverne formation.

FLUCTUATIONS IN WATER LEVEL

The water table does not remain stationary but fluctuates much
like the water surface of any surface reservoir. Whether the water
table rises or declines depends upon the amount of recharge into
the ground-water reservoir and the amount of discharge. If the
inflow exceeds the draft, the water table will rise; conversely, if
the draft exceeds the inflow into the ground-water reservoir, the
water table will decline. The water table fluctuates more by the
addition or depletion of a certain quantity of water than does the
level of a surface reservoir, because ground water occupies only
part of the volume of a ground-water reservoir. If the sand and
gravel of a water-bearing formation has an average specific yield
of 25 percent, the addition of 1 foot of water to the sand and
gravel will raise the water table in that material about 4 feet.
Changes of water levels record the fluctuations of the water table
and hence the recharge and discharge of the ground-water reservoir.

The principal factors that control the rise of the water table
(ground-water recharge) in the Grant-Haskell-Stevens area are:
(1) the amount of rainfall that penetrates the soil and descends to
the zone of saturation, (2) secpage from streams and depressions,
and (3) the quantity of water added to the ground-water reservoir
by underground movement from the west and northwest. The fac-
tors that cause a decline in the water table in this area (ground-
water discharge) are: (1) movement into areas to the east and
to the south, (2) evaporation and transpiration, (3) seeps and
springs, and (4) pumpage from wells. If the quantity of ground
water discharged from a ground-water reservoir during a year is
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greater than the recharge during that year, the water table will
decline. During a period of dry years, however, the water table
may decline, even though there has been little or no pumping from
wells, but in a subsequent period of wet years the water table may
rise. The decline of the water table during a dry year, therefore,
does not necessarily mean that there has been an excessive with-
drawal of water from the ground-water reservoir, for during dry
years there is less recharge of the ground-water reservoir because
of the decreased precipitation. At the same time the discharge of
ground water is increased by greater evaporation and transpiration
and by increased pumpage for irrigation. Conversely, during wet
years the recharge from precipitation is increased and the loss of
water by evaporation, transpiration, and pumpage is reduced.

The fluctuations of the water table in Grant, Haskell, and Stevens
Counties were determined by observing the water levels in wells.
Periodic water-level measurements were begun on 28 wells in Grant
and Haskell Counties in May and June 1941, and on nine wells in
Stevens County in October 1942. Water-level measurements in
these wells were made monthly by Woodrow W. Wilson of the Fed-
eral Geological Survey and later by Allen Graffham and Howard
Palmer of the Division of Water Resources of the Kansas State
Board of Agriculture.

Water-level measurements in 1941, 1942, and 1943 have been
published in annual water-level reports of the U. S. Geological
Survey (Water-Supply Papers 938, 946, and 988), and future meas-
Urements will be published in ensuing reports of this series. The
W_EII numbers used in this report and the Water-Supply Papers are
iven in Table 7.

GROUND-WATER RECHARGE

Recharge is the addition of water to the underground reservoir
and may be accomplished in several ways. ‘All ground water within
8 practical drilling depth beneath Grant, Haskell, and Stevens Coun-
ties ig derived from water that falls as rain or snow either within
the area or within nearby areas to the west and north. Once the
Water becomes a part of the ground-water body it moves down the
slope of the water table, later to be discharged at some point farther
downstream.

The underground reservoir beneath this area is recharged pri-
Marily by local precipitation. Other important factors affecting
Techarge in this area are seepage from streams and depressions and
subsurface inflow from areas to the west and north.
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RECHARGE FROM PRECIPITATION

The average annual precipitation in Grant, Haskell, and Stevens
Counties is about 18 inches, but probably only a small part of this
water reaches the zone of saturation owing to several factors. Of
the precipitation in this area, part is lost by evaporation and trans-

TasLe 7—Observation wells in Grant, Haskell, and Stevens Counties

Grant County Haskell County Stevens County
Well number Well nufnber Well number
Well in Water- Well in Water- Well in Water-
number Supply number Supply number Supply
in this apers in this Papers ||, in this Papers
report 038, 946, report 938, 946, report 938, 946,
and 988 . and 988 and 988
4 6 136 13 242 28
18 5 141 1 245 21
22 1 143 3 265 29
24 4 144 14 || 266 27
28 2 153 4 288 30
42 14 157 . 8 294 15
43 7 165 15 2909 10
51 9 170 6 309 26
61 3 171 5 311 12
64 11 204 7
71 8 206 12
73 13 209 ) | Dl P
82 15 217 9 o
120 10 227 10 1o

piration, part is lost by runoff, and the remainder may percolate
downward to the zone of saturation.

The quantity of water lost by evaporation depends on several
factors, including temperature, humidity, vegetative covering, depth
to water level below land surface, and the length of time the proc-
esses of evaporation have access to the moisture. The topography
of Grant, Haskell, and Stevens Counties is characterized by flat
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uplands containing numerous sinks and depressions and by large
areas of dune sand having little or no surface drainage. Much of
the moisture that falls in this area is held in the sinks, depressions,
and other undrained areas until it evaporates or moves downward to
the zone of saturation. Large lakes caused by heavy precipitation
in the Bear Creek depression (Pl. 6) may exist for many months
before being dried by evaporation and seepage. A large part of
the precipitation in Grant, Haskell, and Stevens Counties probably
is lost by evaporation, but also some of the precipitation is lost by
transpiration from plants, particularly from May through August
when precipitation is highest and plant growth is most abundant.

Because the drainage in this area is poorly developed, only a
small percentage of the precipitation is carried away by the Cim- -
arron River and its tributaries; hence the loss by runoff is relatively
small. Most of the floods in the Cimarron River are caused by
heavy precipitation in New Mexico, Colorado, and Oklahoma and
local precipitation seems to have comparatively little effect on the
stream flow.

Water that is not lost by evaporation, transpiration, and runoff
percolates downward into the soil zone. The soil will absorb moist-
ure until the amount of water it contains is greater than can be held
against the pull of gravity, at which time part of the water moves
downward to the zone of saturation. This downward movement may
be prevented by plant transpiration which, during the growing sea-
son, may deplete the soil moisture as rapidly as it can be replen-
ished by the precipitation. At the end of the growing season the
moisture in the soil may be depleted. Water that enters the soil
zone during the fall and winter tends to replenish the soil moisture
because there is less transpiration and evaporation during these sea-
sons. From this time until transpiration and evaporation again be-
come important factors, much of the precipitation moves downward
through the soil and to the water table. Because of the high rate
of transpiration and evaporation, there probably is little recharge
during the summer except where the water table is relatively near
the land surface.

Hydrographs showing the fluctuations of water levels in 21 wells
in Grant, Haskell, and Stevens Counties are shown in Figures 13,
14, and 15 together with the precipitation at the nearest station of
the U. S. Weather Bureau. These graphs show a relatively close
correlation between the water levels in wells and the precipitation.
The correlation is particularly close in arcas where the depths to
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. 13. Hydrographs showing fluctuations of the water levels in seven wells
in Grant County, cumulative departure from normal monthly precipitation at
Ulysses, and monthly precipitation at Ulysses.
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water level are not great, but the influence of precipitation upon
water levels is noticeable eveh in areas of great depth to water level.

Water levels in wells 22 and 24 in Grant County are approxi-
mately 3 feet higher than they were when periodic water-level
measurements were begun in 1941 (Fig. 13); hence the recharge of
the ground-water reservoir in the vicinity of these wells has been
relatively large. Water levels in other wells, such as 73, 42, 141,
144, 153, 242, and 311 (Figs. 13, 14, 15), in which the depth to water
level is more than 100 feet, have risen much more slowly but just
as steadily and with smaller fluctuations. The water levels in wells
18, 64, 71, 73, 245, and 288 remained approximately the same or
rose slowly from 1941 until 1944 when they rose abruptly, even
though the precipitation was not as great in 1944 as it was in 1941,
In 1941 the soil moisture had been nearly depleted after 10 years
of drought and most of the precipitation that seeped below land
surface was used to replenish the soil moisture; therefore, very little
water moved downward to the zone of saturation. In 1944, however,
there was adequate soil moisture and much of the rainfall percolated
downward to the zone of saturation, causing an abrupt rise in water
levels.

The trend of the water level in well 227 correlates closely with
the cumulative departure from normal monthly precipitation. The
well is in the Cimarron Valley near the Satanta bridge where the
Cimarron is a losing stream. At least part of the sharp peaks on
the hydrograph show the effect of flood waters in the nearby channel.

The water levels in 67 percent of the observation wells in these
counties were higher at the end of 1943 than they were at the be-
ginning of record, probably as a result of the above-normal precipi-
tation during 1941 and 1942. Owing to the below-normal precipi-
tation in 1943 the water levels in several wells declined, but because
of heavy precipitation during the first half of 1944 the levels again
rose. At the end of 1944, the water levels in 92 percent of the ob-
servation wells were higher than at the beginning of record.

Only fragmentary records of the water levels in wells in Grant,
Haskell, and Stevens Counties for the years preceding 1941 are
available; hence the effect of the drought between 1931 and 1940
on the water table is not known. The first water-level measure-
ments in the Grant-Haskell-Stevens arca were made in Haskell
County in 1891 by members of the Nettleton survey (Nettleton,
1892). During the present investigation an attempt was made to
locate and measure some of the old wells that were measured in
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1891, but the last one had been destroyed during the preceding year.
Several wells were found near the sites of the old wells, however,
and measurements of water level in these wells indicate that the
depths to water level in the deep-water areas in Haskell County
were approximately the same in 1891 as they were in 1942. The
static water level in an old dug well in the NE1j sec. 25, T. 29 S.,
R. 83 W. was 200 feet in 1891. The static water level in a well in
the same quarter section, but probably a few hundred feet south,
was 201.7 in 1942. The land surface in that vicinity is nearly level;
therefore the difference m altitude of the measuring points of the
two wells probably did not exceed 2 or 3 feet.

Recharge from précipitation in the Finney sand plain in northern
Grant and Haskell Counties and in the dunc-sand area south of the
Cimarron River probably is relatively rapid. The many undrained
basins in these areas serve as catchment areas for the rainfall, and
the porous sandy soil permits the downward percolation of water
to the zone of saturation. Most of the precipitation in these areas
percolates downward or evaporates.

There probably is much recharge in the Cimarron Bend area, even
though the depth to water level in most places is more than 100 feet
and in many places is more than 200 feet. The water-table contour
maps of Morton (McLaughlin, 1942, PL. 1), Stevens (PL 1), and
Seward (Byrne and McLaughlin, 1946, Pl. 1) Counties show that
in general the ground water is moving east-southeastward from the
Cimarron River, which forms the northwestern boundary of the area.
The water table along most of the Cimarron Valley in this area is
either lower or higlier than it is in adjacent upland areas. Ground
water adjacent to the Cimarron Valley moves toward the river but
does not cross the depression or ridge on the water table. For this
reason, little or no ground water can move into the Cimarron Bend
area from adjacent areas north and west of the river; therefore
most of the ground water in this area is derived from local pre-
cipitation.

Recharge from precipitation in the upland areas which are not
covered by dune sand probably is much less than in the Finney sand
plain and the Cimarron Bend area. These uplands, such as the
Stanton and Haskell areas, contain numerous undrained basins but
the soil is less porous and the depth to water level generally is
great; hence only a small part of the precipitation reaches the
ground-water reservoir. In the northern part of the Stanton area
and in the Bear Creck depression the recharge probably is rela-
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tively large because there are numerous sinkholes and depressions
and because the depth to water level in most places is less than 50
feet. , .

Recharge from precipitation 'in the valleys probably is very
large. The sandy soil is very porous and the water table is near
the land surface; hence water can readily percolate downward to
the zone of saturation. In addition, some of the runoff from adja-
cent uplands may percolate downward in the yalley areas to re-
charge the ground-water reservoir.

RECHARGE FROM SEEPAGE

Some water is contributed to the ground-water reservoir by seep-
age from streams. Bear Creek, Lakin Draw, and Sand Arroyo are
losing streams; that is, the stream channels are above the water
table and water moves downward to recharge the ground-water
reservoir. The Cimarron and North Fork Cimarron Rivers are los-
ing streams along parts of their courses, and in such places some
of the flood water moves downward to the zone of saturation. The
Cimarron River is a losing stream in northwestern Stevens, eastern
Grant, and southwestern Haskell Counties, whereas in western
Grant County it is a gaining stream (Fig. 11). Water that is dis-
charged into the river in western Grant County generally evapo-
rates or percolates downward before it reaches the Grant-Haskell
line.

RECHARGE BY SUBSURFACE 1§FLO\V *

Ground water in Grant, Haskell, and Stevens Counties is derived
in part by subsurface inflow from Stanton and Morton Counties on
the west and from Kearny and Finney Counties on the north. This
movement of water into the area is indicated by the slope of the
water table (Pl. 1) and by the quantity of fluoride in the water
(Fig. 17). Along the fault at the southern and eastern edges of the
Syracuse anticline, the Dakota formation is level with the Tertiary
and Quaternary silt, sand, and gravel, and the high-fluoride water
from the Dakota formation moves southeastward into the Tertiary
and Quaternary deposits of Grant County.

DISCHARGE OF SUBSURFACE WATER

The discharge of subsurface water has been divided by Meinzer
(1923a, pp. 48-56) into vadose-water discharge (discharge of soil
water not derived from the zone of saturation) and ground-water
discharge (discharge of water from the zone of saturation).
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VADOSE-WATER DISCHARGE

The discharge of soil water not derived from the zone of satura-
tion is called vadose-water discharge and includes the discharge
of water directly from the soil by evaporation and through grow-
ing plants by transpiration. The consumption of soil water by
crops is large and is of vital importance to agriculture. This con-
sumption of soil water generally reduces the recharge, for the de-
ficiency of soil mdisture must be replenished before recharge can
take place.

GROUND-WATER DISCHARGE

Ground-water discharge is the discharge of water directly from
the zone of saturation or from the capillary fringe and may take
place through evaporation and transpiration or as hydraulic dis-
charge through springs, seeps, wells, or infiltration galleries.

Discharge by transpiration and evaporation—Water may be
taken into the roots of plants directly from the zone of saturation
or from the capillary fringe, and be discharged from the plants by
the process known as transpiration. The depth from which plants
will lift the ground water varies with species of plants and types
of soil. The limit of lift by ordinary grasses and field crops is not
more than a few feet; however, alfalfa and certain types of desert
plants have been known to send their roots to depths of 60 feet or
more to reach the water table (Meinzer, 1923, p. 82).

+ Discharge of ground water by evaporation and transpiration in
Grant, Haskell, and Sfevens Counties probably is limited to areas
where the depth to water level is small, such as the Cimarron Valley
area, Bear Creek depression, and parts of the Stanton area. In these
areas such discharge probably is very slight except in the lowlands
along the Cimarron River and North Fork Cimarron River. In
North Fork Cimarron Valley some ground water is transpired by
alfalfa, and much water is evaporated from the small ponds in the
stream channel] that are fed by ground-water discharge. Water is
also discharged by evaporation from the broad sandy channel of
the Cimarron River, particularly in parts of Stevens and Grant
Counties where the water table is at or near the level of the channel.
The discharge by transpiration along the Cimarron River probably
is not great because of the scanty vegetative covering.

Discharge by springs and seeps.—Some ground water in this area
is discharged by springs and seeps, although the amount is rela-
tively small. Most important of these is Wagon Bed Spring, in
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the north half of see. 33, T. 30 S, R. 37 W. near the Ulysses bridge,
at a well-known camp site on the old Santa Fe trail. There are
a few other springs and many seeps along the Cimarron River and
North Fork Cimarron River but theyv are small.

Discharge by wells—Another method of discharge of water from
the ground-water reservoir is by pumping from wells. There were
20 irrigation wells in operation in this area in 1943 and there were
municipal wells at Ulysses, Sublette, Satanta, Moscow, and Hugo-
ton. Most of the rural residents of the area derive their domestic
and stock supplies of water from wells, but the amount of water
discharged for this purpose is relatively small. The recovery of
ground water from wells is dizcussed in the next section.

RECOVERY
PRINCIPLES OF RECOVERY

Water iz discharged from a well by a pump or some other lifting
device or by natural artesian flow (for a more detailed discussion
of principles of recovery see Meinzer, 1923a, pp. 60-68). When
water is standing in a well, there is equilibrium between the head
of the water inside the well and the head of the water outside the
well.  Whenever the head inside a well is reduced, a resultant differ-
ential head iz established and water moves into the well. The head
of the water inside a well may be reduced in two ways: (1) by
lowering the water level by a pump or other lifting device, and (2)
by reducing the head at the mouth of a well that discharges by
artesian pressure. Whenever water is removed from a well there
is a resulting drawdown or lowering of the water level, or, in a
flowing artesian well, an equivalent reduction in artesian head.

When water is discharged from a well the water table is lowered
in an area around the well to form a depression somewhat resem-
bling an inverted cone, which is known as the cone of depression,
and the distance that the water level is lowered is the drawdown.
The drawdown in a well increases as the rate of pumping is in-
creased.

The capacity of a well is the rate at which it will yield water
after the water stored in the well has been removed; it depends
upon the quantity of water available, the thickness and permea-
bility of the water-bearing bed, and the construction and condition
of the well. The capacity of a well generally is expressed in gal-
lons a minute. The known or tested capacity of a strong well gen-

5—2135
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erally is less than its total capacity, but some weak wells are
pumped at their total capacity. )

The specific capacity of a well is its rate of yield per unit of
drawdown, and is determined by dividing the tested capacity in
gallons a minute by the drawdown in feet. Well 247 in northern
Stevens County yields 1,326 gallons a minute and has an average
drawdown of 14.3 feet; hence its specific capacity is 92.7.

When water is withdrawn from a well the water level drops rap-
idly at first and then more slowly until it finally becomes nearly
stationary. Conversely, when the withdrawal ceases the water
level rises rapidly at first and then more slowly until it eventually
resumes its original position or approximately its original position
(Fig. 9).

DUG WELLS

Dug wells are excavated with picks, shovels, spades, or by power
machinery and generally are between 2 and 10 feet in diameter.
Most of the wells constructed in Grant, Haskell, and Stevens Coun-
ties prior to 1900 were dug wells, many of which were quite deep.
Nettleton (1892) lists five dug wells in Haskell County in the vi-
cinities of Lockport (sec. 13, T. 27 S., R. 33 W.), Santa Fe (sec.
36, T. 28 S, R. 33 W.), and Loco City (sec. 36, T. 30 S., R. 33 W.).
The wells were 3 feet in diameter and ranged in depth from 107 fect
to 240 feet. The Pugh well in western Haskell County, which
served the residents of western Haskell and eastern Grant County
prior to 1900, was 236 feet deep. Almost all the dug wells have
been replaced by drilled wells, but there are still a few shallow
dug wells in the Cimarron and North Fork Cimarron Valleys, most
of which are curbed with stone or timber. Most of them are poorly
sealed and may be contaminated by the entrance of surface waters.
Because of the difficulties of digging by hand below the water table,
dug wells generally are excavated only a few feet below the water
table and, therefore, are more likely to fail during a drought than
are drilled wells which generally extend many feet below the water
table.

DRILLED WELLS

Most of the domestie, stock, irrigation, and public-supply wells
in Grant, Haskell, and Stevens Counties are drilled wells that have
been exeavated by means of percussion (cable-tool) or rotary drills.
Most of the drilled wells were constructed by means of portable
cable-tool drilling rigs and are cased with galvanized-iron or
wrought-iron casing. The drilled domestic and stock wells gen-

Google



Grant, Haskell, and Stevens Counties 67

erally are 4 to 6 inches in diameter and those used for irrigation
and public-supply purposes generally are 15 to 25 inches in
diameter.

Drilled wells in consolidated deposits.—Few if any water wells
in Grant, Haskell, and Stevens Counties penetrate the consolidated
sediments of Cretaceous age, although most of the irrigation wells
in the area of shallow water northwest of Ulysses have been drilled
nearly to the top of the Dakota formation. Many wells penetrate
consolidated sand and gravel (“mortar beds”) in the Tertiary and
Quaternary deposits, but these generaly are well-cemented and
probably vield very little water to wells. Inasmuch as the con-
solidated beds in the Tertiary and Quaternary deposits are thin,
most wells are cased through both the unconsolidated and con-
solidated materials.

Drilled wells in unconsolidated deposits—Almost all the wells in
Grant, Haskell, and Stevens Counties obtain all or part of their
water from unconsolidated materials of Tertiary or Quaternary age
or both, The principal unconsolidated water-bearing deposits are
the Rexroad (?), Meade, and Laverne formations, but water is also
obtained from unconsolidated alluvium in the larger stream valleys.
Wells in unconsolidated deposits generally are cased nearly to the
bottom of the hole with galvanized-iron or wrought-iron casing. In
some wells the water may enter only through the open end of the
caging, but in many wells—particularly those used for irrigation—
the casing is perforated below the water table to increase the facili-
ties for intake. The size of the perforations is an important factor
in the construction of such a well, and the capacity or even the life
of the well may be determined by it. If the perforations are too
large, the fine material may filter through and fill the well; if the
perforations are too small, they may become clogged so that water
will not enter the well freely.

Wells in unconsolidated sediments may be equipped with well
screens or strainers. It is common practice to select a slot size that
will pass 30 to 60 percent of the water-bearing material, depending
upon the texture and degree of assortment. Retention of the coarser
particles around the screen forms a natural gravel packing that
greatly increases the effective diameter of the well, and hence in-
creages its capacity.

Gravel-wall wells generally are effective for obtammg large sup-
plies of water from relatively fine-grained unconsolidated deposits,
and they are used widely for irrigation. In constructing a well of
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thiz type, a hole 30 to 60 inches in diameter is first drilled by the
rotary method or by means of an orange-pcel bucket and is cased
temporarily with iron or steel pipe. A well screen or perforated
casing of smaller diameter than the hole is then lowered into place
and centered in the larger pipe opposite the water-bearing beds.
Unperforated casing extends from the screen to the surface. The
annular space between the inner and outer casings is then filled with
sorted gravel, preferably of a grain size just a little larger than the
openings in the sereen or perforated casing, and also slightly larger
than that of the water-bearing material. In most wells of this type
a medium or coarse-grained gravel is used, but in very fine-grained
deposits a fine-grained gravel or coarse-grained sand should be used.
The outer casing is then withdrawn part way to uncover the sereen
and allow the gravel packing to come in contact with the water-
bearing material. Some wells in the Grant-Haskell-Stevens area
have been gravel-packed with gravel that is less satisfactory than
the water-bearing material it replaced. During the field investi-
gation it was noted that several irrigation wells were gravel-packed
with poorly sorted gravel containing pebbles ranging in diameter
from less than 1 inch to more than 3 inches. It was stated by
several drillers that smaller pebbles could not be used because the
perforations in the casing were too large.

In deciding whether or not to use gravel-wall construction it is
important to know the character of the water-bearing material. 1f
the material is a coarse gravel, as it is in parts of Grant, Haskell,
and Stevens Countlies, it generally is unnecessary to use gravel pack-
mng. Some wells have been walled with a gravel packing that is
finer and less pecrmeable than the water-bearing material it replaced,
thus reducing the yield.

According to McCall and Davison (1939, p. 29) drawdown can
be kept to a minimum in several ways:

First, the well should be put down through all valuable water-bearing ma-
terial.  Secondly, the casing should be properly perforated so as to admit
water to the well as rapidly as the surrounding gravel will yield the water.
Third. the well should be completely developed so that the water will flow
freely into the well. . . . Increasing the depth of a well will have a
greater effect on reducing the drawdown than will increasing the diameter, so
long as additional water-bearing formations are encountered.

A report (Davison, 1939) containing descriptions of pumping
plants, the conditions for which each is best suited, construction
methods, and a discussion of cost of construetion is available from
the Division of Water Resources, Kansas State Board of Agricul-

Google



Grant, Haskell, and Stevens Countics 69

ture, Topeka, Kansas, and the reader is referred to this publication
for additional details of well construction.

METHODS OF LIFT AND TYPES OF PUMPS

Most wells in Grant, Haskell, and Stevens Counties, particularly
those used for domestic and stock supplies, are equipped with lift
or force pumps. The eylinders or working-barrels in lift pumps
and force pumps are similar and are placed at a level below that
of the water table. A lift pump generally discharges water only
at the pump head, whereas a force pump can force water above
this point—for example, to an elevated tank. Most of the pumps
are operated by windmills, but a few are operated by hand. Two
wells in the vicinity of Ulysses flow at the surface (p. 45) and
therefore do not have to be pumped.

The discharge pipe in drilled domestic and stock wells (1.5 inches
to 3 inches in diameter) generally is clamped between two 4- by
4-inch wooden blocks that rest on the top of the casing. A circular
piece of galvanized iron or steel is placed between the clamp and
the casing on some wells to prevent small objects from falling into
the well. If a well is cased with galvanized-iron casing, the clamp
may be supported by railroad ties in order to avoid crushing the
casing. The irrigation wells in this area are equipped with deep-
well turbine pumps, which consist of a series of connected turbines,
called bowls or stages, that are placed near or just below the water
level and are connected by a vertical shaft to a pulley at the top.
Turbines equipped with pulleys generally are belt-driven by gaso-
line or natural-gas engines, but some turbine pumps have gear
heads which are directly connected to the source of power. One
irrigation well (46) in Lakin Draw formerly was equipped with a
centrifugal pump installed in a pit so that the pumping water level
would not exceed the working suction limit, but this well is no
longer in use.

UriLizaTiON oF WATER

Most of the wells in Grant, Haskell, and Stevens Counties supply
or have supplied water for domestic and stock use. Much of the
water pumped from wells in this area is used for irrigation, although
only a small percentage of the wells are used for this purpose.
Many wells have been drilled to supply water for use in drilling
gas wells, but these generally are abandoned as soon as the gas
well has been completed. A few wells are used for public-water
supplies and for railroads.
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DOMESTIC AND STOCK SUPPLIES

Domestic wells supply water in homes for drinking, cooking, and
washing, and in schools other than those supplied by municipal
wells. Stock wells supply water for livestock, principally cattle
and sheep that are pastured on winter wheat. Most of the do-
mestic and stock wells are small-diameter drilled wells equipped
with lift or force pumps operated by windmills or by hand. In
the valleys where the water table is shallow, a few domestic and
stock wells are dug or driven. The water used for domestic and
stock supplies is moderately hard but generally is satisfactory.
Much of the ground water in northern Stevens County and in west-
ern Grant County contains sufficient fluoride to be injurious to
children’s teeth during the period of their formation (see Quality
of Water).

PUBLIC SUPPLIES

The cities of Ulysses, Sublette, Satanta, Hugoton, and Moscow
have municipal water supplies derived from wells.

Ulysses—Ulysses (population, 824, according to 1940 census) is
supplied by two wells (52 and 53) which obtain water from the
Rexroad (?) and Meade formations. The wells are said to be 290
feet deep and are cased with 12-inch wrought-iron casing. Each
well is equipped with a turbine pump powered by a natural-gas
engine. Well 52 is reported to yield 200 gallons a minute with a
drawdown of 28 feet; well 53 is reported to vield 150 gallons a
minute, but there is no record of the drawdown. Water is pumped
from the wells directly into the mains, the excess water going into
the 75,000-gallon elevated stecl storage tank in the city park. No
data on the consumption of water were available. The water is
moderately hard and contains 1.7 parts per million of fluoride which
is considered sufficient to cause very slight mottling of children’s
teeth. (See analysis 52, Table 11.)

Sublette—The water supply of Sublette (population, 582) is
obtained from two wells (183 and 184) within the city limits. Well
183, which is near the depot of the Atchison, Topeka and Santa Fe
Railway Company, is 290 feet deep and is reported to have a static
water level 201 feet below land surface. The well is cased with
6-inch wrought-iron casing and is equipped with a turbine pump
powered by an electric motor. The yield of the well is reported to
be 100 gallons a minute. Well 184, which is near the elevated reser-
voir, is 275 feet deep and has a statie water level of about 202 feet.
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It is a 24-inch gravel-walled well cased with wrought-iron casing
and is equipped with a turbine pump powered by an electric motor.
The reported yield of this well is 175 gallons a minute on open flow
at land surface and 150 gallons when the water is pumped into the
mains.

Water is pumped from the wells directly into the 4-inch mains,
the excess water going into an elevated steel storage tank having a
capacity of 20,000 gallons. The water is moderately hard but is
suitable for most domestic uses. (See analysis 183, Table 12.)

Satanta —Satanta (population, 345) is supplied by two wells
(218, 219) which obtain water from the Rexroad (?) formation and
perhaps in part from the Laverne formation. The wells are near
the municipal swimming pool in the northern part of town; they
are reported to be 280 feet deep and to have a static water level of
200 fect. Each well is cased with 8-inch wrought-iron casing and
is equipped with a turbine pump powered by an electric motor.
Well 218 is reported to yield 150 gallons a minute. Well 219 is re-
ported to yield 325 gallons a minute when the water is discharged
at land surface and 250 gallons a minute when the water is dis-
charged into the mains. The drawdown of this well is reported to
be 40 feet when it is being pumped at the rate of 325 gallons a
minute.

Water is pumped from the wells directly into the 4- and 6-inch
mains, the excess water going into an elevated steel storage tank
having a capacity of 50,000 gallons. The water is moderately hard,
but otherwise is of good quality. (See analysis 218, Table 12.)

Hugoton.—The water supply of Hugoton (population, 1,349) is
obtained from two wells (296 and 297) which penetrate Tertiary
and Quaternary deposits. Well 296 is a gravel-walled well drilled
to a depth of 308 feet (log 52) and has a static water level of 80
feet. It is cased with 12-inch wrought-iron casing and has 40 feet
of screen set opposite the coarser water-bearing materials. The
coarsest water-bearing materials were found between the depths of
248 and 267 feet. The well is equipped with a turbine pump pow-
ered by an electric motor, and is reported to yield 130 gallons a
minute with a drawdown of 80 feet after 30 hours of pumping.

Well 297 (log 53), which is in the city park, is a gravel-walled
well drilled to a depth of 300 feet and has a static water level of
85 feet. It is cased with 18-inch wrought-iron casing and has 80
feet. of slotted screen set at various intervals between the depths of
88 and 300 feet. The well is equipped with a turbine pump powered
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by an electric motor, and it yields 230 gallons a minute with a draw-
down of 160 feet after 28 hours of pumping.

Water is pumped from the wells directly into the mains, which
range in diameter from 4 to 6 inches. The excess water is stored in
two reservoirs, one underground and the other elevated, the aggre-
gate capacity of which is 285,000 gallons. The average daily con-
sumption of water in Hugoton in 1941 was 126,847 gallons. The
water is moderately hard but otherwise is of good quality. The
fluoride content is within the safe limit discussed under Quality of
Water. (See analysis 296, Table 13.)

Moscow.—Moscow (population, 177) is supplied by a well (239)
which penetrates Tertiary and Quaternary deposits. The well is
reported to be 290 feet deep and to have a static water level of 140
feet. It is cased with 6-inch oil-well casing and is equipped with a
3-inch lift pump powered by a 5-horsepower electric motor. The
reported vield of the well is 10 gallons a minute.

Water is pumped from the well directly into the 2-inch mains,
the excess water going into a steel storage tank having a capacity
of 27,500 gallons. The water contains 1.2 parts per million of
fluoride which is considered sufficient to cause very slight mottling
of some children’s teeth. (See analy=sis 239, Table 13.)

RAILROAD SUPPLIES

The Atchison, Topeka and Santa Fe Railway Company has four
wells in Grant, Haskell, and Stevens Counties that are used for
railroad supplies (54, 182, 216, and 295). In addition, they have
one well at Moscow (238) which was formerly used for railroad
supply. (See logs 47, 48, 49, 50, and 51.) The wells range in
depth from 182 to 334 feet and the depths to water level range from
50 feet at Ulysses to 220 feet at Satanta. The wells are cased with
wrought-iron casing and most of them are equipped with lift pumps.
The well at Hugoton is equipped with a deep-well turbine pump.

INDUSTRIAL SUPPLIES

Many wells have been drilled in Grant, Haskell, and Stevens
Counties to supply water for use in drilling gas wells, Most of
these wells are abandoned after completion of the gas well, but a
few have been sold to farmers who now use them for watering
stock., These wells generally penetrated much of the Tertiary and
Quaternary water-bearing materials and ranged in depth from
about 200 feet to more than 400 feet. They were cased with 8- or
10-inch wrought-iron casing and generally were equipped with eyl-
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inder or with air-lift pumps. Data concerning their yields and
drawdowns were not available, but it was reported that a few of
these wells vielded as much as 500 gallons a minute.

POSSIBILITIES OF FURTHER DEVELOPMENT OF INDUSTRIAL
SUPPLIES FROM WELLS

Abundant supplies of natural gas and ground water are available
in Grant, Haskell, and Stevens Counties for the development of in-
dustries. This area is underlain by thick deposits of saturated ma-
terial that would yield moderate to large quantities of water to
wells (Pl 3). Industrial wells could be developed in almost any part
of the area provided preliminary test holes penetrated an adequate
thickness of coarse water-bearing material. The area in which
industrial supplies could be developed is much larger than the area
in which irrigation supplies could be developed, because industry
would not be as limited as irrigation by the type of soil and by
pumping lift (Fig. 16). There are large areas in Stevens County,
for example, where sandy soil and irregular topography prevent the
development of irrigation but where industrial wells could be con-
structed. This is also true in the dune-sand area in northern Grant
and Haskell Counties.

IRRIGATION SUPPLIES

Prior to the extended drought between 1931 and 1940 there was
little or no irrigation with water from wells in this area except from
one shallow well (46) in Lakin Draw northeast of Ulysses. The
repeated crop failures after 1931 stimulated interest in irrigation in
this area so that in 1943 there were 20 irrigation wells, 14 of which
were in Grant County. Although the precipitation has been above
normal since 1940, the interest in irrigation has continued, partic-
ularly in the area of shallow water northwest of Ulysses where ex-
periments have been made in the irrigation of potatoes, onions, and
melons.

The records of all the irrigation wells in this area visited during
the field investigation are given in Tables 18, 19, and 20 and the
locations of the wells are shown on Plate 2. The area that was
reported to have been irrigated in 1942 comprised 1,744 acres from
13 wells in Grant County, 61 acres from two wells in Haskell
County, and 472 acres from four wells in Stevens County. This
survey of irrigated acreage was made by Woodrow W. Wilson in
April 1943. Data on the quantity of water pumped for irrigation
in 1942 are not available; however, six of the wells were reported
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to have pumped 1,030 acre-feet of water to irrigate 663 acres of
land. This is equivalent to about 1.5 acre- feet of water for each
acre of land. Similarly, according to the U. S. Census, the average
quantity of water used in western Kansas in 1939 to irrigate one
acre of land was 1.5 acre-feet. If it is assumed that 1.5 acre-fect
of water was used for each irrigated acre of land in Grant, Haskell,
and Stevens Counties in 1942, then the quantity of water pumped
for irrigation during that year would be about 3,500 acre-feet.

TaBLE 8 —Pumping tests of irrigation plants iv Grant, Haskell, and Stevens
Countics!

Discharge Discharge
(gllons a minute) H (gallons a minute)

, Draw- Draw- |
‘;If)“ down Well No.. down
: (feet) Per foot | (feet) | Per foot
Total | of draw- | Total | of draw-
down | | down

\
] :
29 | 23.2 1,184 51.03 ! 23 .64 746 31.56

30 |19.85 | 1,008 55.31
22.82 | 1,120 49.08 214

3
g
[

31 @) ‘%67 ... 1310 | 1,100 83
@) 994 | . | 13.17 | 1.160 88
56 | (2) 995 |.. . 13.36 | 1.148 85

@) 932 |l | 247 12.74 | 1,207  101.8]

(2) 909 |.......... 1 13.58 | 1,312 | 96

30.2 878 29.07 ; 14.15 1,318 | 93.

35.8 869 24 .27 ' 14.34 1 324 92.

36.8 848 23.04 14.48 1 324 91.

37.3 836 22 .47 15.64 1,355 86.

(2) 825 .......... 15.22 1,350 88.

60 | 31.17 1,435 | 46.0% 299 15.35 614 11.

92 17.91 "452 25.24 66.71 600 8.

21.25 459 21.60 | 75.12 570 7.

23.05 455 19.74 | 79.97 561 7.

24.17 458 18.95 . 83.59 547 6.

21.98 459 18.37 86.79 544 6.

25.45 453 17.80 88.83 536 6.

115 23.23 652 28.07 90.48 526 5.

23.11 557 ‘ 24.10 | l 91.45 526 5.7
23.74 536 22 .58 "+ 93.67 520 3.
23.70 768 | 32.40 94.614 524 | 3.5

1. Pumping tests made by the Division of Water Resourees of the Kansas State Board of
Agricnlture m cosperation with the State and Federnl Geologieal Surveys. Wells 30, 92, 115,
244, 247, and 299 were tested by Melvin Seanlan and W, W, Wilson; wells 29, 31, 56, and

60 were tested by K. D, McCall, Melvin Seanlan, and W, W, Wilwon,
2. No drawdown mensurement available,
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The annual pumpage for irrigation in this area varies with the
precipitation, but prior to the end of 1943 the pumpage increased
cach vear because of the increase in number of pumping plants and
n irrigated acreage. In 1944, however, the pumpage decreased be-
cause of abundant precipitation and the scarcity of farm labor.

Yields of irrigation wells.—The yields of 10 irrigation wells in
Girant, Haskell, and Stevens Counties were determined by pumping
tests, the results of which are given in Table 8.

The wells that were tested were deep wells equipped with turbine
pumps powered by gasoline, diesel, or natural-gas engines. Meas-
urements of yield were made using a Collins flow gage (Pl. 8). An
clectrical contact device and a steel tape or both were used for
measuring the drawdowns in the wells while pumping, and a steel
tape was used for all water-level measurements after pumping
stopped. The yields of the wells ranged from 452 to 1,435 gallons
a minute; the drawdowns in nine of the wells ranged from 11.73 to
94.64 feet, and the specific capacities ranged from 5.5 to 101.8.
Well 145, for which no discharge measurements are available, was
reported to yield 800 gallons a minute with a measured drawdown
of 6.26 feet. If the reported yield is correct, the specific capacity
of the well is 128, which is the highest that has been reported or
measured in this area.

Construction of irrigation wells.—The irrigation wells in Grant,
Haskell, and Stevens Counties are of one type. They are deep
wells that penetrate all or most of the water-bearing materials above
the Dakota formation. Most of the wells are gravel-walled wells
cased with 16-inch wrought-iron casing and equipped with deep-
well turbine pumps powered by natural-gas engines. Some of the
wells penetrate water-bearing formations so fine-grained that the
wells should be gravel-packed in order to keep out the sand and
obtain larger yields (see p. 68). In order to obtain an efficient
well, it is essential to use proper size gravel and proper size screens
or perforations. Gravel-packing adds to the cost of construction
and should be used only where water in satisfactory quantities can
be obtained in no other way and then only after a thorough study
of the water-bearing material to determine the proper size of gravel
to be used and, therefore, the proper slot size of screen or perfor-
ation of casing. For detailed descriptions of gravel-packing, the
reader is referred to Rohwer (1940), Bennison (1943), and Davi-
son (1939).

Depth and diameter of irrigation wells—The irrigation wells in
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Grant, Haskell, and Stevens Counties, except well 46 which is aban-
doned, range in depth from 112 feet to 375 feet, and the diameters
range from 12 to 18 inches (Table 9).

TasLE 9.—Depths and diameters of irrigation wells in Grant, Haskell, and
Stevens Counties

Depth Number Diameter Number
(feet) of wells (inches) of wells
100-200 2 12 ' 2
201-300 12 16 15
301-400 6 18 | 3
Total, 7_~‘_2<0— Total, i__ 20

Types of irrigation pumps—All the irrigation wells in Grant,
Haskell, and Stevens Counties are equipped with deep-well turbine
pumps, most of which have 6-inch or 8-inch discharge pipes. Well
46 in Lakin Draw is equipped with a centrifugal pump, but this
well has been abandoned.

Irrigation pump power.—Engines using natural gas for fuel
operate about half of the pumps on irrigation wells in this area.
The remainder are operated by gasoline or diesel engines (Table
10). There are very few electric power lines near irrigation wells

TasLe 10—Type of power used for opcrating irrigation pumps in Grant,
Haskell, and Stevens Counties

Tyre or Powkr ‘ Number of wells

Dieselengine......... ... ... .. ... ., 2

Gasolineengine...................... . “ 8

Natural-gasengine. ............ .. ... .. ‘ 10
Total. . ... ... .. L. j ) Al207__

in this area, but all the wells exeept 134 and 145 are within the
hmits of the Hugoton gas ficld; hence there 1= an abundance of
low-priced fuel available to irrigation plants. Data on the con-
sumption of natural gas (determined by pumping tests conducted
by Kenneth D, MeCall, Melvin Scanlan, and Woodrow W. Wilson)
by four pumping plantx in Grant and Stevens Counties (30, 56, 244,
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and 247) indicate a cost of fuel of 0.28 cent per acre-foot of water
per foot of lift. The average lift in the four wells was 95 feet, the
average discharge was 1,100 gallons a minute, and the average cost
of fuel per acre-foot of water was $0.27. Most of the power units
on irrigation wells in this area are belted to the pump pulleys, but
a few are direct-connected to the shafts.

POSSIBILITIES OF FURTHER DEVELOPMENT OF IRRIGATION
SUPPLIES FROM WELLS

The feasibility of further development of irrigation supplies from
wells is dependent upon the safe yield of the ground-water reservoir
(the amount of water that can be withdrawn annually over a long
period of years without depletion), the cost of drilling and pump-
ing, the types of soil, the quality of water, the kinds of crops raised,
the market and price conditions, and perhaps other factors. The
ability of an underground reservoir to vield water over a long period
of vears is limited, as is that of a surface reservoir. If water is
withdrawn from an underground reservoir by pumping and by other
means (seeps, springs, evaporation, and transpiration) faster than
water enters it, the supply will be depleted and the water levels in
wells will decline. The amount of water that can be withdrawn
annually over a long period of years without depletion of the
ground-water reservoir is dependent upon the capacity of the under-
ground reservoir and upon the amount of water that is added an-
nually to the reservoir by recharge.

The cost of drilling and pumping is determined in part by the
depth to water level. In areas where the water level is relatively
deep the wells must be deep and the pumping lift is great. The cost
of a well is also determined in part by the permecability and the
thickness of the water-bearing materials. Wells may encounter
relatively fine-grained materials that cause the vield of the well to
be relatively small. Gravel-packing may increase the vield, but it
also adds to the cost. The character of the soil and the contour of
the land surface also are important factors. The soil may be too
sandy, as it is in many parts of Stevens County, or the land may
be poorly drained, as it is in parts of northwestern Grant County
and in much of the dune-sund area in Stevens County.

Grant, Haskell, and Stevens Counties are underlain by thick de-
posits of water-bearing silt, clay, =and, and gravel. An irrigaticn
well could be developed in almost any part of the arca provided
preliminary test drilling indicated an adequate thickness of water-
bearing sand and gravel. Among the chief factors limiting the
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development of irrigation in this area are depth to water, condition
of soil, and surface slopc. The depth to water level in much of
Grant, Haskell, and Stevens Counties is so great that irrigation from
wells is not economically feasible. The depth to water level beyond
which pumnping from wells for irrigation is too costly is difficult to
determine and is variable. The limit may be influenced by type of
crop grown, quality of the soil, price of crops, climate, cost of fuel,
and drawdown of the well. Well 299, for example, has a pumping
lift of more than 177 feect, although the static water level is only
82.8 feet. Well 145, however, has a static water level of 161.4 feet
but the pumping lift is only 167.7 feet. (For a discussion of cost
of pumping, the reader is referred to McCall and Davison, 1939, and
McCall, 1944.) In the discussion of the possibilities of further de-
velopment of irrigation, only those areas are considered where the |
depth to water level is less than 100 feet. This is an arbitrary
limit and may be altered by various conditions as stated above.
In addition, as pumping equipment is improved the economic limit
of pumping lifts may increase. In 1943, there were six irrigation
wells in this area having a static water level greater than 100 feet
and seven irrigation wells having a pumping lift greater than 100
feet.

The shallow-water areas in Grant, Haskell, and Stevens Counties
are very similar to the irrigation area near Plainview and Hereford
in the panhandle of Texas. Both areas are a-part of the High
Plains, are underlain by thick deposits of Tertiary or Quaternary
sediments or both, have a similar climate, and have almost equal
depths to water level. According to White, Broadhurst, and Lang
(1940) there were approximately 1,700 irrigation wells in the High
Plains of Texas in 1939 which were used to irrigate about 230,000
acres of land. In 1940, there were about 2,100 irrigation wells in the
area. It is believed that irrigation could be developed profitably in
the areas of shallow water in Grant, Haskell, and Stevens Counties.
Many irrigation wells in the High Plains of Texas have static water
levels greater than 100 feet; hence it is believed that water could
be pumped economically in the areas in Grant, Haskell, and Stevens
Counties where the depth to water is less than 100 feet. Inasmuch
as all the potential irrigation areas in Grant and Stevens Counties
are within the limits of the Hugoton gas ficld where there is an
abundance of low-priced fuel, it is believed that water could be
pumped more economically here than in the High Plains of Texas.

The Grant-Haskell-Stevens area also is very similar to the large
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irrigation area in Scott County, Kansas. The areas have similar
climate and geology except that the water-bearing materials gen-
erally are much thicker in the Grant-Haskell-Stevens area. The
cost of fuel per acre-foot of water per foot of lift in Grant, Haskell,
and Stevens Counties is much less than it is in Scott County because
of the low cost of natural gas in the Hugoton gas field. The average
cost of natural gas per acre-foot of water per foot of lift in four
irrigation plants tested in Grant and Stevens Counties was 0.28
cent. The average cost of fuel per acre-foot of water per foot of
lift in 27 plants tested in Scott County was 0.96 cent for 12 plants
using natural gas and 2.7 cents for 15 plants using electricity
(McCall, 1944, pp. 25-30). The average lift in the four wells in
Grant and Stevens Counties was 95 feet, whereas the average lift
in the 27 plants in Scott County was 83 feet.

The cost of fuel for pumping water for irrigation also seems to be
less in the vicinity of the Hugoton gas field than in any other up-
land area in southwestern Kansas. The Division of Water Resources
of the Kansas State Board of Agriculture tested 22 deep-well pump-
ing plants in southwestern Kansas in 1938 (Anon., 1938) and found
that the average cost of fuel per acre-foot of water per foot of lift
was 1.07 cents in plants using natural gas, 2.90 cents in plants using
gasoline, 2.18 cents in plants using distillate, and 2.69 cents in plants
using electricity. The average lift in these wells was 98.7 feet. As
stated above, the average cost of fuel per acre-foot of water per foot
of lift in four plants that were tested in Grant and Stevens Counties
was 0.28 cent. It must be remembered, however, that this repre-
sents only the cost of fuel and does not include the initial cost of
the plant or the cost of lubrication and maintenance.

For the purpose of more detailed description, Grant, Haskell, and
Stevens Counties may be divided into five areas based upon possi-
bilities of further development of irrigation from wells: (1) Stan-
ton-Grant area, (2) Moscow area, (3) Feterita area, (4) Woods
area, and (5) northeastern Haskell area (Fig. 16).

Stanton-Grant area.—The shallow-water area in western Grant,
eastern Stanton, and northwestern Stevens Counties is one of the
largest potential areas of irrigation in western Kansas (Fig. 16).
The area in which the depth to water level is less than 100 feet is
more than 500 square miles, of which about 280 square miles are
in Grant County and 15 square miles are in Stevens County. (See
Plate 2 of a report by Latta, 1941, and Plate 2 of this report.)
Much of this land is not suitable for irrigation, but no attempt was

6—2135

Google



QOriginal frem
UNIVERSITY OF CALIFORMIA

Digitized by Goog[e

916006-sn-pdgasn ssadde/buo 1sniiTyiey mmm//:dily / pazriThIp-216009 ‘S91e1S PaiTuUn Byl UT uTewoq dT1dnd
1G0LT8€d " ToN//Z0OZ/I_u d1pUey 1py//:sdidy / LW9 TO:0Z 0Z-60-EZOC UO Sesuey 4O AITSISATUN 1e paleJaudn



Grant, Haskell, and Stevens Counties 83

tation in this area. Theis, Burleigh, and Waite (1935, pp. 2, 3)
believe that the average annual recharge from precipitation in the
High Plains is about one-half inch of water. The recharge in the
Stanton-Grant area probably exceeds the average recharge in the
High Plains, inasmuch as the depth to water level probably is less
than the average depth to water level in the High Plains. One-half
inch of recharge annually would amount to more than 8.5 million
gallons or 26.7 acre-feet for each square mile.

The heaviest pumping in this area is in northwestern Grant -
County, where there are several wells in a relatively small area.
The pumpage of water in that area has not as yet caused appre-
ciable lowering of the water table. In August 1944, the Division
of Water Resources of the Kansas State Board of Agriculture in-
stalled an automatic water-level recorder on a well in the SE cor.
NEY; sec. 6, T. 28 S., R. 38 W, in the most heavily pumped area,
so that a continuous record of the water level in this well will be
available. If further development of irrigation in this area causes
the water table to decline, steps can be taken to prevent overde-
velopment. If the wells are properly spaced, several thousand acres
could be irrigated without depleting the supply of ground water.
Properly constructed wells in this area probably would yield 500
to 1,500 gallons of water a minute. In the valleys, where the water
table generally is shallow, a battery of several wells connected to
a centrifugal pump could be constructed. The yield of these wells
generally is greater than the yield of single deep wells.

Moscow area~——Additional land could be irrigated in the small
area northwest of Moscow in northern Stevens and southern Grant
Counties (Fig. 16). The land is relatively flat and the depth to
water level is between 80 and 100 feet. The thickness of the sat-
urated material ranges from about 150 feet in the eastern part of
the area to about 280 feet in the northwestern part of the area.
Test hole 33, in the NE cor. sec. 9, T. 31 8., R. 37 W., penetrated
280 feet of saturated material above the Dakota formation, and
this test hole and the irrigation wells in this area encountered much
coarse sand and gravel. The specific capacities of the irrigation
wells in this area are relatively large. (Table 7, wells 244 and
247.)

Periodic measurements of water level have been made in one
well (245) in this area, and were begun during the summer of 1942
which was a year of above-normal precipitation. Because of the
below-normal precipitation in 1943 the water level declined, but be-
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cause of above-normal precipitation in 1944 the water level reached
its highest stage since periodic measurements were begun. This in-
dicates that the pumpage has had little or no effect on the water
table and that there is recharge from precipitation. If there were
excessive pumping in this area and the water table declined, the
Cimarron River in this area would become a losing stream instead
of a gaining stream; and instead of ground water being lost by
discharge into the river, the ground-water reservoir would be re-
charged by the downward movement of runoff water of the Cimar-
ron River through the broad sandy stream channel.

Feterita area.—The Feterita area extends from Hugoton through
Feterita to Rolla in Morton County (Fig. 16). This area consists
of all the land in which the depth to water level is less than 100
feet, except those areas covered by relatively young sand dunes
which cause the land to be very sandy and irregular (Pl 1). All
this area is covered by mature and old-age sand dunes, but there
are many parts of the area in which a good soil has developed and
in which the land is relatively flat.

There is one irrigation well (299) in this area in Stevens County,
but several have been drilled in the Morton County part of the
area. The thickness of saturated material ranges from about 300
feet at the Morton-Stevens line to more than 400 feet in the eastern
part of the area. There is little danger of overdevelopment of irri-
gation in this area because irrigation will necessarily be restricted
to small areas where the soil and surface slopes are favorable.

This area is underlain by dune sand and the drainage is poorly
developed; hence practically all the precipitation in this area moves
downward toward the zone of saturation or evaporates, and little or
no water is lost by runoff. Because the soil and topography of the
arca limit the development of irrigation, the recharge from precipi-
tation in this area probably will be adequate to supply all the irri-
gation wells that may be constructed.

Woods area—The area of shallow water in the vicinity of Woods
in eastern Stevens County is underlain by dune sand, much of which
has an irregular surface slope and a very sandy soil (Fig. 16). The
area most favorable for the development of irrigation is that in
which the depth to water level is less than 100 feet and in which
the dune sand has reached the mature or old-age stage of the dune-
sand cycle (note pages 134, 135).

The depth to water level in this area ranges from about 75 feet to
100 fect and the thickness of saturated material is greater than in
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any other part of the Grant-Haskell-Stevens area. Test holes 38
and 39 encountered approximately 600 feet of saturated material
above the Permian redbeds. This area is similar to the Feterita
area in that irrigation can be developed only where the land is rela-
tively flat and where the soil is not too sandy. This area and adja-
cent areas are underlain by dune sand containing many undrained .
basins. The recharge here is relatively large and probably would
supply all the irrigation wells that will be constructed in the limited
areas where both the soil and topography are suitable for the de-
velopment of irrigation.

Northeastern Haskell area—The area of shallow water in north-
eastern Haskell County comprises about 25 square miles bounded .
on the north and west by sand dunes and on the south by the 100-
foot isobath line (Fig. 16). The area extends into southeastern
Finney County and west-central Gray County (Latta, 1944, pp.
122, 123). There are no irrigation wells in this area in Haskell
County but there are two irrigation wells (134 and 145) south of the
area where the depth to water exceeds 100 feet (Pl. 2). These wells
penetrate thick deposits of sand and gravel and have relatively
high specific capacities. There were six irrigation wells in the Gray
County part of the shallow-water area in 1940. These wells are
110 to 165 feet deep and the depth to water level in them ranges
from about 64 feet to about 110 feet. The yields of the wells range
from about 800 to 1,100 gallons a minute (Latta, 1944, p. 122).

The depth to water in the Haskell County part of the area ranges
from about 65 feet to 100 feet. The thickness of saturated material
ranges from about 200 feet at the northeast corner of Haskell
County to more than 300 feet in the southern and western parts of
the area. Test hole 6 at the northeast corner of the area penetrated
207 feet of saturated material, of which 118 feet consisted primarily
of sand or gravel or both (Pl. 3). A test hole (log 5) drilled at
the NE corner sec. 31, T. 27 S., R. 30 W., Gray County, penctrated
almost 300 feet of saturated material above the Dakota formation,
nearly 200 feet of which was sand and gravel.

Inasmuch as the northeastern Haskell area is isolated and almost
completely surrounded by large areas of sand dunes or areas in
which the depth to water level exceeds 100 feet, it is believed that
almost every suitable acre in the area could be irrigated with water
from wells. Ground water moves into the area from the sand hills
northwest of the area in southern Finney County. The large arca
of sand dunes serves as a catchment area for precipitation so that
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recharge of the ground-water reservoir probably greatly exceeds
the average recharge in the High Plains. Because of this move-
ment of water from the northwest and because very little irrigation
can be developed in adjacent areas it is believed that many irri-
gation wells can be constructed in this area. A reasonable lowering
of the water table in this area by pumping would increase the
gradient of the water table and, therefore, would increase the move-
ment of water from the sand-dune area.

Summary.—The irrigation areas discussed in the preceding pages
are limited to places in which the depth to water level is less than
100 feet, but, as stated above, there are six irrigation wells in Grant,
Haskell, and Stevens Counties having a static water level of more
than 100 feet. In addition, there are many irrigation wells in south-
western Kansas and the panhandle of Texas in which the static
water level is more than 100 feet. Whether or not irrigation wells
having a pumping lift of more than 100 feet can be operated eco-
nomically is questionable. Because of the abundance of low-priced
fuel in the Hugoton gas field the economic limit of pumping lift
probably is as great or greater in this area than in any other part
of the High Plains.

There are large areas in Grant, Haskell, and Stevens Counties
where the depth to water level is slightly more than 100 feet and
where irrigation could be developed if the cost of pumping is not
too great. The Stanton-Grant area has been divided into two parts
in Figure 15, the two parts being separated by an area in which
the depth to water level ranges from 100 to 115 feet (Pl. 2). Simi-
larly, in most of the area east of U. S. highway 270 between the
Cimarron River and North Fork Cimarron River the depth to water
level does not exceed 120 feet. Also there are many areas in Stev-
ens County where the depth to water level is a little more than
100 feet and where the soil and topography are suitable for irriga-
tion. Finally, the depth to water in most of that part of north-
eastern Haskell County lying between the 100-foot and 150-foot
isobath lines is less than 110 feet (Pl. 2). The static water level
in the areas mentioned above are more than 100 feet, but if a well
penetrates an adequate thickness of coarse sand and gravel the
drawdown will not be great and hence the pumping lift may be
less than the lift in some wells having a static water level less than
100 fect. As irrigation with water from wells is increased in this area
the economic limit of pumping lifts for various types of crops and
for various climatic conditions probably will be determined.
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QuaLITY oF WATER

The chemical character of the ground waters in Grant, Haskell,
and Stevens Counties is indicated by the analyses in Tables 11, 12,
and 13. The analyses were made by H. A. Stoltenberg in the
Water and Sewage Laboratory of the Kansas State Board of
Health. Seventy-six samples of water were collected from repre-
sentative wells distributed as uniformly as possible within the area
and among the water-bearing formations, and one sample was col-
lected from a gravel pit. The analyses of the water supplies at
Ulysses (52), Sublette (183), Satanta (218), and Hugoton (296)
are analyses of composite samples from two wells. The constitu-
ents listed were determined by methods used by the U. S. Geological
Survey, )
CHEMICAL CONSTITUENTS IN RELATION TO USE

The following discussion of the chemical constitutents of ground
water in relation to use has been adapted from publications of the
United States Geological Survey.

Dissolved solids.—When water is evaporated the residue that is
left consists mainly of the mineral constituents listed in the tables
of analyses and generally includes a small quantity of organic ma-
terial and a little water of crystallization. Waters containing less
than 500 parts per million of dissolved solids generally are satis-
factory for domestic use, except for difficulties resulting from their
hardness or excessive content of iron. Waters containing more
thf’“ 1000 parts per million are likely to include enough of cer-
taln constituents to cause a noticeable taste or to make the water
Unsuitable in some other respects.
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94 Geological Survey of Kansas

The dissolved solids in samples of water collected in Grant, Has-
kell, and Stevens Counties ranged from 162 to 1,474 parts per mil-
lion, and 57 of the samples contained between 160 and 400 parts
per million of dissolved solids (Table 14). More than 84 percent

TasLe 14.—Dissolved solids in samples of water from wells in Grant, Haskell,
and Stcvens Countics

Number of samples
Dissolved solids
(parts per million)
Grant Haskell Stevens Total
County County County
101-200.............. 2 13 0 15
201-300.............. 1 10 11 22
301400.............. i 9 Q 11 20
401-500.... ... ... 4 2 | 2 8
501-600.............. 2 1 2 5
601-700.............. 1 0 0 1
701-800.............. 2 0 0 2
801-900.............. 0 0 0 0
901-1,000............ 0 0 0 0
More than 1,000. . .... 4 0 0 4
Total............ 25 26 26 77

of the samples of water contained less than 500 parts per million
and, therefore, are suitable for most ordinary uses.

Hardness—The hardness of water, which is the property that
generally receives the most attention, is most commonly recognized
by its effects when soap is used with the water in washing. Calcium
and magnesium cause almost all the hardness of ordinary water.
These constituents also are the active agents in the formation of
most of the scale in steam boilers and in other vessels in which
water is heated or evaporated.

In addition to the total hardness, the tables of analyses show
the carbonate hardness and the noncarbonate hardness. The car-
bonate hardness is that caused by calcium and magnesium bicar-
_ bonates, and can be almost entirely removed by boiling. In some
reports this type of hardness is called temporary hardness. The
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Grant, Haskell, and Stevens Countics 95

noncarbonate hardness is caused by sulphates or chlorides of cal-
cium and magnesium, but it cannot be removed by boiling and has
been called permanent hardness. With reference to use with soaps.
there is no differenée between the carbonate and noncarbonate hard-
ness. In general the noncarbonate hardness forms harder secale in
steam boilers.

Water having a hardness of less than 50 parts per million gen-
erally is rated as soft, and its treatment for the removal of hard-
ness under ordinary circumstances is not necessary. Hardness be-
tween 50 and 150 parts per million does not seriously interfere with
the use of water for most purposes; however, it does slightly increase
the consumption of soap, and its removal by a process of softening
is profitable for laundries or other industries using large quantities
of soap. Waters in the upper part of this range of hardness will
cause scale on steam boilers. Hardness above 150 parts per million
can be noticed by anyone, and if the hardness is 200 or 300 parts
per million it is common practice in some parts of the country to
soften water for household use or to install cisterns to collect soft
rain water. Where municipal water supplies are softened, an at-
tempt generally is made to reduce the hardness to 60 or 80 parts

TasLe 15.—Hardness of samples of waler from wells in Grant, Haskell, and
Stevens Counties

Number of samples

Hardness

(parts per million) | ’
G| Bskel | Qe | o
101-200.. ... ... . ..., 4 21 3 28
201-300. .. .. . . 13 4 20 37
301-400. . i 2 1 3 6
401-500.............. 2 (i} 0 2
501-600.............. 2 (i} 0 2
601-700... ... ... ... 0 0 0 0
701-800.............. 1 0 0 1
801-900.............. 1 0 0 1
Total............ 25 26 26 77
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96 Geological Survey of Kansas

per million. The additional improvement from further softening of
a whole public supply is not deemed worth the increase in cost.

Water samples collected in Grant, Haskell, and Stevens Counties
ranged in hardness from 144 to 809 parts per million. The hard-
ness of 65 of the 77 samples of water ranged between 100 and 300
parts per million and the hardness of two samples of water exceeded
600 parts (Table 15).

Iron—Next to hardness, iron is the constituent of natural waters
that in general receives the most attention. The quantity of iron
in ground waters may differ greatly from place to place, even
though the waters are derived from the same formation. If a water
contains much more than 0.1 part per million of iron, the excess
may precipitate and settle as a reddish sediment. Iron, which may
be present in sufficient quantity to give a disagreeable taste and to
stain cooking utensils, may be removed from most waters by simple
aeration and filtration, but a few waters require the addition of
lime or some other substance.

The iron content of samples of water from Grant, Haskell, and
Stevens Counties ranged from 0.02 to 18 parts per million. Most
of the samples of water (55), however, contained between 0.1 and 2
parts per million of iron and only six samples contained more than
8 parts (Table 16).

Fluoride.—Although determinable quantities of fluoride are not
as common as fairly large quantities of the other constituents of
natural water, it is desirable to know the amount of fluoride in
water that is likely to be used by children. Fluoride in drinking
water has been shown to be associated with the dental defect known
as mottled enamel, which may appear on the tecth of children during
the period of formation of the permanent teeth. It has been stated
that waters containing one part or more per million of fluoride are
likely to produce mottled enamel on the teeth of children, although
the effect of one part per million generally is not very serious
(Dean, 1936). If the water contains as much as four parts per
million of fluoride, 90 percent of the children drinking the water are
likely to have mottled enamel, and 35 percent or more of the chil-
dren will have moderately or badly mottled enamel.

Twenty-eight of the 77 samples collected in Grant, Haskell, and
Stevens Counties contained one or more parts per million of fluoride
(Table 17). Of these, 18 samples were from wells in Grant County,
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Grant, Haskell, and Stevens Counties

Tasz 16.—Iron content of samples of water jrom wells in Grant, Haskell, and

Stevens Counties

97

Number of samples

Iro
(parts perlxlnillion) Grant Haskell Stevens Total
County County County

Lessthan 0.1......... 3 0 4 7
01-10............... 11 17 14 42
L1-20..... . ... ... 7 4 2 13
2180............... 1 3 2 6
3140....... ... 0 0 1 1
41-50............... 0 0 0 0
81-60............... 0 1 0 1
8170 ... 0 0 0 0
T1-80............... 0 0 1 1
More than 8.0. ....... 3 1 2 6
Total............ 25 26 26 77

Tase 17 —Fluoride content of samples of water from wells in Grant, Haskell,

and Stevens Counties

Number of samples

Fluoride
(parts per million) Grant Haskell Stevens Total
County County County
Less than 0.5......... 2 10 11 23
0509............... 5 11 10 26
1014, ... ... 4 5 5 14
L-19.. ... ... 7 0 0 7
20-29............ . 6 0 0 6
More than 2.9........ 1 0 0 1
Total............ 25 26 26 77
72135
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98 Geological Survey of Kansas

five were from Haskell County, and five were from Stevens County.
The fluoride content of the water samples ranged from 02 to 3
parts per million.

The fluoride content of water from wells in this area is illustrated
in Figure 17. Most of the high-fluoride waters in southwestern
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F1ae. 17. Map showing the fluoride content of water from wells in Grant, Has-
kell, and Stevens Counties.

Kansas are believed to be derived from the Dakota formation.
High-fluoride waters in other formations generally seem to be the
result of contamination by waters from the Dakota formation. In
Stanton and Morton counties (Latta, 1941, and McLaughlin, 1942)
high-fluoride waters from the Dakota formation move eastward
into the Tertiary sediments, causing the waters in them to have a
relatively high fluoride content. The Tertiary sediments in Grant,
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Grant, Haskell, and Stevens Countics 99

Haskell, Stanton, and parts of Morton and Stevens Counties overlie
the Dakota formation; hence water in the Tertiary and overlying
sediments probably is contaminated by high-fluoride waters from
the underlying Dakota formation. The fluoride content of the
ground water south of the Cimarron River in Morton and Stevens
Counties is much lower than it is north of the river. This prob-
ably is caused by (1) the absence of the Dakota formation south
of Cimarron River (except in northern Stevens County), (2) the
slope of the water table in the vicinity of the Cimarron River, which
prevents ground water moving from areas north and west of the
river to areas south and east of the river (see explanation, page 62),
and (3) the dilution of the ground water by the relatively rapid
recharge of the ground-water reservoir in the dune-sand areas south
of the river. In northern Stevens County, where the Tertiary and
Quaternary sediments are underlain by the Dakota formation and
where there is no dune sand to facilitate recharge, the fluoride con-
tent of ground water is higher than in any other part of the county
(Fig. 17).

The fluoride content of water from wells in northeastern Grant
County and the northeastern half of Haskell County is very low.
This seems to have been caused by the movement of low-fluoride
water into this area from the Finney sand plain where the recharge
of the ground-water reservoir is so rapid that the ground water has
s low-fluoride content even though the water-bearing material is
underlain by the Dakota formation. (Compare the fluoride content
of ground water as shown in Figure 17 with the direction of move-
ment of ground water as shown on Plate 1.)

Water for irrmgation—The suitability of water for irrigation is
commonly believed to depend mainly on the quantity of soluble
salts and on the ratio of the quantity of sodium to the quantity of
sodium, calcium, and magnesium. The quantity of chloride may be
large enough to affect the use of the water, . and in some arcas there
may be other constituents, such as boron, in sufficient quantity to
cause difficulty. In a discussion of the interpretation of analyses
with reference to irrigation in southern California, Scofield (1933)
states that if the concentration of dissolved salts is less than 700
parts per million there is not much probability of harmful ecffects
in irrigation, but that if it exceeds 2,100 parts per million there is
a strong probability of damage either to the crops, to the land, or
to both. Water containing less than 50 percent sodium (the per-
centage being calculated as 100 times the ratio of the sodium to all
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100 Geological Survey of Kansas

the bases, in equivalents) is not likely to be injurious, but if it
contains more than 60 percent sodium its use is inadvisable. Simi-
larly, less than 142 parts per million of chloride is not objection-
able, but more than 355 parts per million of chloride is undesir-
able. It is recognized that the harmfulness of irrigation water is
so dependent on the types of land and crops, on the manner of use,
and on the drainage that no definite limits can be adopted.

All but six of the samples of water collected in Grant, Haskell,
and Stevens Counties were within the limits suggested by Scofield
for waters safe for use in irrigation. Six of the water samples con-
tained more than 700 parts per million of dissolved solids but none
contained more than 2,100 parts of dissolved solids—the upper limit
set by Scofield.

SANITARY CONSIDERATIONS

The gnalyses of water that are given in Tables 11, 12, and 13
show only the amounts of dissolved mineral matter in the water
and do not indicate the sanitary quality of the water. An abnormal
amount of certain mineral matter, such as nitrate, however, may
indicate pollution of the water.

Much of the population of Grant, Haskell, and Stevens Counties
is dependent upon private water supplies from wells, and every
precaution should be taken to protect these supplies from pollution.
A well should not be constructed where there are possible sources
of pollution, such as barnyards, privies, and cesspools, and every
well should be tightly sealed to a level somewhat below that of the
water table. Dug wells are more likely to be contaminated from
surface water than are drilled wells, chiefly because dug wells gen-
erally are not effectively cased or sealed at the surface. Drilled
wells generally are well protected by the casing, although many
are poorly sealed at the top.

QUALITY IN RELA;I‘ION TO WATER-BEARING FORMATIONS

The quality of water from the principal water-bearing forma-
tions in Grant, Haskell, and Stevens Counties is shown in Figure 18
and is discussed below.

Pliocene and Pleistocene deposits—The Pliocene deposits com-
prising the Laverne and Rexroad (?) formations and Pleistocene
deposits comprising the Meade formation yield water to most of
the wells in the Grant-Haskell-Stevens area, and many of the wells
obtain water from two or more of these formations. The ground
water in the sediments above the Dakota formation may be con-
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102 Geological Survey of Kansas

" sidered a single body of water because the water-bearing forma-
tions above the Dakota are lithologically similar and because there
are no impermeable beds that separate entirely the water of one
formation from that of another. For these reasons, the quality of
water in all the Pliocene and Pleistocene formations will be dis-
cussed in one section. All but three wells listed in Tables 11, 12,
and 13 get water from the Rexroad (?), Meade, or Laverne forma-
tions; hence the discussion of quality of water in the preceding
pages applies almost entirely to water from these formations.

The quality of water in the Pliocene and Pleistocene formations
is not uniform throughout the area but has been modified in dif-
ferent areas by different conditions. As explained above, the fluo-
‘ride content (Fig. 17) of water from these formations has been
modified by recharge and by lateral movement of ground water.
In general, the ground water in Haskell County is softer than that
in Grant and Stevens Counties (Table 15), and the ground water in
Grant County is of poorer quality than in the remainder of the area.

Allyvium —Samples of water were collected from three wells in
the alluvium of the Cimarron River (wells 106, 119, and 253, Tables
11 and 13). The total dissolved solids in these waters ranged from
337 to 729 parts per million and the hardness ranged from 220 to
402 parts per million. The fluoride content of waters from these
wells was relatively high (1.1, 1.6, and 1.8 parts per million).

GEOLOGIC FORMATIONS AND THEIR WATER-BEARING
PROPERTIES

PERMIAN SYSTEM
UNDIFFERENTIATED REDBEDS

Character.—The undifferentiated redbeds of Permian age are not
exposed in Grant, Haskell, and Stevens Counties, and the only
available data concerning these beds are the logs of the many gas
wélls that have been drilled in this area. Therefore, no detaifed
lithologic description of them can be given. The redbeds encoun-
tered in these wells consist principally of red shale, siltstone, and
sandstone containing interbedded salt, gypsum, anhydrite, and
dolomite. .

Distribution and thickness.—The Permian redbeds underlie all of
Grant, Haskell, and Stevens Counties but they do not crop out in
this area. The nearest outcrop is in southeastern Meade County
about 20 miles from the southeast corner of Haskell County. The
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total thickness of redbeds exposed in Meade County is more than
100 feet (Frye, 1942, p. 93). There is an erosional unconformity
between the Permian redbeds and the overlying Cretaceous or
younger sediments, and the thickness of the redbeds in this area,
therefore, is variable. Most of the oil and gas tests in this and
adjacent areas penetrate between 1,200 and 1,600 feet of redbeds.

Age and correlation—Norton (1939) and others have deter-
mined by the study of well cuttings that the Permian redbeds un-
derlying Grant, Haskell, and Stevens Counties and adjacent areas
include representatives of all the formations recognized by the State
Geological Survey of Kansas from the lower Ninnescah shale to the
Taloga formation. .

Water supply.—No water is obtained from the redbeds in Grant,
Haskell, and Stevens Counties. These beds yield some water to
artesian wells in Morton County, but the water has a relatively
high mineral content and is not suitable for most uses. Potable
water is reported to have been encountered in a few gas-test wells
in the redbeds in Grant and Stevens Counties, but no chemical
analyses of the waters are available.

Jurassic (?) SysTeEm
MORRISON (?) FORMATION

Several test holes drilled by the State and Federal Geological
Surveys in Stanton, Morton, and Hamilton Counties (Latta, 1941,
and McLaughlin, 1942 and 1943) encountered deposits of green,
rusty-brown, and maroon clays that probably are a part of the
Morrison formation. A test hole in Hamilton County penetrated
nearly 100 feet of these deposits. The formation also crops out at
Two Buttes in eastern Colorado and has been encountered in test
holes in Norton County near the Kansas-Nebraska line.

Test hole 9 in northwestern Grant County encountered 6.5 feet
of greenish-gray clayey shale before entering the Permian redbeds.
This material is believed to be a part of the Morrison formation
and probably represents the easternmost extension of this forma-
tion in southwestern Kansas. It has not been encountered in test
holes in Kearny, Finney, or eastern Morton Counties nor in any
other part of the Grant-Haskell-Stevens area. No wells in this
area obtain water from these beds. :
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CRETACEOUS SYSTEM

For a review of the history of the naming of the early Cretaceous
units in Kansas the reader is referred to a report by Waite (1942,
pp. 135-137.) Plummer and Romary (1942, p. 319) have redefined
and subdivided the Dakota formation according to the present usage
of the State Geological Survey of Kansas. The usage of the terms
Cheyenne sandstone, Kiowa shale, and Dakota formation is fol-
lowed in this report.

The Cheyenne and Kiowa formations crop out in Kiowa and
Comanche Counties and the Dakota crops out in many isolated
areas in the southwestern part of the state. All pre-Graneros Cre-
taceous sediments containing marine fossils are considered by the
State Geological Survey of Kansas to be the Kiowa shale. The
nonmarine sediments below the Kiowa shale are called Cheyenne
sandstone and the nonmarine sediments above are called the Dakota
formation. Inasmuch as the dividing line between these formations
is based on paleontological evidence, it is in many places difficult
to determine the contact between the Kiowa shale and the Cheyenne
or Dakota formations. It is even more difficult, if not impossible,
to determine accurately the contacts from test-hole cuttings; nev-
ertheless, an attempt has been made in this report (Pl. 3) to dif-
ferentiate the three formations by the lithology of well cuttings.
1t is realized that the exact contacts cannot be determined because
of the absence of remains of fossils in the well cuttings, but it is
believed that the contacts shown in Plate 3 are approximately cor-
rect. Test holes in this area penetrated approximately 100 feet of
brown to buff sandstone and varicolored clay which were referred
to the Dakota formation, but in some places a few feet of sand-
stone at the base may represent a sandstone lens in the Kiowa
shale. Beneath the Dakota formation the test drill penetrated a
thick section of gray to black shale which was called the Kiowa
shale. Below this, a few test holes penetrated fine to coarse white
quartz sand which was called Cheyenne sandstone (Pl. 3).

CHEYENNE SANDSTONE

Character—The Cheyenne sandstone does not crop out in Grant,
Haskell, or Stevens Counties, but it was encountered in several test
holes in Grant and Haskell Counties (Pl. 83). The nearest areas of
outcrop of the Cheyenne are in southeastern Colorado and southern
Kansas where it is principally white to yellow quartz sandstone of
medium to coarse grain. The formation also contains subordinate
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amounts of shale, and in Kiowa County it is conglomeratic near
the base (Latta, in press). The material encountered in the test
holes drilled by the State and Federal Geological Surveys was
principally white very fine- to coarse-grained quartz sandstone.
The sandstone was friable to tightly cemented and contained
a small amount of gray-green clay.

Distribution and thickness—The Cheyenne sandstone underlies
most of the north half of Grant and Haskell Counties (Pl. 8 and
Fig. 8), but it has not been encountered in test holes in Stevens
County. The Cheyenne also has been encountered in test holes in
northwestern Morton County, northern Stanton County, and in
Hamilton County, and crops out in Cimarron County, Oklahoma,
Baca County, Colorado, and in Kiowa and Comanche Counties, Kan-
sas. The Cheyenne sandstone ranges in thickness from a featheredge
to more than 100 feet in the northwestern part of the area. The
maximum thickness penetrated by test holes in this area was 77 feet.
The Cheyenne attains a thickness of 70 feet in Cimarron County,
Oklahoma (Schoff and Stovall, 1943); 50 feet at Two Buttes, in
southeastern Colorado; and 95 feet in southern Kiowa County,
Kansag (Latta, in press).

Age and correlation—The Cheyenne sandstone does not crop out
in the Grant-Haskell-Stevens area, and no fossils were encountered
in the test holes that penetrated the formation; hence the age of
these beds must be determined by correlation with lithologically
similar beds in adjacent areas. These beds are very similar in
lithology to the lower member (Cheyenne sandstone member) of the
Purgatoire formation of southeastern Colorado, northeastern New
Mexico, and the panhandle of Oklahoma, and they resemble closely
the Cheyenne sandstone of Kiowa and Comanche Counties, Kan-
sas. The stratigraphic position of the sandstone below a dark shale
that is believed to be correlative with the Kiowa shale and with
the Kiowa shale member of the Purgatoire formation also aids in
its correlation.

Marine fossils collected from the Cheyenne sandstone member
of the Purgatoire formation in Texas and Cimarron Counties, Ok-
lahoma, are believed by Stanton (Schoff, 1939, p. 55) and Bullard
(1928, p. 116) to be of Washita (Lower Cretaceous) age.

Origin.—A marine origin of the Cheyenne sandstone member of
the Purgatoire formation in Texas and Cimarron Counties, Okla-
homa, is implied by the presence of marine fossils in those beds.
In Comanche and Kiowa Counties, Kansas, however, a nonmarine
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origin of the Cheyenne sandstone is indicated by discontinuous
bedding, cross-lamination, the absence of marine fossils, and the
presence of land plants. The Cheyenne sandstone in Kansas is
believed to be of continental origin, and all Lower Cretaceous sedi-
ments containing marine fossils are referred to the Kiowa shale by
the State Geological Survey of Kansas.

Water supply—No wells in the Grant-Haskell-Stevens area ob-
tain water from the Cheyenne sandstone, but a few wells obtain
water from these beds in southwestern Stanton County (Latta, 1941,
p.- 72) and in northwestern Morton County (McLaughlin, 1942, p.
76). The Cheyenne sandstone also yields water to several flowing
wells in the vicinity of Coolidge in Hamilton County. The Chey-
enne is overlain in all of Grant and Haskell Counties by thick de-
posits of more permeable water-bearing material, and wells can
obtain adequate quantities of water without being drilled into the
underlying Cheyenne (Pl. 3).

KIOWA SHALE

Character—The Kiowa shale does not crop out in the Grant-
Haskell-Stevens area but it has been encountered in several test
holes and is known to underlie the northern part of Grant and Has-
kell Counties (Pl. 3). The Kiowa shale encountered in test holes
in Grant and Haskell Counties consists almost entirely of dark-
gray to black laminated shale which is in part calcareous. A few
test holes encountered thin beds of fine-grained sandstone. At the
type locality in Kiowa County the Kiowa shale contains several
thin beds of fossiliferous limestone, but none of these were noted
in the well cuttings from test holes in Grant and Haskell Counties.
The Kiowa shale, where exposed, generally is conformable on the
Cheyenne sandstone, but there are a few seemingly local discon-
formities.

Distribution and thickness—The Kiowa shale underlies the
northern part of Grant and Haskell Counties (Fig. 8 and Pl 3).
Test holes drilled by the State and Federal Geological Surveys indi-
cate that it also underlies the northern part of Meade County, most
of Gray, Finney, Kearny, and Hamilton Counties, northern and
western Stanton County, and northwestern Morton County. The
nearest outcrops of the Kiowa shale are in Clark, Kiowa, and
Comanche Counties.

The Kiowa shale in Grant and Haskell Counties ranges in thick-
ness from a featheredge to 133 feet in test hole 18 (log 18). The
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shale ranges in thickness from 67 to 115 feet in Stanton County
(Latta, 1941), 35 to 85 feet in Morton County; 49 to 131 feet in
Hamilton County, and has a maximum reported thickness of 308
feet in Kiowa County (Latta, in press). ]

Age and correlation—No fossils were obtained from cuttings
from the test holes in this area; hence, the shale must be correlated
by lithology and stratigraphic position. The predominance of black
shale in this formation, together with its position above a white
sandstone (Cheyenne) and below brown sandstone and varicolored
clay (Dakota), indicates that the bed of shale is equivalent to the
Kiowa shale in Kiowa County.

Water supply—The Kiowa shale yields no water to wells in
Grant, Haskell, and Stevens Counties. The formation is relatively
impermeable and is overlain by thick deposits of water-bearing
materials that yield adequate quantities of water to wells.

DAKOTA FORMATION

Character —The character of the Dakota formation in this area
was determined by the study of cuttings from 28 test holes that
penetrated these beds. The formation consists principally of buff,
yellow-brown, ‘and brown sandstone and varicolored clay. The
sandstone generally consists of very fine-grained to medium-grained
quartz sand which has been coated primarily by iron oxide. Con-
cretions of ironstone and fragments of charcoal are common. The
clay ranges in color from gray to various shades of brown, red, and
purple and generally is sandy. Where the Dakota formation crops
out in adjacent areas the sandstone usually is poorly bedded, and
in places it is strongly ripple-marked and cross-bedded. The ce-
menting material in the sandstones generally is iron oxide, although
in parts of Kearny and Morton Counties silica is the principal
cement. '

The Dakota formation in this and adjacent areas is about one-
half sandstone and one-half clay. Test holes in the Dakota forma-
tion in Hamilton County encountered 55 to 60 percent sandstone,
and outcrops of the Dakota formation in Cimarron County, Okla-
homa, consist of about three-fourths sandstone and one-fourth clay
{Schoff and Stovall, 1943). In north-central Kansas the dominant
rock constituents of the Dakota formation are clay, shale, and silt-
stone instead of sandstone (Plummer and Romary, 1942).

Distribution and thickness—The Dakota formation underlies all
of Grant County, all but the southeastern corner of Haskell County,
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and a part of northern Stevens County (Pl. 3 and Fig. 8). The
formation also underlies northwestern Seward County, much of
Gray, Finney, Kearny, Hamilton, and Stanton Counties, and the
northern half of Morton County. It is absent in southern-Morton
County and in much of Steyens, Seward, and Meade Counties.

The thickness of the Dakota formation in the Grant-Haskell-
Stevens area ranges from a featheredge at its southern limit to more
than 100 feet. Test hole 30 (log 30) encountered 152 feet of Da-
kota. After deposition of the Dakota formation, the area was
eroded so that probably there is not a complete section of the Da-
kota formation in this area except in northeastern Haskell County
where the Dakota is overlain by the Graneros shale. Test hole 6
(log 6) which was drilled in that area (Pl. 3) did not penetrate the
entire formation. The Dakota is thin near its southern limit and
where it has been eroded in Pliocene drainageways (Fig. 10). In
test hole 7 (log 7) in northwestern Haskell County, which was
drilled in one of these drainageways, the Dakota was absent and
the drill encountered Kiowa shale below the undifferentiated Plio-
cene and Pleistocene deposits.

The exposed thickness of the Dakota formation is about 30 feet
in Hamilton County, 49 feet in Kiowa County (Latta, in press)
and 185 feet in Cimarron County, Oklahoma (Schoff and Stovall,
1943). These beds seem to thicken toward the northeast, inasmuch
as Plummer and Romary (1942, p. 330) report more than 300 feet
of Dakota in Lincoln County in north-central Kansas.

Age and correlation—The age and correlation of the Dakota
formation are discussed briefly under the introduction to the section
on the Cretaceous system on page 104.

Water supply—The Dakota formation yields little or no water
to wells in Grant, Haskell, and Stevens Counties. It is overlain in
this area by thick deposits of saturated materials of Pliocene and
Pleistocene age which yield adequate supplies of water to most
wells. A few of the irrigation wells in northwestern Grant County
may have been drilled a few feet into the Dakota formation and
they may obtain a small part of their water from it, but the quan-
tity of water derived from this formation probably is small.

The Dakota is an important water-bearing formation in some
areas adjacent to Grant, Haskell, and Stevens Counties. The beds
of sandstone in the Dakota formation yield water to many do-
mestic and stock wells in southern Hamilton County, in western
and southwestern Stanton County (Latta, 1941, p. 79), and in
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northwestern Morton County. Water encountered in the Dakota
generally is under artesian pressure because the water-bearing
sandstones are overlain by relatively impermeable clay within the
Dakota formation or by shale of the overlying Graneros shale. In
the Arkansas Valley in western Hamilton County there is one flow-
ing artesian well that obtains water from the Dakota.

GRANEROS SHALE

Test hole 6 at the northeast corner of Haskell County encoun-
tered 31.5 feet of dark-gray to black fissile shale which probably
is a part of the Graneros shale. Cretaceous beds younger than the
Dakota formation have been encountered in many test holes in
Gray and Finney Counties. Latta (1944, p. 40) reports a buried
ridge of Upper Cretaceous rocks in southern Gray County which
trends northwest-southeast, and a north-south ridge extending from
near Pierceville to the northeastern corner of Haskell County. The
Graneros shale encountered in test hole 6 is a part of this ridge
and forms its southern edge. The Graneros shale probably pinches
out in a relatively short distance south and west, for it was not
encountered in any other test hole in the Grant-Haskell-Stevens
area. The shale is relatively impermeable and probably yields no
water to wells in this area.

TERTIARY SYSTEM

PLIOCENE SERIES

Laverne formation
The Laverne formation was named and described from a locality
in Harper County, Oklahoma, by V. V. Waite in an unpublished
manuscript which was quoted by Gould and Lonsdale (1926a).
These beds were studied in 1889 by Cragin (1891) who correlated
them with the “Loup Fork beds.” Case (1894, pp. 143-147) visited
the area in 1893 and made a collection of the flora. In 1902, Adams
(1902, pp. 801-303) described similar rocks in the Cimarron Valley
in southeastern Seward County and suggested that they were of
Tertiary age and were equivalent to the beds described by Cragin.
More recently the flora and fauna of the Laverne deposits in
Beaver County, Oklahoma, were described by Chaney and Elias
aid by Hesse (Chaney and Elias, 1936, pp. 16-23 and 47-72).
Smith (1940, pp. 37-39) measured a section of the Laverne forma-
tion in Seward County and tentatively assigned these beds to early
Pliocene. More detailed studies of these beds have been made re-
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cently by Frye and Hibbard (1941), Fryve (1942), and Byrne and
McLaughlin (in press).

Character—Where the Laverne formation crops out in the Cim-
arron Valley in Meade and Seward Counties it consists primarily of
shale, sand, and chalky sandstone containing caliche and thin-
bedded limestone. Test holes drilled in that area, however, indicate
that only a small part of the formation is exposed and that sand
and gravel are the dominant constituents of the formation. The
proportion of clay and shale seems to increase toward the west.

The sand and gravel are made up of materials derived from
igneous rocks. The gravel consists principally of fragments of
quartz and feldspar; the sand is primarily quartz but is in part
feldspar. A few beds of sand contain abundant flakes of mica.
The beds of sand generally are moderately well-sorted and are in
places cross-bedded.

The clay and shale range from dark blue gray to light green,
pink, and maroon but generally are gray. The clay is massive,
blocky, and poorly bedded, whereas the shale is thinly bedded.

The calcareous sandstone is soft, friable, poorly hedded, very
porous, and is fine-grained to very fine-grained. It can be cut easily
with a saw and has been quarried locally for building stone. These
beds generally are cream-colored to buff but weather to brown, dark
gray, and nearly black. They contain abundant ostracodes and
some remains of fish. Sections of the Laverne formation measured
by Claude W. Hibbard and the writer are given below and on page
116. ’

Section of Laverne formation, scc. 26, T. 84 S.. R. 31 W., Seward Counly

Laverne formation T
15. Sandstone, fine to coarse, light tan to bufi................ 2
14. Shale, gray, poorly bedded ................ ... . ool 5
13. Caliche, sandy, very hard, white. Weuthers to smooth
round boulders ..........coi it e .5
12. Shale, thin-bedded, varicolored. Predominantly yellowish
near base, gray in middle, and pink to maroon near top.. 6.1

11. Sandstone, fine-grained, compact, hard. Forms prominent

ledge. Weathers to large disc-shaped blocks having pitted

surface. Top 4 inches contains caliche................... 3
10. Alternating thin beds of gray, tan, and green shale and

buff friable sandstone. Beds contain a few white limy

zones. Abundant crystals of gypsum in upper part....... 19.2
9. Shale, dark gray, containing lenses of thin buff sandstone. 1.3
8. Sandstone, medium-grained, white, containing thin partings

of dark-gray shale ............. ..o i, .6
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7. Caliche, dense, hard, wWhite ........ccovvevniiiniernnnnnn. .3
6. Shale, massive, light gray to blue gray................... 3.6
5. Sand, fine to coarse, yellowish buff to rusty brown, and

gravel, fine; unconsolidated to moderately well consoli-

dated. Forms massive ledge where consolidated.......... 12
4. Silt, sandy, and €lay.......ciiiiiiii i 12
3. Sandstone, fine-grained and very fine-grained, very po-

rous, highly calcareous, even-bedded, cream-colored to

light tan, containing silt and lesser amounts of medium

sand and clay. In places it is case-hardened. Locally

known as “saw rock.” Contains abundant ostracodes.... 21

2. Shale, silty, calcarous, diatomaceous, light buff to yellow
tan, containing sand . ..., ... i i il i, 20-30

L Clay, blue gray .....cvuvverenneneeneerneeneeneenanennens 20
Thickness of Laverne formation exposed.................. 126.6-136.6

The lithology of the Laverne formation in Grant, Haskell, and
Stevens Counties is known only from test-hole cuttings, and because
of the lithologic similarity of the Laverne and overlying Tertiary
“_nd Quaternary formations it is not possible to recognize the upper
lmit of the Laverne with certainty. All the Tertiary and Qua-
temary deposits (except dune sand and alluvium), therefore, are
shown as undifferentiated Pliocene and Pleistocene deposits on
Plate 3. Inasmuch as the thickness of the Kingsdown, Meade, and
Rexroad (?) formations probably is not over 350 or 400 feet, all
Tertiary sediments more than 400 feet below land surface probably
are 3 part of the Laverne formation. In Grant, Haskell, and Stev-
ens Counties the Tertiary sediments that are more than 400 feet
below land surface consist mainly of sand and gravel, although.a
few test holes (34, 37, 39, 40, and 45) encountered much silt and
tlay below that depth.

Distribution and thickness—The only known outcrops of the
Laverne formation are in Meade and Seward Counties, Kansas,
and in Beaver and Harper Counties, Oklahoma, but the subsurface
extent of this formation probably is much greater than is implied
by the limited areas of outcrop. The Laverne probably does not
txtend beyond Crooked Creek in Meade County where Permian
ticks are at. or near the surface and are overlain by the Ogallala
formation. Similarly, these beds probably pinch out in Morton,
Stanton, and Hamilton Counties where Cretaceous and older rocks
are at or near the surface and are in many places overlain by the
Ogallala formation. The Laverne probably underlies all of the
Grant-Haskell-Stevens area except western Grant County, north-
western Stevens County, and northeastern Haskell County.

Google



112 Geological Survey of Kansas

If it is assumed that the thickness of the overlying formations
does not exceed 400 feet, then the greatest thickness of the Laverne
formation encountered in test holes in this area would be approxi-
mately 300 feet in test hole 38 on the Stevens-Seward line. The
Laverne probably thins westward and may be absent in the western
part of the area. Test holes drilled in the area of outcrop of the
Laverne indicate that the maximum thickness of the Laverne for-
mation in that area may be as much as 485 feet. The thinnest sec-
tion of Laverne encountered was about 350 feet.

Age and correlation—Many years ago, remains of fish, turtle,
and plants were taken from a quarry in the Laverne formation on
the Nieland ranch in sec. 24, T. 34 S., R. 31 W., in Seward County,
but the specimens were not identified. Since that time no identi-
fiable remains of vertebrates have been reported from these beds in
Kansas. Many ostracodes have been found in the Laverne in the
same locality (Frye and Hibbard, 1941, pp. 401, 402), but they
were not sufficiently diagnostic to date the beds.

In 1940, S. W. Lohman collected material containing diatoms
from the Laverne formation on the Nieland ranch. The diatoms
were studied by K. E. Lohman of the U. S. Geological Survey, who
recognized 34 species and varieties (listed in Frye and Hibbard,
1941, pp. 402, 403). The diatom flora contained many species that
now live in saline lake waters, indicating that the diatomaceous
marl was deposited under similar conditions. A molluscan fauna
taken from beds above the diatomaceous marl, however, is believed
by Leonard and Franzen (1944, p. 31) to have lived in fresh-water
lakes. The best age determination that could be made from the
flora was upper Miocene to lower Pleistocene. In a letter dated
April 1, 1941 (Frye and Hibbard, 1941, p. 403), K. E. Lohman
stated:

This flora cannot be correlated with the diatom-bearing beds in Beaver
County, Oklahoma . . . as only 12 percent of the present flora occurs
in the Beaver County material. Eighteen percent of the present flora occurs
in the Ogalalla formation of Wallace County, Kansas . . . but this again
is too small a percentage for a comparison, particularly as it does not include
the most significant species.

In the area of outcrop of the Laverne formation in Kansas, these
beds are overlain by the post-Ogallala (?) Rexroad (?) formation.
Inasmuch as the Laverne underlies Rexroad (?) and is lithologically
dissimilar to the nearby middle Pliocene Ogallala formation, the
Laverne formation probably is pre-Ogallala or lower Pliocene.

There is not sufficient fossil evidence at present to correlate the
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beds in Kansas with the Laverne formation in Oklahoma, but the
similarity in lithology and structure of the beds in both areas in-
dicate that they are equivalent. According to Hesse (Chaney and
Elias, 1936, p. 68) the fauna from the beds in Oklahoma is most
tlozely related to the Clarendon fauna of Texas and more distantly
to the Esmeralda, Big Springs Canyon, Burge, and other faunas of
lower Pliocene age.

Water supply—Few wells in Grant, Haskell, and Stevens Coun-
ties obtain water from the Laverne formation, because adeguate
quantities of water generally can be obtained from the overlying
beds, A few of the decper irrigation wells may obtain some water
from the Laverne, but most of the irrigation wells are in western
Grant County where the Laverne is very thin or absent. Some of
the deep wells that were used to supply water for drilling gas wells
probably obtained part of their water from beds in the Laverne
formation.

The Laverne formation contains thick beds of sand and gravel
in its lower part in much of the Grant-Haskell-Stevens area and
therefore is a potential source of large quantitics of ground water.

Ogallala formation*

The Ogallala formation of middle Pliocene age does not crop out
in Grant, Haskell, or Stevens Counties, but it may be present in
the subsurface. The nearest known outcrops of the Ogallala for-
mation are in southern Hamilton County, in the vicinity of Point of
Rocks in the Cimarron Valley in Morton County, along Crooked
Creck in Meade County, and along the Beaver River in Texas
County, Oklahoma. It is doubtful if the Ogallala in any of these
areas extends into the Grant-Haskell-Stevens area except perhaps
in southern Stevens County. The Ogallala does not crop out in
Stevens County and cannot be identified from drill cuttings.

Rexroad (?) formation*

The Rexroad formation was named by Smith (1940, pp. 95-99)
from exposures along tributarics of Crooked Creck on the Rexroad
ranch in sec. 22, T. 33 S., R. 29 W., Meade County, Kansas. In
1941, these beds were designated the Rexroad member (upper Plio-
cene) of the Ogallala formation by Frye and Hibbard (1941, p. 407)
for the following reasons:

() . . . on the baxis of both surface and subsurface data, it seems
evident that in parts of the buasin there was continuous sedimentation from

¢ see note by R, C. Moore on page 33,

82135
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middle Pliocene through upper Pliocene time, and in these locaiities no break
is distinguishable; (2) the deposits were trapped in a local basin. and, al-
though there are deposits of equivalent age outside this general area, they
are not stratigraphically continuous with the deposits of the Rexroad type
lecality, and are not genetically related to them; and (3). as Smith (1940, pp.
95-97) has pointed out, the lithology of the Rexroad beds for the most part
is indistinguishable from the middle Pliocene part of the Ogallala formation.
For these reasons the Rexroad beds do not constitute a mappable unit, except
partially in the vicinity of the type locality, where the upper contact, but
not the lower, car be mapped.

Various studies indicate that the Rexroad deposits occur strati-
graphically above the “Algal limestone” which represents the
top of the Ogallala formation. In a recent paper (Elias, 1945)
by members of the geological surveys and the museums of verte-
brate paleontology at the Universities of Kansas and Nebraska it
was proposed—
that Blancan be used to serve as a provincial time zone for beds and faunas
in the Great Plains region younger than the “Algal limestone” and older than
beds of undoubted Pleistocene age.

The Rexroad deposits, therefore, appropriately may be considered
as a distinet stratigraphic unit.

Much additional work was done on the beds of the Rexroad in
the summers of 1943 and 1944 by Claude W. Hibbard and the writer
who measured sections of these beds in Meade County and on Rex-
road (?) in areas farther west. We concluded from these studies
that sedimentation seemingly was discontinuous from middle Plio-
cene through upper Pliocene time inasmuch as the Rexroad or Rex-
road (?) is nowhere known to lie on Ogallala. Where the base of the
Rexroad (?) appears, it is underlain by the Laverne formation. The
lower part of the Rexroad (?) formation comprises sand and gravel
channeled deeply into the underlying beds. We also concluded that
the deposits are widespread, inasmuch as typical Rexroad beds erop
out in the Cimarron Valley of Meade County, Rexroad (?) beds
occur westward to Morton County, and all these have distinetive
lithology.

For these reasons, the Rexroad—plus Rexroad (?)—is judged to
be a mappable unit and in this report and a forthcoming one on
Seward County (Byrne and MecLaughlin, 1946) it will be classed as
a formation.

Character—The Rexroad (?) formation comprises sand and gravel
in the lower part, sand and silt containing nodules and thin stringers
of caliche in the middle, and silt and elay in the upper part.

Google



Grant, Haskell, and Stevens Countics 115

The sand and gravel are mostly grains and pebbles of igneous
rocks which probably were derived from the Rocky Mountains.
They range from fine to coarse but generally are not as coarse as
the sand and gravel in the overlying Meade formation. In most
places the sand and gravel are in part cemented by calcium car-
bunate to form “mortar beds” which crop out as prominent ledges in
parts of the Cimarron Valley. “Mortar beds” of the Rexroad (?)
differ in general from similar beds of the Ogallala formation in that
they contain less calcium carbonate, are coarser grained, consist
mainly of materials derived from igneous rocks, and, in addition,
their weathered surface is smoother. The “mortar beds” of the Rex-
road (?) resemble more closely those in the sand and gravel of the
Meade formation, although the “mortar beds” of the Meade gener-
ally are much coarser grained.

Sand and gravel of the Rexroad (?) formation grade upward into
fine sand and silt containing a small amount of clay. In the zone
of transition the clay and silt bind the pebbles of sand and gravel
to form a moderately well-consolidated bed which weathers to a
nearly vertical ledge. The material in this zone is poorly sorted
and “dirty,” whereas the underlying beds are more uniform, weli
sorted, and “clean.”

The middle part of the formation generally consists of reddish
silt and sand which in many places contain clay. These beds are
poorly sorted, moderately well consolidated, and contain many
nodules and thin stringers of caliche which give them a red and
white mottled appearance. The caliche nodules usually are rela-
tively soft but in places they are hard and are more resistant to
erosion than the surrounding rock material, causing the accumula-
tion of caliche rubble on eroded surfaces.

The upper part of the formation consists of better sorted and
finer grained material, and generally contains one or more beds of
brown to gray-green clay and one or more beds of caliche ranging
in thickness from a few inches to about 2 feet. One 2-foot bed of
caliche near the top of the formation is cherty and is extremely
hard, and weathers to characteristically irregular, rough, pitted
boulders. In many places this bed has been removed by the deep
channeling of the overlying Meade formation (Pl. 9).

Except for the two small outcrops in Grant and Stevens Coun-
ties, lithology of the Rexroad (?) formation in the Grant-Haskell-
Stevens area is known only from well cuttings. Where these beds
crop out in this area they underlie the basal sand and gravel of
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the Meade formation and consist of brown blocky clay and buff-red
silty sand containing nodules and stringers of caliche. The lithology
of these deposits is characteristic of part of the middle and upper
parts of the Rexroad (?) formation. Well cuttings indicate that
the lower part of the formation in this area consists primarily of
sand and gravel.

Several sections of the Rexroad (?) formation as measured
by Claude W. Hibbard and the writer are listed below. The first
was measured in one of the very few places where both the top anf
bottom of the Rexroad (?) formation are exposed, although in this
section some upper beds seem to have been removed by chuan-
neling of the overlying Meade formation (Pls. 9 and 11).

Seetion of Rexroad (?) and Laverne formations in see. 7, T. 35 S, R. 30 W,
Meade County
Rexroad (?) formation '“”;;!‘;_'l"'”'
19. Sand and gravel; coarse; loenlly cemented with ealelum ear-
bonate to form “mortar beds”

................................ 11
Rexroad (?) formation
18. Silt. fine sandy. buff red, containing caliche................... 13.5
17. Silt, sandy. light brown to red, containing caliche. The caliche
near the top is nodular and cherty........................... 14
16. Silt, fine sandy. buff red to red, containing caliche. Material
near the middle cemented with culeium carbonate............ 14

15. Caliche, siliceous, massive, very hard, white.................... 2
Sand. fine to coarse. tan to buff red, containing irregular no-
dules and bands of caliche and much silt. Becomes finer toward
top. Most of the silt and caliche are in the upper part...... 20

13. Sand and gravel; coarse; moderately well sorted; cross-bedded.
The pebbles are predominantly igneous rocks but some are
abraded fragments of caliche. The upper two-thirds of the bed
is cemented with ealeium carbonate to form “mortar beds.”
The “mortar beds” form prominent ledges and cap =everal low
me=as and have been eroded into long rectangular blocks. .. ... 22.5
Laverne formation
12. Clay, brown. containing lenses of rust-stained quartz sand.
Weathers to gray green. Containg fragments of fossil ecamel.. 17
11. Sand, fine to medium. gray to yellow, cemented with ealeium

carbonate to form “mortar beds.” Bed dips eastward.......... 15
10. Sand and gravel; unconsolidated; vellow to rustv............. 5.5
9. Clay, silty. blocky, tan, sandy at top.............. ... ..... 2.5
8. “Mortur bed=" thin, crinkly, containing fine to medium <nd.... 0.2
7. Sand. fine, and silt; pinkish ... o i 1
6. Sand. fine to medium, vellowish tan, containing a few pebbles of

coarse sand and gravel. Upper part cemented with caleium ear-
bonate to form “mortar beds” Dips west-southwestward
5. Clay, gray

G
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{. Sandstone, massive, soft, friable, highly calcareous, very porous,
fan to buff, containing very fine sand, silt, and a few grains of
medinm sand. Contains abundant remains of ostracodes.
Locally known as “saw rock”.........c.ooiiiiiiiiiiiiiiii... 21
3. Clay and «ilt; containing fine sand............... ... ... 0. 2
2. Sand. fine to coarse, yellow torusty..................oooe..n. 2
L Sand. fine, 80 ... i ittt e it e e 1
Thickness of Rexroad (?) formation........................ 86
Thickness of Laverne formation............................ 80.2
Netion of Rexroad (?) formation in sec. 19, T.34 8., R. 30 W., Meade County,
and see. 24, T.34 8, R. 31 W, Scward County
. Thickness,
Rexroad (?) formation fect
8. Culiche, cherty. very hard, white. Forms prominent bench..... 2
i. Unexposcd. Covered by caliche rubble from above. Gentle
slope indicates silt orelay... ..ol e 10
6. Clay, ~ilty and fine sandy, gray brown to buff, containing thin
impersistent layers of ealiche......................ooiia, 21
3. Clay and silt; fine sandy; buff to pink; containing nodules and
thin stringers of ealiche........... ... i i ittt 16.5
4 Sund and gravel; containing abraded pebbles of caliche and
small lenses of elay ... i e e 7.5
3. Clay, light Brown ...ttt iiiiiie i iiaerneennss 2
2. Clay, blue gray, containing caliche. Weathers to rusty brown.. 2
l. Sund and gravel; coarse. Pebbles are predominantly igneous
rocks but some are abraded caliche. Base not exposed........ 9-25
Thickness of Rexroad (?) formation exposed.............. 70-86

Netion of Rexroad (?) formation in SEY sce. 35 and SWY see. 36, T. 32 S.,

R. 33 W., Seward County
Termuce deposits

8. Sund and gravel; coarse; containing cobbles as large as 5 inches
in diameter
Mesde formation
7. Sand and gravel; coarse; cemented near base with ealeium car-
bonate to form *“‘mortar beds”

Rexroad (7) formation
6. Clay, blocky, gray green and brown. Grades upward into fine-
grained micaceous sand. The sand is cemented in some places
to form a 4-inch “mortar bed”............. ... ... .. ...
. Shale, calcarcous, thin-bedded, white, containing fine sand and
remaing of ostracodes ........... ... i
1. Silt, fine sandy, tan at basc to green at top. Varies from mas-
sive at base to blocky in middle to thin-bedded at top. Top
part grades laterally into a varved diatomacecous marl
3. Clay, blocky. in part sandy, brown to gray

o
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2. Sand, fine, and silt; poorly sorted; consolidated; tan to reddish
brown; containing nodules of caliche. Lower 5 feet is mostly
fine sand containing clay as a binder. Middle 4 feet mostly tan
to brown silt containing irregular nodules of caliche which give
the rock a mottled appearunce. Upper 4 feet predominantly
massive fine-grained poorly consolidated tan to red-brown sand. 13

1. Sand and gravel; coarse................ e, 15

Thickness of Rexroad (?) formation exposed................ 40.3

Seetion of Rexroad (2) formation near Ulysses bridge along sonth bluff of
Cimarron River in NWY% see. 35, T. 30 S, R. 37 W.,, Grant County

Thickiess,

il't‘l
Mceude formation
5. “Mortar beds.” gray. containing sand and fine gravel at base
and coarse gravel in upper part....oo oo i 17
Rexroad (?) formation
1. Clay, dark gray to brown, containing pebbles of culiche. ... ... 1.5
3. Sund, fine. consolidated, gray. containing =it and clay........
2. Clay, blocky, gravish brown. containing several thin bands of
aliche ..o i, e PP 10.5
1. Sand, fine, reddish brown, containing silt, clay. and a small
amount. of caliche. Weathers to massive ledge. . ... ... 5
Thickness of Rexroad (?) formation exposed................ 20

Seetion of Rexroad () formation in road cul near Rolla brdge in SEY4 NW1,
see. 35, T. 32 8., R. 0 W, Morton County

Thickness,
feet

Terrace deposits
3. Gravel. coarse. consisting of pebbles of both igneous and sedi-
mentary rocks. Contains a few pieces of scorfaceous basalt... 3
Rexroad (?) formation
2. Clay. brown, blacky. weuathers to grayvish brown. Contains a

gray calcarcous zone about 5 feet from base.... .. . ... ...... 8
1. Sand. fine, and silt; reddish tan; contains caliche at base...... 7
Thickness of Rexroad (?) formation exposed................ 15

Distribution and thickness—Rexroad (?) deposits erop out in
many places in the Cimarron Valley between central Seward County
and southwestern Meade County and along tributaries of Crooked
Creek in west-central Meade County. Outerops oceur also in the
banks of the Cimarron River in sees. 35 and 36, T. 32 S, R. 33 W,
Seward County, in NW1j see. 35, T. 30 S,, R. 37 W, Grant County
(PL 9), in secs. 20 and 29, T. 31 8, R. 38 W, Stevens County, and
in =ec. 33, T. 32 8., R. 40 W, Morton County (Pl. 9). The Rex-
road (?) appears in nearly vertieal bluffs in Grant and Stevens Coun-
ties but is not shown on Plate 1 because the outerops are very small.
The Rexroad (?) was unrecognized in Grant and Stevens Counties
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and in Morton County (McLaughlin, 1942) until 1944 after ficld
work for the Grant-Haskell-Stevens area had been completed.

The channel of the Cimarron River has been cut to approxi-
mately the level of contact between the Meade and Rexroad (?)
formations from western Stevens County to central Seward County.
Where the gravel and sand of the Meade are thin, a few feet of
Rexroad (?) may be exposed; but where the Meade has channeled
deeply into the Rexroad (?), only sand and gravel of the Meade
are exposed along the channel. In addition, recent pediment-like
deposits cover much of the valley floor and mask the bedrock ex-
cept in a few places where the surficial deposits have been removed
by widening of the channel of the Cimarron River. Additional
widening of the channel may expose other beds of the Rexroad (?).

The Rexroad (?) formation probably underlies all or most of
Grant, Haskell, and Stevens Counties. The outcrops of this for-
mation in many places in the Cimarron Valley between Morton
County and Meade County imply widespread distribution. The
Rexroad (?) probably pinches out in northwestern Grant or
southeastern Hamilton County on the flank of the Syracuse anti-
cline. True Rexroad probably does not extend east of Crooked
Creek in Meade County and Rexroad (?) beds end between the
Rolla and Elkhart bridges in the Cimarron Valley in Morton
County. On the south side of the Cimarron River, however, the
Rexroad (?) may extend much farther to the south and west. In
a gravel pit 5 miles north and 1 mile east of Elkhart in Morton
County, terrace deposits overlie “mortar beds” of the Meade for-
mation which are channeled into a brown clay that resembles closely
upper beds of the Rexroad (?) formation. North of the Cimarron
River in that vicinity, however, the Ogallala formation is at or near
the surface.

The top and base of the Rexroad (?) formation could not be de-
termined by study of cuttings from test holes in Grant, Haskell, and
Stevens Counties; hence the thickness of the formation in this area
is not known. Greatest measured thickness of the Rexroad (?) is
86 feet in Meade and Seward Counties (note the first two sections
given above), but at only one place are the top and bottom of the
formation exposed. The thickness of the upper part of the forma-
tion is moderately uniform, whereas the thickness of the basal sand
and gravel is highly variable. Where the base of the Rexroad (?)
is exposed there has been relatively little or no channeling into the
underlying Laverne formation. Hence the basal sand and gravel
and therefore the entire Rexroad (?) formation are relatively thin.
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Test holes drilled near the areas of outcrop of the Rexroad in Meade
County and of the Rexroad (?) in Seward County indicate that these
deposits may be as much as 170 feet thick. Test holes that pene-
trated thick secctions of Rexroad (?) encountered thick deposits (50
to 100 feet) of sand and gravel in the lower part.

The thinnest exposed section of the Rexroad (?) beds is in
southeastern Seward County where there is less than 15 feet of the
Rexroad (?) between basal sand and gravel of the Meade forma-
tion and the Laverne formation. This outerop is less than 1 mile
from one of the places where the measured thickness of the Rexroad
71 1s 86 feet.

Age and correlation—The age of the Rexroad (?) formation is not
definitely known. The formation is younger than the Ogallala for-
mation because much or all of the Ogallala between east-central
Morton County and Crooked Creek in Meade County, in the view
of the author, was removed by erosion before the Rexroad was laid
down. The Rexroad is separated from the overlying Pleistocenc
Meade formation by a prominent disconformity.

Fossils from the Rexroad formation (type) in Meade County have
been described by Hibbard (1938a, 1939, 1941, 1941a, 1941b),
Baker (1938), Taylor (1941 and 1941), and Wetmore (1944). Hib-
bard's interpretation of the Rexroad fauna is as follows (Frye and
Hibbard, 1941, p. 410):

On the basis of the fossii mammals the Rexroad, Blanco, Benson, and
Hagerman faunas are believed to be of approximately the same age. The
differences between the faunas are thought to be of only geographical signifi-
cance. The Rexroad fauna shows a closer relationship to the Blanco and
Benson faunas than to the Hagerman fauna. Although the fauna as a whole
shows relationships with forms now found in Mexico and Central America
rather than with the recent forms now found in southwestern Kansas, a few
fossil forms possess boreal affinities. ’

The fauna indicates that meadow flats and timbered areas existed at least
along parts of the late Pliocene stream valleys, and that the climatic condi-
tions then were not drier nor colder than those at present. There is some in-
dication, moreover, that the climate of late Pliocene time lacked extremely
cold winters or severely hot summers, accordingly being more equable than
the present climate, and that there was a somewhat greater degree of hu-
midity than exists now in this region.

The environment during Rexroad time as interpreted by Wet-
more (1944, p. 91) from his study of the remains of birds is as
follows:

Of the identified specimens, more than one-half belong to aquatic specics
that live in and around marshes, streams, and ponds. Remains of turkeys
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represent birds of wooded areas, while parrots, pigeons, and quail are species
of forests, or regions where thickets and groves grow amid plains, prairies, or
savannas. The passeriform birds may have lived in prairie land, in thickets,
or in forests.

McGrew (1944, pp. 33-42) has correlated the Rexroad and Blanco
faunas with the Sand Draw and Broadwater faunas of Nebraska,
which he considers to be Pleistocene (Aftonian). He states that:

Geologically, there scems to be little reason to assign the Rexroad to the
late Pliocene. Some rather significant geologic changes—the faulting, the de-
velopment of sink holes, and erosion—took place between the Pliocene beds
beneath and the Rexroad proper.

Similarly, there was movement along the major faults (Frve,
1942, p. 26), continued solution and collapse, and widespread ero-
sion after the deposition of the Rexroad formation and before the
accumulation of the Meade formation. It does not seem to be pos-
sible at present, therefore, to date the Rexroad formation accurately
on the basis of geologic history or stratigraphic position.

Vertebrate paleontologists of Kansas and Nebraska are in agree-
ment. that the Rexroad fauna of Kansas is equivalent in age to the
Broadwater fauna of western Nebraska and the Blanco fauna of
northwestern Texas and that the deposits from which these faunas
were taken occur stratigraphically above the horizon of the “Algal
limestone” (top of the Ogallala) and below the horizon of beds of
undoubted Pleistocene age (such as the Meade formation).

In a recent paper by Elias (1945), the geologists and vertebrate
paleontologists of the Nebraska and Kansas geological surveys pro-
posed that:
the placement of the Blancan in either the late Pliocene or in the early
Pleistocene of the standard time scale be held in abevance until there is
more general agreement among paleontologists as to age; and that Blancan
be used to serve as a provineial time zone for beds and faunas in the Great
Plains region vounger than the “Algal limestone™ and older than the beds
of undoubted Pleistocene age.

Water supply—The Rexroad (?) formation probably vields water
to many deep wells in Grant, Haskell, and Stevens Countics. Deep
irrigation wells in areas of shallow water probably obtain part of
their water from the Rexroad (?). Where the depth to water
iz 130 to 200 feet or more below land surface (Pl 2) almost all
wells get all or part of their water from the Rexroad (?). Where
the water table is at or below the top of the Rexroad (?) beds,
as in cast-central Grant County and in central and west-central
Haskell County (note the water table near the top of a persistent
zone of silt and clay, PL 31, wells generally must be drilled through
the upper part of the Rexroad (?) into basal sand and gravel to
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obtain sufficient water. At the site of the former town of Santa
Fe, near the center of Haskell County, the municipal wells failed
to encounter an adequate supply of water in the silt and clay just
below the water table, although nearby dug wells obtained water
sufficient for most domestic and stock uses. The municipal wells,
however, were deepened to the underlying sand and gravel in order
to obtain an adequate supply of water. Where Rexroad (?) de-
posits are present in Grant, Haskell, and Stevens Counties, supplics
of water adequate for most uses probably can be obtained from
the basal sand and gravel. Water from the Rexroad (?) deposits
generally is moderately hard but is suitable for most uses.

QUATERNARY SYSTEM
PLEISTOCENE SERIES
Meade formation

The Meade formation was recognized and deseribed by Cragin
1896, p. 53) as the Meade gravels. The name was propoesed for
the lowest of three “terranes” in the vicinity of the old Vanhem
post. office in sec. 13, T. 30 S., R. 23 W., Clark County (Hibbard,
1944b, p. 709). In addition, he gave the name Pearlette ash to
the deposits of voleanic ash in that region. Smith (1940, pp. 100-
111) described the Pleistocene Odce formation and local Pleistocene
deposits that he called Equus niobrarensis beds and Jones Ranch
beds. Frye and Hibbard (1941, pp. 411-419) redefined the Meade
formation to include Cragin’s Meade gravels and Pearlette ash;
Smith's Odee formation, Equus niobrarensis beds, and Jones Ranch
beds; and all other beds of Pleistocene age above the Rexroad for-
mation and below the Kingsdown silt. Additional fossils studied
by Hibbard (personal communication) indicate that the Jones
Ranch beds are equivalent to the Kingsdown silt. The term “Meade
formation” is used in this report as defined by Frye and Hibbard
except that the Jones Ranch beds are considered a part of the
Kingsdown silt.

Character—The Meade formation in Grant, Haskell, and Stevens
Counties consists of thick deposits of coarse sand and gravel at the
base (Pls. 8, 9, 10, and 11) overlain by red silt and sand which
contain abundant nodules of caliche. In a few places in this area
there are small outcrops of volcanic ash (Pl 12). The uppermost
beds of the Meade formation (Odee formation and Equus niobrar-
ensts beds) are thin or absent in this area. The following measured
section of the Meade formation at the tyvpe locality iz taken from
Frve (1942, p. 98):
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Section of Meade formation in sec. 21, T. 33 S., R. 28 W., Mecade County

Meade formation n“;;:l("w.
18. Silt, sand, and some clay; tan to buff brown; massive; contains
sandy beds and caliche cobbles............... ... ... .. ... 14.8
17. Sand and silt; gray to gray tan.............coiiiiiiiiiannn. 5.4
16. Clay, containing some silt and sand; light gray; massive. Breaks
with a conchoidal fracture when dry.......................... 4.5
*15. Volecanic ash, pearl gray, lenticular, somewhat impure......... 1.6

14. Silt, clay, and some sand; gray; massive; contains a few calcare-
ous nodules. (Borchers fauna, where present, occurs at top of this

07 1 6.4
13. Voleanic ash (Cragin's Pearlette ash). pearl gray, thin-bedded
and cross-bedded ....... ... 7.1

12. Clay, silt, and some sand; tan gray and brown gray; massive.
Grades upward into yellowish gray-green sand and contains
some mottled yellow-brown silt. Contains a few thin beds of
ash and calcareous nodules. (Cudahy fauna occurs at top of this

bed, where present)...... ..ot 9.5
11. Sand, silt, and coarse gravel; brown; contains abundant nodules.
Grades upward into red-brown to tan-maroon sand and silt..... 8.8
10. Sand, coarse, and well sorted at base. grading upward into finer,
more poorly sorted sand. Calcareous nodules at top............ 10.1
Ogallala formation
Thickness of Meade formation............................. 68.2

The lower part of the Meade formation in Grant, Haskell, and
Stevens Counties consists of thick deposits of coarse sand and
gravel derived from the Rocky Mountains. The grains and pebbles
are primarily granite, pink feldspar, quartz, and other material
derived from igneous rocks; in addition, there are many water-worn
pebbles of caliche and “mortar beds” derived from Tertiary sedi-
ments. Pebbles of light-green and brown chalcedony also are
abundant.

The sand and gravel of the Meade formation generally is cross-
bedded and well sorted. A part of the sand and gravel usually is
cemented with calcium carbonate to form “mortar beds,” which are
more resistant to erosion than adjacent sediments and which erode
to prominent ledges (Pl. 9). The ledges are most conspicuous along
the south side of the Cimarron River a short distance below the
Ulysses bridge (NW14 sec. 35, T. 30 S, R. 37 W.). The “mortar
beds” generally consist of coarse sand and fine to coarse gravel;
in a few places, however, they consist primarily of very coarse
gravel (PL. 10). The *“mortar beds” generally are cross-bedded.

* This section was exumined later by Claude W. Hibbard (personal communication) who
was unable to find bed 15,
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The 2and and gravel of the Meade formation generally is much
coarser than basal sand and gravel of the Rexroad (?) formation.
In addition it contains a greater abundance of water-worn pebbles
of caliche and it seems to contain much more chalcedony, although
no pebble counts of the two deposits of sand and gravel have been
made. The basal sand and gravel of the Meade differs more mark-
edly from the deposits of sand and gravel in the Ogallala formation.
Smith (1940, p. 42) reports that the sand and gravel in the Ogal-
lala formation in Meade and Clark Counties contains abundant
pebblés of fine-grained sandstone, gray quartzite, and ironstone
which he believes were derived primarily from the Dakota and
other Cretaceous formations. Few, if any, pebbles, derived from
these types of rocks have been found in the Meade formation.
Water-worn pebbles of caliche, which are common in the Meade,
are rare in the Ogallala,

The beds lving above the basal sand and gravel of the Meade
formation consist of poorly sorted reddish silt and sand containing
nodules and stringers of white caliche, and resemble closely the red-
dish beds above basal sand and gravel of the Rexroad (?) forma-
tion. In general, however, the nodules of caliche in the Meade are
more resistant to erosion than those in the Rexroad (?), and out-
crops of these beds generally are covered with caliche rubble.
These beds are moderately well indurated and form relatively
steep slopes in some places. They are well exposed in a road cut
a short distance south of the Ulysses bridge in xec. 27, T. 30 S.,
R.37 W.

The zone of transition between the sand and gravel and the over-
lving reddish beds consists of materials common to both deposits.
The materials are poorly sorted, moderately well indurated silt,
sand, and gravel, which form steep slopes in some places. A typical
outerop of the sand and gravel, the zone of transition, and the over-
lving reddish silt and sand is 0.8 mile east of the Stevens-Seward
line in sec. 19, T. 31 S, R. 3¢ W. YVoleanic ash crops out in the
same draw.

The two beds of the Mcade formation that are most widespread
in Grant, Haskell, and Stevens Counties, and which are deseribed
ahove, are equivalent to beds 10 and 11 in the type section of the
Meade formation (page 126). The uppermost deposits of the Meade
formation are thin or absent in most of the Grant-Haskell-Stevens
area, but an outerop of silty clay in northeastern Haskell County
tSEl4 NE1; sec. 3, T. 27 S, R. 31 W.) may be equivalent to
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Smith’s Jones Ranch beds (note section on Age and correlation).
Volcanic ash, which occurs in the upper part of the type section
of the Meade formation, also is found in a few places in Grant
County (Pl. 12), and the locations of these deposits are given on
pages 27 and 28.

Distribution and thickness.—The Meade formation underlies al-
most all of Grant, Haskell, and Stevens Counties, and is absent
only in places where the Cimarron River has cut through the Meade
into the underlying Rexroad deposits: The Meade formation un-
derlies most of or part of Hamilton, Stanton, Morton, Kearny,
Grant, Stevens, Finney, Haskell, Seward, Gray, Ford, Meade, Clark,
and Kiowa Counties, Kansas, and Texas and Beaver Counties, Ok-
lahoma. In much of this area, however, it does not crop out but is
overlain by the Kingsdown silt and by dune sand.

The thickness of the Meade formation in Grant, Haskell, and
Stevens Counties is known only approximately inasmuch as the
base of the formation cannot be determined accurately from drill
cuttings. The measured thickness at the type locality is approxi-
mately 68 feet, but most of the beds in the upper part of the type
section do not extend into this area. The lowermost beds, how-
ever, are much thicker in this area than at the type locality. The
basal deposit of sand and gravel is 10 feet thick at the type lo-
cality but is nearly 50 feet thick in western Seward County and in
parts of Grant, Haskell, and Stevens Counties and also is about
50 feet thick in Clark County (Hibbard, 1944b, p. 714). The deposit
of reddish silt and sand above the basal sand and gravel of the
Meade formation is also thicker in the Grant-Haskell-Stevens area
than at the type locality, where it is only about 9 feet thick. This
zone is 15 feet thick in southeastern Seward County and seems to
be thicker along the Cimarron River in southern Grant County.
The total thickness of the Meade may exceed 100 feet in some parts
of the Grant-Haskell-Stevens area but it thins westward from this
area and is absent in parts of Morton County that lie north of the
Cimarron River.

Age and correlation—Since 1936, Claude W. Hibbard of the Uni-
versity of Kansas Museum of Vertebrate Paleontology has been
collecting fossils from the Meade formation of southwestern Kan-
sas during which time he has collected the Cudahy, Borchers, and
Cragin Quarry faunas (Hibbard, 1938, 1939a, 1940, 1940a, 1941c,
1943). The fossils that have been collected indicate that the Meade
formation is Pleistocene. The Cudahy fauna (taken from bed 12

9—2135
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of the type section) is believed by Hibbard (1944b, p. 741) to be
in part a glacial fauna. The Borchers fauna (taken from bed 14
in the type section) is believed to be of an early interglacial stage
and to represent the oldest known interglacial fauna in Kansas
(Frve and Hibbard, 1941, p. 417). The Cragin Quarry fauna rep-
resents an interglacial fauna that is younger than the Borchers
fauna. The Jones Ranch fauna was taken from beds that Hibbard
(Frye and Hibbard, 1941, pp. 418, 419) believes werc deposited in
an isolated sinkhole at a time when the region was cooler than dur-
ing the interglacial stages represented by the Cragin Quarry and
Borchers faunas,

Few fossils have been taken from the Meade formation in Grant,
Haskell, and Stevens Counties. The tooth of a Pleistocene horse
(Equus niobrarensis Hay) and a tooth (Lm3) of a Pleistocene
musk-ox (Euceratherium sp.) were collected from the Sullivan
gravel pit in the SW14 sec. 7, T. 29 S., R 37 W.

Water supply—The Meade formation yields water to almost all
wells in areas where the depth to water level is less than 100 feet
below land surface (Pl. 2). It probably is the most important
water-bearing formation in much of Grant and Stevens Counties,
where it yields water:to most of the irrigation wells, but it lies
above the water table in much of Haskell County, southwestern

- Stevens County, and eastern Grant County.

The uppermost beds of the Meade formation in Grant, Haskell,
and Stevens Counties are poorly sorted and probably yield only
small quantities of water to wells. The deposits of sand and gravel
at the base of the Meade, however, are relatively thick and are
moderately well sorted in this area. Where these deposits are sat-
urated, they yield modcrate to large quantities of water to wells.

Analyses of water from wells in the Meade and other formations
in this area are listed in Tables 11, 12, and 13.

PLEISTOCENE AND RECENT SERIES

Kingsdown silt

Cragin (1896, p. 54) named and described the Kindsdown marl
from outcrops southwest of Kingsdown in Ford County and in the
valley of Bluff Creek in northern Clark County, and believed that
it might be late Pliocene. He did not designate a type locality for
these beds, but they are typically exposed in the vicinity of the old
Vanhem post office in sec. 13, T. 30 S., R. 23 W., Clark County.
Smith (1940, pp. 111-116) redefined Cragin’s Kingsdown marl as
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the Kingsdown formation and designated as the type locality an
autcrop that he measured in sec. 13, T. 30 8., R. 23 W, Clark
County. The Kingsdown formation of Smith included only beds of
Pleistocene age. Frye and Hibbard (1941, pp. 419, 420) redefined
these beds as the Kingsdown silt, inasmuch as they consist domi-
nantly of silt, and included the overlying loess of uppermost Pleisto-
cene and Recent age. More recently, Hibbard (1944b, pp. 745-752)
recognized two phases of the Kingsdown in northern Clark County
which he has called lower and upper Kingsdown silt. The Kings-
down silt exposed in Grant, Haskell, and Stevens Counties and in
adjacent arecas probably is equivalent to the upper Kingsdown silt
2 defined by Hibbard, but no attempt is made in this report to
differentiate the two units.

Character —The lower part of the Kingsdown silt in the Grant-
Haskell-Stevens area is predominantly light tan to buff and con-
ssts of fine sand which grades upward into silt, sandy silt, and
locss. The upper part of these beds contains small nodules and
stringers of caliche. The fine sand at the base gencrally is thinly
bedded but the overlying silt and loess are massive.

The Kingsdown silt is best exposed in this area in a road cut a
short distance north of the Ulysses bridge in Grant County, at a
road cut along Kansas highway 45 in sec. 27, T. 30 S,, R. 34 W,
Haskell County, and in a railroad cut in the SW14 sec. 27 and
NW14 sec. 34, T. 30 S, R. 34 W, also in Haskell County (Pl 11).

Distribution and thickness—The Kingsdown silt underlies much
of Grant and Haskell Counties but is relatively thin or absent in
Stevens County where the dune sand generally is underlain by the
Meade formation. Its thickness probably does not exceed 40 feet
in Grant, Haskell, and Stevens Counties. The Kingsdown is rela-
tively thin in northernmost Grant and Haskell Counties and in
western Grant County, is thin or absent south of the Cimarron
River in Morton, Stevens, and Seward Counties, but it is much
thicker toward the east.

Age and correlation.—The Kingsdown silt overlies unconformably
tle Pleistocene Meade formation and is uppermost Pleistocene to
Recent as indicated by its stratigraphic position. Fossils collected
frum the Kingsdown deposits by Hibbard (Frye and Hibbard, 1941,
p. 420, and Hibbard, 1944b, pp. 749-752) also indicate late Pleis-
tocene and Recent age. A few snails have been colleeted from a
thin bed of silty clay underlying dune sand in the SE}4 NE4 sec.
3, T. 27 8, R. 31 W,, in the northeastern part of Haskell County
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and have been identified by A. B. Leonard of the University of
Kansas:

Mollusks collected from a bed of silty clay in the SEY4 NEY
sec. 3, T. 27 S, R. 31 W., Haskell County

Aquatic forms Terrestrial forms
Menetus eracuous (Say) Succinea grosvenori Lea
Gyraulus cristatus (Linnaeus) Vertigo cf. morset Sterki
Gyraulus cf. hirsutus (Gould) Pupilla muscorum (Linnaeus)
Gyraulus parvus (Say) Vollonia cf. costata (Muller)
Lymnea parva (Lea) Discus anthonyi cronkhitei (Pilsbry’

Lymnea palustris (Muller)

Lymnea humilis (Say)

Lymnea caperata (Say)

Pisici'um species

This fauna is believed by Leonard (personal communication) to
compare more closely with the fauna of Smith’s Jones Ranch beds
than with any other Pleistocene fauna from southwestern Kansas;
hence these beds probably are equivalent in age to the Kingsdown.

Water supply—The Kingsdown silt lies wholly above the water
table in the Grant-Haskell-Stevens area and therefore does not yield
water to wells. It is partly saturated at a few places in Meade
County where it yields small quantitics of water to a few wells
(Frye, 1942, p. 110).

Terrace deposits

Smith (1940, pp. 126, 153) reported two or possibly three ter-
races along the Cimarron Valley in southwestern Kansas, including
a high-level terrace north of Elkhart in Morton County about 70
to 75 feet above the flood plain, at levels of 20 and 55 feet above
the flood plain in northwestern Stevens County, and terraces at
levels of 20, 55, and 80 feet above the flood plain in Seward County.

Frye and Hibbard (1941, p. 420) reported a prominent terrace
that attains a maximum height of 100 feet or more above the level
of the Cimarron River. The beds of sand and gravel underlying
this terrace are reported to be channeled into the Meade and Ogal-
lala formations.

Several terraces have been observed in the Cimarron Valley by
Hibbard and the writer during recent studies in southwestern Kan-
sas, but their altitudes have not been determined and correlation
between outcrops is difficult. The high terrace reported by Smith
in southwestern Morton County is at an altitude of approximately
3,480 to 3,490 feet above sea level, whereas the altitude of the
stream bed 2 miles northwest of the outcrop is about 3,380 feet;
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thus, the terrace is at least 100 feet above river level and is about
50 feet below the level of adjacent upland areas. The gravel un-
derlying this terrace contains very coarse pebbles and cobbles of
water-worn fragments of sandstone which probably were derived
from Mesozoie rocks. In addition, there are numerous fragments
of reddish vesicular basalt which are characteristic of terrace de-
posits along the Cimarron Valley.

Another terrace deposit crops out in Morton County in a road
cut north of Wilburton. This deposit is about 20 feet above stream
level and is similar lithologically to the high terrace mentioned -
above except that it contains fewer fragments of sandstone and
is much finer-grained. This deposit contains many fragments of
red siltstone and sandstone which probably were derived from out-
crops of redbeds at Point of Rocks and farther west.

The terrace deposits exposed in Morton County in a road cut at
the north approach to the Rolla bridge probably are no more than
30 feet above stream level and may be equivalent to the terrace
deposits north of Wilburton. The gravels in these deposits are
channeled into beds that are believed to be a part of the Rexroad
formation.

In southeastern Seward and southwestern Meade Counties are
many outcrops of terrace deposits. The highest terrace deposits in
southeastern Seward County are 30 to 50 feet below the upland sur-
face and are approximately 200 feet above stream level. The de-
posits consist of coarse sand and gravel derived from both igneous
and sedimentary rocks, and include many water-worn blocks of
sandstone more than 6 inches long. The deposits also contain
cobbles of reddish vesicular lava which resemble closely those
found underlying the high terrace in Morton County. Some of
these boulders are more than 12 inches in diameter. Water-worn
fragments of “mortar beds” also have been found, some of which
contain small water-worn pebbles of caliche.

The highest terrace deposits form a prominent bench of the sides
of the Cimarron Valley where they are channeled into the upper
part of the basal sand and gravel of the Meade formation and into
the overlying reddish silt and sand. They are exposed typically
in a small draw in the south-central part of Sec. 17, T. 34 S, R. 31
W, Seward County.

Another prominent terrace is at a much lower level in the Cimar-
ron Valley in Meade and Seward Counties. The deposits underly-
ing the terrace are at least 50 feet above stream level and are chan-
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neled into Laverne and Rexroad (?) deposits. In the vicinity of
the Liberal and Arkalon bridges, terraces also have been observed
at levels of about 40 or 50 feet above the stream. The deposits
forming these terraces are channeled into the basal sand and gravel
of the Meade formation and into the Rexroad (?) formation.

Frye and Hibbard (1941, p. 420) report that teeth of Paraelephas
columbr (Falconer) have been taken from the high-terrace deposits
in the Cimarron Valley south of Meade. The remains of fossils
and the fact that the terrace deposits are channeled into the Meade
formation indicate that this terrace was formed during very late
Pleistocene time and that almost all the downcutting in the Cimar-
ron Valley was during late Pleistocene and Recent time.

The terrace deposits lie wholly above the water table and yleld
no water to wells in the Grant-Haskell-Stevens area.

RECENT SERIES
Alluvium

Recent alluvium occurs along the floor of the Cimarron Valley
(Pl. 12) and along some of its tributary valleys, including North
Fork Cimarron Valley and Lakin Draw, but the alluvium was
mapped only along Cimarron River (Pl. 1). The principal constit-
uents in the alluvium are sand, silt, and gravel containing lesser
amounts of clay. Very little is known about the thickness of the
alluvium in this area, for during the investigation only one test
hole was drilled into the alluvium of Cimarron River in southern
Grant County (log 28) and it penetrated 70 feet of alluvium.

Alluvium yields water to a few domestic and stock wells in the
Cimarron Valley, North Fork Cimarron Valley, and Lakin Draw,
but the yield of these wells generally is small. One well (46), how-
ever, supplied water for irrigation in Lakin Draw, but no data on
the yield are available. Water in the alluvium generally is hard
but can be used for most domestic and farm purposes (see analyses
106 and 119).

Dune sand

Most of Stevens County and small parts of Grant and Haskell
Counties are underlain by dune sand that probably is of Recent age
(P1.1). The dune sand overlies parts of the Meade and Kingsdown
formations and in northwestern Stevens County it overlies the
alluvium of the Cimarron River Valley. The sand contains uniform
medium-grained well-rounded quartz grains and in places it con-
tains a small amount of silt and clay.
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Two types of topography are recognized in the sand-dune areas
in Grant, Haskell, and Stevens Counties (Pl. 1) which are reflec-
tions of the stage or phase of erosion of the sand dunes. The first
type is characterized by typical dune-sand topography wherein the
sand dunes generally are grass-covered moderately steep irregular
hills between which are small valleys and undrained basins. This
type is best exposed in northernmost Grant and Haskell Counties
and in northwestern Stevens County near the Cimarron River. The
second type of dune-sand topography comprises broad subdued
swells and swales and has a thicker soil which is extensively culti-
vated. This type is most common in areas south of the Cimarron
River,

Smith (1940, pp. 159-165) described an ideal dune cycle in his
discussion of sand dunes in southwestern Kansas. The cycle con-
sists of two phases: (1) an eolian or active phase during which the
dune is built up, and (2) an eluvial or passive phase during which
vegetation prevents further growth and the dune is subdued by
weathering and creep. He divides the eluvial phase into stages of
youth, maturity, and old age. In the youth stage the soil zone is
formed and slopes are reduced. The dune becomes mature when
its profile is smooth and regular and when its soil becomes thicker
and more stable. Old age is reached when the dune form is in-
distinguishable. He states that the eluvial phase in any stage may
be interrupted by rejuvenation.

Most of the sand dunes in the Grant-Haskell-Stevens area are
in the eluvial phase of the dune cycle although a few dunes are in
the eolian or active phase (PL 11). The types of dune sand
mapped in Grant, Haskell, and Stevens Counties are (1) those that
produce a typical sand-dune topography and which are in the youth-
ful and mature stages of the eluvial phase of the dune cycle, to-
gether with the few dunes that are in the eolian phase of the cycle,
and (2) those that produce a relatively flat topography and which
are in the old-age stage of the eluvial phase of the dune cycle. The
boundaries between the two types and between the old-age dunes
and areas not covered by dunes are indistinct in many places; hence
they are shown on Plate 1 by dashed lines.

The thickness of the dune sand in the Grant-Haskell-Stevens
area is not known, but it probably does not exceed 50 or 60 feet.
Where the dunes have reached the old-age stage the deposits are
relatively thin. Where the dunes are in a younger stage the de-
posits are thick at the crests of the dunes but are thin in areas be-
tween crests.
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The age of the dune sand is not known, but most of it probably
was laid down in Recent time. In northwestern Stevens County the
dune sand covers all of the southern part of the Cimarron Valley
from the upland to the edge of the river channel; hence it overlies
the terrace deposits and the alluvium (Pl. 12). Inasmuch as the
dune sand in that vicinity is younger than the alluvium, it probably
is of Recent age. In some places, however, there may be dune sand
of Pleistocene age, for Smith (1940, p. 128) reports an older dune
sand in the railroad cut southwest of Kismet in Seward County
which is moderately well indurated and is separated from overly-
ing younger less consolidated dune sand by a well-defined soil zone.

The dune sand lies above the water table in Grant, Haskell, and
Stevens Counties and, therefore, yields no water to wells; however,
it forms ideal catchment areas for rainfall and hence assists in the
recharge of underlying formations.
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WELL RECORDS

Information pertaining to water wells in Grant, Haskell, and Stev-
ens Counties is tabulated in the following pages (Tables 18, 19, and
20). The numbers in the first column correspond to the well num-
bers on the map (Pl. 2) and in the tables of analyses (Tables 11,
12, and 13). The numbers in the first column that are in paren-
theses indicate wells from which samples of water were taken for
analysis,
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Grant, Haskell, and Stevens Counties 163

WELL LOGS

Listed in the following pages are the logs of 60 wells and test
holes in Grant, Haskell, and Stevens Counties, including 46 test
holes drilled by the State and Federal Geological Surveys (1-46),
13 water wells (47-59), and one gas-test well (60). The locations
of the test holes are shown on Plate 3 and most of the water wells
are shown on Plate 2. Test holes 1, 2, 8, 4, 5, 23, 35, and 38 were
drilled as a part of the investigation of the geology and ground-
water resources of adjacent counties.

1. Log of test hole 1 at the SW corner sec. 36, T. 26 S., R. 33 W., Finney

County, drilled by State and Federal Geological Surveys, 1941. Surface

altitude, 2,915 feet. (Authority, samples studied by Perry M. MecNally
and Bruce F. Latta.)

Thickness, Depth,
feet ° feet
Soil, sandy, dark ... i 3 3

Undifferentiated Pliocene and Pleistocene deposits
Silt and sand, fine to coarse; tan; containing shell frag-

MEDES .. ..eeiviieenereneosanannsencsaneoneanneannss 27 30
Gravel, fine to coarse, containing thin lenses of tan silt

L3 Ty T 85 115
Silt and sand, fine; tan, brown, and gray................ 25 140
Sand, medium, to gravel, medium; brown............... 8 148
$and, fine, BFOWN . ..uveiiiiiier i 6.5 154.5
8and, medium, to gravel, medium; brown............... 35 189.5
8ilt, clayey and sandy, tan.............cooiiiiiiiiainn. 7.5 197
8ilt and sand, fine; medium gray; containing shell frag-

T 1 4 201
Silt and sand, fine; tan .....viiiieiiiiiie e, 3 204
Gravel, fine to coarse; containing silt and sand.......... 40 244
(‘:lﬂ}’, silty and sandy, gray, blue gray, and tan.......... 20 264
Sand, lime-cemented, hard, blue gray................... 8 272
Clay, gilty, blue gray; containing shell fragments. ....... 8 280

lay, silty and sandy, soft, blue black; containing gastro-

Pod fragments and ostracodes ....................... 10 290
S’_‘“dy coarse, to gravel, coarse; brown................... 23.5 313.5
Bilt ang sand, fine; limy; tan and light gray............. 7.5 321

“‘_’. medium, to gravel, medium; brown; containing

light-gray sandy silt ......oeovieiiiiiiiiiiii... 10 331
Silt, clayey and sandy, tan and light gray; containing

thin caliche beds ...veereenrenneeirieiniiiniann.n. 31 362

nd, fine, tan to brown; containing some coarser sand

B I R 9 371

d ang gravel; lime-cemented; light gray; and caliche,

White | 19 390
Clay, Silty, tan and Bray -...c.vvivriiiiiiiiniiiii 20 410
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164 Geological Survey of Kansas

Thickness, Depth,
feet

feet
Clay-shale, silty, tan and brown........................ 41 451
Sand, medium, to gravel, fine; brown................... 18 469
Clay, silty, yellow tan .........ccoivieiviinenenn, PN 12.5 481.5

Dakota formation
Shale, soft, yellow tan and light gray; containing thin

beds of maroon-red sandstone...........ccvocvn.... 8.5 490
Sandstone, red, ye]low tan, and red brown.............. 7 497
Shale, silty, yellow tan........cccoviiiiiiiierinnanannnn 3 500

2. Log of test hole 2 at SE corner sec. 34, T. 26 S., R. 36 W. Kearny County,
drilled by State and Federal Geological Surveys, 1941. Surface altltude,
3,091 feet. (Authority, samples studied by Perry M. McNally and Thad
G. McLaughlin.)

Dune sand T A
Sand, fine, tan to gray........coiiiiiiiiiiiiiiii e 30 30

Undifferentiated Pliocene and Pleistocene deposits
Sand, fine to coarse, brown..................c0iiall, 18 48
Silt and sand, fine; tan to brown....................... 35 83
Sand, fine, brown; containing clay and pebbles of caliche, 7 90
Sand, coarse, to gravel, coarse; brown.................. 45 135
Gravel, fine to coarse, brown..........oveeuvvnrennnn... 5 140
Sand, coarse, to gravel, coarse; tan to brown............ 35 175
Sand, medium, to gravel, fine; brown................... 4 179
Sand, coarse, to gravel, coarse; brown................... 21 200
Sand, medium, to gravel, medium; brown............... 16 216
Clay, silty, gray tobuff..................... ... . ... 7 223
Sand, medium, to gravel, fine; brown................... 101 324
Clay, silty, varicolored.............coovvienenarnne... 10.5 3H4.5
Sand, coarse, to gravel, coarse; brown................... 10.5 345
Silt and sand, fine; tan to gray; and caliche............. 35 380
Silt and sand, fine; tan to gray; and clay, black.......... 10 390
Sand, fine, to gravel, fine; brown....................... 10 400
Clay, silty, tan t0 gray.......cooeevevinineenennnnnnnn... 6 406

Dakota formation
Sandstone, dark brown, and clay, varicolored..... e 1 407
Sandstone, white t0 gray........ccooiviiiiiiiiininan... 3 410

3. Log of test hole 3 at SE corner sec. 33, T. 26 S, R. 37 W., Kearny County,
drilled by State and Federal Geological Surveys, 1941. Surface altitude,
3,074 feet. (Authority, samples studied by Perry M. McNally and Thad

G. McLaughlin.) .
Thickness, Depth,

feot feet

Soil, sandy, brown..............ciiiiiiiii i 4 4
Undifferentiated Pliocene and Pleistocene deposits

Clay, silty, greenish gray..........ccoviviininnnna., 6 10

Clay, silty to fine sandy, gray..........ccovveviinnn.... 5 15

Clay, silty and fine sandy; tan to gray.................. 21 36

Sand, fine, and silt; tan............. ... il 4 40
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Grant, Haskell, and Stevens Counties

Thickness,
foet
Clay, sandy, and silt; tan...............covviiiiiian, 30
Silt and sand; fine; tan.............coiiiiiiiiiiiiiena, 10
Silt, sand, and gravel.......c.coiiiiiiiiiiii i 3
Silt and sand, fine; brown........coiiiiiiiiiiiiiii 19
Silt and sand, fine; tan; contains gravel................. 48
Clay, silty, tan, containing fine sand and gravel.......... 2.5
Clay, silty and fine sandy, dark gray.................... 47.5
Clay, silty, dark gray, containing lenses ‘of sand and
o 27 ) N 9
Silt, sand, and gravel; brown.....................o000 11
Sand, medium, and gravel, fine......................... 12
8ilt, and sand, fine; light gray.............oiveiiia.. 12
Clay, silty and fine sandy; tan.............c.coeevenen. 56
Dakota formation
Sandstone, white, containing concretions of ironstone..... 20

165

Depth,
feet

70

80

83
102
150
172.5
220

229
240
252
264
320

340

4. Log of test hole 4 at SE corner sec. 31, T. 26 S., R. 38 W., Kearny County,
drilled by State and Federal Geological Surveys, 1941. Surface altitude,
3203 feet. (Authority, samples studied by Perry M. McNally and Thad

G. McLaughlin.)

Thickness,
feet
Soil, sandy, brown ..........ciiiiiiiiiiiiiiiiiiiie 1
Undifferentiated Pliocene and Pleistocene deposits
Silt and sand, fire; tan to gray....................... 17
Sand and gravel; contains silt ......................... 15
Silt and sand, fine; tan ........ceveiiiiiiiiieiiiiee 11.5
Sand, medium, to gravel, coarse; brown ................. 30
Caliche, white ........coiiiiiiiiiiiiiiiiiiiennennnn, 1.5
Sand, medium, to gravel, coarse; brown ................ 6
Silt and sand, fine; tan to gray ...............c.ininnn 39
Caliche, soft, light gray to white ...................... 14

Caliche, tan, containing fragments of brown sandstone.... 7
Dakota formation

Sandstone, brown, and clay, yellow .................... 3

Shale and sandstone; varicolored ...................... 8.5
Shale, sandy, blue gray, and sandstone, fine ............ 1.5
Shale and sandstone, fine; varicolored ................. 2.5
Sandstone, rusty brown ..........ciieiiiiiiiiiiiine., 2.5

Depth,
feet

1

18
33
4.5
74.5
76
82
121
135
142

145
153.5
155
157.5
160

5. Log of test hole 5 at the NE comer sec. 31, T. 27 S, R. 30 W., Gray
County, drilled by the State and Federal Geological Surveys, 1941. Surface
altitude, 2,837 feet. (Authority, samples studied by Perry M. McNally

and Bruce F. Latta.)

Thickness,
feet
Soil, sandy, dark .........cociiiiiiiiii i 2
Undifferentiated Pliocene and Pleistocene deposits
Silt and sand, fine; tan......c.ciiiiiiiiiii i, 5
Sand, fine, to gravel, medium; brown.................... 5

Google
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fret
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Thickness, Depth,
feet feet

Silt and sand; tan; contains pebbles and nodules of

caliche and some gravel in lower part................. 48 60
Sand, fine, to gravel, medium; silty; brown............. 18 78
Silt to sand, medium; limy; light gray and light tan..... 32 110
Sand, coarse, to gravel, coarse; brown................... 49 159
Silt and sand, fine; tan .......ciiiiiiiiiiii e 1 160
Sand, coarse, to gravel, coarse; brown; lower 10 feet is

partly cemented ........ T e teeetieeteaaeananaaa, 66 226
Silt, sand, gravel, and caliche; poorly sorted; contains

pebbles of “mortar beds” ............ il 14 240
Silt to sand, coarse; limy; tan and gray................. 3.5 243.5
Sand, coarse, to gravel, medium; brown................. 16.5 260
Silt, tan, containing a little sand and gravel.............. 1 271
Sand, medium, to gravel, coarse; brown................. 26 297
Silt and sand, fine to coarse; gray and tan; containing

gravel ... e e 53 350
Sand, fine to coarse, tan .......... ..., 19 369
Silt and sand, fine; tan ......... ... .. .. .. Ll 8 377
Sand and gravel, fine to medium; containing abundant

pebbles of brown sandstone ......................... 27 404

Dakota formation

Sandstone, concretionary, brown ....................... 3 407
Clay, gritty, yellow, light gray, and brown.............. 3 410

6. Log of test hole 6 at the NE corner sec. 1, T. 27 S., R. 31 W, drilled by
State and Federal Geological Surveys, 1942. Surface altitude, 2,793 feet.
(Authority, samples studied by Oscar S. Fent and Thad G. McLaughlin.)

Thickness, bs-pth,
feet feet
Soil, sandy, gray.. ..o e 2 2
Undifferentiated Pliocene and Pleistocene deposits
Silt, blocky, gray.....ccoiiiiiiiiiiiiiiii et 6 8
Sand, medium, red, containing finc gravel and soft red silt, 8 16
Sand, coarse to medium, brown, and gravel, fine; con-

taining soft gray silt..... ... .. i, 7 23
Sand, coarse to medium, brown, and gravel, fine; con-

taining caliche ....... ... ... ... il 5 28
Gravel, medium to fine, and sand, coarse to medium;

BrOWD .o e e e, 22 50
Gravel, coarse to fine, and sand, coarse.................. 10 60
Gravel, medium to fine, and sand, coarse to medium.... 17 77
Silt, soft, buff; contains coarse to medium sand and

coarse to fine gravel ......... ... .. il 5 82
Gravel, coarse to fine, and sand, coarse to medium; con-

tains compact tan silt and caliche.................... 8 90
Silt, compact, light tan, and sand, coarse to medium;

contains medium-grained gravel ..................... 4 94
Gravel and sand; coarse to fine...................... ... 6 100
Gravel and sand; coarse to fine; containing soft yellow silt, 15 115

Google
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Thickness,
feet
Silt, clayey, white, and sand, coarse to medium.......... 5
Gravel, medium to fine, and sand, coarse to medium;
containing soft white silt .................ccieiiialn 17
Silt, compact, buff, and sand, medium to fine; containing
coarse to fine gravel and caliche..................... 3
Silt, compact, white, and sand, medium to fine; contain-
ing medium gravel and caliche...............cc0iatts [
Silt, compact, buff and white, and sand, medium to fine;
containing coarse to fine gravel...........ccovuvueen 18
Gravel, medium to fine, and silt, compact, buff and white;
containing coarse- to medium-grained sand............ 6
Gravel, coarse to fine, containing caliche ............... 7
Silt, compact, light tan, and sand, coarse to medium.... 3
Gravel, coarse to fine, and caliche ..................... 8
Silt, compact, light tah and white, and sand, medium .... 2
8ilt, compact, gray to tan, and gravel, fine to coarse;
containing medium sand and caliche.................. 10
Silt, compact, light tan and gray, and sand, coarse to fine;
containing coarse to medium gravel and caliche...... 10
Silt, compact, light tan and gray, and sand, coarse...... 8
Sand, medium to fine, and silt, soft, light tan; containing
medium to fine gravel ............coiiiiiiiiieennnn 12
Silt, compact; gray; contains medium sand, hard, blocky
gray-grecn clay, coarse gravel and caliche ........... 10
Sand, medium to fine, and silt, soft, buff, containing
caliche ... ..ot i i it e 10
Sand, coarse to fine, containing soft buff silt and caliche, 10
Sand, coarse to medium, containing caliche and soft
buff Silt .ooviviiiii e et a e, 12
Caliche and clay, soft, ycllow, containing medium to
fine AN .....iciiiiiii ittt 5
Grareros shale
Shale, silty, gray to gray black ........................ 19
Shale, fissile, gray to blue gray; contains fine gray to
white sandstone and pyrite .............oiiiinen., 12.5
Dakota formation
Sandstone, fine, hard, gray .............coiiiiiiniin.... 2.5
Sandstone, very fine, poorly consolidated, light gray to
gray, containing gray to brown clay ................. 59
Bandstone, fine, calcareous, light gray, and clay, soft, gray, 10
Clay, light gray, and sandstone, gray; contains pyrite.... 10
Clay, light graY .......coovviiiiiieiiiiiiiiinennnnn, 10

Go 3lc
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Depth,
feet

120
137
140
146
164
170
177
180

188
180

210
218

230
240

250
260

272
277
296
308.5
311
370

380
390
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7. Log of test hole 7 at the SE corner sec. 24, T. 27 S., R. 34 W, drilled by
State and Federal Geological Surveys, 1942. Surface altitude, 3,007 feet.
(Authority, samples studied by Oscar S. Fent and Thad G. McLaughlin.)

- Thickness, Depth,
feet feet
Soil, clayey, Bray......ccceviiiiirirnnieiiinetciiananns 1 1
Undifferentiated Pliocene and Pleistocene deposits
Silt, soft, yellow gray, containing nodules of caliche...... 7 8
Sand, fine to coarse, brown, containing nodules of caliche, 24 32
Silt, soft, fine sandy, tan, containing caliche.............. 16 48
Sand, fine to coarse, and gravel; tan.................... 25 73
8ilt, soft, sandy, and sand, coarse to medium; tan....... 9 82
Sand, coarse to fine, and gravel, fine; containing caliche
and buff silt.......cociiiiiiiiiiii e 34 116
Sand, coarse to fine, and gravel, coarse to fine; containing
soft buff silt and caliche........................0L0, 244 360
Silt, clayey to sandy, tan to gray and white; contains
medium to fine gravel and a little sand and caliche.... 80 440
Silt, medium to fine sandy, soft, compact, gray to tan and
buff; contains a little fine gravel and caliche......... 80 520
Silt, clayey, compact, brown and gray green, containing
much caliche .........cooiiiiiiiiiiiiiiiiiiaieans 20 540
Clay, silty, compact, greenish yellow and brown......... 10 550
8Silt, clayey, compact, greenish yellow and brown; con-
tains reworked pebbles of sandstone................. 40 590
Kiowa shale
Shale, fine sandy, dark gray to black.................... 30 620
Shale, fine sandy, soft, gray, containing sandy nodules
AN PYTILE ..vivineniirnnneenerarareraennaeaeaennans 10 630
Shale, clayey to sandy, laminated, hard, gray to black.... 10 640

8. Log of test hole 8 at the SW corner sec. 34, T. 27 S, R. 37 W, drilled by
State and Federal Geological Surveys, 1942. Surface altitude, 3,088 feet.
(Authority, samples studied by Oscar S. Fent and Thad G. McLaughlin.)

Thickness, Depth,
feet feet
Soil, silty to fine sandy, compact, tan to brown.......... 1 1’

Undifferentiated Pliocene and Pleistocene deposits
Silt, fine sandy, compact, gray to dark gray and brown;

contains a little fine gravel and caliche............... 9 10
Sand, fine, brown, containing silt....................... 2.5 12.5
Silt and sand, fine; brown; containing gravel and caliche, 5.5 18
Silt, white to light gray and tan, containing fine to medium

tan gravel and coarse tan sand...................... 19 37
Sand and gravel, fine to coarse; brown; containing silt... 3 40
Clay, compact, buff to tan, containing silt and fine sand... 10 50
Silt and clay; sandy; compact; light gray, gray, grayish

green, tan,and buff............... ..ol 70 120
8ilt, sandy, light gray to tan, containing coarse gravel and

a little caliche............ ... . ccoiiiiiiiii i, 20 140

Go glc
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Thi;:ek;ess,
8ilt, sandy, compact, light gray to reddish tan, containing
alittleclay ..oovviviiiiiiiiiiiaiiiiiieneaen, veess 13
Sand, fine to coarse, brown .........cc.oevivnniiieennnnn. 7
8ilt, sandy, white to tan, containing gravel and caliche.... 10
Gravel and sand; fine to coarse; dark gray to brown..... 35
Gravel, fine to coarse, and silt, sandy, white to tan....... 5

Silt, light gray to reddish tan, containing sand and caliche, 15
Dakota formation
Sandstone, fine-grained, hard, and siltstone, soft; yellow

0 - 5
Sandstone, fine-grained, hard, and shale, soft; gray to yel-
Jow brown . .vviviiiiiiiiiii ittt eianeas 10

169
Depth,
feet

213
220
230
265
270
285

290

300

9. Log of test hole 9 at the SE corner sec. 32, T. 27 S., R. 38 W, drilled by
State and Federal Geological Surveys, 1942. Surface altitude, 3,118 feet.
(Authority, samples studied by Oscar 8. Fent and Thad G. McLaughlin.)

Thickness,
. eet
Boil, Bilty, BTAY . ..vvniiiiiiiii i 1
Undifferentiated Pliocene and Pleistocene deposits
§ilt, sandy, buff, containing gravel, sand, and clay........ 13
Clay, silty, compact, buff to tan ............c.vvunnnnes 6
Silt, fine sandy, buff to tan............coeiiiiiiniin... 13
8ilt, sand, and gravel; poorly sorted; gray to gray green,
tanp, and buff ..... ... i i 33
Silt, sandy, gray to brown, containing caliche............ 4
Silt, sandy, gray and white, containing fine gravel........ 7
8ilt, sandy, compact, buff, containing a little caliche..... 33
Sand and gravel, fine to coarse; light gray to buff; con-
taining Silt ...oiiiiiiiiiiii e ettt e 30
8ilt, fine sundy, buff and gray, containing gravel and a
Jittle Clay «vviirt ittt it et 40
8ilt, compact, dark tan to brown, containing fragments of
charcoal .....coeeiiiiiiiiiiie it i 10
Gravel, fine to coarse, containing silt and fine sand;
Jpoorly sorted; buff to brown .................. ceenns 40
Silt and gravel, fine; buff to tan; containing sand....... 24
Clay, compact, blocky, dark tan to brown; contains silt
and a little charcoal ..........cciiiiiiiiiiiiiiinien, 28
Silt and gravel, coarse; buff to white; containing sand
and caliche .....voeieineeinnrnncenncannrnoscensanass 6

8ilt, sandy to clayey, compact, dark tan, containing caliche, 2
Silt and gravel, medium to coarse; white to buff; con-
taining sand, caliche, and clay................ccvuuse 10
Dakota formation
Bandstone, fine-grained to very fine-grained, varicolored,

containing siltstone and clay............cooviiia, 10
Clay, in part sandy, dark tan to brown and red, contain-
ing yellow-brown sandstone and ironstone............ 30

Go glc

Depth,
feet

1
14
20
33
66
70
77

110
140
180

190

230

254

282

288
290

300

310

340
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Thickness, Depth,
feet feet

Sandstone, fine- to coarse-grained, fairly well cemented,
yellow brown to dark rusty brown; contains siltstone

and elay ... e e, 10 350
Clay, soft, compact, varicolored; contains fine sandstone,

gilt, and ironstone ................iiiiiiiiiiieaanenn 35 385
Clay, fine sandy, gray ........cccvviiiiirennninnennnnns 15 400

Kiowa shale

Shale, clayey, soft, fissile, gray to gray black, containing

fragments of pyrite and charcoal ................... 50 450
Shale, fine sandy, gray .....cccceeeiiiiiiiniiieniniinaes 30 480
Shale, soft, compact, fissile, gray black to black, contain-

ing fragments of white sandstome ................... 22.5 502.5
Shale, clayey to fine sandy, soft, light gray and gray.... 7.5 510
Shale, clayey, gray black and black .................. 10 520

Cheyenne sandstone
Sandstone, fine- to coarse-grained, poorly cemented, well

sorted, white ..............ciiiiiiiiiiiiiiiiiiaa 10 530
Sandstone, fine-grained, poorly cemented, white......... 33 563
Shale, clayey, soft, light gray and light green............ 7 570
Sandstone, fine-grained, poorly cemented, white ........ 20 590
Sandstone, very fine-grained, well cemented, white ...... 1.5 591.5
Shale, silty to clayey, soft, light gray and green; con-

tains fragments of hard sandstone (Morrison (?) for-

10T 12103 1) 6.5 598

Permian redbeds i
Siltstone, soft, red ............. ... . i 2 600

10. Log of test hole 10 at the SE comer sec. 25, T. 28 S, R. 31 W, drilled by
State and Federal Geological Surveys, 1942. Surface altitude, 2,832 feet.
(Authority, samples studied by Oscar S. Fent and Thad G. McLaughlin.)

Thirkness, Depth,
feet feet
Soil, 8ilty, Bray.....coiiiriiii it i e 2 2
Undifferentiated Pliocenc and Pleistocene deposits
Silt, soft, greenish gray, containing nodules of caliche.... 4 6
Silt, soft, brown......... ... ool i e 3 9
Silt, clayey, compact, buff, containing sand and nodules
of caliche ..... ... i i, 11 20
Silt, clayey, soft, buff, containing fine to coarse sand, fine
gravel, and caliche...........ccoeovviiiiiiiint.. 20 40
Sand, fine to coarse, containing silt, fine gravel, and
caliche ... .ot i e 5 45
Silt, compact, pinkizh tan, containing sand, fine gravel,
and caliche .......... ... ittt 13 58
Sand, fine to coarse, and gravel, medium to coarse; con-
taining tan and buff silt..............c.c0iiiiiin... 4 a2
Silt, compact, gray brown and white, containing caliche,
sand, and gravel............o i, 19 81

Go glc
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Thickness, Depth,
feet feet
Sand and gravel; fine to coarse; containing silt and frag-
ments of caliche...........cooviiiiiiiiiiiinnennn 69 150
Silt, compact, gray and buff, containing sand, gravel, and
1) Y-S 13 163
Sand and gravel; fine to coarse; containing fragments of
-1 1 63 226
Silt, clayey, micaceous, soft, compact, blue gray to yellow
brown; contains fine to coarse sand.................. 4 230
Silt, clayey, blue gray to yellow brown; contains fine to
medium sand.......coiveiiiiiiiiii e 10 240
Silt and clay; in part micaceous; blue gray; contains fine
to coarse sand and a little gravel.................... 110 350
Gravel, medium to fine, and sand, coarse to fine; partly
consolidated ............cciiiiiiiieiiiii 12 362
Silt, compact, buff; contains fine gravel, fine to coarse
sand, and caliche.............ooiiiiiiiiiiiiiie 68 430
Gravel, fine, and sand, coarse to fine; containing frag-
ments of silt and caliche................oiint. 46 476

Dakota formation
Clay, in part laminated, soft, varicolored, containing

_ ironstone and yellow-brown to red-brown sandstone... 4 480
Silt, clayey, soft, yellow and gray, containing ironstone
and fine-grained, hard, yellow and brown sandstone... 10 490

1. Log of test hole 11 at the SE corner sec. 36, T. 28 8., R. 31 W, drilled
by State and Federal Geological Surveys, 1942. Surface altitude, 2,838
feet. (Authority, samples studied by Oscar S. Fent and Thad G. Mec-
Laughlin.)

Thickness, Depth,
feot feet
Soil, silty, gray brown..........ooiviiiiniiiiiaea. 1 1
Undifferentiated Pliocene and Pleistocene deposits
Silt, soft, gray brown, containing nodules of caliche.... 6 7
Silt, soft, buff to tan and white. containing very fine
sand and nodules of caliche ........................ 23 30
Silt, soft, buff, containing fine to medium sand ........ 7 37
Silt, soft, red brown, containing caliche and fine to coarse
sand and gravel .......... . .oiiiiiiiiiiii e 23 60
Gravel, fine to coarse, and sand, coarse; containing buff
1L 2R 11 71
Silt, compact, tan, containing caliche and fine to coarse
sand and gravel ........ ... i iiiiiiiiiieiieaaee 9 80
Sand, coarse to medium, and silt, compact, buff; contain-
ing fine to coarse gravel ...............c.c00iiiints 10 90
Gravel and sand; fine to coarse; in part cemented; con-
taining buff and white silt, and fragments of caliche.. 47 137
Silt, compact, buff to tan, containing fine to coarse sand
And gravel ... it 13 150
Sand and gravel; fine to coarse; containing a few frag-
ments of silt and caliche .................... ... 240 390
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12. Log of test hole 12 at the NW corner sec. 6, T. 28 8., R. 32 W, drilled
by State and Federal Geological Surveys, 1942. Surface altitude, 2,935
feet. (Authority, samples studied by Oscar S. Fent and Thad G.
McLaughlin.)

Thickness, Depth,
feet feet
Boil, fine sandy, gray.......coiiiiiiniiiiiiiiiiiiiien., 1 1
Undifferentiated Pliocene and Pleistocene deposits
Silt, soft, brown gray, containing fine sand............... 2 3
8ilt, soft, blocky, yellow, containing fine sand and nodules
of caliche .........ciiiiiiiiiiiniiineneresiacnnnnnns 3 6
Silt, soft, red; contains fine to coarse sand, fine gravel,
and nodules of caliche .............c.c.cioiii, 8 14
Silt, soft, gray to light buff and tan, contammg very fine
to coarse sand and nodules of caliche................ 26 40
Sand, very fine to coarse, containing caliche and fine
0 21 ) S 19 59
Sand, very fine to coarse, in part cemented, containing tan
| 15 74
Sand, very fine to coarse, and gravel, fine; containing buff
1 16 90
Silt, soft, buff, and sand, very fine to coarse; containing
caliche and fine to medium gravel.................... 15 105
Gravel and sand; fine to coarse; containing a little tan
) 64.5 168.5
Silt, clayey, yellow gray, containing fine to coarse sand... .5 170
Sand and gravel; fine to coarse; containing a little silt
and caliche ........cviiireiiiiiii ittt 80 250
Silt, clayey,.in part laminated, gray to blue gray and
buff, containing a little sand......................... 116 366
Gravel, medium to fine, and silt, clayey, compact, lami-
nated, blue gray and gray green; contains caliche.... ¢ 370

Gravel, medium to fine, and sand, coarse to medium;
contains clayey, compact, laminated, blue-gray and

gray-green Silb ........iiiiiiiiiiiiiii it 20 390
Gravel, medium to fine, and sand, coarse to medium;
containing caliche and gray silt ..................... 50 440

Silt and clay; compact; buff and blue gray; contains
medium to coarse sand, medium to fine gravel, and

caliche ......coiiiiiiiiiiiiiiii i it e, 30 470
Gravel, fine, and sand, coarse; containing caliche...... 10 480
Silt, compact, buff, containing fine to coarse sand and

fine to medium gravel ...........coiiiiiiiiiiini, 10 490
Silt, soft, light buff to tan, containing fine to very fine

.1 Vo 27 517
Gravel, fine to medium, and sand, coarse to medium;

containing caliche ............. .. ... oL, 20 537

Dakota formation
Sandstone, light yellow brown to red brown, containing
varicolored clay ....... ... ittt 33 570
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13. Log of test hole 13 at the SW corner sec. 31, T. 28 S, R. 32 W., drilled
by State and Federal Geological Surveys, 1942. Surface altitude, 2,942
feet. (Authority, samples studied by Oscar S. Fent and Thad G. Mc-
Laughlin.)

Thickness, Depth,
) feet feet
Soil, silty, brown ....... ... 1.5 1.5
Undifferentiated Pliocene and Pleistocene deposits
8ilt, soft, light brown to yellow brown, containing very

fine to coarse sand and fine gravel ................ 14.5 16
Silt, clayey, compact, white to tan, containing fine sand

and gravel .......... i iiiiiiiiiiiiiiiii i iii i 26 42
Sand, coarse to fine, containing silt and fine gravel ..... 18 60
Silt, soft, brown, containing fine to coarse sand and fine

s 221 (O 14 74
Sand, fine t0 COBISE ........ccviiiiiiiiieiiiiiiniaaen. 4 78
Silt, compact, brown, containing caliche and fine to coarse

sand and gravel .......... ... .ol 3 81
Sand and gravel; fine to coarse ...........c.ccviiaanaas 16 97
Sand, fine to coarse, and silt, soft, bufi and tun; con-

taining fine to coarse gravel ........................ 13 110
Sand and gravel; fine to coarse; containing a little caliche

andbuffsilt.............o i 30 140
Sand and gravel; fine to coarse ..............o.0iin.n, 50 190
Sand, fine to coarse, and gravel, fine to coarse; contain-

ing silt, clayey, yellow buff ................ccev... 9 199
Silt, clayey, soft, yellow to blue gray and greenish gray;

contains caliche and fine to coarse sand and gravel... 31 230
Clay, soft, compact, blue gray to tan; contains a little silt,

sand, and gravel ...... ... ... it 130 360
Gravel and sand; fine to coarse; containing a little silt )

and caliche ......... .. ... . i, 82 442
8ilt, soft, pinkish buff; contains fine to coarse sand, fine

to medium gravel, and much caliche ............... 58 500
Silt, soft, light yellow gray, containing fine to medium

sand and caliche ..., 24 524
Gravel, fine to medium, and sand, fine to coarse; contain-

ing caliche and yellow-gray silt .................... 6 530
8and, coarse to medium, and silt, compact, pinkish buff;

contairming caliche and medium gravel .............. 10 540
Gravel, fine to medium, and sand, fine to coarse; con-

taining caliche .............c.coiiiiiiiiiiiiii,, 40 580
Gravel, fine, and sand, fine to coarse; containing caliche

and light-buff silt ...........ccoviiiiiiiiiiiiin.... 17 597
Gravel, fine to coarse. Pebbles are water-worn frag-

ments of varicolored sandstone ..................... 9 606

Dakota formation

Clay, light gray to buff .....................o L.l 4 610

Go glc
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14. Log of test hole 14 at the NW corner sec. 6, T. 28 8., R. 3¢ W, drilled
by State and Federal Geological Surveys, 1942. S8urface altitude, 3,062
feet. (Authority, samples studied by Oscar S. Fent and Thad G. Mec-

Laughlin.)
Thickness, Depth,

feet feet
Soil, fine sandy, dark gray.......cocoeooiiiiiiii 2 2
Undifferentiated Pliocene and Pleistocene depoxits
Silt, soft, yellowish green, containing fine sand........... 5 7
Silt, soft, brown, containing fine to coarse sand and
nodules of caliche........ccovvvviiiniiiiiii, 8 15
Silt, soft, white, and sand, fine...................... ... 3 18
Sand, very fine to coarse, and silt, soft, gray brown...... 8 26
Silt, soft, tan, and sand, very fine to coarse, tan; con-
taining caliche .........coovvvviiiiiiiiiiiii, 28
Silt, soft, buff and white, and sand, fine to coarse; con-
taining caliche and fine gravel....................... 6 60
Sand, fine to coarse, and silt, buff....................... 16 76
Silt, soft, compact, buff, and sand, fine to medium; con-
taining caliche and fine to coarse gravel.............. 20 96
Gravel, fine to coarse, and sand, coarse to medium; con-
tainifg compact tan and buff silt................. ... 14 110
Sand, coarse, and gravel, fine to medium................ 12 122
Gravel, very coarse to fine, and sand, coarsc............ 31 153
Silt, soft, buff to gray and white, and sand. course to fine;
containing fine to coarse gravel...................... 27 180
Sand, fine to coarse, and silt, soft, white to tan and buff;
containing caliche and medium gravel................ 22 202
Gravel, medium, and sand, coarse to medium; containing
soft buff silt.......cocvviuiiiiiiiiiiii i 8 210
Sand, coarse to fine, and gravel, fine to medium; contain-
ing caliche and buff silt............................. 20 230
Gravel, fine, and sand, medium to coarse; containing
caliche and soft tan silt............................. 7 237
Silt, soft, tan, and sand, medium; containing fine gravel.. 13 250
Sand, fine to medium, and silt, soft, gray and tan; con-
taining fine gravel................. ..ol 20 270
Silt, soft, tan, and sand, fine to coarse; containing caliche
and fine gravel..........ooiiiiiiii i, 16 286
Gravel, fine to medium, and sand, fine to coarse; con-
taining caliche and soft tansilt...................... 14 300
Silt, soft, white and tan, and sand, fine to coarse; con-
taining caliche and fine gravel....................... 9 309
Gravel, fine to medium, and sand, medium to coarse;
containing soft gray silt.................. ... ... ... 21 330
Sand, medium to coarse, and gravel, fine to medium; con-
taining caliche and soft white silt.................... 32 362
Silt, soft, light gray to tan, containing caliche and fine to
medium 8aDd .. ...iiiiiiiiiiiii i e, 38 400
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Thi;:kn(-si, l)foplh,
8ilt, compact, blocky, brown to tan and white, contain- ot ot
ing medium sand..................... ... ... 98 498
Dakota formation ’
Sandstone, yellow brown to red brown.................. 12 510
Clay and silt; varicolored; containing very fine sand.... 10 520

15. Log of test hole 15 at the NW comer sec. 2, T. 28 8., R. 36 W, drilled
by State and Federal Geological Surveys, 1942. Surface altitude, 3,119
feet. (Authority, samples studied by James B. Cooper and Thad G. Mec-

Laughlin.)
Thickness, Depth,

feet feet
Soil, fine sandy, black .............ciiiiiiiiiiien, 1.5 1.5
Cndifferentiated Pliocene and Pleistocene deposits
Silt, fine sandy, friable, brown, containing fine gravel and

fragments of caliche .............cooviiiiiiiiiiiit, 12.5 14
Silt, sandy, soft, gray and tan, and sand, fine to coarse;

containing caliche and fine gravel.................... 16 30
Silt, sandy, compact, tan to gra)’ and white, containing

caliche and fine gravel.............o ..., 32 62
Gravel, fine to very coarse, and sand, coarse to fine...... 29 91
Sand, fine to coarse, tightly cemented................... 2 93
Silt, sandy, soft, gray and yellow........................ 17 110
Sand, fine to coarse, and gravel, fine; containing silt...... 10 120
Gravel and sand; fine to coarse.........cviviirvinninn, 26.5 146.5
Caliche, hard, brittle, and clay, compact; light gray and

WHIte ..ttt 3.5 150
Silt, soft, varicolored, containing fine to coarse gravel.... 10 160
Gravel and sand; fine tocoarse.......cc.ovvviiiiinnnnnnn 7 167
Gravel, fine to medium, and silt, sandy, soft, tan and gray;

containing fine sand ...........ciiiiiiiiiiiiiiiea., 23 190
Gravel and sand; fine to coarse ...........c.vvinininn.. 24 214
Sand, coarse, and silt, sandy, soft, red tan and yellow

03 X032 « W PRI 8 222
Silt, sandy, compact, tan and light gray, containing coarse

.1 Ve I 18 240
Gravel, fine to medium, containing coarse sand.......... 8 248
Silt, sandy, compact, gray, containing coarse sand........ 7 255
Gravel, fine to medium, containing coarse sand.......... 15 270
Gravel, fine to medium, and sand, coarse; contains soft

white silt ... i i 10 280
Silt, fine sandy, soft, blue gray to tan and yellow brown, 20 300
Sand, fine to coarse, and silt, soft, gray to tan and yel-

Jow Brown .......ccciieiiiiiiiiiiniiiiaiiiiiraiien. 18 318
Sand, fine to medium, tightly cemented ................ 4 322
Gravel and sand; fine to coarse ....................... 46 368
Gravel, fine to coarse, and sand, coarse; containing tan

11 20 388
Silt, sandy, soft, tan, containing fine gravel ............. 8 396
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Thi;:kl:eu,
ee'
Gravel and sand; fire to coarse ....................... 10.5
Clay, brown, containing limonite ...................... 3
Silt, sandy, compact, tan to white ..................... 30.5
Silt, clayey, compact, tan ..........c.ciiiiiiiiiiiianans 10
Silt, sandy, tan, containing fragments of caliche ....... 20
Silt, clayey, compact, tan ............cc.iiiiiiiiiiiinn, 10

Dakota formation
Siltstone, fire sandy, varicolored, and sandstone, hard,
yellow and brown; containing fragments of ironstone, 10

168. Log of test hole 16 at the SW corner sec. 35, T. 28 S, R. 36 W, drilled
by State and Federal Geological Surveys, 1942. Surface altitude, 3,052
feet. (Authority, samples studied by Oscar S. Fent and Thad G. Mec-

Laughlin.)
Thickness,
feet
Soil, fine sandy, gray black ............. ... .ol.L 3
Undifferentiated Pliocene and Pleistocege deposits
Silt, soft, gray brown ..............ciiiiiiiiiiiinn, 5
Silt, compact, blocky, gray green ...................... 2
Silt, soft, yellow brown ........c.coveviiiiiiiiinnn.... 17
Silt, coarse sandy, soft, red brown ..................... 4
Silt, coarse sandy, soft, red brown, containing coarse
gravel and nodules of caliche ...................... 12
Gravel, very coarse to fine, containing clayey gray-brown
gilt ....... et tteteatenetaetetettenetntenntananonns 17
Gravel, fine to coarse, and sand, coarse to medium..... 21
Clay, compact, light tan .................cociiniina.. 19
Silt, sandy, soft, light tan .................cooiiiiilt, 24
Sand, coarse to medium .............ooiiiiiiiiiia.., 7
Silt, clayey, compact, blocky, tan and buff to gray ..... 68
Silt, clayey, soft, Bray ....ccvviieiinrineiiiniinennnenn 11
Silt, compact, blocky, gray to brown, containing a little
;2 Vo [ RN 30
Clay, compact, gray to gray green ...........c...c.e.. 40
Silt, fine sandy, light brown ........................... 20
Silt, clayey to sandy, compact, white to light brown,
containing sand and gravel ................... veee. 40
Gravel, medium to fine, and sand, coarse to fine......... 5
Silt and clay; sandy; soft; light gray to white; contain-
ing sand and gravel ........ciiiiiiiiiiiiiiiiiiinens 15
Gravel, fine, and sand, fine to coarse; containing caliche.. 16
Clay, laminated, hard, gray green ...........cco00uennn. 4

Sand, medium to fine, containing compact gray silt.... 20
Dakota formation
Sandstone, soft, and clay; varicolored; containing iron-
17 ) o1 PN 20
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17. Log of test hole 17 at the SW corner sec. 34, T. 28 S, R. 37 W, drilled
by State and Federal Geological Surveys, 1942. Surface altitude, 2,996
feet. (Authority, samples studied by James B. Cooper and Thad G.

MecLaughlin.)
Thickness, Depth,
feet

feet
Soil, sandy, brown to black............cieiiiiiiinan.., 2.5 2.5
Undifferentiated Pliocene and Pleistocene deposits
Gravel, fine to medium, containing silt and fine sand.... 5.5 8
8ilt, compact, light tan to gray, containing fine sand and

Oy ittt i i i i i ettt 2 10
Sand, fine to medium, tan........ccoiiviiiiiieiiiinnnnn 2 12
Silt, compact, light tan and buff, containing fine sand and

clay ................. Wesseccecscasccossrssennne esesen 18 30
Sand, fine to coarse, red brown, containing buff silt...... 3 33
§ilt, sandy, compact, containing buff clay................ 7 40
Silt, sandy, buff, and sand, fine to coarse; containing fine

to coarse Bravel .........ciiiieiiiiiiiiiiiienicianns 19 59
8and, fine to coarse, containing fine gravel and buff silt.. 41 100
Silt, light gray, and sand, fine to coarse, brown.......... 10 110
Sand, fine to coarse, brown..........ccoiiiiiiiiiiien.. "6 116
8ilt, sandy, compact, gray to tan.................. Ceeens 4 160
8ilt, clayey, compact, tan, containing sand............... 45 205
Gravel and sand; fine to coarse; containing silt and

liche ....ooviineiriiiiiicitierenenncrasensanasannas 28 233
Silt, sandy, compact, gray and yellow tan; contains sand,

fine to coarse gravel, and caliche............... cernes 7 240
Gravel, fine to coarse, and sand, fine; contains soft red-

L7 Y1 A 10 250
Silt, sandy, light gray to tan, containing caliche......... 40 290
§ilt, clayey, compact, gray green and dark tan, containing

caliche ....ovviiiiiiiii ittt iiiiieiteeeeitticennans 11 301
Gravel, fine to medium, containing fine sand, silt, and

caliche ....vvviiiiiiiiiiiiiiiii ittt ieiie e 18 319

Dakota formation
Sandstone, fine-grained, rusty brown to yellow, containing
ironstone and varicolored clay.......cooeveiuienennn. 11 330

8. Log of test hole 18 at the SE corner sec. 36, T. 29 S, R. 31 W., drilled
by State and Federal Geological Surveys, 1942. Surface altitude, 2,823
feet. (Authority, samples studied by Oscar S. Fent and Thad G. Me-
Laughlin )

Thickness, Depth,
feet feet

Boil, gray L.iuiee e
flerentiated Pliocene and Pleistocene deposits A
8ily, soft, tan, containing nodules of caliche.............. 3 6
8ilt, blocky, brown, containing coarse gravel............. 4 10
8, clayey, compact, white to buff, containing fine sand

a0d nodules of caliche........covveuemunnnrnerennns 11 21

12-2135
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Thi‘gkx:ess,
e
Sand, coarse to fine, containing silt, soft, buti............ 4
Silt, soft, buff to reddish tan, containing sand, gravel,
and nodules of caliche......................c.oltt. 33
Gravel, medium to fine, and sand, coarse to medium..... 13
Silt, compact, white and gray buff, containing fine to
medium sand, coarse gravel, and caliche.............. 11
Silt, clayey, compact, gray green and tan, containing
sand and caliche..............cciiiiiiiiiiiieinan... 8
8ilt, compact, yellow tan, containing fine gravel and fine
to coarse BaDd..........coiiiiiniiiiiiei i eeaaa 8
Gravel and sand; fine to very coarse; containing a ht.tle
soft buff and yellow-gray silt.....................c... 129
Silt, soft, buff and gray, containing caliche and very fine
to medium sand ...........cciciiiiiiiiii i 13
Clay and silt; soft; light gray to blue gray and buff..... 100
Silt, soft, gray, containing fine to coarse sand and medium
tofinegravel ...... ..ottt 13
Silt, compact, gray buff; contains fine gravel, fine to
coarse sand, and caliche...................c......... 5
Gravel, fine to medium, and sand, fine to coarse......... 22
Gravel, medium to fine, and sand, coarse to fine; con-
taining soft buff silt and caliche..................... 16
Silt, compact, buff, containing fine to coarse sand and fine
gravel ... e 4
Gravel, fine, and sand, coarse to fine; containing caliche
and soft gray silt........ccooiiiiiiiiiii i 12
Caliche, sandy, white, and silt, compact, white; contain-
ing fine to coarse sand.................oiiiiiia.. 6
Dakota formation
Clay, silty, soft, yellow......................ooiiiii, 2
Sandstone, fine-grained, hard, yellow brown, and clay,
soft, gray brown ............. ..ol 10
Clay, varicolored, and sandstone, very ﬁne-gramed yel-
low to red brown; containing ironstone............... 10
Clay, silty, yellow gray, containing .fine-grained to very
fine-grained brown sandstone and iromstone.......... 30
Clay, yellow gray, containing brown siltstone ........... 9
Sandstone, very fine-grained, very hard to soft, dark gray;
containing soft clay .........c.coiiiiiiiiiiiiiiia... 11
Kiowa shale
Shale, soft, dark gray, containing very finc sand, in part
consolidated .............. ... i, 20
Shale, sandy, very hard, dark gray, and clay, soft, gray
black to black ... 10
Shale, soft, thinly laminated, gray and black, containing
9112 o 8 (- PP 24
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Thickness, Depth,

feet feet
Shale, soft, light gray, containing fine-grained gray-white
and white sandstone..................... Peeereneens 31 575
Permian redbeds
Siltstone, soft, clayey, dull red to light gray............. 25 600

19. Log of test hole 19 at the SE corner sec. 36, T. 28 S., R. 33 W, drilled
by State and Federal Geological Surveys, 1942. Surface altitude, 2,935
feet. (Authority, samples studied by Oscar 8. Fent and Thad G. Me-

Laughlin.)

Thickness, Depth,
feet feet
Soil, silty, gray brown .......... ettt 2 2
Undifferentiated Pliocene and Pleistocene deposits
8ilt, soft, yellow gray, containing fine to coarse sand.... 4 6
Silt, soft, tan, containing nodules of caliche ........... 2 8
Silt, soft, buff, containing fine to medium sand and no-
dules of caliche .........ccoiviviiiiiiiiiiiiinnans, 19 27
Silt, clayey, compact, tan ..........ccceeiiiiiiiiein.n.. 3 30
8ilt, soft to compact, tan and white, containing fine to
coarse sand and caliche ............................. 30 60
8and, coarse to fine, and silt, soft, gray and buff; con-
taining caliche and fine gravel ...................... 20 80
8ilt, soft, gray buff, containing fine to coarse sand and
nodules of caliche ............coviviiiininiiniennnns, 2 82
Sand and gravel; fine to coarse; contains caliche and
soft gray and gray-buff silt ......................... 40 122
Silt, soft, buff, containing fine to medium gravel and
fine to coarse sand ...............iiiiiiiiiinian.., 4 126
Gravel, coarse to fine, and sand, coarse to medium; con-
taining soft buff and white silt...................... 21 147
Silt, compact, buff and tan, contains fine to coarse sand,
fine to medium gravel, and caliche ................. 27 174
Gravel, medium to fine, and sand, coarse to fine, con-
taining soft buff and white silt and caliche......... 24 198
§ilt, clayey, soft, white to light blue and buff, contain-
inch caliche and coarse to medium sand ........... 11 209
Gravel, coarse to fine, and sand, coarse to medium ...... 126 335
8ilt, elayey, soft, blue gray to white and buff, containing
caliche ......ccovinirnenniiiiiieitiieiaaenaannnn, 25 360
C.lﬂ}', silty, compact, blue gray, containing caliche ...... 10 370
8ilt, clayey, soft, laminated, blue gray ................. 53 423
Gravel, fine, and sand, coarse to fine; containing ealiche, 17 440
Gravel, fine, and sand, coarse to fine; containing soft
buff silt and caliche ............................. 21 161

Dakota ‘formation,
“andstone, very fine-grained, containing soft yellow to
WRCIBY it 19 180
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20. Log of test hole 20 at the NE corner sec. 1, T. 20 S.,, R. 35 W., drilled
by State and Federal Geological Surveys, 1942. Surface altitude, 3,013
feet. (Authority, samples studied by James B. Cooper and Thad G.
McLaughlin.)

Thickness, Depth,
feet feet
Soil, sandy, dark brown.............ccheiiiiiiniien.... 1 1

Undifferentiated Pliocene and Pleistocene deposits

8ilt, sandy, compact, buff to dark brown, containing

fine to coarse gravel and blue-gray clay.............. 9 10
Silt, fine sandy, soft, light brown to buff, containing fine

to coarse gravel and caliche.......................... 2 12
8ilt, sandy, soft, brown to buff and white, containing fine

to coarse gravel and caliche ............coo0vvnvnnnn. 31 43
Sand, fine to coarse, and gravel, fine; contains sandy

brown silt and nodules of caliche..................... 7 50
Sand and gravel; coarse to fine................c00unn.., 88 138
Silt, sandy, compact, buff to gray and white............. 22 160 ~
Clay, compact, blocky, yellow buff and gray............. 110 270
Gravel, fine to coarse, and sand, medium to coarse....... 100 370 -
Sand, fine to coarse, and gravel, fine; containing silt..... 5 375
Silt, sandy, compact, white to dark gray, containing com-

pact tan clay .......cciiiiiiiiiiiii i iiii i 5 380
Gravel, fine, and sand, fine to coarse.................... 40 420

Dakota formation
Clay and silt; varicolored; containing fragments of sand-
stone and ironstone ............ccciiecenieninaniana. 31 451
Silt, compact, dark brown .... eeeeesrerenttetnaececnnnn 9 460
Clay, soft, yellow to white and gray, containing hard yel-
low-brown siltstone and fine-grained hard yellow-brown

BANAStONE .......ceiiiiiieiiiiiiiettr e 40 500
Clay, fine sandy, hard, gray, containing yellow-brown silt-
170 1T 10 510
Kiowsa shale
Shale, clayey, dark gray to black, containing sandy gray
Bhale ...iiiiiiiiiniiii i it e 112 622
Shale, clayey, s0ft, ray .......ccieiiriiiiierrineennanns 21 643

Cheyenne sandstone
Sandstone, very fine-grained, soft, in part cemented, white

O BIAY v oiviiiinennnaiai et ttettiteriineeaaanans 46 689
Permian redbeds

Siltsone, clayey, soft, brick red............... .. ..ol 11 700

Google
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21. Log of test hole 21 at the SW corner sec. 35, T. 29 S., R. 36 W, drilled by
State and Federal Geological Surveys, 1942. Burface altitude, 2,933 feet.
(Authority, samples studied by Oscar S. Fent and Thad G. McLaughlin.)

Thickness, Depth,
feet feet

Soll, fine sandy, gray brown..........cccen...... gerenes 1 1
Undifferentiated Pliocene and Pleistocene deposits
Silt, tan, containing nodules of caliche................... 4 5
Silt, soft, BRIk ETAY «cvevninrnerernenereeereaenenaenanas 2 7
Silt, compact, blocky, grayish green to greenish brown.. 3 10
Sand, fine to coarse, brown..........coovuvevnenininnnn.. 17 27
Gravel and sandstone; brown; containing brown and light-
buff eilt and caliche ........coovvvviiiniinniiinennan, 13 40
8and, coarse to fine, dark brown........................ 3 43
Silt, compact, buff, containing caliche................... 3 46
Clay, compact, buff to white and pink, containing silt and
alittlesand ... ..ottt e H 80
Voleanic ash, brittle, partly indurated, white to gray and
pink brown ......cciiiiiiiiiiiiiiiiiiiie i iiieaeaas 7 87
Clay, compact, gray green and brown ................... 4 91
Clay, silty to fine sandy, gray to dark buff, containing
caliche ... .cvviiiiiiiiiiiniriitienrenrnreenannennns 21 112
Sand, silt, and clay; compact; gray and tan............. 8 120
Silt, sandy, pink, and clay, silty, gray green.............. 10 130
Clay, silty to fine sandy, buff; contains clay, fine gravel,
and caliche ........oiviiiiiiinennerninrenrennnnnnnns 28 158
Sand, silt, and clay, compact, tan and gray to brown..... 12 170
Siit, coarse sandy, soft, buff and gray, containing hard
blocky gray-green clay ............ciiiiiiiiiiia.. 20 160
Silt, compact, tan, and sand, medium to fine, brown..... 10 200
Sand, coarse to fine, brown, and silt, compact, tan to white, 20 220
Gravel, coarse to fine, and silt, fine sandy to clayey, buff
and white; containing caliche ....................... 20 240
Silt, clayey, buff to gray and green gray; contains sand,
gravel, and caliche ...........oieiiiiiiiiiiiiit, 10 250
Caliche, and silt, sandy, gray to buff; containing sand
and gravel ..........iiiiiiiiiiiiiiiii e, 10 260
Sand, medium, and silt, light buff to tan and gray green;
containing caliche .............ccoviiiiniiiit.. 30 290
Silt, sandy, soft, light buff to gray green and tan, con-
taining caliche .................. ol 10 - 300
Clay, compact, blocky, green brown .................... 11 311
Sand, medium to fine, in part cemented ............... 15 326
Clay, compact, blocky, dark tan ...................... 24 350
Silt, tan, containing fine gravel and fine to coarse sand.. 10 360
Sand, coarse to medium, gray brown, containing light-
tan St ... e e 61 421
Dakota formation
Sandstone, fine-grained, varicolored, containing ironstone, 91 512
Permian redbeds
Shale, silty, brick red ...l 8 520
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22. Log of test hole 22 at the NW corner sec. 33, T. 28 S, R. 38 W, drilled
by State and Federal Geological Surveys, 1942. Surface altitude, 3,115
feet. (Authority, samples studied by James B. Cooper and Thad G.

McLaughlin.)

Thickness, Depth,
feet feet
Soil, sandy, brown, containing fine gravel .............. 2 2

Undifferentiated Pliocene and Pleistocene deposits
Silt, sandy, light gray to light brown, containing couarse

-2V P 11 13
Silt, sandy to clayey, compact light gray to tam ...... 13 26
Sand, medium to coarse; contains coarse gravel, ycllow

and light-gray sandy silt, and compact clay ......... 14
Silt, sandy, soft, white and yellow brown ............... 3 43
Gravel, medium to coarse, and sand, fine to coarse .... 5 48
Silt, clayey, compact, tan ........cieiiiiiieiiiii. ... 12 60
Silt, sandy, tan and light gray, containing coarse gravel

and caliche ........ovviiiiiiiiiiiiii i 8 68
Gravel, medium to coarse, containing silt and fine to

coarse BANA ...ttt e 17 85
Silt, sandy, compact, tan .................iiiiii., 15 100
Silt, clayey, compact, gray and tan to red tan, contain-

ing sand and caliche ................. . ..ol 52 152
Gravel, fine to medium, and sand. fine to coarse; con-

taining silt ... ... i 22 174
Silt, sandy, soft to fairly compact, gray and white to red

tap, containing sand and gravel .................... 76 250
Gravel and sand; fine to coarse; containing gray to

brown silt and caliche ................ooiiiiilL, 92 342
Silt, sandy, compact, gray, and gravel, fine to medium;

containing fine sand and caliche .................... 30 372
sSand, fine to coarse, and gravel, fine to medium; con-

taining tan silt ... i i il e 8 380
Silt, sandy, compact, tan gray, containing fine to medium

gravel and coarse sand ............iciiiiiiiiiiaas, 30 410
Silt, fine sandy, compact, gray and yellow ............. 13 423
Gravel, medium to very coarse, containing water-worn

pebbles of ironstone and sandstone ................. 5 428

Dakota formation
Sandstone, fine-grained, very hard, varicolored, contain-
ing red and yellow clay and fragments of ironstone.. 22 450

23. Log of test hole 23 at the NW corner sec. 6, T. 31 S, R. 30 W., Meade
County, drilled by State and Federal Geological Surveys, 1940. Surface
altitude, 2.795% feet. (Authority, samples studied by Perry M. McNally

and John C. Frye.)
Thickness, Depth,
feet feet

Soil, brown ... e e 1 1
Undifferentiated Pliocene and Pleistocene deposits

Silt and sand; fine, gray tan..............o il U 8

Sand, fine to medium, brown.............. .. ... L 4 12
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Thi;:kx:ess,
ee!
Sand, fine, and silt; containing gray-tan caliche.......... 79
Sand and silt; brown; cemented caliche................ 6
Sand and gravel; brown............... .o, 11
Silt, fine sand, and caliche......................o.oill 2
Sand and gravel; brown and tan........................ 232
Sand, fine, silt, and caliche; gray................... ..., 18
Silt, fine sand, and caliche; gray........................ 31
Sand, ZraY ...ceiiiiiiiiiiiii e 21
Sand, fine, silt, and caliche; pink tan................... 8
Sand, BroWn ....civiiniiiiiii i i i 11
Sand and silt; cemented with caliche.................... 19
Silt, fine sand, and caliche; tan......................... 20
Sand, fine, silt, and caliche; gray; contains remains of
PlANES ... iiiiiiiiiiiiii i ittt 20
Silt, caliche, and fine sand; tan and gray................ 23
Caliche, silt, and fine sand; yellow; contains thin beds of
sandstone and beds of pink-red clay................. 17

183
Depth,
feet
91
97

108
110

391
412
420
431

470

490
513

530

U. Log of test hole 24 at the SW corner sec. 31, T. 30 8., R. 32 W, drilled
by State and Federal Geological Surveys, 1943. Surface altitude, 2,897
feet. (Authority, samples studied by James B. Cooper, Oscar S. Fent,

and Thad G. McLaughlin.)

Thickness,
ect

Undifferentiated Pliocene and Pleistocene deposits
Silt, clayey to sandy, dark brown to red brown, containing
caliche ....oooiiiii i e e,
Silt, soft, white and gray, containing fine to medium sand,
Silt, sandy, compact, dark tan and gray, containing fine
gravel ... ... e
Silt, soft, brown, containing fine to medium sand........
Silt, compact, white and gray, containing caliche.........
Silt, gray to light tan and brown, containing fine to
medium sand and caliche............................
Sand, red brown, containing fine to coarse gravel and silt,
Silt, red brown and gray, containing caliche and very
fine 8AN ..i.iiiiiii i i e
8and, red brown, containing fine gravel and silt..........
Silt, soft, red brown, containing fine to medium sand.....
Sand and gravel; coarse to fine..................on.n.
Silt, compact, gray, containing coarse gravel and caliche. .
d, yellow brown, containing fine to coarse gravel.....
Gravel, fine to coarse, containing silt....................
nd, coarse to fine, containing fine to medium gravel...
d, coarse to fine, containing fine to medium gravel
T B L
Gravel, fine to coarse, and sand, coarse to medium; con-
_taining soft light-gray silt........cccviiiiiiii.....
S‘llt, soft, light gray, containing coarse to medium sand..
("m"d, medium to fine, and sand, coarse to medium
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Thickness, Depth,
feet feet
8Silt, soft, yellow gray, containing coarse to fine sand..... 3 260
. Gravel, fine to coarse, and sand, coarse to medium; con-
taining soft gray apd tan silt.................c.oot, 13 273
Silt, clayey, soft, yellow brown and light gray, containing
medium to finesand .......c.0iiiiiiiiiiiiiiiiian 7 280
Sand and gravel; coarse to fine; containing a little silt
and caliche .......cooviiiiiiiiiiiiiiiiiiiiiiiannnans 113 393
Silt, soft, white and gray to buff and brown, containing
fine to coarse sand and gravel and nodules of caliche... 47 440
Clay, blocky, tan, containing caliche.................... 10 450
Silt, soft, white, and gravel, fine; containing fine to coarse
sand and tan blocky elay .......cevviiiiiiiiiinnain.. 10 460
Sand, coarse to medium, consolidated, containing soft
light-gray silt ......ooiieiiiiiiiiiiinniiiiininnnnnnn. 11 471
Silt, soft, blue gray to gray buff and yellow buff, contain-
ing fine to coarse sand .......ciiiiiiiiiiieiiinian, 24 495

Dakota formation
Clay, silty, soft, yellow, and sand, very fine; containing
fine-grained yellow and brown sandstone............. 5 500
No sample recovered .......... e 10 510

25. Log of test hole 25 at the SE corner sec. 36, T. 30 S., R. 32 W., drilled
by State and Federal Geological Surveys, 1943. Surface altitude, 2,837
feet. (Authority, samples studied by James B. Cooper, Oscar S. Fent, and

Thad G. McLaughlin.)
Thi;‘kr;ess, Depth,
ee

feet
Soil, sandy, gray black ...........ooiiiiiiiiiiiiii, 1.5 1.5
Undifferentiated Pliocene and Pleistocene deposits
Silt, micaceous, soft, yellow gray....................... 3.5 5
Silt, micaceous, soft, red brown, containing fine sand and
caliche ....ccviiiiiiiii ittt e i 5 10
Silt, compact, buff and tan; contains fine to coarse sand,
caliche, and fine gravel ............. ... .ol 39 49
Sand, medium to fine, containing soft tan silt and caliche, 6 55
Clay, compact, light buff, containing fine sand........... 9 64
Silt, compact, red tan; contains fine to coarse sand, fine
gravel, and caliche ............c.ocoiiiiiii, 18 82
Sand and gravel; coarse to fine; containing soft gray
to tan and yellow-brown silt and caliche ............ 50 132
Silt, soft, yellow brown ............coiiiiiiiiiilL, 3 135
Gravel, fine to coarse, and sand; medium to coarse...... 5 140
Silt, clayey, soft, yellow buff, containing coarse to fine
sand and caliche ...t 14 154
Sand and gravel; coarse to fine; containing soft buff
and yellow-gray silt ...........ooiviiiiiiiiiiiia, 63 217
Silt, soft, gray, containing medium to fine sand......... 9 226
Sand, coarse to fine, containing fine to medium gravel
and eoft gray silt ....... ..o, 24 250
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Thickness, Depth,

Clay and silt; soft; blue gray; containing fine sand.....
Sand, coarse to fine, gray, containing medium to fine
gravel ... ... i it i
Clay and silt; compact; partly laminated; blue gray to
gray and buff; containing fine sand ................
Sand, coarse to fine, and gravel, medium to fine; contain-
ing ealiche .......ciiiiiiiiiiiiiiiiii it
Silt, soft. white to pink, containing coarse to fine sand
and caliche .........cccoiiiiiiiiiiii e
Caliche and silt, soft, light brown; containing medium
to fine gravel and coarse to fine sand ...............
Clay, compact, tan, containing pyrite and fine to me-
dium sand .....iiiiiiei e
Sand, fine-grained, consolidated, containing caliche......
Silt, fine sandy, partly consolidated, cream-colored to
tan, containing caliche ............cociiiiiiiiiiinn,
Sand, fine to medium, partly cemented, containing a
little silt ... oo e
Permian redbeds
Siltstone, brick red .......oiiiiiiiiiii i e

feet feet
23 273
5 278
67 345
31 376
14 390
b4 417
27 444
26 470
25 495
21 516
14 530

%. Log of test hole 26 at the NW corner sec. 6, T. 30 S, R. 3¢ W, drilled
by State and Federal Geological Surveys, 1942. Surface altitude, 3,011
feet. (Authority, samples studied by James B. Cooper and Thad G. Me-

Laughlin.)

Thickness, Depth,

Soil, compact, brown...........c.oiiiiiiiiiii i
Undifferentiated Pliocene and Pleistocene deposits
Silt, sandy to fine sandy, compact, white to tan and light
brown, containing fine gravel and fine to medium sand,
Sand, fine to coarse, and gravel, fine; containing tan silt. .
Sand, fine to coarse, containing fine gravel..............
Sand, coarse, containing silt...................iiuaa.n.
Silt, sandy, compact, light brown to buff and white; con-
tains fine to medium sand, fine gravel, and caliche. ...
Gravel, fine to coarse, and sand, fine to medium; contain-
ing a little tan silt............oiiiiiiiiii,
Silt, fine sandy, compact, light brown and yellow buff,
containing caliche .......... .. ..o iiiiiiiiiiiiia..,
Gravel, fine to coarse, and sand, medium to coarse.......
Silt, sandy to fine sandy, ycllow buff to brown and gray,
containing a few fragments of ironstone..............
Silt, clayey, soft, gray to yellow and buff................
Silt, sandy to clayey, gray to yellow and brown, con-
taining coarse gravel ...............ciiiiiiiiiia..,
Clay, compact, blocky, gray and buff, containing soft
light-brown and gray silt
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Thi;:kr:ess, D;:n:h,
Gravel, fine, brown, and sand, coarse; containing yellow * =
BIltatone ............iiiiiiiiiiieiiiiea st ai e 5 200
Gravel and sand; fine to coarse; containing a little rusty-
brown and yellow siltstone.......................... 173 463
Clay, silty to fine sandy, light yellow to yellow buff and
43011 < 37 500

Dakota formation
Siltstone, clayey, compact, yellow to yellow brown, con-

taining yellow sandstone...........ecvevevniiiannnen 10 510
Clay, compact, light gray, containing yellow to yellow-
brown siltstone and buff to yellow sandstone......... 12 522
Sandstone, fine-grained, soft, white to yellow and buff,
containing ironstone and a little silt................. 86 608
Permian redbeds
Siltstone, clayey, soft, brick red..................... 7 615

27. Log of test hole 27 at the NW% sec. 32, T. 30 S, R. 34 W., on the west
side of county road about 0.27 mile south of railroad crossing, drilled by
State and Federal Geological Surveys, 1943. Surface altitude, 2,842 feet.
(Authority, samples studied by Oscar S. Fent and Thad G. McLaughlin.)

Thickness, Depth,
feet feet
Dune sand
Sand, medium to very fine, containing soft brown silt.... 4 4

Undifferentiated Pliocene and Pleistocene deposits
Sand, coarse to medium, and gravel, fine to coarse; con-

taining nodules of caliche...............ccooieaana... 13 17
Silt, soft, buffl ...... ... 2 19
Sand, coarse to fine, containing nodules of caliche........ 7 26
Silt, soft, gray to black, containing fine to coarse sand

and fine gravel ........ ... iiiiiiiiiiiiiiiieiiienn 11 37
Sand, coarse, and gravel, fine to coarse.................. 23 60
Silt, micaceous, soft, gray, containing fine sand and

caliche ... .viiiiiii it it et 3 63
Gravel, fine to coarse, and sand, coarse................. 35 98
Silt, soft, buff, containing sand, coarse to medium........ .5 98.5
Gravel, coarse to fine, and sand, medium to coarse; con-

taining a little caliche and silt................... ... 161.5 260
Silt, soft, buff, containing fine to coarse sand and gravel

and a little caliche .......c.coveiiiiiiiiiiiniinnonns, 12 272
Gravel, medium to fine, and sand, coarse to medium..... 8 280
Gravel, medium to fine, and silt, soft, buff; containing

coarse to fine sand........c.ciiiiiiiiiii e 7 287
Silt, soft, buff, containing fine to coarse sand and fine

gravel ... i 16 303
Sand, coarse to medium, and silt, soft, buff; containing

fine to medium gravel and caliche.................... 23 326

Google
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Thickness, Depth,

feet feet
Dakota formation
Sandstone, fine-grained to very fine-grained, yellow to
brown, containing ironstone, silt, and yellow to buff
Ol ittt e ittt et ireaaeseiaas 14 340
Silt, clayey, soft, white to light yellow containing very
fine-grained yellow to red-brown sandstone........... 10 350

28. Log of test hole 28 at the NW corner sec. 35, T. 20 S., R. 36 W., drilled
by State and Federal Geological Surveys, 1942. Surface altitude, 2,897
feet. (Authority, samples studied by James B. Cooper and Thad G.
McLaughlin.)

Thickness, Depth,
feet feet
Road fill ............cooovninn.. e 5 5
Alluvium

Silt, fine sandy to clayey, compact, dark buff ............ 3 8

Sand, coarse to fine, and gravel, fine ................... 3 11

Silt, fine sandy, dark gray to black .................... 3 14

Silt, clayey, brownish gray ................... ... 5 19
Sand, fine to coarse, and clay, sandy, grayish brown;

containing fine gravel and caliche .................. 31 50
Gravel, coarse to fine, brown, containing clay and no-

dules of caliche ............... o il 4 54
Clay, compact, gray to yellow buff and tan, containing

fine sand ........iiiiiiiiii i it 16 70

2. Log of test hole 29 at the SE corner sec. 35, T. 30 S., R. 36 W., drilled
by State and Federal Geological Surveys, 1942. Surface altitude, 2,954
feet. (Authority, samples studied by Oscar 8. Fent and Thad G. Mec-
Laughlin.)

Thickness, Depth,
feet feet
Soil, sandy, gray brown ........... ... ... ... 1.5 1.5
Undifferentiated Pliocene and Pleistocene deposits
Silt, sandy, red brown, containing caliche ............... 5.5 7
Silt, sandy to clayey, blocky light gray green, contain-
ing caliche ....... ... ... ... i i, 3 10
Silt and clay; sandy; compact; gray green and brown;
containing caliche ................... ... ... ...l 16 26
Clay, compact, buff pink .............................. 2 28
Silt, red, and sand, coarse to fine; containing compact
buff-pink clay .................... e 2 30
Silt, sandy to clayey, buff to pink, containing caliche.... 14 4
Silt, compact, gray and buff, containing gravel and
caliche ... ..ot i 6 50
Gravel, coarse to fine, slightly cemented, and silt, gray
greer to yellow and brown .......................... 18 68
Sand and gravel; coarse to fine; cemented with calcium
carbonate to form “mortar beds” .................... 2 70
Gravel, coarse to fine, and sand; containing grav-buff
to buff and tan silt and caliche ..................... 20 90
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Thickness,

feet

Clay, compact, yellow gray and tan .................... 20

Clay and silt; tan and blue; containing a little caliche.... 16
Silt, compact, gray brown and tan green to blue, contain-

ing caliche .....ccoviiiiiininiicrirerannnnnannnns M
Gravel, coarse to fine, and sand, coarse to medium; con-

taining clayey silt ........ .. iiiiiiiiiiiiiiiiiiin, 30
Silt, sandy, gray and brown, and gravel, coarse to fine;

containing coarse to fine sand ...................... 10
Gravel, coarse to fine, and sand, coarse; containing silt

and ClaY ... ..eiiiiiiiiie it it 20

Silt, clayey, compact, tan and blue, containing caliche... 30

Dakota formation

Siltstone, compact varicolored containing sandstone and

L 1 20

Depth,
feet

110
126

30. Log of test hole 30 at the NW corner sec. 3, T. 30 S., R. 37 W, drilled
by State and Federal Geological Surveys, 1942. Surface altitude, 3,074
feet. (Authority, samples studied by Oscar S. Fent and Thad G.

McLaughlin.)
Thickness,
feet
Soil, sandy, black ........ccoiiieiiiiiii it 3
Undifferentiated Pliocene and Pleistocene deposits
Silt, fine sandy, gray brown, containing caliche.......... 3
Sand and silt; gray brown to tan; containing caliche..... 13
Sand, medium to fine, partly consolidated............... 6
Silt, compact, tan and white, containing caliche.......... 15
Silt, sandy, light tan to tan, containing caliche.......... 10
Silt, clayey, compact, tan and buff, containing fine sand
and caliche .......coiviiiiiiiiiniiii i 88
Gravel, coarse to medium ........oovviiiiiiiiiiiaienn 5
Silt, sandy, and gravel ......cciiiiiiiiii i, 13
Gravel, medium to fine, and sand, coarse to fine; contain-
ing sandy, soft, pink and buff silt.................... 27
Silt, sandy, soft, Zray ....vvviriiiiiiiiriii i, 2
Gravel, coarse to fine, and sand, coarse to medium; con-
taining caliche .....ccoviiiiiinniiiiiniiiinniiniinn, 13
Silt, sandy, soft, buff to gray, containing sand and gravel, 12
Silt, clayey to sandy, compact, buff..................... 15
Sand, coarse to fine, containing gparse gravel and sandy
compact buff silt........... ettt 25
Gravel and sand; coarse to fine; containing a little
caliche and it ....oviveiiiiiiernnenieniinnniennnns 60
Silt, sandy, tan and gray, containing a little gravel....... 10
Gravel, coarse, and silt, sandy, tan and gray........... .. 10
Silt, sandy, tan and gray, containing a little coarse gravel, 20
Sand, fine, and silt, fine sandy, white and light gray to
buff; containing caliche................ ..ol 18
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Thicknees, Depth,

feet feet
Dakota formation
Sandstone, fine-grained, yellow to brown, containing
clayey gray-green and blue-gray silt.................. 22 3980
Clay, varicolored, and sandstone, soft, yellow to red..... 10 400
Sandstone, fine-grained, soft, yellow, containing fine sandy
gilt and varicolored clay ................cceiininnn 10 410
8ilt, sand, and clay; light blue gray and brick red; con-
taining ironstone ................cieiiiiiiiiiiennanes 10 420
Sandstone, fine-grained, soft, white to yellow and brogm;
containing varicolored clay .................oeienn. 100 520
Permian redbeds
Shale, clayey, brick red...........ccoviviiiniianennnan.. 10 530

31. Log of test hole 31 at .the SE corner sec. 32, T. 30 S., R. 38 W, drilled
by State and Federal Geological Surveys, 1942. Surface altitude, 3,173
feet. (Authority, samples studied by James B. Cooper and Thad G.

. McLaughlin.)
Thickness, Depth,
feet feet
Soil, silty, brown and gray, containing caliche ......... 3 3

Undifferentiated Pliocene and Pleistocene deposits

Silt, fine sandy, light tan and brown, compact, contam-

ing sand, fine gravel, and caliche..................... 15 18
Silt, sandy to clayey, light gray to buff; contains sand,

a little gravel, and fragments of caliche ........... 78 96
Silt, sandy, white to buff and brown, and caliche; contam—

ing sand and gravel ...........coiiiiiiniiiiiiiel e, 24 120
8ilt, sandy, brown and gray, containing caliche and thin

beds of cemented sand and gravel ................. 10 130
Gravel and sand; coarse to fine; partly consolidated near

top; containing a little clay ........................ 80 210
Silt, gray, sandy, compact- contains sand, gravel, caliche,

and a little clay ... ..ottt 25 235
Gravel and sand; fine to coarse; containing sandy tan

to brown silt and caliche ..............ccveevivnnnn.. 5 240
Gravel and sand; coarse to fine; poorly sorted; contain-

ing silt and clay ........iiiiiiiiiiiiiiiiieiaa 32 272
8Silt and clay; sandy; varicolored; containing caliche.... 11.5 283.5
8ilt, sandy, compact, reddish tan ...................... 16.5 300
Gravel, coarse to fine, and sand, coarse to medium; con-

taining silt and elay ... ..iiiiiiiiiiiiiiii e 136.5 436.5

Dakota formation
Sandstone, fine-grained, yellow to rusty yellow and brown,
containing varicolored clay and fragments of iron-

17 Y- 93.5 530
Clay, silty, varicolored, containing gray to yellow and
red sandstone and fragments of ironstone .......... 9 539
Permian redbeds _
Siltstome, in part clayey, brick red ..................... 21 560
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32. Log of test hole 32 at the SE corner sec. 25, T. 31 S., R. 35 W, drilled by
State and Federal Geological Surveys, 1043. Surface altitude, 2,967 feet.
(Authority, samples studied by Oscar S. Fent and Thad G. McLaughlin.)

Thickness, Depth,
feet feet
Soil, sandy, gray black ..............ciiiiiiiiL, 2 2

Undifferentiated Pliocene and Pleistocene deposits
Silt, soft, gray to yellow gray and buff, containing fine to

medium sand .........coiiiiiiiiii i 22 24
Sand, fine, contajning silt, soft, gray buff................ 4 28
Silt, soft, gray buff and buff, containing fine to medium

sand and a little caliche ............................ 7 35
Silt, clayey, yellow buff and buff; contains fine gravel,

fine to coarse sand, and caliche....................... 8.5 43.5
Silt, soft, buff to light gray and pink; contains fine to

coarse sand, fine to medium gravel, and a little caliche, 37.5 81
Clay, silty, light tan, containing fine sand............... 9 90
8ilt, in part clayey, white to buff and pink, containing

fine to coarse sand and gravel and caliche............ 44 134
Gravel, coarse to fine, and sand, coarse................. 22 156
8Silt, soft, yellow gray; contains fine gravel, fine to coarse

sand, and caliche ................. .o, 9 165
Gravel, fine to medium, and sand, coarse to medium..... 17 182
Silt, soft, buf and gray ..., 1 183
Gravel, fine to medium, and sand, coarse to medium..... 9 192
Silt, soft, yellow and light gray, containing very fine sand

and caliche .........cciiiiiiiiiiii it ireeenns 13 205
Gravel, fine to coarse, and sand, coarse to medium; con-

taining a little silt ............... ... ... ... ooilL. 33.5 238.5
Silt, soft, gray, containing medium to fine gravel and

coarse to fine sand ........... ..., 7.5 246
Gravel, fine to medium, and sand, coarse to fine; contain-

ing a little silt and caliche ................ Peeennaann 41 287
Silt, soft, light gray, containing fine to coarse sand...... 5 287.5
Gravel, medium to fine, and sand, coarse to fine; contain-

ing caliche ......cooviiiiiiiii i 20.5 308
Silt, soft, containing fine sand ................... ... ... 1 309
Gravel, fine, and sand, coarse ...............cciiuiann. 4 313
Silt, soft, buff, containing coarse to fine sand and caliche, 4 317
Gravel, medium to fine, and sand, coarse................ 5.5 322.5
Silt, soft, buff and gray; contains fine to coarse sand, fine

to coarse gravel, and caliche......................... 81.5 404
Silt, white to blue gray and buff, containing fine to coarse

sand and caliche ........... ... ool 70 474

Dakota formation
Siltstone, soft, yellow buff, containing fine-grained yellow

sandstone and ironstone .............. 0o, 6 480
Sandstone, fine-grained, soft, and silt, compact; white and
yellow; containing ironstone ..............coovuveenn 10 400
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Thi;:kr:ess,
ee
Silt, light yellow and white, containing very fine-grained

white sandstone ..............iiiiiiiiiiiiiiiieaa 7
Sandstone, fine-grained to very fine-grained, hard, and
silt, soft; white and yellow ........................ 3
Siltstone, in part clayey, soft, and sandstone, fine-grained
to very fine-grained; white to yellow; containing iron-
10 - 17
Clay, varicolored, containing yellow and red siltstone
and very fine-grained sandstone ..................... 29
Permian redbeds
Clay, dark red ......oovnininierein et iaaanens 4
Shale, hard, dark red, containing a little blue-gray shale, 10

191

Depth,
feet

497

517
546

550
560

8. Log of test hole 33 at the NE corner sec. 9, T. 31 S, R. 37 W, drilled
by State and Federal Geological Surveys, 1942. Surface altitude, 3,062
feet. (Authority, samples studied by James B. Cooper and Thad G.

McLaughlin.)
Thickness,
feet
Soil, silty, containing sand, medium, and gravel, fine;
black ....viiiiiiiii it et iiraei e 2
Undifferentiated Pliocene and Pleistocene deposits
Silt, compact, gray and brown; contains fine gravel, me-
dium sand, and caliche ................. .. ..ol 2
Silt, sandy, light brown and tan to gray and white, con-
taining fragments of caliche ........................ 14
Sand, fine to coarse, tan, and silt, sandy. gray and brown, 6
Silt, sandy, white and light gray to tan and red, contain-
ing caliche .............cciiiiiiiiiiiiiiiat, e 31
Silt, clayey, compact, brown, containing caliche ......... 12
Silt, sandy, gray and brown, containing fine to coarse tan
sand and fragments of caliche ...................... 3
Gravel and sand; fine to coarse; partly cemented; con-
taining brown silt ....... ... ... ..o, 7
Silt, clayey, compact, tan, containing caliche .......... 3
Gravel, coarse, and sand, medium, containing tan silt... 4
Silt, fine sandy to clayey, compact, tan, containing fine
to coarse gravel and medium sand ................. 3
Gravel, fine to coarse, tan and brown, and sand, medium;
containing gray sandy silt ................ .. ...l 8
Silt, clayey, compact, tan ........ .. ciiiiiiiiiiiiaeen, 2
Gravel and sand; fine to coarse; containing tan silt.... 18
Silt, compact, tan, containing medium sand and fragments
of ealiche ........coviiiiiiiiiiiiiiiiiiiiiiiienennns 6
Gravel, fine to medium, and sand, fine to coarse ...... 56
Gravel, fine to medium, and sand, fine to coarse; con-
taining yellow and tan silt .................co. .l 15
Silt, fine sandy, compact, gray and tan, containing com-
pact yellow to tan clay .........ccoviiiniiinniinnnn. 12
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Thi;‘kr:ezs. Dfep:h,
o ee!
Gravel, fine to coarse, containing medium sand and frag-
ments of ironstone and sandstone .................. 23 230
Silt, fine sandy, gray and brown ..............ccvenn.. 16 246
Gravel, medium to coarse, containing coarse, tan sand.. 94 340
Gravel, medium to very coarse, containing coarse sand
and fragments of ironstone, sandstone, and red clay.. 23 363
Dakota formation
Sandstone, soft, brown and yellow ..................... 30 393
Siltstone, clayey, hard, red and yellow, containing yellow
SANdBOME ......c.iiiiiiiiiiiiieiiiiii i riiaiaarans 10 403
Sandstone, soft, white and yellow..............covvvnn.. 7 410
Siltstone, fine sandy, soft, yellow tan and gray ........ 10 420
No sample recovered ...........ovveveivnrenenrnenennns 10 430

34. Log of test hole 34 at the SE corner sec. 33, T. 31 8., R. 37 W, drilled
by State and Federal Geological Surveys, 1943. Surface altitude, 3,130
feet. (Authority, samples studied by Oscar S. Fent and Thad G. Mec-

Laughlin.)
Thickness, Depth,
feet feet

Soil, clayey, dark gray to black...................oooll 5 5
Undifferentiated Pliocene and Pleistocene deposits

Silt, soft, blocky, yellow gray, containing fine sand....... 2 7
Silt, soft, brown to cream colored and buff, containing fine

to coarse sand and nodules of caliche................ 33 40
Sand, medium to fine, and silt, soft, buff................. 25 42.5
Clay, silty, compact, buff...........covveiiiiiiiii, 75 50
Silt, clayey, compact, light gray to buff containing caliche

and fine to coarse sand........cceiuerieiiiiiiaiann 19 69
Gravel, very coarse to fine, and sand, coarse to medium.. 23 92
Silt, compact, buff, containing caliche and fine to coarse

78 Vs 60 152
Sand, coarse to medium, and gravel, fine; containing

caliche .....ciiiiiiiiiiiiiiiiiiiitniiiinnriiiennnnnn 10 162
Silt, soft, buff, containing sand, gravel, and caliche....... 18.5 180.5
Gravel, medium to fine, and sand, fine to coarse; con-

taining caliche and soft buff silt..................... 27.5 208
Silt, soft, cream to reddish tan; contains fine gravel, fine

to coarse sand, and caliche.............cc.ei..l. 19 227
Gravel, medium to fine, and sand, coarse................ 9 236
Gravel and sand; consolidated..........covovnvninon ... 4 240
Gravel, medium to fine, and silt, soft, tan; containing

medium to coarse sand ... ... .iiieiiiiiiiiiiiiinann. 7 247
Silt, soft, tan, containing fine gravel, fine to coarse sand,

and caliche ......cociiiiiriiiiiiniiniiiiniiinnan., 23 270
8ilt, compact, blocky, brown...........ccocoviiiiin.... 40 310
Silt, compact, blocky, brown, containing a little gravel |

and caliche ..........ciiiiiiiiii i 9.5 319.5
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Thickness, Depth,

feet feet
Silt, soft, buff and brown, containing medium to fine sand
and caliche ...t it 10.5 330
Silt, compact, blocky, brown, and silt, soft, gray; contain-
ing fine to coarse sand and a little caliche............ 200 530
Silt, soft, light greenish gray and brown, containing fine
to medium sand and a little caliche.................. 32 562

Permian redbeds
Siltstone, brick red, containing a little compact greenish-
Bray Bt ... i it it iei e 8 570

35. Log of test hole 35 at the NW corner sec. 4, T. 31 S, R. 39 W., Morton
County, drilled by State and Federal Geological Surveys, 1940. Surface
altitude 3,193 feet. (Authority, samples studied by Perry M. M¢Nally and
Thad G. McLaughlin.)

Thickness, Depth,

feet feet

Loam, brown to black....... et 3 3
Undifferentiated Pliocene and Pleistocene deposits
Clay, =lty to fine sandy, light brown.................... 5 8
Silt, fine sandy, brown ....... ... i 3 11
Silt, fine sandy, light brown ...........c.. oo, 2 13
Sand, fine, brown, containing caliche and clay........... 4 17
Silt, light brown and gray, and caliche.................. 8 25
Silt, fine sandy, brown ......... .. ciciiiiiiiiiiieea., 4 29
Clay, silty, light brown, and caliche.................... 12 41
Silt, light gray, fine sandy .............coiiiiiiiiiiiien, 2 43
Silt, fine sandy, light brown ............................ 3 46
Sand, fine, reddish brown .................. ...l 8 54
Silt, fine sandy, brown, and caliche...................... 10 64
Clay, silty, light brown...................oooiiiial, 5 69
Sand, fine, and silt; brown ......... ... ..ol 4 73
Silt and caliche ..o 5 78
Sand, fine, brown, and caliche ................. .. ... 9 87
Sand, fine, light brown to gray, and caliche.............. 10 97
Sand, fine, brown .......... ... il 11 108
Silt, light gray to white ............ ... 6 114
Sand, fine, brown to gray ............ ..ol 23 137
Sand, medium, brown.............. ...l 4 141
Silt, fine sandy, brown ......... ..o oiiiiiieiiiiiia, 6 147
Sand and gravel; brown ........... ...l 11.5 158.5
Silt, sandy, brown ........ ...l 6.5 165
Sand and gravel; brown ..............oieiiii, 11 176
Silt, caliche, and sand ...l 4 180
Sand and gravel; brown ...l 10 190
Sand and gravel; coarse ..........iiiiiiiiiiiiiiia, 10 - 200
Sand, fine, brown, and silt ... 10 210
Silt, brown, and loose sand .........c.ciieiiiiiiLl, 13 223
Silt, brown and gray ..........ccoeiiiieiiiiiienn, e 5 228
Sand, fine to coarse, brown ......... ..ol 9 237
13—2135
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Thickness,
feet
Sand and gravel ........... ... ... e 11.5
Silt, brown, sandy ........ ... . i 7.
Silt, sand, and gravel ...................... fvsvenannnns 5.5
Dakota formation
Sandstone, brown, and clay; varicolored ................ 8.5

Depth,
feet

248.5
256
261.5

270

36. Log of test hole 36 at the SE corner sec. 24, T. 32 S, R. 35 W ., drilled by
State and Federal Geological Surveys, 1943. Surface altitude, 2.974 feet.
(Authority, samples studied by Oscar S. Fent and Thad G. McLaughlin.)

Thickness,
feet
Dune sand
Sand, medium to fine, containing light-gray to dark-gray
3 1 6

Undifferentiated Pliocene and Pleistocene deposits
Silt, in part clayey, soft, buff to greenish gray and gray.
containing a little caliche and fine to medium sand.... 20
Sand, medium to fine, containing soft gray-white silt and

alittle caliche ..........ccoiiiiiiiiiiiiii ., 3
Silt, soft, buff and light tan, containing fine to coarse sand

and a little caliche .............. ... . il 21
Sand, medium .......... i 3.5
Clay, silty, yellow gray ...........coiiiiiiiiiiiennenn. 6.5
Sand, coarse to fine, containing fine gravel and soft gray

3 [
Silt, soft, yellow gray, containing fine to medium sand... 10
Sand, coarse to fine, and =ilt, soft, gray; containing

caliche ...... .ottt i 4
Sand and gravel; coarse to fine ....................... 13
Silt, clayey, buff, containing fine sand, pink-buff clay, and

caliche ... ..ot i e 17
Clay, silty, buff .............c i 7
Gravel and sand; coarse to fine; containing a little soft

white silt ... ... 19

Silt, clayey, buff, containing fine sand and a little caliche.. 4
Silt, compact, buff and pink, containing fine to coarse

sand and caliche .........covviiiiiiiiiiiiiaiiin., 35
Gravel, medium to fine, containing soft buff silt and fine

to coarse 88D .. ... iiiiiiiiiii i it i, 14.5
Silt, gray, containing fine gravel, fine to coarse sand, and

CAlIChE i e e 10.5
Gravel, medium to fine, and sand, coarse; partly con-

solidated ..........ccoiiiiiiiiiiii i, 20

Gravel, medium to fine, and sand, coarse; consolidated.. 3
Silt, soft, gray brown, containing fine to coarse sand.... 11
Sand, coarse to medium, and gravel, fine ............... 5
Silt, soft, yellow gray to tan and buff, containing fine to
medium sand and caliche............................ 31
Clay, compact, blocky, brown and blue gray, containing
caliche ...... ..ottt e 10
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’I'hi;'kr:v.-«. chpth,
ve [
Silt, clayey, buff to yellow gray and tan, containing very
fine to medium sand, and caliche ................... 30 310
Clay, compact, laminated, light blue gray, containing soft
tan silt and a little caliche ......................... 70 380
Silt, soft, buff and tan, containing fine sand ............ 40 420
Sand, coarse to fine; contains yellow-buff silt, fine to
medium gravel, and caliche ......................... 30 450
Silt, gray and buff, containing fine to medium sand and
alittlecaliche ..., 20.5 470.5
Gravel, fine, and sand, coarse to fine ................... 6.5 477
Nilt, soft to compact, light pink to buff, containing fine
to coarse sand and a little caliche.................... 15 492
Silt, clayey, red and buff, containing sand and caliche... 5 497
Permian redbeds
Siltstone, clayey, dark red ..........oiiiiiiii.. 13 510

37. Log of test hole 37 at the SW corner sec. 27, T. 32 S.,, R. 37 W, drilled
by State and Federal Geological Surveys, 1943. Surface altitude, 3,123
feet. (Authority, samples studied by Oscar S. Fent and Thad G. Me-
Laughlin.)

Thickness, Depth,
feet feet
Dune sand
Sand, medium to fine, containing silt, soft, gray and tan.. 10 10

Undifferentiated Pliocene and Pleistocene deposits
Silt, elayey, compact, buff and tan; contains fine to coarse

sund, fine gravel, and caliche........................ 19 29
Sand, coarse to medium, and gravel, fine................ 7 36
Silt, compact, tan, containing fine to coarse sand and a

little caliche ........ ..o i, 7 43
Sand, coarse to medium, and gravel, medium to fine...... 6 49
Silt, soft, tan, containing coarse to medium sand......... 10 59
Gravel, medium to fine, and sand, coarse; containing soft

buff silt ..ot e 6 65
Silt, buff to yellow gray, and sand, coarse to fine; contain-

ing coarse to fine gravel and a little caliche........... 25 90
Sand, coarse to fine, and silt, soft, buff.................. 4 94
Silt, soft, dark gray and buff; contains fine to coarse sand,

fine to coarse gravel, and caliche.................... (i} 100
Gravel, coarse to fine, and sand, coarse to medium; con-

solidated ..........i ittt i, 11 111
Silt, clayey, pinkish buff, containing fine to coarse sand

and a little caliche..............ocoiiiiiiiiiaL. 35 146

Silt, soft, buff to light gray and yellow gray; contains
fine to coarse sand, fine to medium gravel, and

caliche ... ... i i e e 44 190
8ilt, clayey, compact, buff, containing fine to coarse sand

and a little caliche. .................. ... ... ... ..., 32 222
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Thickness, Depth,
: feet feet
Silt, soft, gray and tan, containing fine to coarse sand and
a little caliche..............ociiiiiiiiiiaiiiit, 8 230
Silt, soft, reddish tan; contains fine to very fine sand, :
blue-gray compact silt, and caliche................... 90 330
Silt, soft, reddish tan and blue gray, containing fine to
very fine sand and a little caliche.................... 50 380
Silt, soft, red and buff, containing very fine to medium
sand and a little caliche..............cooiiiiiii 40 420
Silt, clayey, compact, blocky, blue gray, containing fine to
coarse sand and a little caliche....................... 10 430
Silt, soft, red and pink, containing very fine sand and
caliche ... c.iiiiiiii ittt ireennataesnasanas 70 500
Silt, soft, light gray to gray green, containing fine to
medium sand and caliche............coviiiiiina... 30 530
Silt, compact, red and pink, containing fine sand and
caliche ....ovviiiiii ittt it 10 540
Silt, soft, gray white, containing fine sand and a few
pebbles of sandstone.............coiiiiiiiiiiinnnn, 10 550
Silt, soft, red and pink, containing fine to medium sand
and gravel ...l et e 9 559
Permian redbeds
Siltstone, brick red, containing very fine sand............ 11 570

38. Log of test hole 38 at the SW corner sec. 18, T. 33 S., R. 34 W_, Seward
County, drilled by the State and Federal Geological Surveys, 1842. Sur-
face altitude, 2,936 feet. (Authority, samples studied by James B. Cooper
and Frank E. Byrne.)

Thickness, Depth,
feet feet
Dune sand .
Sand, fine to medium, containing some silt, brown....... 6 6
Undifferentiated Pliocene and Pleistocene deposits
Sand, silt, clay, and fine gravel; calcareous; pinkish gray, 4 10-
Sand, fine to coarse, containing fine gravel; calcareous;
gray brown; coarser toward base..................... 17 27
Clay, silt, and sand, coarse; brown gray; calcareous..... 3 30
Sand, medium and coarse, brownish gray................ 10 40
Sand, silt, clay, and fine gravel; calcareous; pink brown;
much coarser in basal part................ciiaa.... 20 60
Gravel, coarse, to sand, coarse; gray brown.............. 10 70
Sand, fine, to gravel, medium; containing numerous frag-
ments of ealiche ... iiiiiiiiiiiiiiiniiien., 25 95
Gravel, medium, to sand, fine; lime-cemented........... 5 100
Sand, silt, and clay; containing a little fine gravel; gray !
brown, highly calcareous .............cooioiiiilL, 10 110
Sand and some silt; tan to pinkish gray; lime-cemented.. 30 140
Sand, coarse, to silt, gray brown........................ 10 150
Sand and some silt; tan to pinkish gray; lime—cemented.. 10 160
Silt, sand, and clay; tan to pinkish gray........ ceenaees 10 170
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Thi;:kr:css,
ee
Silt, clay, and some sand; gray brown; highly calcareous, 4
Sand, fine, to gravel, medium; calcareous; light brown... 16
Gravel, fine, and sand, coarse; light brown............... 30
Sand, fine to coarse, containing a little fine gravel; light
brown; slightly calcareous................c..cuovunn. 20
Sand, coarse, and gravel, fine; light brown............... 20
Send, fine to coarse, containing a little fine gravel;
slightly calcareous; tan gray........ooeevernnernnnens 10
Sand, fine to coarse, slightly calcareous, brownish gray.. 20
Sand, coarse, and gravel, fine ; browmsh BrAY..cvvnnnnnnn 20
Sand and gravel; reddish gray ......................... 10
Sand, fine to coarse, containing a little gravel; light
Drownish Eray .....cevoveeriniererunnneeenneneennnns 10
Sand and a little gravel; reddish gray................... 10
Silt, clay, and sand; tan brown to yellow gray.......... 13
Sand, medium, to gravel, fine; light brownish gray....... 27
Silt and clay; tan brown .............ciiiiiiiiiie.... 3
Sand, medium, to gravel, fine; light brownish gray....... 7
Sand and gravel; containing small fragments of ironstone, 10
Sand, medium, and gravel, fine ..............ooiiill 10
Sand, medium, to gravel, fine; light brownish gray....... 46
Shale, compact, tan brown and red ..................... 4
Sand and gravel; brownish gray ...........ooeeeevenenns 20
Shale, compact, tan, brown, red, and gray green........ 10
Sand and gravel; brownish gray ....................... 20
“ad, light brown, and shale, red and brown; interbedded, 17
Shale, compact, hard, brown ............... ... .l 3
Sand, brownish gray, and shale, compact, brown and red;
L, R 90
Pek tle, compact, tan Brown .............eeeeieniiinin. 78
nnlan depoﬂlts
Shale, silty, slightly calcareous, bright red ............... 22

197
Depth,
feet
174
190
220

240
260

270

310
320

330

340
353

400
410
480
510
527
530

620
698

720

® Log of test hole 39 at the SW corner sec. 18. T. 33 S., R. 35 W., drilled
fy State and Federal Geological Surveys, 1943. Surface altitude, 3,005
¢t (Authority, samples studied by Oscar S. Fent and Thad G. Mc-

Ughlin )
. Thi;_"l‘((.l:vsm
Du::“;asz;ndy, BERY et 1.5
§ ‘;ﬂed' edium to fine, reddish buff ..................... 5.5
%’elltlated Pliocene and Pleistocene deposits
% ;jreddlsh containing medium to fine sand and caliche, 7
w' medium to fine, red, containing reddish-buff and

Sle e ElL L 24
! cla.Vey, white to yellow, containing fine to medium
®|ng RS PRTTR 12
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Depth,
feet

1.5

7

14

38

50
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) Thickness, Depth,
feet feet

Gravel, medium to fine, and sand, coarse to fine; con-

taining soft buff silt ........... ... .o 15 65
Silt, soft, buff, containing sand and gravel .............. 5 70
Sand, coarse to fine ...... ettt 4 74
silt, soft, light gray to greenish gray, containing sand,

gravel, and caliche ....................... e 16 90
Sand, medium to coarse, and gravel, medium to fine...... 10 100
Siit, gray buff to buff, containing fine to coarse sand and

caliche ........ooiviviiainae, et ereiaaaaae 24 124
Sand, coarse to medium, containing caliche and buff to

white silt ... ... e 17 141
Silt, buff, containing medium to fine sand and caliche.... 16.5 157.5
Silt, soft, white, and caliche ........................... 3.5 161
Gravel. fine, and silt, compact, buff ................... 7 168
Silt, compact, gray, containing fine to coarse sand and

caliche ... i 22 190
Silt. soft, greenish gray to tan, contains fine to coarse

sund, fine gravel, and caliche..................... ... 34 224
Sand. coarse to fine, and gravel, fine; containing caliche.. 34 258
Silt, soft, gray buff, containing coarse to tine sand and

caliche ..o e 3 261
Sand, cozrse to fine, contuining fige gravel and caliche... 12 273
Silt, soft, pink tan to gray buff and brown, containing

coarse to fine sand, medium to fine gravel, and ealiche, 27 300
Sand, coarse to fine, and gravel, fine to medium, con-

taining a little silt and ealiche....................... 126.5 426.5

Silt, clayey, soft to compact, white to blue gray and vari-
colored, alternating with beds of pink clay; containing

very fine to medium sand and ealiche, . ... ... ..... 230.5 657
Ciavel, medium to fine, and sand. course to fine......... 16 703
Permiun redbeds
Silt, soft.orunge red ... 17 720
Silt. ~oft. orange red, and siltstone, hard, red............ 10 730
Shale. silty, durk red, containing a little limestone and
EVPISUIIL ottt ittt ettt er e e 10 740

40. Log of test hole 40 at the NW corner see. 20, T. 33 S., R. 36 W, drilled
by State and Federal Geological Surveys, 1943, Surface altitude, 3,061
feet.  (Authority. samples studied by Oscar 8. Fent and Thad G. Mec-
Laughlin.)

Thickness, Depth,
feet feet
Soil, very sandy, gray black oo oo 2 2

Dune sand
Sand. medium to fine, containing gray and buff caleareous

Sl e e e S 10
Sand. medium. containing a little fine and coarse sand
and reddish-buff silt. .. ... .o 18 28
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Thickness, Depth,
. . . . feet feet
Undifferentiated Pliocene and Pleistocene deposits
Silt, compact, gray, containing medium to fine sand...... 2 30
Silt, soft, buff, containing gravel in lower part........... 10 40
Gravel, medium to fine, and sand, medium to coarse..... 23 63
Silt, soft, yellow buff, interbedded with sand and gravel.. 7 70

Silt, clayey, soft, grayish green and buff, containing coarse

to fine sand and a little gravel and caliche........... 40 110
Silt, compact, buff and pink, containing fine to coarse
sand and ecaliche.......... ... ool 11 121
Silt, soft, buff and white, containing much medium to fine
sand and caliche........... ... . ... . i L, 29 150
Sand, coarse to fine, and silt, soft, gray brown, contain-
ing caliche ...... ... i i i 10 160
Giravel, fine to medium, and sand, coarse to fine; con-
taining soft buff silt and a little caliche............ .. 47 207
Silt, soft. gray to pink and buff; contains fine to coarse
sand, fine to coarse gravel, and caliche............... 33 240
Gravel. mediym to fine, and sand, fine to coarse; contain-
ing silt and caliche in upper part..................... 18.5 258.5
Silt, soft, bufl and gray; contains medium to fine gravel,
course to fine sand, and caliche............. ... ..., 21.5 280
Clay. compact, laminated, blue gray and yellow gray,
containing red silt and caliche...... ... ... ... 33 313
Gravel and =and; coarse to fine; containing soft buff
st and a little caliche. ..o oo o oo 2 315
Clay, silty, laminated, gray to durk blue gray, contain-
ing gray-green sit and a little sand...... ... ... ..., 85 400
Rilt, compact, brown grayv, containing a little sand........ 10 410
Clay, silty, compact, bluc gray and gray green; contains
silt, sand, gravel, and caliche..................... ... 30 440
Silt, soft, yvellow buff and gray, containing fine to coarse
sand and fine to medium gravel...................... 20 460
Clay, compact, blocky, yellow to blue gray and black.... 20 480
Clay, silty, compact, blocky, blue gray and gray, con-
taining a little fine to coarse sand.................... 10 490
Silt, clayey, compact, gray, containing a little very fine
£8P 8 498
Gravel, fine, and sand, coarse................ ... .. ... 2 500
Silt, compact, clayey. partly micaceous, blue gray to gray
and yellow ... 36 536
Permian redbeds
Stitstone, hard, bright red to dark red................... 14 550
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41. Log of test hole 41 at the SW corner NW4 sec. 21, T.33 S, R. 37 W,,
drilled by State and Federal Geological Surveys, 1943. Surface altitude

Google

" 3,120 feet. (Authority, samples studied by Oscar S. Fent and Thad G.
McLaughlin.)
Thickness, Depth,
feet feet
Soil, sandy to silty, dark gray............ooieiiiiiitn 2.5 2.5
Dune sand
Sand, fine, and silt, soft, light gray .................... 2.5 5
Undifferentiated Pliocene and Pleistocene deposits
Silt, light gray, blocky ........cccoevviiiiiiiiiiii, 2 7
Sand, medium to fine, containing silt, red ............. 13 20
Sand, medium to fine, containing silt, gray white....... 10 30
Sand, coarse to medium, stained orange red ............ 7 37
Silt, soft, reddish tan, containing caliche ............... .5 37.5
Gravel, very coarse, to sand, fine; containing soft buff silt
and a little caliche .............ccciiiiiiiiiiiiian, 46.5 84
Silt, soft, buff, containing coarse to fine sand and caliche, 16 100
Clay, silty, white, containing sand and gravel which are
partly cemented by calcium carbomate .............. a 10 110
Silt, calcareous, white and pink, containing medium to
fine s80d .......iiiiiiiiiiiie it iiee e iearaeas 9 119
Silt, hard, blocky, gray ......ceoviiiiiiiiiiiiiiiiiien, 5 124
Silt, soft, gray to buff and tan; contains fine to coarse
sand, fine to medium gravel, and caliche ............ 61 185
Gravel, medium, to sand, fine; containing soft buff silt, 191
Silt, soft, tan, containing fine gravel, fine to coarse sand,
and caliche ........ciiiiiiiiiiiiiiiiiiiiiiiinein 11 202
Caliche, silty, hard, light pink, containing soft red silt
and very fine sand ............ciiiiiiiiiieiieeiaa, 8 210
Gravel, fine, containing soft red and white silt and caliche, 10 220
Silt, very soft to partly cemented, red, containing very
fine to coarse sand and fine gravel ................. 40 260
8ilt, micaceous, very soft, white to yellow and pink, con-
taining much very fine sand and a little caliche....... 10 270
Silt, soft, partly clayey, white and yellow, containing
very fine to coarse sand and fine gravel.............. 17 287
Gravel, fine to medium, and sand, fine to very fine; con-
taining soft yellow and light-gray silt and caliche..... 3 290
Silt, clayey, soft, gray to buff and red, containing coarse
to medium gravel and coarse to very fine sand...... 22 312
Gravel, coarse to medium, and sand, coarse to fine...... 8 320
Silt, soft, tan to white; contains fine to coarse sand, fine
to coarse gravel, and caliche ....................... 70 390
Gravel, fine .. .ii.iieiiiiiii ittt e 20 410
Gravel and sand; fine to coarse; containing soft buff
silt and caliche ........coiiiiiiiiiiiii it 10 420
Silt, soft, tan to buff; contains fine to very fine sand;
fine gravel, red and yellow silt, and caliche............ 70 490
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Thi;'kr;oss‘. I){nth,
Silt, micaceous, soft, light yellow to buff and light red, * o
containing a little gravel .................. Cesessans 10 500

Silt, partly cemented, buff and light red................. 3.5 534.5

Gravel, medium, to sand, coarse; containing soft buff silt, 5.5 540
Gravel, fine to medium, containing ealiche ............. 24 564

Permian redbeds

Siltstone, clayey, dark red ...........cocvviiiniiniinnn.. 11 575

42. Log of test hole 42 at SE corner sec. 16, T. 33 8, R. 38 W, drilled by
State and Federal Geological Surveys, 1943. Surface altitude, 3,165 feet.
(Authority, samples studied by Oscar S. Fent and Thad G. McLaughlin.)

Thickness, Depth,
feet feet
Dune sand
Sand, medium to fine, containing dark-gray silt.......... 9 9

Undifferentiated Pliocene and Pleistocene deposits
Sand, coarse to medium, containing blocky gray-green

and tan silt and caliche............c.ccovviinininnnnn 19 28
Clay, silty, tan, containing fine to coarse sand and caliche, 10 38
Sand, coarse, and gravel, fine.............ciiiiiiiennnn, 9.5 47.5
Silt, soft, tan, containing very coarse to fine gravel and

coarse to fine sand .........ciiiiiiieiiiiiiieieaans 2.5 50
Sand, medium, to gravel, fine...............ciinn.... 3 53
Silt, compact, yellow gray, containing coarse to fine sand

and caliche .........cciiiiiiiiiiiiiiiiiiii e 7 60
Sand, medium, to gravel, fine.............ciiiiiininn., 2 62
Silt, soft, light tan and red tan; contains fine to coarse

sand; fine to coarse gravel, and a little caliche....... 10.5 72.5
Silt, compact, buff, and sand, coarse to fine; containing

caliche ... ittt i et e 12.5 85
Clay, silty, gray buff, containing fine to medium sand

and caliche ........iiiiiiiiiiiiiiiiiieiiiiienneanans 25 110
Silt, clayey, gray buff to tan and white, containing

coarse to fine sand and caliche...................... 70 . 180
Silt, soft, buff and tan, containing fine to medium sand

and a little caliche ..............ccoiiiiiiiiiiii,... 10 190
Silt, soft, greenish gray; contains fine to coarse sand, fine

to medium gravel, and caliche...................... 17 207
Gravel, medium, to sand, fine; containing soft buff silt... 19 226
8ilt, soft, greenish gray to gray and buff; contains fine to

coarse sand, fine gravel, and caliche..... Crereeinonana 52 278
Silt, soft, light tan, and gravel, medium to fine; contain-

ing fine to coarse sand and caliche.................... 15 293
Gravel, coarse, to sand, fine; containing soft buff to tan

and gray silt and caliche ..........ccviiiiiiiaen, 167 460
Silt, soft, buff, containing fine to coarse sand .......... 6 466
Gravel, medium, to sand, medium ................ 0000 10 476
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Thickness, Depth,
feet feet
Silt, soft, buff; contains fine to medium sand, medium
gravel, and caliche ............. .. i, 11 487
Gravel, coarse, to sand, coarse; containing caliche...... 13 500
Gravel, medium to fine, containing buff to yellow and
red silt and caliche ................covievinniia., 8 508
Permian redbeds
Clay, silty, brick red ...ttt 12 520

43. Log of test hole 43 at NW corner sec. 22, T. 33 S., R. 39 W, drilled by
State and Federal Geological Surveys, 1943. Surface altitude, 3,235+ feet.
(Authority, samples studied by Oscar 8. Fent and Thad G. McLaughlin.)

Thickness, Depth,
Dune sand foot feot
Sand, medium to fine, containing gray silt and a little
caliche ... ... i i e i 10 10

Undifferentiated Pliocene and Pleistocene deposits
Sand, coarse to fine, containing soft buff silt and nodules

of ealiche ......coiiiiiiiiii it 8 18
Silt, soft, buff tan, containing fine to medium sand and

caliche ... 2 20
Sand, coarse to fine, containing soft buff silt and caliche.. 4 24
Silt, compact, buff; contains fine gravel, fine to coarse

sand, and caliche ........ .. .. . i 4 28
Gravel. coarse. to sand, fine; containing soft tan to buff

and gray silt. ... e e 36 64
Silt, compact, tan. containing coarse to fine sand and

gravel and caliche....... ... ..o, 6 70
Silt, soft, buff and red, containing fine to coarse sand and

caliche ..o e 30 100
Silt, coft, gray and tan, containing fine to coarse sand and

caliche oo e 31 134
Sand, medium to fine, and silt, soft, gray................ 1 138
Silt, soft. yellow gray and pink, containing fine to coarse

sand and ealiche ... ..o i i i ) 143
Gravel, coarse, to sand, coarse; containing soft buff silt

and caliche ... . . e 15 158
Silt,. white and buff, containing fine to medium sand and

callche . oo e 13 171
Silt, elayvey, brown, containing fine to medium sand...... 9 180
Silt, soft, buff and tan; contains fine to coarse sand, a little

fine gravel near base, and caliche.................... 93 278
Sand, coarse to fine, interbedded with tan and greenish-

vellow silt; contuining a little fine gravel and caliche.. 12 290
Silt, clavey. compact, blocky, dark tan to greenih vel-

low, containing fine to medium sand................. 13 303
Gravel, fine, to sund, fine.........cooiiiiiinii ., B 308
Silt, clayey, tan and greenish vellow, containing fine to

medium sand .o 1 312
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Thickness, Depth,

feet feet

Sand, coarse to fine ... i 4 316
Silt, compact, blocky, tan and greenish yellow, and silt,

soft, buff; containing fine to medium sand............ 24 340

Sand, coarse to fine. and silt. tan and buff............... 11 351
Silt, white to tan, and sand, coarse to fine; consolidated;

containing a little fine to coarse gravel............... 9 360
Gravel, sand, and clay, varicolored. Gravel consists of

water-worn pebbles of sandstone .................... 30 390

Permian redbeds
Clay, silty, red, containing maroon and light-gray sand-
SlODE ceeii e 20 410
Sandstone, very fine-grained. soft, maroon red, and clay,
silty, pink; countaining a little white sandstone in the
middle ... e 41 451
Shale and siltstone; dark red ..., 4 455

44, Log of test hole 44 at the SE corner sec. 36, T. 34 S.. R. 35 W, drilled by
State and Federal Geological Surveys, 1943, Surface altitude, 2,950+ feet.
(Authority, samples studied by Oscar S. Fent and Thad G. McLaughlin.)

Dune wnd “n;‘l:f;vw, Df‘,.r:-:,h‘

Sand, medium to fine, containing soft gray to grav-black

S 5 5
Sand, medium to fine, red................... ... ... 9 14

Undifferentiated Pliocene and Pleistocene deposits

Silt, soft, buff, containing medium to fine sand.......... 4 18
Silt, elayey, green, containing medium to fine sand...... 5 23
Silt, soft, buff to white, containing medium to fine sand

and caliche ........ ... ... . .. i 7 30
Sand, medium to fine. and silt. soit, buff................. 1 34
Silt, soft, light gray. containing medium to fine sand.... 4 338
Sand, coarse to fine . ... ... .. i 22 60
Silt, soft, buff to gray white, containing medinm to fine

sand and caliche....... ... ... i, 10 70
Silt, compact, light vellow tan. containing medium to fine

sand and ealiche......... . .o o i il 20 90
Sand. coarse to fine. containing soft bufl white silt....... 14 104
Silt, clayey, buff, containing coarse to fine sand and

caliche ... ... .. 2 106
Gravel and sand; coarse to fine......vvvrtininenrnnnnn. 29 135
Silt, soft, buff, containing medium to fine sand and a

little gravel ... ... .. e e 10.5 145.5
Silt, compact, light tan. containing medinm to fine sand

and caliche ........ ... ... . . . i e 14.5 160
8ilt, soft, white and buff, containing coarse to fine sand

and caliche .......... ... .. . i, 30 190
Silt, clayey, buff and light tan, containing coarse to fine

sand and caliche................coiviviiiiiiinia, 15 205
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Thickness, Dfeptth.
eel
Silt, soft, gray and buff; contains fine to coarse sand, fine

gravel, and caliche ..........c.ciiiiiiiiiiiiiiiinaen 15.5 220.5
Gravel, fine, to sand, medium...........ccovviiennnnan. 2.5 223
Silt, soft, light brown, containing medium to fine sand

and caliche .........cciiiiiiiiiiiiiii i 6 229
Sand, fine, to gravel, fine; containing caliche............ 23 252
Silt, soft, tan, containing medium to fine sand and

caliche .....coiviiiiiiii it i et 28 280
Sand, coarse t0 fine.......ciiieiiieniiiiiriieinetann 20 300
Silt, soft, tan, containing fine sand and caliche........... 4 304
Silt, soft, light greenish gray and brown, and sand, very

11 - 6 310
Silt, soft, white to greenish gray and light gray buff, con-

taining coarse to fine sand and a little caliche........ 50 360
Silt, clayey, white to yellow and brown, containing dense

blue-white caliche ..................... . i, 20 380

Silt, very soft, gray white and yellow brown, and sand,
fine; containing hard white to yellow-brown sandstone

and concretions of hard brown siltstone.............. 50 430
Silt, very soft, gray white and yellow brown, containing

concretions of sandy hard brown siltstone............ 38 468
Gravel, fine, to sand, medium...............ccoivneinnt. 2 470
Silt, very soft, light buff to yellow brown and gray white,

containing coarse to very fine sand................... 100 570
Silt, soft, gray buff to blue gray, and sand, medium to

fine; containing concretions of ironstone............. 20 590
Silt, soft, light gray and yellow brown, containing medium

tofinesand.........c.coiiiiiiiii e 10 600
Silt, very soft, gray buff and yellow brown, containing

coarse to find sand and fine gravel................... 20 620
Silt, soft, light gray buff, containing medium to fine sand, 60 680
Gravel, fine, to sand, medium. .......................... 8 688

Permian redbeds

Silt, blocky, light orange red.....................oou... 2 690
Silt, clayey, light orange red................ouiviia.. 30 720

45. Log of test hole 45 at the SE corner scc. 17, T. 34 S, R. 37 W, drilled
by State and Federal Geologicul Survevs, 1943. Surface altitude, 3,169

feet. (Authority, samples studied by Oscar S. Fent and Thad G. Mc-
Laughlin.)

Thickness, Depth,

Dune sand fect feet

Sand, medium to fine, containing a little silt............. 3 3
Undifferentiated Pliocene and Pleistocene deposits

Silt, containing a little coarse to fine sand............... 3 6

Silt, clayey, greenish gray. containing medium to fine sand, 3 9

Silt, soft, yellow gray. containing fine sand.............. 4 13

Sand, medium to fine, containing red silt......... . ..., 3 16
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Thickness, Depth,
feet feet
Silt, compact, red and gray, containing medium to fine
8 T 4 20
Sand, medium to very fine; contains red silt, white clay,
and caliche .......c.coiiiiiiiiiiii ittt i 15 35
Silt, clayey, soft, buff, containing fine sand and caliche... 15 50
8and, fine, to gravel, medium; containing soft buff silt and
caliche .....oiiiiii i it it e e 37 87
8Silt, compact, buff, containing coarse to fine sand and
caliche ... ..ottt ittt 1 88
Sand, coarse to medium, and gravel, coarse to fine; con-
taining gray and buff silt and caliche................. 33 121
Silt, soft, gray to greenish gray and tan, containing fine to i
coarse sand and a little gravel and caliche............ 51 172
Gravel, medium to fine ..........cciiiiiiiieiiaiiiniaas 4 176

Silt, soft, yellow gray to white; contains much medium to
fine gravel near the top, fine to coarse sand, and much

caliche near the base ...........cociiiiiiiiniiinn, 25 - 201
Sand, medium to fine, and silt, soft, gray to tan; contain-

ing caliche ........iiiiiiiiiiiii i iiiiiiieaaans 9 210
Silt, soft, gray to light brown and greenish gray; contains

fine gravel, fine to coarse sand, and caliche............ 30 240
Gravel, fine, to sand, fine; containing soft brown silt and

caliche .......oiiiiiiiii i ittt a e 27 267
Silt, soft, white to pink brown and buff, containing coarse

to fine sand, fine gravel, and caliche................. 103 370
Silt, clayey, laminated, blue gray and yellow buff to red

brown, containing a little caliche .................... 20 390
Silt, pink, containing medium to fine sand and caliche... 40 430
Silt, compact, flaky, red brown to brown and gray brown,

containing a little caliche................... .. ... 100 530
Silt, compact, blue gray and brown, containing caliche.. 30 560
Silt, compact, brown, containing clay, buff,and caliche... 20 580
Silt, compact, brown, containing caliche................. 21 601
Sand, medium, to gravel, fine...........c.coiiiii.... 12 613
8ilt, soft, gray to buff and pink, containing coarse to fine

BADA ..tviiinreie i ittt e et e, 47 660
Silt, clayey, pink .....coveiiiiiiii i 10 670
Silt, clayey, light red and buff ......................... 17 687

Permian redbeds

Siltstone, brick red and white ................. ...l 13 700
Siltstone, brick red, containing gypsum................. 10 710
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46. Log of test hole 46 at the SE corner sec. 17. T. 35 S., R. 37 W., drilled
by State and Federal Geological Surveys. 1943. Surface altitude, 3,155
feet. (Authority, samples studied by Oscar S. Fent and Thad G.
McLaughlin.)

Thickness, Depth,
. feet feet
®Road fill ................ e e e e 3 3
Dune sand
Sand, medium to fine, and silt, caleareous, soft. gray buff, 4 7
Sand, medium to fine, red ............. ... ... 27 3

Undifferentiated Pliocene and Pleistocene deposiis
Caliche, soft, containing fine gravel and fine to coarse

23 4 Vo DR 5.5 39.5
Sand, coagse to fine, partly cemented, containing soft buff

and gray Bl .. 10.5 50
Sand, coarse to fine, containing fine gravel and soft buﬁ'

to gray silt; partly cemented ....................... 22 72
Silt, compact, tan, and caliche; containing fine sand...... 8 80
Sand, coarse to fine, and silt, soft, tan; containing caliche, 10 90
Sand, coarse to medium, containing caliche.............. 7 97
Silt, soft, light gray to tan, containing coarse to fine sand

and caliche .........cooiiiiiii i 83 180
Silt, soft, tan, and caliche; containing fine gravel and

coarse to fine sand ......... ... ..ol 10 190
Sand, fine, to gravel, medium; containing buff and red to

pink silt and a little caliche......................... 66 256
Silt, soft, light red to dull red, containing fine to coarse

sand, fine gravel, and caliche......................... 56 312
Sand, medium, to gravel, medium; containing a little

caliche in lower part ..............ocoiiiiiiiii, 18 330
Sand, coarse to fine, containing soft pink-buff silt rmd

Caliche ..ottt i e e e 30 360
Silt, compact, red, containing coarsc to fine sand and

CAlCNE ..ttt e e s 10 370
Sand, fine, to gravel, fine........ ... il 70 440
Sand, coarse to fine, containing gray and red silt and

CAlIChE .ttt e it e 20 460
Silt, soft, pink to brown; contains very fine sand. concre-

tions of siltstone, and caliche ....................... 10 470
Silt, soft, gray and yellow brown, containing very fine sand

and concretions of siltstone................. ... oL 10 480
Silt, clayey, blue gray, containing very fine sand and a

little caliche and pyrite ......cooiiiiien i, 10 490
Silt, soft, gray and blue gray, and sand, very ﬁne contain-

ing compact laminated red and yellow silt............ 10 500
Silt, soft, gray to blue gray, containing very fine sand and

alittlecaliche «ovvviiivviniii i 0 530
Silt, soft, gray to blue gray and red, contuining medium to

fine sand and caliche......... ..., 20 550
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47. Log of railroad well (54) at Ulysses in SEY% SW14 sec 27, T. 28 S, R. 37
W., drilled in 1922. Surface altitude, 3,047 feet. (Authority, Atchison,

Topeka and Santa Fe Railway Company.)

Thi;'kx:(-ss,
Undifferentiated Pliocene and Pleistocene deposits -
Clay, sandy, yellow.........ccciiiiiiiiiiiiiiiiineennns 87
Sandwand clay, yellow ......cooviiiiiiiiiiiiiiieaa 52
Clay, sandy, yellow .......coiiiiiiiiiriniinnennnnnennns 129
Sand, COATSE .. ..i.iiiiiinerenenaaaeaianraeiaeaananen 12
Clay, yellow .....coniiiiii ittt ieiiieiinens 9

Depth,

feet

87
139
268
280
289

8. Log of railroad well (182) at Sublette in SW1 NE sec. 32, T. 29 S,
R. 32 W. (Authority, Atchison, Topeka and Santa Fe Railway Company.)

Thi;kness,
eet
Undifferentiated Pliocene and Pleistocene deposits
Clay, sandy .....coviiiiiiiiiiieieririinerieineeanenns 190
Sand, dry ... i 6
Sand, water bearing..........cccovviiinnn.. R 15

Depth,

feet

190
196
211

49. Log of railroad well (216) at Satanta in SW NE sec. 13, T. 30 S, R.
34 W, drilled in 1912, (Authority, Atchison, Topeka and Santa Fe Rail-

way Company.)

Thvirkncs.c,
feet
13157 Y 10

Undifferentiated Pliocene and Pleistocene deposits

Rock, hard (probably consolidated sand or silt)......... 5
Clay, graY .ovvvirii ittt etiiteaae e aneraeaiaaans 15
Clay, white ...ttt it erieaernanens 20
Sand, €0aTSe ... ...t 50
Sand, fime ...t i it rii e 30
Clay, sandy ......oiiiiieriiiiennaneeaatoneenennacennns 45
Cement gravel (probably consolidated sand and gravel).. 10
Sand and gravel ........... e 15
Sand, COBISE .. .u..iritii it e 45
Clay, White .......ccvitiieiinurneeeneeaneraeernneennss 13

Clay, Blue ..........oiiiiiiiii ittt 2.5

Sand, COBSE ... .. ...ttt e 49.5
Clay, hard, yellow .......ccoviiiiienneenieinueanennne.. 1

Depth,

feet

10

15

30

50
100
130
175
185
200
245
258
260.5
310
311

50. Log of railroad well (295) at Hugoton in NW1 NW1 sec. 16, T. 33 S,
R. 37 W, drilled in 1929. (Authority, Atchison, Topeka and Santa Fe

Railway Company.)

Dune sand “iflfe';“"
Sand, S0ft .. ... .iiii e 3
Undifferentiated Pliocene and Pleistocene deposits
Dirt, black (probably silt or clay)..............coovuent. 7
Sand, clayey, red ...... ..o 11
Band, soft ....... ..ot 23
Sand, consolidated .......... ... il 10

Google

Depth,
feet

3

10
21
44
54
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Thickness, Depth,
f feet

. ect
Sand, soft ...t e e 11 65
Sand, hard ... i i 23 88
Clay, white ......ciiiiiiiiiiii ittt iiiiiiernnnnnes 82 170
Sand, 80t ... i i et 27 197
Sand, containing clay, red.............ccoiiiiiia.... 10 .07
Sand, hard .......ccoiiiiiii it 12 219
Sand, 80ft ... i it i i 10 229
Sand, clayey, red ......cooviiiiiiiiiiiiiiiiiiieiienaea 12 241
Clay, red ..ottt iiiiiiiitniieeeennnrennnnnenanns 15 256
Sand, 80ft .. ..iiiiiii i i it it et 78 334

51. Log of railroad well (238) at Moscow in SW% NW14 sec. 26, T. 31 S, R.

36 W., drilled in 1931.
way Company.)

(Authority, Atchison, Topeka and Santa Fe Rail-

Thickneas, Depth,

feet feet

o) 5 5
Undifferentiated Pliocene and Pleistocene deposits

Clay, brown ........cciiiviiiiiiieiiieiieiinrennanenss 10 15
DL Y ¢ 30 45
Sand, brown ......... .o il e 20 - 65
Clay, white and yellow ........coviiiiiiiiiiiiniinn.. 75 140
Sand, brown .......iiiiiii i e 40 180
Clay, blue ..o i i ittt cie e 2 182

52. Log of municipal supply well (296) No. 1 of the city of Hugoton in SW
NE% scc. 16, T. 33 S, R. 37 W. (Authority, driller.)

Thickness, Depth,
feet

feet

S0 ve e e e 2 2
Undifferentiated Pliocene and Pleistocene deposits

[ T 6 8
Clay, 8aDdY ..ovvviiieetiiiirenneerrenerreanreeannnnns 10 18
[0 6 24
Clay, 880dY .. ooivirtiie i e ieii et ieeaneens 7 31
Sand, fine ......iiii e it 11 42
Clay, sandy .....cciiiiiiiininneeanieenreeeerennonsans 4 46
Sand ... et e e it e e 35 81
Sand and gravel; coarse ........coiiiiiiiiiiiieiiian, 17 98
L] AP 3 101
Caliche and clay ......ooviiiiiiiinninerentenennnnnnnn 11 112
Clay, 8andY ...vvviiiiiniinieeerrieranesanesnnnananans 12 124
Clay and caliche .........ciiiiiiiiiiiiiinnnnnnnnnnnn.. 10 134
Caliche .oiiiieiiiiiint ittt ieietanseenenersenonnannnnn 6 140
Clay, 8aDdY ..coverineinriririnneteneenarenesannernenns 12 152
Sand, fine .....iiiiii it e e 8 160
Sand, €OATSE ......iieiienrincineaannnn e, 38 108
ClaY vvtiiititiieieenesasisasatsansasssssannsronnneens 2 200
Caliche .......oovuiiiii i ittt 5 205
(0] O 4 209
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Thickness, Depth,
f eet

eet f
Rock (probably consolidated sand or silt)............... 2 211
Y 4 215
Rock (probably consolidated sand or silt)............... 1 216
Caliche ..vviveeenreneenneeeneeneeennreesassennacnnnes 2 218
Clayand caliche ......ocvieiiiiiiiiiiiennreensccnnans 30 248
Sand and gravel; €oarse............ceiiiiniiernenaeiens 6 254
Clay, containing sand and gravel.................c.uutn. 13 267
Rock (probably consolidated sand or silt).............. 3 269
L0 4 273
Clay, SaDAY v.vvvvrenrnnnrencveracancsncncanssssansanen 30 303
Rock (probably consolidated sand or silt).............. 1 304
L7 4 308

53. Log of municipal supply well (297) No. 2 of the city of Hugoton in SW4
NE% sec. 16, T. 33 S., R. 37 W,, drilled in 1931. (Authority, driller.)

Thickness, Depth,

eet feet

o 1 2 2
Undifferentiated Pliocene and Pleistocene deposits
(0773 22PN 18 20
Clay, s88DAY ....vvrtiiitiiiiireieirerennenaennans 20 40
Sand ... e e eeeenaes 18 38
Sand, hard ... ... e 4 62
Sand .....chhiiiiiiien.., S 15 77
Sandand gravel .........ciiiiiiiiiii e 2 79
Sand, COBIBE ...t iieiiie e 3 82
YV 8 90
Sand and gravel ...ttt i 2 92
L 11 103
“Magnesia rock” (probably calcareous sand or silt)...... 16 119
Clay, 8aDAY «ovvvineriiiiiiniierreiteneeaneeaneenns e 7 126
0 8 134
Clay, BARAY +.vevieiiiriieninieeiieeratenaienanracnaaen 46 180
Clay and gravel ...........coiiiiviiiiiiiiniieanenns 15 195
Clay, caliche, and gravel ...........coviiiiiiniinininnn, 14 209
Sand and clay ..oviiiiiii e, 16 225
Sand and gravel ......coiiiii i 25 250
Clay, sandy, and gravel .........ccoviviieninnnininnnnnns 12 262
Rock (probably consolidated sand or silt)............... 2 264
1032 10 274
Rock (probably consolidated sand or silt)............... 2 276
Sand, containing gravel ...........c0iiiiiiiiiiiiiin... 9 285
Clay, 880dY ...oovvinriniitiiiiiiiiiaiitinnennneenanss 13 298
Gravel, consolidated .................c.ciiieiiiiia.... 1 299
L0 1 300
142135

Go 3]0
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54. Log of well (29) of Joseph Jungferman in SEY% SEY sec. 31,.T. 27 S,
R. 38 W. (Authority, driller.)

Thickness, Depth,
feet feet
Undifferentiated Pliocene and Pleistocene deposits

Sand ... e e 90 90
Clay, sandy, containing alternating beds of sand......... 165 255
Gravel, coarse .......... ..ot e 27 282
Rock (probably consolidated sand or silt)............... 3 285
Gravel ... i e 10 295
ClaY ettt e 3 298
Clayandsand ............ ... ... 11 309
Clay, sandy ........ccoviiiiiiiiii it e et 8 317

55. Log of well (244) of J. F. Parsons in SW14 NW14 scc. 4, T. 31 S, R. 37
W. (Authority, driller.)

Thickness, Dfepth,
eet eet
Undifferentiated Pliocene and Pleistocene deposits
Clayand sand ...t 115 115
Sand, fine ... . 45 160
Sand and gravel, coarse....... ... i 142 302

56. Log of well (247) of B. W. Parsons in SW14 NE% sce. 10, T. 31 S,,
R. 37 W. (Authority, driller.)

Thickness, Depth,

Undifferentiated Pliocene and Pleistocene deposits et fot
Clayandsand ............ ... .. oottt 75 75
Sand ... e e 10 85
Clay e e 5 90
Sand, fine ........ ... 20 110
Sand, coarse ............ T 30 140
Gy oee i 40 180
Gravel, Coarse ..ottt e 10 190
Clay veiei i 30 220
Gravel, coarse ......... ... i 55 275

57. Log of State well in NW1 NW14 sec. 36. T. 20 S, R. 37 W, drilled
in 1895. (Cited by Haworth, 1897.)

Thickness, Depth,

feet feet

o1 O 2 2
Undifferentiated Pliocene and Pleistocene deposits

Clay and gypsum (probably clay and caliche)........... 6 8
Ashy (probably silt or very fine sand).................. 8 16
Sand, hard, red........................... P 5 21
Gypsum, very hard (probably caliche).................. 14 35
Sand, red ... ... 35 70
Clay and gypsum, very hard (probably clay and caliche), 7 79
Sand, hard, red............ ... .. ... ..., 12 91
Sand, soft, grav......... ... 2 93
Sand, hard, red.... ... . ... .. ... 7 100
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Thickness
feet
Sand, soft, red ............ i, 9
Clay, sandy, hard............ ... ... i, 1
L0 P 24
Clay, hard, red.............c.ooi it 4
Sand, red ... 5
Clay, hard, red..........co i 1
Gypsum, hard (probuably caliche)..................... .. 3
Vs 8
Clay ot e 5

Sand, €0aTSe ... e 2.5

Clay, red ..ot e 12.5
Sand ... e 14
OBy vnre et 3
Sand ... 10
Rock (probably consolidated sand or silt)..:........... 8
Clay, BIue ..oveiii i et 11

211
Depth,
feet
109
120
144
148
153
154
157
165
170

172.5
185
199
202
212
220
231

8. Log of well used to supply water for drilling Republic Natural Gas Com-

pany No. 1 S8herwood well in sec. 33, T.33 S., R. 37 W. (Authority, driller.)

Thickness,

eet

3 ) 4
Undifferentiated Pliocene and Pleistocene deposits

Clay, yellow ..ot i e 31
Band ... 9
“Redbed” (probably red silt, clay, or fine sand)......... 2
Band L 24
“Redbed” (probably red silt, clay, or fine sand)......... 4
Sand and clay, consolidated............................. 26
Sand ... 6
Sand and clay, consolidated............................. 2
Samd ... 20
Sand and clay, consolidated.............. ... ... .. ... ... 57
Band ... 7
Clay, yellow ...oovenieiin e e 24

thority, driller.)

Dune sand ™ [;'l:x:(~
Sand L. e 6

Undifferentiated Pliocenc and Pleistocene deposits
Clay o 14
Sand .. ... 25
8a0d, CoaTse ... 22
Clay, yellow ......ooovini e i 6
Sand ... 43
Gravel ... ... ... i 5

Google

Depth;
feet

4

35
44
46
70
74
100
106
108
128
185
192
216

3. Log of well used to supply water for drilling Republic Natural Gas Com-
pany No. 1 Laura Porter well in SW1 sec. 27, T. 32 S, R. 37 W,

(Au-
Depth,
feot
6

20
45
67
73
116
121
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Thickness
feet
Clay, yellow ..... ettt e it e aaeaaas 3
£V P 27
Clay, yellow ...covntiiiiiniiiiiieiiererietannesannnnns H
3 Vs U P 35
Sand and clay, consolidated...............cooviieiiian, 21

Depth,
{ect

124
151
185
220
241

60. Partial log of gas well in sec. 34, T. 34 8., R. 38 W. (Authority, samples

studied by H. T. U. Smith. Cited by Smith, 1940.)

Thi;‘kr;ﬂss.
Undifferentiated Pliocene and Pleistocene deposits *
Sand, silt,and clay.........cooiiiiiiii i 18
Sand, medium to coarse, clean..........c..coiiiiiiiininn. 61
Sand, fine to medium, dirty, dark buff, and limestone,
compact, gray buff......... ...l 30
Limestone chips and medium to coarse sand and grit..... 92
Sand, grit, calcareous sandstone, and chips of limestone.
Stained red between depths of 231 and 262 feet....... 91
Sand, medium to coarse, dirty, containing a little gravel
L Vo 3 T 31
Grit, gravel, and clay......ooiiiiiiiiiiiiii e 30
Grit, gravel, and clay; containing sand................... 31
Grit, gravel, and clay; containing buff calcareous clayey
1 P 61
Grit, clayey, dirty, containing fragments of red mudstone
and a little gravel............ ... i i, 61
Sand and grit; reddish; dirty; containing clay............ 30
Sand and grit; containing clay............coiiiiininn. 30
Sand, reddish, dirty, containing a little gravel............ 31
Permian redbeds
Sand and silt, light reddish....................... ... ... 30

Google

Depth,
feet

18
79

109
201

323
353
384

506
536

597

627
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