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GEOLOGY AND GROUND-WATER RESOURCES
OF GRAHAM COUNTY, KANSAS

By Glenn C. Prescott, Jr.

ABSTRACT

This report describes the geography, geology, and ground-water resources
of Graham County, in northwestern Kansas, Records of 344 wells and springs
and logs of 31 test holes are given. The outcropping rock formations were
studied in the field and a geologic map and geologic cross sections were pre-
pared. Samples of water from 21 wells were analyzed for dissolved mineral
content.

Graham County is in the High Plains section of the Great Plains physio-
graphic province. The county is moderately to well dissected and South Fork
Solomon River, Bow Creek, Saline River, and tributaries to these rivers afford
good drainage to the area. The most extensive flat lands in the county are
the terrace surfaces in South Fork Solomon Valley. The climate of the area
is subhumid, the average annual precipitation being about 21 inches. In addi-
tion to ground water, the principal mineral resources are oil and construction
materials. Farming and livestock raising are the principal occupations of the
county. A very small acreage is irrigated,

The outcropping rocks in Graham County are sedimentary and range from
late Cretaceous to Recent in age. The oldest outcropping rock is the Smoky
Hill chalk member of the Niobrara formation, which underlies the entire county.
The Ogallala formation of Tertiary (Pliocene) age overlies the Smoky Hill
chalk member, but in several areas erosion has removed the Ogallala and the
Cretaceous bedrock is exposed. Along many of the valleys where the Ogallala
has been removed, late Wisconsinan terrace deposits mantle the bedrock. Other
older Pleistocene alluvial deposits are the Crete sand and gravel member of
the Sanborn formation and the Meade formation., The wind-blown silt of the
Sanborn constitutes the surficial material over much of the area, particularly in
the uplands. The youngest deposits are Recent alluvium along the streams
and scattered sand dunes.

The Ogallala formation is the most wide-spread water-bearing formation in
the county and yields water to many wells. In stream valleys the late Wiscon-
sinan terrace deposits supply water to many wells and also the Crete yields
water to wells. Small amounts of water can be obtained from the Niobrara
formation, and from the upper part of the Carlile shale, which underlies the
Niobrara. The Dakota formation, which underlies the surface at depths ranging
from about 500 to 1,100 feet, contains considerable amounts of water., How-
ever, this water is of questionable quality.

The body of ground water contained in the Pleistocene and Pliocene deposits
is recharged principally by precipitation that falls in the county or in adjacent
areas to the west. Ground-water recharge to the Niobrara formation probably
takes place in a similar manner. Some recharge to the Carlile and Dakota
formations may result from local precipitation but probably the greater part

(7)
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8 Geological Survey of Kansas

of recharge to these aquifiers takes place in their areas of outcrop. Ground
water is discharged from Pleistocene and Pliocene deposits through transpira-
tion and evaporation, by discharge into streams, by subsurface movement into
other areas, and by wells and springs. Discharge from Cretaceous aquifers is
accomplished principally through subsurface movement.

The report contains a map showing the location of wells and springs for
which information was obtained and showing the depth to water level at each
well. The maximum measured depth to water was 229 feet in a well to the
Dakota formation. A contour map showing the shape and slope of the water
table indicates that ground water generally moves into the county from the
west and out of the county to the east. Geologic cross sections indicate that
the Pleistocene and Pliocene water-bearing materials are too thin over most of
the county for the development of irrigation wells, The most promising areas
for obtaining sufficient water for irrigation wells are in the northwestern part
of the county from the Ogallala formation and in places along South Fork
Solomon River from the Wisconsinan terrace deposits.

Analyses of 21 samples of ground water reveal that water from the Ogallala
formation, although moderately hard, is suitable for most purposes. Water
from alluvial materials and from the bedrock formations is more highly mineral-
ized than water from the Ogallala formation. Water from the Carlile shale
may be unfit for irrigation and water from the Dakota formation is unfit for
irrigation and may be unfit for domestic and stock use.

INTRODUCTION

PURPOSE AND SCOPE OF THE INVESTIGATION

The investigation upon which this report is based is part of a
program of ground-water investigations in Kansas begun in 1937
by .the United States Geological Survey and the State Geological
Survey of Kansas in co-operation with the Division of Water Re-
sources of the Kansas State Board of Agriculture and Division of
Sanitation of the Kansas State Board of Health. The present status
of investigations made under this program is shown in Figure 1.

The investigation of the geology and ground-water resources of
Graham County was made to determine the availability and quality
of ground water for domestic, stock, industrial, and irrigation sup-
plies and to determine the geologic and hydrologic factors that con-
trol the occurrence of ground water, which is one of the principal
natural resources of western Kansas. Although at the present rate
of withdrawal, the danger of seriously depleting the ground-water
supply seems very slight, there still is a definite need for an adequate
understanding of the quantity and quality of the available supply,
where additional supplies can be obtained, and what measures may
be necessary to safeguard their continuance.

The investigation was made under the general direction of A. N.
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10 Geological Survey of Kansas

made special reference to the source, availability, and use of ground
water in western Kansas. The first specific reference to Graham
County was in a report by Darton (1905) in which he discussed
briefly the geology and water supply of the county. Partial chemi-
cal analyses of samples of well water from Graham County were
given in a report by Parker (1911). A chapter of a special report
on well waters in Kansas (Haworth, 1913) was devoted to the
Tertiary area of western Kansas, which includes Graham County.

A report on the geology of Wallace County (Elias, 1931) con-
tained the results of detailed studies of Pleistocene, Pliocene, and
Cretaceous deposits in the western Kansas area. A report by Landes
(1937) briefly summarized the principal aquifers and mentioned
the undeveloped mineral resources of the area. Reports on geology
and ground-water resources have been published for Norton and
northwestern Phillips Counties (Frye and Leonard, 1949) and for
the North Fork Solomon River Valley in Mitchell, Osborne, Smith,
and Phillips Counties (Leonard, 1952). In 1952 field work was
completed and reports on the geology and ground-water resources
are in preparation for Sheridan, Gove, Decatur, and Rawlins Coun-
ties. Byrne, Coombs, and Matthews (1951) give the results of an
investigation of the construction materials in Graham County and
prospecting for and development of petroleum in Graham County
are summarized by Ver Wiebe (1940, 1941, 1942, 1943, 1944, 1945,
1946, 1947) and Ver Wiebe and others (1948, 1949, 1950, 1951,
1952, 1953, 1954). An important contribution to the literature on
Pleistocene geology was made in 1952 by the publication of a re-
port on the Peistocene geology of Kansas (Frye and Leonard, 1952).

MEeTHODS OF INVESTIGATION

Approximately 4% months in the summer and fall of 1952 were
spent in the field collecting the data upon which this report is
based. A total of 344 wells and springs was visited and total depth
and depth to water of wells were measured where possible. Well
owners and drillers were interviewed regarding the nature and
thickness of the water-bearing formations, the yield and drawdown
of the wells, and the quality and permanency of the water supply.

Samples of water from 18 wells were collected; they were later
analyzed in the Water and Sewage Laboratory of the Kansas State
Board of Health at Lawrence by Howard A. Stoltenberg. Three
other analyses by Mr. Stoltenberg not made especially for this in-
vestigation have been used in the report.
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Geology and Ground Water, Graham County 11

During the course of the investigation the surficial geology was
studied and mapped on aerial photographs and the geologic map
(PL. 1) was later prepared in the office. C. K. Bayne assisted in
the mapping of geologic features in the valley of the South Fork
Solomon River. To determine the character of the material beneath
the surface, 29 test holes were drilled by Norman W. Biegler, Wil-
liam T. Connor, and William Gellinger using the hydraulic-rotary
drilling rig owned by the State Geological Survey. Samples from
the test holes were collected and studied in the field by Biegler,
who also prepared logs of the holes.

The altitudes of the surface at the test holes and of the measuring
point of wells were determined with a plane table and alidade by
level parties headed by Edwin Rhine and Woodrow Wilson. The
water-table contour map (Pl 1) is based on these altitudes together
with the measured depth to water in the wells. Wells shown on this
map and the well-location map (Pl. 2) were located within the
sections by use of an odometer. The base map used for Plates 1 and
2 was adapted from a map compiled by the United States Depart-
ment of Agriculture, Soil Conservation Service. Road corrections
were made by field observations or by use of aerial photographs.
The drainage on Plates 1 and 2 was adapted from a map of the Soil
Conservation Service.

WELL-NUMBERING SYSTEM

The well and test-hole numbers used in this report give the loca-
tion of wells according to General Land Office surveys and according
to the following formula: township, range, section, 160-acre tract
(quarter section), 40-acre tract within that quarter section, and
10-acre tract. If two or more wells are within the same 10-acre
tract the wells are numbered serially in the order in which they
were inventoried. An example of this well-numbering system is
given in Figure 2 where well 6-24-5bac, a well in the SWX NEX NWX
sec. 5, T. 6 S., R. 24 W., is shown.

GEOGRAPHY

TOPOGRAPHY AND DRAINAGE

Graham County is entirely in the High Plains section of the Great
Plains physiographic province (Adams, 1903, p. 113). The area
does not consist of the flat to gently rolling upland plains typical of
the High Plains farther west (Frye, 1945, p. 12; Prescott, 1954)
but rather is moderately to well dissected. Most of the county is
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12 Geological Survey of Kansas

well drained and sloping ground predominates. The most exten-
sive areas of flat land are on the terrace surface that is in the valley
of South Fork Solomon River. This terrace is thought to be the
same age as the Almena terrace along Prairie Dog Creek (Frye and

R25 W R24W R23W R22W R21W

\é-24-5bac] 6ls5]alalalt

\ 7[8]9]iofn]i2
\ efiz]ie]isfiafiz] T
A\ 19]20[21]22[23]24] 5

\ : 30|29]28|27{26]25

\ 31132|33|34{35|36
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\\b o 7
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>
< d
a
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c d
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Sec. 5, T6S, R24W, showing the method of 9
dividing sections into quarter sections, S
40-acre tracts and 10-acre trocts.

T
10
S

Fic. 2—Map of Graham County illustrating the well-numbering system used
in this report,

Leonard, 1949, p. 53) and the Kirwin terrace on North Fork Solo-
mon River (Leonard, 1952, p. 14). The lowest point in the county,
which is where South Fork Solomon River enters Rooks County, is
about 1,900 feet above sea level. Several places on the west side
of the county have altitudes of more than 2,600 feet, the maximum
altitude recorded during the leveling of wells and test holes being
2,633 feet at the SE cor. sec. 18, T. 9 S, R. 25 W. Thus the maxi-
mum relief is more than 700 feet.
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Geology and Ground Water, Graham County 13

South Fork Solomon River is the principal stream in Graham
County. It flows across the center of the County from west to east
and drains about two-thirds of the area. Bow Creek, which is inter-
mittent in the western half of Graham County, flows northeasterly
across the northern part of the county and continues easterly until
it meets North Fork Solomon River in eastern Phillips County. The
North Fork continues easterly and southeasterly and joins South
Fork Solomon River south of Cawker City in Mitchell County,
where it becomes the Solomon. Saline River flows southeast-
ward through sec. 381, T. 10 S., R. 25 W, which is in the
extreme southwestern corner of the county. The tributaries to
Saline River drain approximately one-fourth of the county. Most
of the tributaries to these three major streams are ephemeral—that
is, they flow only during and after periods of heavy rain. However
parts of some of the tributaries are spring-fed and maintain a small
perennial flow.

CLIMATE

The climate of Graham County is subhumid and is characterized
by abundant sunshine, moderate precipitation, and a high rate of
evaporation. Days are hot during the summer but the nights are
generally cool. The summer heat is alleviated by good wind move-
ment and low relative humidity. Winters are moderate with only
occasional short periods of severe cold and with relatively light
snowfall. The normal annual mean temperature at Hill City is
53.9° F. The highest normal monthly mean temperature is 79.0° F.
in July and lowest normal monthly mean temperature is 28.5° F. in
January. The lowest temperature on record at Hill City is —24° F.,
which occurred on January 12, 1912. The highest temperature on
record is 117° F., which occurred on July 24, 1936. The average
length of the growing season is 165 days but extremes of from 128
to 196 days have occurred.

The norman annual precipitation at Hill City as determined by
the U. S. Weather Bureau is 20.55 inches. The precipitation has
ranged from a low of 9.65 inches in 1910 to a high of 39.38 inches
in 1941. About 77 percent of the precipitation falls during the grow-
ing season from April through September when moisture is needed
most. The annual precipitation and the cumulative departure from
normal precipitation at Hill City for the period of record are shown
in Figure 3 and the normal monthly precipitation is shown in
Figure 4.
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TRANSPORTATION

Graham County is crossed by a branch line of the Union Pacific
Railroad, which runs westward from Salina in Saline County to
Colby in Thomas County. The railroad goes through Bogue, Hill
City, Penokee, and Morland.

The county is traversed by two paved Federal highways—U. S.
Highway 24 east-west just north of Bogue, Penokee, and Morland,
and through Hill City and U. S. Highway 283 north-south through
Hill City. State Highway 18, which is paved, parallels the railroad
northwestward from the Rooks County line to Bogue where it turns
northward to join U. S. Highway 24. Short sections of paved high-
way, State Highways 84 and 85, run north from Penokee and Mor-
land, respectively, to U. S. Highway 24. Several of the county
roads have been graded and graveled and many other county and
township roads have been improved.

AGRICULTURE

Agriculture is the principal occupation in Graham County, which
according to a census of the State Board of Agriculture, in 1945 had
909 farms. In 1950 192,824 acres of crops were harvested, approxi-
mately 70 percent of the crop land being devoted to the raising of
wheat. About 40 percent of the land is in pasture and cattle raising
is a major occupation. The acreage of principal crops grown in
1950 is shown in Table 1.

TaBLE 1.—Acreage of principal crops grown in Graham County in 1950
(Data from Kansas State Board of Agriculture)

Crop Acres
Wheat ... ... .. 136,000
COMM .. 8,000
OBES o oo 2,920
Barley .. ... .. 6,580
RY€E ..o 150
Sorghum

For grain .. ... ... . .. . .. ... 22,280

For forage ...... ... .. .. . . ... 12,060

Forsilage ....... . ... . . . ... 2,190
Allhay ... . . 3,320

Total ... .. 192,800
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MiNERAL RESOURCES

The principal mineral resources of Graham County in addition
to ground water are oil and construction materials.

Oil.—The first well in Graham County to find oil in commercial
quantities was drilled by the Continental Oil Company in 1938 in
the southeastern part of the county in sec. 15, T. 9 S., R. 21 W.
Subsequent development has proved this well to be the discovery
well of the largest pool in the county, the Morel. To the end of
1953, the 210 Arbuckle producing wells of the Morel pool had pro-
duced 16,631,864 barrels of oil (Ver Wiebe and others, 1954, p. 160).
The second largest oil pool in the county, the Cooper, which in 1953
had more than 100 Arbuckle producing wells, was discovered during
1950. During the first four years, 3,119,535 barrels of oil were pro-
duced from this pool. In 1953, production was from 37 pools, 7
of which were discovered in that year. To the end of 1953 a total
of 22,212,816 barrels of oil had been produced from the 442 pro-
ducing Graham County wells. The principal producing rocks in
the county are the Lansing and Kansas City groups and the Ar-
buckle group. Data concerning the development and production
of oil in the county are given by Ver Wiebe, 1940, 1941, 1942,
1943, 1944, 1945, 1946, and 1947 and Ver Wiebe and others, 1948,
1949, 1950, 1951, 1952, 1953, and 1954.

Construction materials.—Rocks from the Ogallala and Niobrara
formations have been used to some extent for construction in
Graham County. The lower part of the Ogallala in places contains
a distinctive hard green rock consisting of sand and gravel cemented
with opaline silica (Pl. 3A). This rock (which is called “quartzite,”
has been used to build several buildings in the county (Pl. 3B) and
was used for riprap on the upstream face of Antelope Lake dam in
the NEX sec. 9, T. 8 S., R. 25 W. Crushed quartzite has been used
on several rural roads and was used in concrete pavement in Hill
City (Byrne, Coombs, and Matthews, 1951, p. 13).

The Smoky Hill chalk member of the Niobrara formation has
been used in the construction of buildings in Graham County. The
formation is generally shaly but where it is more massive, building
stone can be quarried (Pl. 4). Chalk has also been used on some
of the roads. Other materials used in construction are ledges of
mortar beds in the Ogallala formation which have been crushed
and used on some roads and beds of unconsolidated sand and gravel
which have been quarried at several localities from both the Ogallala
formation and terrace deposits. Sand and gravel is obtained hy-
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draulically from the alluvium of the South Fork Solomon River.
For a more complete discussion of these and other materials whose

economic value is minor the reader is referred to Byrne, Coombs,
and Matthews (1951).

GENERAL GEOLOGY
SUMMARY OF STRATIGRAPHY *

The rocks that crop out in Graham County are sedimentary and
range in age from late Cretaceous (Gulfian) to Recent. A general-
ized section of the geologic formations is given in Table 2, their
areal distribution is shown on Plate 1, and their stratigraphic re-
lationship is shown in Figure 5.

The oldest rocks exposed in the county belong to the Smoky Hill
chalk member of the Niobrara formation. The entire county is
underlain by this formation and a large part of the county is within
the area of outcrop of the Niobrara. The lower member of the
Niobrara formation, the Fort Hays limestone, does not crop out in
the county. The Pierre shale, which reaches a thickness of about
1,400 feet in the northwestern part of the State (Elias, 1931, p. 50)
has almost entirely been eroded away here and has been recognized
in only a few outcrops in the western part of the county. The
Ogallala formation of Tertiary (Pliocene) age overlies the Niobrara
or Pierre over much of the area, but in many places the Ogallala
has been completely removed and Cretaceous rocks are exposed.
Eolian silt of the Sanborn formation of Pleistocene age mantles
the uplands and valley walls over most of the county. Along many
stream valleys this silt may be underlain by stream-deposited sand
and gravel (Crete member of the Sanborn) in a terrace position
with respect to the valley. Terrace deposits (Meade formation)
of an earlier aggradational cycle lie in places along South Fork
Solomon River and some of the other creeks, and late Wisconsinan
to Recent deposits occur along many of the streams as alluvium or
terrace deposits. In small local areas Recent winds have formed
dunes of sand from alluvial deposits or from the Ogallala formation.

* The classification and nomenclature of the rocks described in this report
follow that of the State Geological Survey of Kansas. They differ somewhat
from the classification and nomenclature given in formal reports of the U. S.
Geological Survey.
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ROCKS NOT EXPOSED

The Niobrara formation in Graham County is underlain by ap-
proximately 400 feet of deposits consisting principally of shale and
limestone. Included herein are the Carlile shale, the Greenhorn
limestone, and the Graneros shale. The Codell sandstone zone in
the Blue Hill shale member of the Carlile is thought to supply water
to a few wells in Graham County, but the Greenhorn limestone and
Graneros shale are generally not aquifers. Beneath the Graneros
shale is the Dakota formation, which is an important aquifer in some
areas in Kansas and which may be a potential source of water for
wells in Graham County. These formations will be discussed in
more detail in the section on geologic formations and their water-
bearing properties.

GEOMORPHOLOGY

The principal topographic features of Graham County are the re-
sult of events that happened during Pliocene and Pleistocene time.
Near the end of Cretaceous time, the sea that had deposited a great
thickness of sediments over the western Kansas area during late
Cretaceous time withdrew, exposing the upper part of these beds to
subaerial erosion. In early Tertiary time uplift occurred in the
Rocky Mountain province and streams flowing eastward across the
High Plains area of Kansas stripped off a considerable thickness of
upper Cretaceous sedimentary rocks. The Pierre shale was com-
pletely removed except in an area in the western part of the county
where seemingly the Pierre had been downfaulted or down folded
and was therefore protected from erosion. Varying thicknesses of
the underlying Niobrara formation were also lost to erosion. In
Pliocene time streams from the Rockies deposited large quantities of
sediments (Ogallala formation) over the High Plains of Kansas. As
the stream valleys became filled, the streams topped the bedrock
divides, shifted laterally, and developed an extensive almost feature-
less plain of alluvium, which merged with the erosional plain in the
Rocky Mountain region. The broad alluvial plain was marked in
many places with shallow water-table lakes in which the “Algal
limestone” was formed.

In early Pleistocene time there was either uplift of the land to
the west or a climatic change which caused streams to start cutting
valleys below the surface of this vast constructional plain. The
sequence of events during Nebraskan and Aftonian time in this area
is not known because deposits of these ages have not been identified.

Google



Original from
UNIVERSITY OF CALIFORNIA

Digitized by G()Ogle

916006-sn-pdgasn ssadde/bioisnaityley mmm//:dizy / pazrithip-216009 ‘s21els paiTun dYyl UT uTewoq dT1qnd
€90/18€9°ToN/LZ07/32u a1puey 1py//:sdizy / 1W9 90:6T LZ-60-£2OC UO sesuey Jo AITSISATUN Je paiedausn



Geology and Ground Water, Graham County

-283icee

ounTYy
U __>~

ROOKS COUNTY

Snauaw

CXPLANATION
SILT AND CLAY SAND AND GRAVEL MOATAR 0CO CuALK

Q

nAM_ €O

T TAEGO €A

RTH FORK SALINE RIVER

3
SCALE N MILES

Google



Original from
UNIVERSITY OF CALIFORNIA

Digitized by Google

916006-sn-pdgasn ssadde/buo 1snaiTyiey -mmm//:dily / pazTithip-916009 ‘s21e1S paiTun Syl UT uTewoq dT1qnd

€90/18€9°1on//z0Z/33u"d1puey 1py//:sdiy

/ LW9 90:6T LZ-60-£7OT U0 sesuey Jo AITSIIATUN 1B PaleIBUY



Original from
UNIVERSITY OF CALIFORMIA

Digitized by Google

916006-sn-pdgasn ssadde/Buo ysnaiTyiey mmm//:diyy / pazritbrp-916009 ‘sal1els paiTun 2yl UT uTewog dT1gnd

€90/18€q°1oN//£Z0Z/33u 31puey 1py//:sdily

/ LW9 90:6T [T-60-£ZOZ UO sesuey jo AITSUSATUN 3@ Paledaudn



26 Geological Survey of Kansas

However, scattered terrace remnants of Kansan and Yarmouthian age
" indicate that by Kansan time the major valleys had become en-
trenched in approximately their present location and that they were
later alluviated during Kansan and Yarmouthian time. During the
period of erosion which followed, the ancestral South Fork Solomon
River entrenched its valley considerably below the base of the
Meade deposits (of Kansan and Yarmouthian age). During the
period of alluviation which followed, the Crete sand and gravel
member (of Illinoian age) of the Sanborn formation was deposited.
The aggradational plain that was thus being formed at this time
seemingly was subject to strong wind action and it is thought that
the loess of the Loveland silt member of the Sanborn formation,
which is spread over the upland area, was derived from this source.
During late Sangamonian time very little erosion took place and a
well-developed soil formed on the silt member of the Loveland
loess.

During early Wisconsinan time erosion again took place and
streams cut below the Crete member of the Sanborn. This period
of erosion is thought to have been followed by rapid alluviation,
which brought a large quantity of fine sediments into the valleys of
the region. This is suggested by the extensive deposits of wind-
blown silt which form a nearly continuous blanket over the upland
areas and valley slopes and which are classed as the Peoria member
of the Sanborn formation. Alluvial deposits of early Wisconsinan
age have not been identified in Graham County and it is probable
that they were removed during a period of erosion later in the Wis-
consinan when the major streams did their last extensive downcut-
ting. The period of alluviation that followed in late Wisconsinan or
early Recent time produced deposits that are here referred to as late
Wisconsinan terrace deposits. The surface of this terrace forms the
principal flat area in the valley of the South Fork Solomon River.
During late Wisconsinan time high winds again deposited a thin
mantle of loess in upland areas. This loess, the Bignell silt member
of the Sanborn formation, was deposited on the Peoria silt member,
seemingly rather sporadically. In places the top of the Peoria is
marked by the Brady soil that had developed prior to the deposition
of the Bignell.

During Recent time, erosion in stream valleys has progressed
and the modern streams have cut channels in the late Wisconsinan
terrace deposits. Deposits of Recent alluvium occur along the
stream channels. Other events that have occurred during Recent
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time have been the reworking of the sand of Ogallala and terrace
and alluvial deposits into dunes and the erosion and slumping of
silt of the Sanborn formation to form colluvial deposits that mantle
some of the slopes.

GROUND WATER

Source AND OCCURRENCE

All the water beneath the surface of the earth is termed subsurface
water. The part of subsurface water above the zone of saturation
is called suspended water or vadose water, whereas water in the
zone of saturation is called ground water. Ground water is the
water that is available to wells or springs. In Graham County most
of the ground water is derived from precipitation that falls as rain
or snow either within the county or in near-by counties to the west.
The greater part of the precipitation evaporates, is used by vegeta-
tion, or is carried away as surface runoff, but a small fraction enters
the ground and eventually joins the body of ground water in the
zone of saturation. Water that occurs in the deep-lying Dakota form-
ation and Carlile shale (Codell sandstone zone of the Blue Hill
member), neither of which crops out in the county, may be derived
partially from local precipitation but probably the major part is
obtained in outcrop areas of these two formations where they may
receive direct precipitation or where streams flow over the outcrops.
Some water may be obtained where the formations are overlain by
other water-bearing formations.

The rocks underlying the surface in Graham County are not solid
throughout, but rather they contain voids or interstices, which may
contain air, natural gas, oil, or water. There are several different
kinds of rocks in Graham County and they differ greatly in the num-
ber, size, shape, and arrangement of the interstices, and therefore
in their water-holding and water-yielding capacities. The amount
of water that can be stored in a rock depends on the porosity of
the rock. The percentage of the volume of the rock consisting of
interstices is its porosity. Although it is desirable when consider-
ing problems of ground-water supply to know the porosity, it is
the permeability of the material that determines the rate at which
ground water may move. The permeability of a rock is dependent
on the size, shape, and interconnection of the interstices. Figure

6 illustrates several types of rock interstices that might occur in
Graham County.
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WATER IN SAND AND GRAVEL

Much of Graham County is underlain by deposits of uncon-
solidated or partially consolidated material that was laid down by
streams during Pliocene and Pleistocene time. The sorting action

oA
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Fic. 8. Diagram showing several types of rock texture to porosity. A, Well-
sorted sedimentary deposit having a high porosity; B, poorly sorted sedimentary
deposit having a low porosity; C, well-sorted sedimentary deposit consisting of
Eegbles that are themselves porous so that the deposit as a whole have a very

igh porosity; D, well-sorted sedimentary deposit whose porosity has been
diminished by the deposition of mineral matter in the interstices; E, rock ren-
dered porous by solution; F, rock rendered porous by fracturing. (From O. E.
Meinzer.)

of streams on the sediments in places resulted in the deposition
of distinct beds of gravel, sand, silt, or clay. However, in Graham
County well-sorted beds of sand or gravel are not common and in
general sand and gravel occur together along with more or less
silt and clay. Deposits of uniform coarse sand or gravel may have
a high porosity and permeability, but deposits of sand and gravel
containing silt and clay will be less porous and less permeable.
Uniform deposits of silt, clay, or fine sand may be very porous, but
because of the small interstices they will have a low permeability.
Properly constructed wells in well-sorted uniform gravel or coarse
sand yield large quantities of water.

Sand and gravel in the Ogallala formation and terrace deposits
constitute the principal source of ground water in the county.

WATER IN LIMESTONE AND SHALE

Chalk, chalky limestone, and chalky shale are generally not im-
portant sources of water to wells but several wells in Graham County
derive water from such beds in the Niobrara formation. In places
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the formation has undergone considerable folding, faulting, or frac-
turing, and water probably occurs in such openings caused or en-
larged by water containing dissolved carbon dioxide. The occur-
rence of fractures and solution openings is irregular and it is gener-
ally impossible to predict where water may be found.

Shale is a very poor rock from which to obtain water. Shale is
in places highly porous and may contain much water, but because
of the small interstices most of the water will be retained by mo-
lecular attraction and will not be available to wells. Some water
occurs in shale along joints and bedding planes but it is thought
that fractures in the more massive beds yield more ground water
to wells than the bedding planes and joints in the more shaly beds.

WATER IN SANDSTONE

Sandstone yields water to several wells in Graham County. The
factors determining the water-bearing properties of a sandstone
are the grain size, sorting, and cementation. A coarse-grained,
well-sorted sandstone, if not too tightly cemented, will yield water
freely, whereas a well-sorted, fine-grained sandstone will yield
water less readily. Some sandstones are so tightly cemented they
will not yield water from the original openings between the grains,
but such sandstones may contain water in joints and fractures.

Details concerning the Codell sandstone zone of the Carlile shale
and sandstone of the Dakota formation in Graham County are not
available.

MOVEMENT

The water table is defined as the upper surface of the zone of
saturation except where that surface is formed by an impermeable
body (Meinzer, 1923, p. 32), in which case the water table is ab-
sent and artesian conditions exist. The water table is not a plane
surface but is a sloping surface which has irregularities caused by
differences in permeability of water-bearing material, by unequal
additions or withdrawals of ground water, and by pronounced ir-
regularities of the bedrock surface. The water table is not station-
ary but fluctuates in response to additions to or withdrawals from
water in storage and to other factors such as changes in barometric
pressure.

The configuration of the water table in Graham County where
it can be drawn is shown on Plate 2 by means of contours. Water-
table contour lines connect points of equal altitude and show the
general shape of the water surface just as topographic maps show
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the shape of the land surface. The direction of movement of
ground water is at right angles to the water-table contour lines.

Plate 2 indicates that ground water moves into Graham County
generally from the west. It is not practical to draw water-table
contours in much of the county because in places there is little or
no Pleistocene or Pliocene water-bearing material. This does not
necessarily indicate that no ground water can be obtained in such
areas but it does mean that the water table is discontinuous and
that ground water may be hard to obtain. In such areas some
water can be obtained from alluvial or colluvial deposits in draws
or from Cretaceous rocks.

ARTESIAN CONDITIONS

Water contained in the Dakota formation, the Codell sandstone
zone of the Carlile shale, and generally the Niobrara formation, is
under artesian conditions—that is, the water is contained under
sufficient pressure to rise above the level at which it is encountered
in wells. To be under artesian conditions water must be confined
above and below by relatively impermeable beds that dip from the
intake area to the area of ground-water discharge. Water entering
the permeable bed percolates down gradient and will exert consid-
erable pressure on the upper confining bed, and will rise in a well
drilled through the confining layer. If the water is under sufficient
pressure and the intake area is at a higher altitude than the surface
of the well, the water may flow at the surface. Flowing artesian
wells have been reported in Graham County, but none of these re-
ports has been verified.

RECHARGE

Ground-water recharge is the addition of water to the ground-
water reservoir and may be accomplished in several ways.

TO PLIOCENE AND PLEISTOCENE DEPOSITS

Recharge to Pliocene and Pleistocene deposits in Graham County
is derived from water that falls as precipitation within the county
or in adjacent areas to the west.

Although the average annual precipitation of Graham County
is about 21 inches, actually only a very small fraction of this ( prob-
ably less than half an inch) ever reaches the ground-water body.
More than 75 percent of the precipitation falls during the months
April through September during the height of the growing season
when moisture is needed most. A considerable amount of the
precipitation during this period is used by plants, some of it being
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used by the plant in the growth process and some being released to
the atmosphere as water vapor by the process known as transpira-
tion. During the same months temperatures are high, wind circu-
lation is good, and consequently the rate of evaporation is high.
According to the records of the U. S. Weather Bureau (1950) the
rate of evaporation from a free water surface during the growing
season as recorded at the Experimental Station at Hays, Ellis
County, for the period from 1938 to 1948, is: April, 7.99 inches;
May, 9.63 inches; June, 12.04 inches; July, 15.08 inches; August,
13.47 inches; and September, 11.13 inches. It is apparent that the
rate of evaporation greatly exceeds the precipitation that falls
during this period.

The amount of water from precipitation in Graham County that
is lost to runoff is probably not very great. Data are not available
for Graham County, but in the Pawnee River Valley in Ness and
Hodgeman Counties, the average annual runoff has been computed
to be 0.3 inch (Fishel, 1952, p. 58). In Cheyenne County the run-
off for the area drained by South Fork Republican River was 0.68
inch (Prescott, 1953, p. 33). The runoff in Graham County is prob-
ably of a similar order of magnitude.

Part of the water that escapes the processes of runoff, evaporation,
and transpiration percolates downward through the soil and under-
lying formations and eventually reaches the body of ground water.
A larger amount of recharge will occur in the valleys where the
surficial material is permeable and the depth to water is not great
than in the upland areas where the surficial material is rather im-
permeable and the depth to water is great.

Probably the most important source of water in the Pliocene and
Pleistocene deposits in Graham County is subsurface inflow (under-
flow). Plate 2 indicates that ground water enters the county from
the west, which means that some of the water that reaches the
water table in adjacent counties to the west moves laterally into
Graham County as underflow.

Some recharge is obtained from the loss of water from ponds or
from the channels of streams. Many ponds have been constructed in
Graham County and, where they are above the water table and
not too tightly sealed to prevent downward leakage, they constitute
a source of ground-water recharge. Some of the streams lie above
the ground-water level and flow only during and after heavy rains.
During such periods they are a source of ground-water recharge.
Many streams have cut below the base of the Ogallala formation,
which is the base of the main zone of saturation, and consequently
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they cannot add water to the principal body of ground water. Data
are too few and valleys too small to permit the drawing of water-
table contour lines for other than the valley of the South Fork
Solomon River.

TO BEDROCK FORMATIONS

Recharge to the Niobrara formation is similar to recharge of
Pliocene and Pleistocene deposits. Some recharge is from precipi-
tation that falls directly on the outcrop area, both within and with-
out Graham County, and some is from streams that flow across
the outcrop area. Some recharge also must take place directly from
the Ogallala formation where the Ogallala formation contains water
and where the upper surface of the Niobrara formation contains
cracks or fractures.

Although it may be possible that some recharge to the Codell
sandstone zone of the Carlile shale and the Dakota formation may
result from downward seepage of local precipitation through over-
lying beds, probably most recharge to these aquifers takes place
in areas where the formations crop out or where they are directly
overlain by other water-bearing beds.

DISCHARGE

Ground-water discharge is the discharge of water from the zone
of saturation and in Graham County it is accomplished by transpira-
tion and evaporation, by seepage into streams, and by discharge
from wells and springs. Ground water also leaves the county by
subsurface flow to the east.

Transpiration is one of the principal methods of ground-water
discharge in Graham County. Water may be taken into the roots
of plants directly from the zone of saturation and may be discharged
from the plants by the process known as transpiration. The loss of
ground water by transpiration is not significant in upland areas
where the depth to water is great but it is of importance in the
valleys where the depth to water is shallow and where water-loving
plants (phreatophytes) such as alfalfa and cottonwood trees may
send their roots deep in search of water. Direct evaporation from
the zone of saturation also takes place in areas where the water table
is shallow.

The water-table contour lines on Plate 2 indicate that water is
moving from the water table to the South Fork Solomon River where
the stream level is generally below the level of the water table.
Ground water also contributes to the flow of Bow Creek in its
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eastern reach in Graham County. Several other smaller creeks are
spring-fed and contain flowing water. Springs are common in
the county and generally occur in draws at or near the contact be-
tween the water-bearing beds of the Ogallala formation and the
underlying impermeable Niobrara formation. The amount of water
discharged by springs is not known.

The discharge of water from wells is another method of ground-
water discharge. Most of the domestic, stock, municipal, and irri-
gation water supplies in the county are obtained from wells but no
data on the annual pumpage are available.

Some ground water leaves the area through subsurface outflow
principally to the east. This movement of water takes place pri-
marily in the alluvium and terrace deposits of streams that leave
the area. The Ogallala formation is generally absent or very thin
along the eastern border of the county and only a small amount
of water leaves the area as subsurface outflow from this formation.

REcoveERy

When water is standing in a well the pressure of water within the
well is equal to the pressure of water outside the well. When water
is withdrawn from a well, either by pumping or by some other
lifting device, the pressure inside the well is reduced, allowing
water to move into the well. When water is being discharged
from a well the water level in the vicinity of the well declines, tak-
ing the approximate form of an inverted cone known as the cone
of depression. The distance that the water level is lowered at any
distance from the well is called the drawdown and the lateral ex-
tent of the cone of depression from the well is called the area of
influence. In general, the greater the pumping rate, the greater
will be the drawdown.

The character and thickness of the water-bearing materials largely
determine what the yield and drawdown of a well will be. Draw-
down increases the height that water must be lifted in pumping a
well, thus increasing the cost of pumping. If the water-bearing ma-
terial is coarse and uniform in size it will readily yield large quanti-
ties of water to a well with a relatively small drawdown; if the water-
bearing material is fine or poorly sorted it will offer more resistance
to the flow of water into a well, thereby decreasing the yield and
increasing the drawdown. In general, the lower the transmissibil-
ity (average permeability multiplied by thickness of the aquifer)

2—6964
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of the water-bearing material the greater will be the drawdown in
the well.

The majority of ground water that is recovered in Graham County
is obtained from wells. Most of the wells have been drilled by the
cable-tool (percussion) method and cased with 5- or 6-inch gal-
vanized iron casing. Many of the shallow wells in the valleys were
bored with hand augers or post-hole diggers and some shallow wells
were dug by hand and cased, generally with concrete or rock. Most
wells of large capacity, such as irrigation and public-supply wells,
were drilled by the hydraulic-rotary method.

Some ground water is recovered from springs, which generally
occur at or near the contact between Pliocene or Pleistocene de-
posits and the nearly impermeable Niobrara formation, which pre-
vents the downward movement of ground water. The location of
and data on some of the springs visited during the investigation
are given in Table 7, but several other springs have been developed
for which records are not given.

UTrLizATION

During this investigation information on 339 wells and 5 springs
was obtained. Only a small percentage of the domestic and stock
wells was visited, but records were made for all municipal wells
and for most irrigation wells. Records of wells and springs are
listed in Table 7 and the principal uses of ground water are listed
below.

DOMESTIC AND STOCK SUPPLIES

Nearly all the domestic supplies in rural Graham County are ob-
tained from wells, and domestic supplies in the towns of Penokee,
Nicodemus, Morland, and St. Peter, which have no public water
supply, also obtain water from wells. Several springs are used for
domestic supplies. In general, ground water in Graham County
is suitable for most domestic purposes, although it is slightly hard.

Most water for stock is also obtained from wells. The stock
supply is supplemented by water from streams, springs, or stock
ponds. .

PUBLIC SUPPLIES

Public water supplies at Hill City and Bogue are obtained from
wells. Data on the municipal wells at these cities are given in
Table 7.

Hill City.—Hill City, the county seat of Graham County, obtains
its water supply from five wells deriving water from the terrace de-
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posits of South Fork Solomon River. The wells range in depth
from about 31 to 54 feet and are drilled through the, entire thickness
of the water-bearing Pleistocene deposits into shale of Cretaceous
age. Wells 8-23-13bdcl -and 8-23-13bdc2, located at the power
plant, are dug wells and are about 28 and 15 feet in diameter, re-
spectively. They are curbed with concrete. Wells 8-23-13cdbl,
8-23-13cdb2, and 8-23-13cdc are 18-inch drilled wells and are just
north of the river south of town and east of the fair grounds. The
wells pump into the mains with the excess going to an 80,000-gallon
elevated water tank in the northwestern part of town. The average
daily consumption of water at Hill City is from 300,000 to 500,000
gallons a day. The consumption during the summer is sometimes
nearly 1 million gallons a day. An analysis of a sample of water
from the Hill City water supply is given in Table 3. The water is
chlorinated.

Bogue—Bogue obtains its water from one well in the main sec-
tion of town which is a dug well and is reported to be 55 feet deep.
The well pumps directly into the mains with the excess going into
an elevated 50,000-gallon tank at the south end of town. The
average amount of water consumed at Bogue is about 20,000 gal-
lons a day. An analysis of water from the Bogue water supply is
givenin Table 3. The water is chlorinated.

INDUSTRIAL SUPPLIES

At the time the field work for this report was done very little
Water was used for industrial purposes. In fact, only one well, a
well owned by the Union Pacific Railroad at Morland, could be
classified as an industrial well. This well was used principally for
filling locomotive boilers. No data were obtained concerning the
?vell or amount of water pumped. Probably ground water was used
in the drilling of some oil wells in the county, but the principal
source of drilling water was surface water. In 1952 the Rex Beach
power plant of the Central Kansas Power Company was under con-
struction at Hill City. When completed this plant will use a con-
siderable amount of ground water.

IRRIGATION SUPPLIES

) A relatively small amount of ground water is used for irrigation
m C_raham County. Although several of the wells visited were
classified as irrigation wells, only one, well 7-22-10bcb, was used in
1952 (Pl 5B). This well irrigated several acres of corn, milo, and
alfalfa, by a sprinkler system (Pl 5A). The yield of the well at the
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time it was first tested was 400 gallons a minute according to C. A.
Robben, driller of the well.

It is possible that in certain areas in Graham County ground-water
supplies sufficient for irrigation can be developed. The two most
promising areas for the development of large supplies of ground
water are in the valley of South Fork Solomon River and in the
northwestern part of the county. The terrace deposits along the
river in places are very permeable and would transmit large quanti-
ties of water to wells. In addition, the water table is relatively near
the surface, which would tend to minimize the cost of drilling and
pumping. The thickness and nature of water-bearing terrace de-
posits differ from place to place and it is advisable to drill test holes
to determine the amount of saturated sand and gravel at any locality
before an irrigation well is constructed there.

The Ogallala formation in northwestern Graham County contains
a large amount of ground water that would be available to irrigation
wells. The geologic cross sections shown in Figure 5 indicate that
in places the thickness of water-bearing materials is more than 100
feet. Much of this material consists of sand and gravel and would
contain much water. However, as in the valley of South Fork
Solomon River the drilling of test holes to find the most favorable
locations is advisable.

For data concerning the construction and development of irriga-
tion wells the reader is referred to publications by Bennison (1947)
and Rohwer (1940).

CHEMICAL CHARACTER

The chemical character of ground water in Graham County is
shown by the analyses of water from 21 wells (Tables 3 and 4).
Table 3 includes analyses of the municipal water supplies of Bogue
and Hill City. Figure 7 shows graphically the chemical character
of water from the principal water-bearing formations. The water
samples were analyzed by Howard A. Stoltenberg, chemist, in the
Water and Sewage Laboratory of the Kansas State Board of Health
at Lawrence. The analyses show only the dissolved mineral content
and do not indicate the sanitary condition of the water.

CHEMICAL CONSTITUENTS IN RELATION TO USE

The following discussion of the chemical constituents of ground
water has been adopted in part from publications of the U. S. Geo-
logical Survey and the State Geological Survey of Kansas.
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TaBLE 4.—Summary of the chemical character of the water samples

from 21 wells
Number of samples
Range in:
parts per Crete Niobrara
million Terrace | member of | Ogallala | Niobrara | formation
deposits Sanborn | formation | formation and/or
formation Carlile shale
Dissolved solids
200-250. . ..... 1 |
251-300.......0 ........ | ... ... 8 ...
301400....... 1 1 1 |
401-500................. ) o
501-600....... 2 | 1 ...
601-700.......].......... 1 | 1 |
TO1-800.......| ... e 1 1
801-887....... 0 ... b 1§
Hardness
151-200....... ) S 3 |.......... 1
201-300....... 1 1 6 ) U O
301-400....... 1 1 |.......... 1 (..
401-487....... 1 1 | 2 |
Calcium
0-50........0. ... . ) L P 1
51-100....... 2 1 8 ) S
101-150....... 2 2 | ) S
151-159. .. ... .| .o 2 |
Sodium
0-50........ 4 3 9 2 |
50-100. . .... 4. ... ) S
101-150. . .....|. ... 1 ...
151-215. . ... . .| .o 1
Bicarbonate
0-200.......0 ...l
201-250. . ..... | I R 5 |
251-300. ...... 3 3 4 |
301-350.......0 ..o 3 |
351453, ......|. ... 1 1
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228 parts per million. Eight samples contained more than 500 parts
per million of dissolved solids.

Hardness.—The hardness of water is a property that receives
considerable attention and it is commonly recognized by the quantity
of soap needed to produce a lather and by the curdy precipitate that
forms during washing. Calcium and magnesium are the constituents
that cause practically all hardness of ordinary water and are the
active agents in the formation of the greater part of the scale formed
in steam boilers and in other vessels in which water is heated or
evaporated.

Hardness is of two types, carbonate and noncarbonate. Carbonate
hardness, often called temporary hardness, is caused by calcium
and magnesium bicarbonate and can be almost entirely removed
by boiling. Noncarbonate or permanent hardness is caused by
sulfate, chloride, nitrate, or fluoride of calcium and magnesium and
cannot be removed by boiling. In use with soap there is no differ-
ence between carbonate and noncarbonate hardness, but in general
noncarbonate hardness forms harder scale in steam boilers.

Water having a hardness of less than 50 parts per million is con-
sidered as soft. Hardness between 50 and 150 parts per million does
not seriously interfere with the use of the water for most purposes
but industries that use large amounts of soap, such as laundries,
may find it profitable to reduce the hardness by a softening process.
Water having a hardness of more than 150 parts per million may
be treated by individual users for household use. The use of home
water softeners was not observed in Graham County and there are
no municipal softening plants in Graham County. Where municipal
water supplies are softened the hardness is generally reduced to 100
parts per million or less.

No samples of water from Graham County can be considered as
soft, as the minimum hardness was 158 parts per million. The
maximum hardness was 487 parts per million. Only three samples
contained less than 200 parts per million hardness.

Silica.—Silica is a mineral constituent of most ground water.
Silica may be deposited with other scale-forming minerals in steam
boilers, but otherwise it has no effect on the use of water for most
purposes. The silica content of ground water in Graham County
ranged from 14 to 42 parts per million.

Iron—If water contains more than 0.2 or 0.3 part per million of
iron, the excess may separate out and settle as a reddish sediment
when exposed to air. Iron, which may be present in sufficient
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quantity to give a disagreeable taste, to discolor the water, or to
stain plumbing fixtures or fabrics, may be removed from most water
by aeration and filtration. However, some water requires additional
treatment.

Fluoride.—Fluoride is generally present only in small concentra-
tion in ground water but it is desirable to know the amount of
fluoride in water that is 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 teeth of children who
habitually drink water containing excessive fluoride during the for-
mation of the permanent teeth. Many dental authorities are now in
agreement that fluoride in small quantities is a factor in reducing den-
tal caries if the amount does not exceed about 1.5 parts per million.
The fluoridation of municipal supplies in areas in the United States
where the natural fluoride content of the water supply is low is in-
creasing at the present time.

The fluoride content of water samples from Graham County
ranged from 0.2 to 8.2 parts per million. Only two samples con-
tained fluoride in excess of 1 part per million.

Nitrate—The quantity of nitrate in ground water is commonly
low, generally less than about 10 parts per million in natural water.
Although some nitrate is obtained by ground water from nitrate-
bearing rocks and minerals through which it percolates, high nitrate
concentrations are thought to be obtained from direct flow of surface
water into the well or to the percolation of surface water into the
well through the top few feet of the well. Soils, especially during
the fall and winter, contain large concentrations of readily soluble
nitrate derived from plants or animal waste. Privies, barnyards, and
cesspools are also sources of organic nitrogen and may be not only
a source of nitrate to wells but a source of harmful bacteria as well.

Nitrate in concentrations of more than 45 parts per million (as
NO,) is undesirable because of the possible toxic effect that it may
have on the blood circulatory system of infants. (Metzler and Stol-
tenberg, 1950). This effect, which is known as cyanosis, results
when the water habitually consumed by an infant contains a large
amount of nitrate. In cyanosis the baby becomes listless and drowsy
and the skin becomes blue. If the water supply is not changed in
time death may result. Nitrate in drinking water does not cause
cyanosis in adults but may be responsible for certain digestive dis-
orders. . L

Nitrate concentrations in water samples from Graham County
ranged from 1.1 to 195 parts per million. Two samples contained
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44 parts per million and another had 62, but all others contained
considerably less than 45 parts per million nitrate with the excep-
tion of the one containing 195.

WATER FOR IRRIGATION

The suitability of water for irrigation is thought to be dependent
principally on the total quantity of dissolved mineral matter and
the percentage of sodium. The quantity of chloride may be large
enough to affect the use of water and in some areas, boron may be
present in sufficient amounts to be harmful to plants. Each factor
must be considered with respect to other factors such as soil compo-
sition, permeability, drainage, and crop tolerances.

Continuous use of water high in dissolved solids may increase
the salinity of the soil, which may ultimately affect the permeability
of the soil and disturb plant growth. The total concentration of
dissolved constituents may be expressed in terms of parts per million
of dissolved solids, of total equivalents per million of anions and
cations, or in terms of electrical conductivity. Electrical conduc-
tivity is a measure of the ability of inorganic salts in solution to
conduct an electrical current, and it is related to the concentration
of dissolved solids. Approximate values for electrical conductivity
can be obtained by multiplying total equivalents per million of
anions or cations by 100, or by dividing dissolved solids in parts per
million by 0.7 (Wilcox, 1948, pp. 4-5).

Irrigation water containing a high percentage of sodium may
cause dispersion of soil particles and may retard water and air move-
ment through the soil. To find the percentage of sodium the results
of the analyses must be reported in equivalents per million. The
quantity of sodium in equivalents is divided by the sum of the
quantities of calcium, magnesium, sodium, and potassium and the
result is expressed as a percentage. In general, water containing
more than about 60 percent sodium is undesirable for irrigation
use. The classification of water for irrigation is shown in Table 5,
and conversion factors to change parts per million to equivalents
per million are given in Table 6.

Water samples from Graham County were not analyzed for boron
content. However, water samples from wells in the valley of North
Fork Solomon River contained only a small amount of boron (Leon-
ard, 1952, pp. 74, 76) and it is probable that the quantity of boron
in ground water in Graham County is insufficient to be harmful to
plants.
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TABLE 5.—Percentage of sodium permissible in several classes of irrigation
water (after Wilcox, 1948a, p. 27)

Classes of water
Percent Electrical conductivity
sodium (micromhos at 25° C)

Rating Grade

1 Excellent less than 20 less than 250

2 Good 2040 250-750

3 Permissible 40-60 750-2,000

4 Doubtful 60-80 2,000-3,000

5 Unsuitable more than 80 more than 3,000

TaBLE 8.—Factors for converting parts per million of mineral constituents to
equivalents per million

Cation Conversion factor Anion Conversion factor
Cas++ 0.0499 HCO;- 0.0164
Mg++ 0.0822 SO,- 0.0208
Na+ 0.0435 Cl- 0.0282

NO,- 0.0161
F- 0.0526

Only one sample of water from Graham County, from well 7-21-
2becl, is thought to be of questionable quality for irrigation. This
well, which obtains water from the Niobrara formation and the
Carlile shale, contains a high ratio of sodium to other cations as
well as moderately high concentration of dissolved solids.

SANITARY CONSIDERATIONS

The analyses of water in Table 3 show only the amount of dis-
solved mineral matter in the water and do not necessarily indicate
its sanitary quality. An abnormal amount of certain mineral con-
stituents, such as chloride or nitrate, however, may indicate pollu-
tion of the water.

The entire population of Graham County is dependent on ground
water and care should be taken to protect from pollution wells and
springs that serve humans. Wells should be located away from
possible sources of pollution such as barnyards and privies. If a
well must be located near a possible source of pollution, the well
should be upslope from such source so that rain water will not
run from the source of pollution to the well. Wells should be
properly sealed at the top to prevent the direct inflow of surface
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water. Water samples from two wells in Graham County were
rather high in nitrate content. Both wells were poorly sealed at the
top and it is thought that nitrate-bearing surface water ran directly
into the wells. It is also possible that some harmful bacteria en-
tered the wells at the same time.

GEOLOGIC FORMATIONS AND THEIR WATER-BEARING
PROPERTIES

CRETACEOUS SYSTEM
GULFIAN SERIES
Dakota Formation

The Dakota formation does not crop out in Graham County but
it contains considerable water within a practical drilling depth and
should be considered in a discussion of the aquifers in the county.
At the time of the investigation no wells were known to produce
water from the Dakota but two of the wells visited had been drilled
to the Dakota and contained water. In near-by Gove, Trego, and
Rooks Counties, the Dakota is an important source of ground water
in certain areas where shallow ground water is scarce.

The Dakota formation in Kansas consists predominately of clay,
shale, and siltstone with lenses of fairly fine-grained sandstone.
Many of the sandstone lenses are interconnected and some water-
bearing sandstone is present at most localities. The percentage of
sandstone in the Dakota formation in the subsurface of Graham
County is not known. The thickness of the Dakota formation in
Graham County averages about 300 feet. Its depth below land
surface ranges from about 1,100 feet in the uplands on the west to
about 500 feet in the valleys in the eastern part of the county.

The quality of the water in the Dakota formation in Graham
County is not known. According to A. R. Leonard (1952, p. 28) water
in the Dakota in Phillips County is so highly mineralized that it is un-
fit for domestic, stock, or irrigation use. However, according to
W. D. Waterman (personal communication) the water in several
Dakota wells in Gove County is suitable for domestic and stock use
although too highly mineralized for irrigation.

Graneros Shale

The Dakota formation is overlain by a dark noncalcareous shale
that is known as the Graneros shale. It averages about 40 feet in
thickness in Graham County and is not known to yield water to
wells.
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Greenhorn Limestone

The Greenhorn limestone, which consists principally of a series
of chalky limestones and calcareous shales, overlies the Graneros
shale. The Greenhorn is on the average about 90 feet thick in
Graham County and is not known to yield water to wells.

Carlile Shale

Above the Greenhorn limestone is the Carlile shale, which aver-
ages about 250 feet in thickness in Graham County. The lower
part of the formation, which consists of gray to blue-gray calcareous
shale and thin chalk beds, is known as the Fairport chalky shale
member. The upper part of the formation consists principally of
dark-gray noncalcareous shale and is known as the Blue Hill shale
member. At the top of this member is a sandstone or sandy shale
zone, which is the Codell sandstone zone. None of the test holes
drilled in the area penetrated the Carlile, and logs of oil wells drilled
in the county contain very little detailed information, so the char-
acter of the Codell in Graham County is not known. It is thought
that the upper part of the Carlile shale, presumably Codell sand-
stone zone, is water-bearing, and one well, 7-21-2bccl, is believed
to obtain at least part of its water from this formation. The water
from this well is highly mineralized but is not extremely hard. It
would be unsuitable for irrigation because of a high percentage of
sodium, and might be unsatisfactory for sustained drinking by chil-
dren because of a relatively large amount of fluoride.

Niobrara Formation

The oldest rocks to crop out in Graham County consist of the
chalk and chalky shale of the Smoky Hill chalk member of the
Niobrara formation. The lower member of the Niobrara formation,
the Fort Hays limestone member, is not exposed in Graham County.

Fort Hays limestone member.—The Fort Hays limestone member
is composed of thick massive beds of chalk or chalky limestone
separated by thin beds of chalky shale. The beds are light to dark
gray when unweathered, but upon weathering they are white, tan,
buff, or cream. The Fort Hays underlies the entire area and prob-
ably averages about 55 feet in thickness. It is thought that the Fort
Hays limestone member contains water in fractures or along bed-
ding planes and that it supplies water to some wells in the area.
For example, wells 7-21-2bccl and 10-21-30abb probably obtain
some water from the Fort Hays. Water from these wells is rather
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highly mineralized. Water from well 10-21-30abb is very hard,
whereas water from well 7-21-2bccl is less hard, being similar to
water from the Ogallala formation in that respect. In well 7-21-
8bccl, water from the Fort Hays is thought to be modified by water
from the Carlile shale.

Smoky Hill chalk member—The Smoky Hill chalk member of
the Niobrara formation consists principally of chalk and chalky
shale beds, which are light to dark gray in unweathered beds but
yellow, orange, tan, or pinkish in weathered exposures (Pls. 5C, 6).
The Smoky Hill contains some massive chalk beds similar to beds of
the Fort Hays limestone member. Thin bentonite beds and con-
cretions of pyrite or limonite are common as are large fossil shells
of Inoceramus grandis and small fossil shells of Ostrea congesta.
The formation has undergone considerable deformation, and frac-
tures, small faults, and tilted beds are common in outcrops of the
Smoky Hill (Pls. 5C, 6B). Some of the fractures or fault lines are
filled with crystalline calcite. In secs. 28, 29, and 32, T. 8 S., R. 25
W., is an area where considerable faulting has occurred. In this
locality the Niobrara formation is above the younger Pierre shale in
several places for horizontal distance of more than half a mile.

Beds of silicified chalk occur at or near the top of the Smoky
Hill chalk member at several localities. Silicified chalk zones com-
monly occur near or are associated with the Ogallala formation.
According to Frye and Leonard (1949 p. 30) the silicified zones in
the chalk were formed by secondary silicification of the uppermost
exposed chalk beds probably at the same time as the silicification of
zones in the overlying Ogallala formation. ‘

The entire county is underlain by the Smoky Hill chalk member
and it crops out in a large part of the area (Pl. 1). The formation
has undergone considerable dissection during Pleistocene time and
its thickness is considerably different from place to place. In the
upland areas in the northwestern part of the county where the
Ogallala formation has protected the Smoky Hill from erosion, the
Smoky Hill is as much as 550 feet thick but in the southeastern part
of the county where there has been much erosion, it may not be
more than 100 feet thick.

- The Smoky Hill is generally not an important source of water,
but in Graham County it yields water to several wells in areas
where water is not available from Pleistocene or Pliocene deposits.
The water in the Smoky Hill is thought to be contained in fractures
along faults or along bedding planes. The success of a well pene-
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trating either the Smoky Hill or the Fort Hays depends on whether
or not these openings are found. Yields of wells to the Niobrara
generally are small.

Analyses of samples of water from four wells thought to derive
part or all their water from the Smoky Hill are given in Table 3.
The water is more highly mineralized and harder than water from
the Ogallala but is satisfactory for stock use and most domestic uses.

Pierre Shale

The Pierre shale, which is the youngest formation of late Creta-
ceous age recognized in Kansas, consists principally of soft fissile
blue-gray shale in Graham County. The formation has been studied
and described in detail by Elias (1931) who separated the Pierre into
six members. Outcrops of Pierre are too few and too thin in Graham
County to determine what member is present, but it is probable
that the Pierre shale in Graham County consists entirely of the
lowermost member, the Sharon Springs shale member. Outcrops
of Pierre shale are restricted to four small areas in the western
part of the county (Pl 1). The maximum thickness of the forma-
tion observed in outcrops was 18 feet. No Pierre shale was en-
countered in test drilling and it does not form a continuous layer
in the upland areas. The maximum thickness of the Pierre is prob-
ably less than 40 feet. The Pierre yields no water to wells in
Graham County.

TERTIARY SYSTEM

PLIOCENE SERIES
Ogallala formation

The Ogallala formation was named by Darton (1899, pp. 732, 734)
from a locality in southwestern Nebraska and its age was considered
as late Tertiary or Pliocene(?). In 1920 Darton (p. 6) designated
the type locality as being near Ogallala Station in western Nebraska.
Since the work of Darton, the most significant studies of Ogallala
stratigraphy in western Kansas have been made by Elias (1931),
Smith (1940), and Frye and Leonard (1949).

The Ogallala formation is now considered by the State Geological
Survey of Kansas to range from early Pliocene or possibly late Mio-
cene to late Pliocene in age. The Ogallala is subdivided into three
members which, in ascending order, are: Valentine, Ash Hollow,

and Kimball. No attempt to subdivide the Ogallala in Graham
County was made.
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Character—The Ogallala formation in Graham County consists
chiefly of silt, clay, sand, and gravel. Calcium carbonate is a com-
mon constituent and occurs as cementing material, as caliche beds,
nodules, or stringers, or as layers of impure limestone. Silica occurs
as cementing material or in places as beds of opaline sandstone or
chert. Some beds of bentonitic clay are found in Graham County
but beds of volcanic ash or diatomaceous marl, which occur in
other areas, have not been identified in Graham County. The char-
acter of the Ogallala is shown in logs of test holes included near the
end of the report. In spite of its diversity of rock types, the outcrop
pattern of the Ogallala presents a uniformity of aspect that makes
the formation readily identifiable.

Sand, the principal constituent of the Ogallala formation, occurs
at all horizons. Beds of uniform sand may occur but generally the
sand is mixed with gravel, silt or clay; sand grains also occur in
beds of impure limestone. Gravel beds containing large amounts of
sand, silt, or clay are fairly common but thick beds of uniform
gravel are scarce. None were encountered in test drilling. Silt and
clay, either mixed with deposits of sand and gravel or in layers, are
common in the Ogallala. Beds of silty or sandy clay are greenish-
gray, reddish-brown, tan, or gray. If the layers contain a large
amount of calcium carbonate they are white. At some places layers
contain nodules or stringers of calcium carbonate (caliche), calcium
carbonate as cementing material, or calcium carbonate as dissemi-
nated particles.

Many of the beds in the Ogallala are cemented or partially ce-
mented with calcium carbonate. At many places where sand and
gravel deposits are cemented with calcium carbonate they form
rough benches or scarps and are called “mortar beds” because of
their resemblance to old mortar. Plate 7A shows a type of mortar
bed that is common in the Ogallala of Graham County.

Perhaps the most distinctive rock type in the area is the so-called
Ogallala “quartzite.” This “quartzite” consists of sand and gravel
zones cemented with opaline silica into a very hard rock. In places
the sand is fine or medium, the interstices are seemingly filled with
cement, and the rock resembles true quartzite. At other localities
the rock contains coarse sand or gravel and has little resemblance
to quartzite except in respect to hardness. The quartzite, which is
typically green in Graham County, generally occurs very close to
the base of Ogallala. Outcrops of quartzite are shown in Plates
3A and 7B. A more detailed description of the quartzite in this and
other counties is given in a report by Frye and Swineford (1946).
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Another distinctive rock type in the Ogallala is the “Algal lime-
stone,” which is the uppermost bed in this formation. This limestone
has a peculiar concentrically banded structure and was thought by
Elias (1931, pp. 136-141) to have been precipitated in quiet water
at least in part by the alga Chlorellopsis. Although the “Algal lime-
stone” occurs in many areas in the High Plains and is recognized as
far east in Kansas as Lincoln County, only one exposure was found
in Graham County. This outcrop was at the bottom of a grader
ditch near the SE cor. NEX sec. 34, T. 6 S., R. 24 W. Where not
exposed in the ditch the “Algal limestone” is covered by 3 or more
feet of loess in the locality. During the field work, several other
limestone beds were found which lack the concentric algal features
of the “Algal limestone” but which are otherwise similar and may
be comparable. One such outcrop occurs at the top of a small hill
about a quarter mile west of the SE cor. sec. 1, T. 7S, R. 22 W.

Distribution and thickness—The Ogallala formation at the end
of Pliocene time probably covered the entire county with a mantle
of sediments that generally were thinner to the east. At the present
time the Ogallala still covers much of the area but in places it has
been removed completely by erosion. The bedrock beneath the
alluvium and terrace deposits of South Fork Solomon River is Nio-
brara formation, the Ogallala having been removed along the entire
length of the stream in Graham County. North and south of the
river are bluffs of the Niobrara formation. These bluffs are gen-
erally capped by beds of the Ogallala formation in the western part
of the county. East of Hill City, however, the Ogallala crops out
at a greater distance from the river as erosion of the Ogallala, which
was probably originally very thin, has progressed farther in this
area (Pl 1). Some of the bluffs in the vicinity of the river are
capped by quartzite of the Ogallala, which has retarded erosion to
a considerable extent. For example quartzite outcrops occur in the
NEX sec. 14, T. 8 S., R. 24 W., and in the NWX sec. 29, T. 8 S., R.
23 W.

In addition to South Fork Solomon River many other smaller
streams have cut through the Ogallala formation and into the Nio-
brara. This has happened along North Fork Saline River and
along the eastern part of Bow Creek, and along many other un-
named tributaries to Saline River, North Fork Saline River, and
South Fork Solomon River. Good outcrops of the Ogallala occur
along some of these streams. A particularly impressive exposure
of the Ogallala occurs along the south bank of North Fork Saline
River in the NWY sec 23, T. 10 S., R. 25 W. south of St. Peter (Pl. 8).
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At this locality the Ogallala overlies silicified chalk of the Niobrara
and large blocks of silicified chalk have been incorporated into the
Ogallala. Another interesting area of Ogallala outcrop is in secs.
22, 23, and 24, T. 7 S., R. 22 W. where the Ogallala forms a ridge.
Quartzite caps some of the higher points on the ridge and mortar
beds occur below. Sand, washed or blown from the Ogallala, has
accumulated south and southeast of the ridge to form a series of
low sand dunes. The entire area has the aspect of never having
been covered with the loess of the Sanborn formation, which
mantles the Ogallala in the uplands in much of the county.

Of the 29 test holes drilled in Graham County, 16 encountered
the Ogallala formation. The maximum thickness of the Ogallala was
205 feet in test hole 6-25-31ccc. The thickness of the Ogallala is
shown in the cross sections (Fig. 5) and in the logs of the test holes
given in this report.

Water Supply—The Ogallala is the most wide-spread water-
bearing formation in Graham County, It supplies water to most
of the domestic and stock wells in the upland areas and to the only
irrigation well that was used in 1952. Many springs obtain water
from the Ogallala but only a few of the springs are listed in Table 7.
The yield of the wells ranges from a few gallons a minute for domes-
tic and stock wells to about 400 gallons a minute for irrigation well
7-22-10bcb. Logs of test holes indicate that much of the water-
bearing material consists of sand and gravel, which may store or
yield large amounts of water. The geologic cross sections (Fig. 5)
indicate that in most of the county, although water-bearing materials
in the Ogallala may be relatively coarse and may contain sufficient
water for domestic and stock purposes, they are generally too thin
to permit the pumping of amounts of water sufficient for irrigation.

Water samples were collected from nine wells that derived their
water from the Ogallala formation. The analysis listed in Table 3
indicate that the water from the Ogallala is fairly uniform in quality
and is of better quality than water from the other formations. Al-
though the water is moderately hard, it is generally of good quality
both for domestic use and for irrigation.

QUATERNARY SYSTEM
PLEISTOCENE SERIES

Deposits of Quaternary age constitute the surficial material in
much of Graham County. Where they occur in the valleys they are
an important source of ground water. The Quaternary deposits in
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Graham County are the Meade formation, Sanborn formation, dune
sand, and alluvium.

Meade Formation

Deposits of Kansan age (Meade formation) occur as remnants of
a high terrace in scattered outcrops principally along South Fork
Solomon River (for example, in road cuts along U. S. Highway 24 in
the NW¥X sec. 18, T. 8 S, R. 24 W, the NWX sec. 14, T. 8 S., R. 23
W., and the SEX sec. 14, T. 8 S., R. 21 W.). Other exposures of the
Meade formation have been identified in southwestern Graham
County in the SW¥ sec. 18 and NWX sec. 19, T. 10 S., R. 24 W.
along a tributary to North Fork Saline River and in sec. 35, T. 10
S., R. 23 W. along a tributary to Saline River. The Meade forma-
tion consists of two members, the Sappa member above and the
Grand Island member. The Sappa member is composed principally
of silt with small amounts of sand and gravel. In the SEX sec. 4,
T. 8 S., R. 25 W., the combined thickness of the Sappa and Grand
Island is about 25 feet. The Sappa at this locality consists chiefly of
light-tan silt and fine sand. It also contains layers of greenish-gray
clay. In the SWX SEX sec. 14, T. 8 S., R. 21 W. the Sappa consists
of about 11 feet of light-tan fine sand and silt. In the NEX SWY sec.
11, T. 8 S, R. 25 W, the Sappa consists principally of silt but con-
tains a 6-foot bed of volcanic ash, the Pearlette volcanic ash bed,
which is an important marker bed and whose presence simplifies
the identification of the Sappa member. The Pearlette volcanic ash
bed has also been identified in the SW¥ sec. 18, T. 10 S., R. 24 W.
(PL. 9A). The Grand Island member has been identified in ex-
posures in the SW¥ sec. 18 and NW% sec. 19, T. 10 S, R. 24 W,;
SW¥% SE% sec. 14, T. 8 S., R. 21 W.; and SEX sec. 4, T.8S.,R. 25 W.
A test hole drilled at the SE cor. sec. 14, T. 8 S., R. 21 W. encoun-
tered 55 feet of deposits that are thought to be Meade formation.
The Meade formation has been mapped with the Sanborn forma-
tion (Pl 1). Outcrops of the Meade formation are small and gen-
erally lie above the water table in Graham County and yield no
water to wells. However, one well that was inventoried (8-21-
26dcd) obtained water from deposits that may be Meade forma-
tion. This well, located in a small draw tributary to the South Fork
Solomon River, is thought to obtain water from beds that may have
been deposited by tributary streams in Kansan time.
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Sanborn Formation

The name Sanborn formation was first used in 1931 by Elias (pp.
163-180) for unconsolidated Pleistocene deposits, consisting mainly
of silt but with some sand and gravel at the base, that are widely
distributed on the divides of western Kansas. The deposits were
named for the town of Sanborn, Nebraska, which is just north of
the type locality in northwestern Cheyenne County, Kansas. Since
the work of Elias the formation has been more specifically defined
and has been subdivided and expanded to include, in ascending
order, the following members: (1) Crete sand and gravel member;
(2) Loveland silt member, commonly containing the fossil Sanga-
mon soil at its top; (8) unnamed early Wisconsinan alluvial de-
posits; (4) Peoria silt member, commonly containing the fossil
Brady soil at its top; (5) unnamed late Wisconsinan alluvial de-
posits; and (6) the Bignell silt member (official classification of the
State Geological Survey of Kansas, Frye and Leonard, 1952, p. 106).
All subdivisions except early Wisconsinan alluvial deposits were
recognized in Graham County.

Crete sand and gravel member.—The basal member of the San-
bormn formation is the Crete sand and gravel member, which repre-
sents the major channel fills of Illinoian age. Deposits of the Crete
are widespread throughout the county and occur in terrace position
along many of the streams. In places the Crete is exposed in vertical
banks and is overlain by either the Loveland silt member or the
Peoria silt member. In the W% sec. 15, T. 8 S., R. 25 W., the Crete
lies on Pierre shale and Niobrara and is overlain by the Peoria silt
member. The thickness of the Pleistocene section at this locality
is approximately 30 feet. In the SEX SW¥ sec. 5, T. 8 S., R. 22 W.
the Crete lies on Niobrara and is overlain by the Loveland silt mem-
ber which in turn is covered by the Peoria silt member. Other good
exposures of the Crete occur in the SEX% sec. 7, T. 8 S., R. 22 W,
(PL 9B) and in the SWX NW¥4 sec. 9, T. 8 S,, R. 23 W. Generally
the Crete is mantled by varying thicknesses of silt of the Sanborn
and does not crop out or consists of a narrow band of sand and
gravel at the base of a vertical bank composed principally of loess.
Outcrops of Crete shown on Plate 1 do not represent its maximum
extent but rather are occurrences which are not covered by thick
loess and which are mappable as Crete rather than Sanborn forma-
tion undifferentiated. The Crete was encountered in test holes
8-21-17dbb, 8-23-2ddd, and 8-23-12bcc, its maximum thickness being
17 feet in 8-23-12bcc.
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Loveland silt member—The Loveland silt member has been iden-
tified in outcrops in Graham County and has been recognized in
drill cuttings but its occurrence is thought to be sporadic. Seem-
ingly it does not form a continuous blanket over the divide areas
as does the Peoria silt member, which overlies it. The loess of the
Loveland is tan where unaffected by weathering, but generally it is
identified by the Sangamon soil (formed at the top of the Loveland
during Sangamonian time), which is dark brown and which con-
tains a high percentage of clay. Some of the Loveland exposures
in the county are in the NWX NEX sec. 7, T. 8 S., R. 21 W,; SEX
SWisec. 5, T.8S., R. 22 W.; and NWX sec. 14, T. 8 S., R. 23 W.
Loveland was recognized in test holes 6-22-4aaa, 7-21-23add, and
7-22-1aaa. In test hole 6-22-4aaa the Loveland was 13 feet thick.

Peoria silt member.—The Peoria silt member is widespread in
Graham County and has been recognized in all parts of the county
where it overlies formations of Pliocene or Cretaceous age. The
Peoria consists of a tan or yellowish-gray silt, which presumably
was blown from the flood plains of the Platte and Republican Rivers
during early Wisconsinan time (Swineford and Frye, 1951). The
Peoria is in places terminated upward by the Brady soil, which is a
dark-brown to black soil generally slightly thicker than the modern
soil. Where the Brady soil occurs, it is overlain by the Bignell silt
member, which is the uppermost silt member of the Sanborn (Pl
10).

Bignell silt member.—The Bignell silt member, which consists
of 3 to 4 feet of tan silt in a typical exposure in a road cut in the
NEX NW% sec. 9, T. 10 S., R. 25 W., occurs sporadically throughout
the area (PL. 9B).

Terrace deposits—Stream deposits underlie a broad low terrace
that forms a considerable part of the floor of the South Fork Solo-
mon River Valley throughout its length in Graham County. Alluvial
deposits in terrace position also occur in valleys tributary to South
Fork Solomon and Saline Rivers and in Bow Creek Valley. These
deposits represent essentially a single cycle of terrace development
although minor breaks in level suggest that the terraces were de-
veloped during several episodes of cut and fill. The terrace deposits
are principally late Wisconsinan in age, although possibly some of
the basal materials are early Wisconsinan and some of the upper-
most material may be early Recent.

The terrace deposits along South Fork Solomon Rlver consist prin-
cipally of sand and gravel that has been derived from older alluvial
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deposits or from the Ogallala formation. The deposits also contain
fragments of Cretaceous bedrock and considerable sand and silt.
The basal part of the terrace deposits of Bow Creek consists prin-
cipally of sand and gravel, but the upper part is mostly silt. Some
of this silt may be wind blown and may be correlated with the
Bignell silt member as the Bignell and the terrace deposits are es-
sentially of the same age. Some of the silt may also be colluvial.
Upper Wisconsinan terrace deposits along the smaller streams con-
tain a large percentage of fine materials. Included with the terrace
deposits along the smaller streams are deposits of Recent alluvium
which are too narrow to be shown on a map of the scale used in this
report.

Slope deposits—Included with the Sanborn formation on the
geologic map (Pl 1), although not properly classified as Sanborn,
are colluvial materials mantling some of the slopes. The colluvium
or slope deposits consist mainly of silt of the Sanborn formation that
has been redeposited during Recent time by the action of wind, sur-
face water, or soil creep. Although the slope deposits may include
fragments of the Ogallala or Niobrara formations, they are generally
indistinguishable from the Sanborn formation.

Thickness—The total thickness of the Sanborn formation en-
countered in test holes drilled in Graham County ranged from a
featheredge to 52.5 feet. In test hole 8-23-12bcc, 16 feet of loess
of the Peoria and 17 feet of sand of the Crete were logged. Test
hole 6-22-4aaa penetrated 20 feet of loess of the Peoria and 13 feet
of loess of the Loveland. Several test holes were drilled through
late Wisconsinan terrace deposits. The maximum thickness of the
deposits was 52.5 feet in test hole 6-21-7add drilled on the north side
of Bow Creek in the northeastern part of the county. A test hole
just northeast of the city light plant on the north side of the South
Fork Solomon River drilled by C. A. Robben for Hill City pene-
trated 38 feet of terrace deposits and in irrigation well 8-21-7cbe 51
feet of terrace material was encountered.

Water supply.—The silt members of the Sanborn lie above the
water table and yield no water to wells in Graham County. The
Crete member, however, is a source of water to wells in some places
where it occurs along the valleys. The municipal water supply at
Bogue is obtained from Crete deposits and several other wells that
were inventoried also obtain water from the Crete. Two water
samples were collected from wells that tap the water-bearing beds
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of the Crete. Water from well 8-22-8bcc is of good quality, being
similar to water from the Ogallala, but water from wells 8-21-8dcc
and 8-21-17acb (the Bogue municipal well—for which an analysis
is available) is more highly, although not excessively, mineralized.

The late Wisconsinan terrace deposits constitute an important
source of ground water in Graham County. They yield water to a
few irrigation wells, and to the municipal wells at Hill City. The
lower water-bearing part of the deposits is commonly rather coarse-
textured and contains a considerable amount of water, especially in
the valley of South Fork Solomon River. In most places (most of
Bow Creek excepted) where Wisconsinan terrace deposits occur,
they lie on Cretaceous bedrock and are therefore below the base of
the water-bearing zone in the Ogallala formation. Consequently,
the water table in the terrace deposits is not connected with the
water table in the Ogallala formation of the uplands. In places
where the Crete member of the Sanborn carries water, water may
move from the Crete into the terrace deposits, thus contributing to
the recharge of the terrace deposits. The bulk of the recharge is
probably received from precipitation directly on the terrace sur-
faces. Ground water moves laterally through the Wisconsinan ter-
race deposits into the alluvium or directly into the streams. Because
of the narrow extent of the terrace deposits it is impractical to show
water-table contour lines in other than South Fork Solomon River
and Bow Creek valleys.

The chemical character of water in the terrace deposits is shown
in Table 8 and Figure 7. The water is generally considerably
harder and more highly mineralized than water in the Ogallala
formation.

In general, water in the Crete member and in terrace deposits
along South Fork Solomon River increases in dissolved solids con-
tent from west to east. The increase is due principally to the in-
creased calcium sulfate content, which presumably is derived from
the Niobrara formation.

Dune Sand

Deposits of dune sand occur in several places in the eastern part
of South Fork Solomon Valley and in two other areas. One of these
is located principally in sec. 25, T. 7 S., R. 22 W. but extends into
several neighboring sections; the other area of dune sand is princi-
pallyinsec. 6, T.10S.,R. 21 W, and sec. 1, T.10 S., R. 22 W. The
dunes are composed predominantly of fine to coarse sand, which
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has been accumulated by the wind to form small hills. Most of
the sand dunes are vegetated but in places areas of bare sand are
being subjected to renewed wind action. The dune sand in the
valley of South Fork Solomon River probably was derived from the
alluvium and terrace deposits and was blown only a short distance.
The sand in sec. 25, T. 7, S., R. 22 W. and neighboring sections
was blown or washed from near-by Ogallala outcrops and accumu-
lated by the wind to form dunes. The sand in sec. 6, T. 10 S., R. 21
W. and sec. 1, T. 10 S., R. 22 W. was probably derived principally
from the Ogallala formation. The thickness of the dune sand in
Graham County is not known but it probably does not exceed 15
or 20 feet.

No wells in Graham County are known to obtain water from
the dune sand, but the dunes, because of their high permeability,
serve as intake areas for ground-water recharge from local precipita-
tion.

Alluvium

Deposits of Recent alluvium occur along the channel of South
Fork Solomon River. Alluvium also exists in the channel of Bow
Creek and many of the smaller streams. However, in these areas
the alluvium cannot be shown on a map having the scale used in
Plate 1 without great exaggeration, and consequently, the alluvium
is included with the Wisconsinan terrace deposits. The alluvium of
South Fork Solomon River consists principally of sand and gravel
with lesser amounts of silt and clay. The alluvium of smaller streams
contains a larger percentage of silt and contains materials derived
from terrace deposits and fragments of Cretaceous bedrock. The
alluvium of the smaller streams is more poorly sorted and less perme-
able than the alluvium of South Fork Solomon River.

The body of ground water in the alluvium is continuous with the
body of ground water in the late Wisconsinan terrace deposits.
Although the alluvium contains a considerable amount of ground
water, very few wells obtain water from alluvium because it is
generally restricted to the stream channels,
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RECORDS OF WELLS AND SPRINGS

Descriptions of 339 wells and 5 springs visited in Graham County
are given in Table 7. All information classed as reported was
obtained from the owner or tenant. Depths of wells not classed
as reported were measured and are given to the nearest half foot
below the measuring point described in the table. Depths to water
level not classed as reported were measured and are given to the
nearest hundredth of a foot. An explanation of the well-numbering
system used in this report is given on page 11.
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76 Geological Survey of Kansas

LOG OF WELLS AND TEST HOLES

Listed on the following pages are logs of 31 test holes drilled by
the State Geological Survey and logs of 4 test holes drilled by C. A.
Robben of Norton. The location of test holes drilled by the State
Geological Survey is shown on Plate 2. Samples from test holes
drilled by the State Geological Survey in 1952 were studied in the
field by Norman W. Biegler, who supervised the drilling and pre-
pared logs of the holes. The samples were subsequently studied
microscopically by me. Logs entitled sample logs are those drilled
by the State Geological Survey and for which samples were col-
lected. Depth to water measurements obtained from test holes are
included in the headings of the logs. Test holes 5-23-34dd and
5-21-33cc were drilled in 1946 as part of the study of the geology
and ground-water resources of Norton and northwestern Phillips
Counties and test holes 6-25-6bbb and 6-25-3lccc were drilled in
1952 to assist in the study of the geology and ground-water resources
of Sheridan County.

8-21-7aa. Sample log of test hole in the NE cor. sec. 7, T. 6 S., R. 21 W., 14
feet west of road center and 30 feet south of intersection; drilled October
1952. Surface altitude, 2,198.5 fect.

QuaTERNARY—Plcistocene

Sanborm formation—Peoria silt member Tblfckgess' Df"e‘l':h’
Silt and clay, black (topsoil)..................... 2.5 2.5
Silt and clay, brown to tan-gray........ .. ..... ... 6.5 9
Clay, silty to compact, tan to light-gray........ ... 12 21

TerTIARY—Pliocene
Ogallala formation
Sand, fine to coarse, and fine gravel; contains some

fragments of chalk............. .. ... ... .. ... 14 35
Clay, yellow-gray, with stringers of sand........ ... 4 39
Sand, fine to coarse, and fine to coarse gravel ... .. .. 15 54
Sand, gravel, and pebbles; contains a few thin string-

ersof yellowcelay. ......... .. .. .. ... . 23.5 715

CreTaceous—Gulfian
Niobrara formation—Smoky Hill chalk member

Chalk, clayey, yellow and white to pink........ .. .. 12.5 90

8-21-7add. Sample log of test hole in the SE cor. NE% sec. 7, T.6 S, R. 21 W.,
6 feet west of road center and 10 feet north of half-section line fence to east;
drilled September 1952. Surface altitude, 2,189.4 feet.

Thickness, Depth,
feet feet
Road Il ... ... ... .. ... 2 2

QuaTeaNary—Pleistocene
Sanborn formation—Terrace deposits (late Wisconsinan)
Silt, clayey, tan-gray ......... ... ... .. ... .. .. .. 10 12
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Geology and Ground Water, Graham County 77

Thickness, Depth,
feet eet
Silt, tan-gray; ranges from clayey in upper part to
sandy in lower part....................... ... 6 - 18
Sand, fine to coarse, and fine to coarse gravel. .. ... .. 10 28

Sand, fine to coarse, and fine to coarse gravel; con-
tains pebbles and yellow-gray silt with some frag-
ments of chalk from 30 to 38 feet; contains less

gravel and pebbles from 48 to 52.5 feet........ .. 245 52.5
CreTraceous—Gulfian
Niobrara formation—Smoky Hill chalk member
Chalk, clayey, light-yellow and white......... ... .. 5.5 58
Shale, calcareous, gray-brown.................... 2 60

6-21-8cbb. Sample log of test hole in the NW% NW% SW¥4 sec. 8, T. 6 S., R. 21
W., 110 feet east of road in pasture and about 300 feet south of bridge;
drilled September 1952. Surface altitude, 2,186.9 feet.

. Thickness, Depth,
QuaTerNaRY—Pleistocene fect feet

Sanborn formation—Terrace deposits (late Wisconsinan)

Silt, black (topsoil)............. ... ... ... .. ... 2 2
Clay, silty and sandy, gray-brown to tan-gray. ... ... 4 6
Sand, finetocoarse. . ................. ... .. ... .. 2.5 8.5
Clay, gray; ranges from compact to sandy...... ... 2 10.5
Sand and gravel; contains thin lenses of gray silt or

clay ... 9.5 20
Sand, fine to coarse, and some gravel; is silty in zones 10 30
Sand, fine to coarse, and some fine to medium gravel;

contains a cemented layer from 38 to 38.5 feet. ... 18.5 48.5

Creraceous—Gulfian
Niobrara formation—Smoky Hill chalk member

Chalk, clayey, yellow and white. . ....... ... ... ... 3.5 52
Shale, calcareous, gray to gray-brown. ....... ... .. 8 60

6-22-4aaa. Sample log of test hole in the NE cor. sec. 4, T. 6 S., R. 22 W., 6
feet west of fence line and 18 feet south of road center; drilled September
1952. Surface altitude, 2,327 .4 feet.

QuaTERNARY—Pleistocene
Sanbomn formation

Peoria silt member ﬂ“f:e":vss' Df?)etth'
Silt and clay, black (topsoil)................ .. 2 2
Clay, gray-brown ........ ... ... ... ... . .. 1 3
Silt, tan-gray; contains a few grains of imbedded

gravel .. ... ... 17 20
Loveland silt member
Clay, blocky, brown to dark-brown (Sangamon
soil) ... 2 22
Clay, sandy, tan to light-tan; calcareous in upper
Part ... 11 33
TerTIARY—Pliocene
Ogallala formation
Clay, light-tan to tan-white; sandy in lower part. ... 7 40
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Thickness, Depth
feet feet
Silt and very fine sand, partly cemented, tan; cal-
careous from 60 to 67 feet..................... 27 67
Sand, fine to coarse, loosely cemented; contains a
clayey zone from 72 to 74 feet and contains a little

fine to coarse gravel. . ........................ 12 79
Sand, medium; contains some fine to coarse sand and

clay; contains less clay from 92 to 96 feet........ 20 99
Sand, fine to medium; partly cemented from 118

to 119 feet................ ... ... 20 119
Sand, fine to medium, cemented............ ... ... 20 139
Sand, fine to medium, clayey, light-gray............ 6 145
Clay,sandy ............ ..o, 4 149
Sand, clayey, ranging to sandy clay; tan.......... 19 168

Creraceous—Gulfian
Niobrara formation—Smoky Hill chalk member

Chalk, clayey, yellow and white to pink............ 12 180

6-22-31cce.  Sample log of test hole in the SW cor. sec 31, T.6S.,R. 22 W., 6
feet east of road center and 80 feet north of intersection; drilled October
1952. Surface dltitude, 2,394.2 feet.

Thickness, Depth,
feet feet
Road fill ......... ... ... ... .. ............... 1 1

QuAaTERNARY—Pleistocene
Sanborn formation—Peoria silt member
Silt, tan-gray ........... ... ... ... .............. 13 14
TerTIARY—Pliocene
Ogallala formation
Sand, fine to medium, partially cemented, light-gray;

contains a very hard layer from 28.5 to 29 feet.... 29.5 43.5
Sand, fine to medium; contains white calcareous ce-

MENE ...t e 6 49.5
Clay, tan-white, and gray-green sandy clay......... 3.5 53
Sand, fine to medium, loosely cemented; contains

some yellow-brown silt from 63 to 67 feet....... 14 67
Clay, sandy, yellow-brown................... ... 10 77
Sand, fine to coarse, and fine gravel; contains clay

layer from 86 to 87 feet.......... ... ....... .. 10 87
Clay, sandy, gray-brown. .. ................ ... ... 35 122
Gravel; contains sand and clay................... 10 132
Sand, fine to medium; contains sandy clay.......... 15 147
Clay, sandy, gray-green......................... 6 153
Sand, fine to coarse, and fine to coarse gravel; partly

cemented .............. ... ... ... ....... ... 20 173
Sand and gravel, partly cemented; contains some frag-

ments of weathered chalk.............. ... .. .. 25 198

Cretaceous—Gulfian
Niobrara formation—Smoky Hill chalk member
Shale, calcareous, gray to black .. ..... ... . ... .. .. 12 210
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6-24-31cce.  Sumple log of test hole in the SW cor. sec. 31, T. 6 S., R. 24 W,
in ficld on edge of road ditch, 120 feet east of intersection and 15 fect north
of road center; drilled October 1952. Surface altitude, 2.460.0 feet. Depth
to water level, 48.8 feet.

QUATE}L\'ARY—Plt‘fstoccne Thickness, Depth,
Sanborn formation foot foet

Silt and clay, black to dark-brown...... .. ... .. .. 5 5
TerTIARY—Pliocene
Ogallala formation
Sand, fine to coarse, tan-gray; contains clay from S to
B feet . ... ... 7 12
Sand, fine to coarse, and fine to coarse gravel; con-
tains some pcebbles from 22 to 27 feet. . .. ... .. 15 27

Clay, sandy, gray-green; contains some lmbeddcd
gravel and pebbles at top; contains more sand from
33to38feet. ... ... ..

Sand, fine to medium, silty, calcareous

—

1 38
............ 6 44
Clay, sandy, gray-white. .. ................ .. .. .. 4 48
Sand, clayey, yellow-green .. ... ... .. ... ... .. .. .. 9 57
Sand, fine to medium, silty 3 60
Clay, sandy, yellow-green. ... . .................. 6 66
Clay, yellow-green to green; contains some compact

gray-green clay ... ... ... .. ... ........... 3.5 69.5
Sand, fine to medium, with layers of yellow-green

sandy clay .......... ... ... ... . ... ... ... 15.5 85
Sand, fine to coarse; contains silt in upper part. .. ... 10 95
Sand, fine to coarse, with some fine to coarse gravel . 21 116
Gravel and pebbles with yellow-brown clay...... .. 3 119
Sand and gravel, silty, yellow-brown...... .. ... ... 10 129
Sand, finetocoarse. . ... ................... .. .. 11 140
Sand and gravel with light-tan to light-brown clay.. 5 145
Sand, fine to coarse, and fine to coarse gravel ... ... 8 153

CreTtaceous—Gulfian
Niobrara formation—Smoky Hill chalk member

Chalk, clayey to silicified........................ 15 154.5

6-24-36aba. Sample log of test hole in the NE4% NW¥4 NE% sec 36, T. 6 S,
R. 24 W., in yard near north side of building, 200 feet south of road; drilled
October 1952. Surface altitude, 2,490.2 feet. Depth to water level 128.6 feet.

Thickness, Depth,
feet fect
Fill ... 4.5 4.5

QuaTeERNARY—Pleistocene
Sanborn formation—Peoria silt member
Silt, tan-gray; contains some imbedded gravel . . ... .. 6.5 11
TerTiARY—Pliocene
Ogallala formation

Clay, soft, sandy, tan-brown......... ... .. .. .. .. 8 19
Clay, sandy, light-tan; contains some imbedded
gravel .......... ... ... 6 25
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Thickness,
feet
Sand, fine to coarse, and fine to coarse gravel. ... .. .. 3
Clay, sandy, tan and brown; contains beds of clayey
sand and gravel. ...... ... ... . ... ... .. 17
Clay, sandy, tan................... ... 15
Sand, fine to medium, cemented, tan-gray; contains
some hard caliche. . . ...................... ... 10
Sand, cemented with siliceous cement; contains beds
ofsandyclay........... ... .. ... . ... ..., 10
Sand, fine to medium, calcareous, cemented, light-
BTAY o 20
Gravel, fine to coarse, and fine to coarse sand, silty,
cemented ... ... ... . ... ... ... 8
Clay, sandy, light-tan; contains a few thin stringers
of cemented sand ............. ... ... ... ... 27.5
Sand, fine to coarse, and fine to coarse gravel; silty,
cemented from 138 to 148 feet .. ... ... ... ... .. 12.5
Sand and gravel and some pebbles, loosely cemented. 26
Sand, fine to coarse, and fine to coarse gravel; clayey,
yellow-tan . ........ ... .. ... ... .. .. .. ... .. .. 5
Sand, fine to medium, silty to clayey; contains a little
coarse sand and fine gravel . ... .. .. ... . .. .. 18
Clay, sandy, tan-gray; contains a few thin stringers
ofsand ... ... ... ... ... 10
Sand, fine to coarse; contains silt and clay. . ... ... .. 8
CreTACEOUs—Gulfian
Niobrara formation—Smoky Hill chalk member
Chalk, clayey to silicified, yellow and white. .. ... ... 1

Depth,
feet
28

45
60

70

80
100
108
135.5

148
174

179
197
207
215

216

8-25-6bab. Sample log of test hole in the NWX NE% NW¥% sec. 6, T. 6 S., R.

Thickness,

feet

Road fll ... ... ... .. ... ... ...

TerTIARY—Pliocene

Ogallala formation

Sand, fine to coarse, silty; cemented with calcium car-

bonate ............. . ... ... . ...
Silt, calcareous, hard, and fine to medium sand. . . . ..
Silt to fine sand, calcareous, white......... ... ... .
Clay, sandy, tan-yellow.........................
Sand, fine to medium, silty, light-tan. ... ... .. .. ...
Sand, fine to coarse, silty, green..................
Sand, fine to coarse, and fine to coarse gravel; con-

tains cemented stringers......................
Sand and gravel, cemented with silty lime. . .... .. ..
Clay, sandy, tan-green to gray-green..............
Clay, sandy, tan-gray to yellow-gray ...... ... .. .
Sand, fine to medium, silty; contains some coarse sand

and fine gravel .. ... ... ...

Google

0.5

25 W., 200 feet south of county line and 15 feet east of road; drilled August
1952, Surface altitude, 2,492.9 feet.

Denpth,

feet

0.5

12
15
18
21
27

33
36
39
46
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Thickness, Depth,
feet feet
Clay, tan to yellow-gray.................. ... ... 2 56
Clay, light-gray ............................... 4 60
Clay, light-tan; contains much sand............... 8 68
Sand, fine to medium, clayey, tan-brown............ 8 76
Clay, sandy, tan-brown......................... 10 86
Clay, tan-brown; contains stringers of sand......... 15 101
Sand, fine to medium; contains a lens of clay........ 10 111
Sand, fine to medium, silty................ ... .. .. 10 121
Sand, fine tomedium........................... 6.5 127.5
Cretaceous—Gulfian
Niobrara formation—Smoky Hill chalk member
Chalk, silicified, yellow-brown.................... S5 128

6-25-31cc. Sample log of test hole in SW cor. sec. 31, T. 6 S., R. 25 W., 300 feet
north and 15 feet east of intersection; drilled August 1952. Surface altitude,
2,571.9 feet.

Thickness, Depth,
feet feet -
Road Sl ........ ... ... ... ... .............. 3 3

QuAaTERNARY—Pleistocene
Sanborn formation—Peoria silt member
Silt, tan-gray to gray-green; contains snail shells . . .. 10 13
TERTIARY—Pliocene
Ogallala formation

Sand, fine to coarse, and fine to coarse gravel . . ... ... 9 22
Sand, fine to coarse; contains tan-gray clay stringers.. 5 27
Clay, sandy, tan-gray........................... 18 45
Sand, cemented, light-tan.. ... .. ... ... ... .. . .. 14 59
Sand, finetocoarse...... ... ... ... ... . ... ... .... 4 63
Sand, cemented, clayey.......................... 15 78
Clay, sandy, light-gray...... ... .. ... .. .. ... ... 15 93
Sand, fine to coarse; contains stringers cemented with

calcium carbonate ........ ... ... ... ... ... .. 15 108
Sand, fine to coarse, clayey, yellow-gray......... ... 19 127
Sand, fine to coarse, silty. ........... ... ... ...... 7 134
Sand, fine to coarse; contains interbedded silty clay

StHNEErS ... ... e 5.5 139.5
Sand, clayey, partly cemented..... . ......... . ... 24.5 164
Clay, yellow, compact; contains thin clayey stringers.. 6 170
Sand, fine to medium, cemented. ...... . ... ... ... 20 190
Sand, fine to medium, and some weathered chalk ce-

mented .......... .. ... ... ... 19 209
Sand, fine to coarse, with fragments of silicified chalk, 9 218

CreTaceous—Gulfian

Niobrara formation—Smoky Hill chalk member
Chalk, silicified at top, and yellow to orange chalky
shale ........ ... . ... 21 239
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7-21-23add. Sample log of test hole in the SE cor. NE% sec. 23, T. 7 S., R. 21
W., 100 feet west of road center and 30 feet north of fence line; drilled
September 1952. Surface altitude, 2,093.6 feet.

QuaTerNARY—Pleistocene

Sanborn formation Th]ﬁcntess' Df‘mh'
Peoria silt member
Silt and clay, black (topsoil) ... . ... . .. ... .. 2 2
Silt, clayey, tan-gray......... ... ... ... .. .9 11

Loveland silt member
Clay, compact, brown (Sangamon soil); contains a

few grains of gravel .. .. . . 2 13
Clay, tan-brown ... ... .. ... .. .. .. ... ... 2 15
CreTAceous—Gulfian
Niobrara formation—Smoky Hill chalk member
Chalk, clayey, light-gray to light-yellow. .. ... ... .. 38 53
Shale, calcareous, dark-gray to black.............. 3 56

7-21-36¢cbb. Sample log of test hole in the NW cor. SW4 sec. 36, T. 7 S., R.
21 W., 60 feet south of half-section line and 10 feet east of road center;
drilled September 1952. Surface altitude, 2,032.2 feet.

Thickness, Depth,
feet feet
Road fill .. ... .. .. .. ... . . ... ... 2 2

QuAaTERNARY—Pleistocene
Sanborn formation—Crete sand and gravel member (?)

Clay, sandy, compact, brown.................. . .. 5 7
Sand, fine to coarse, partly cemented.......... . ... 5 12
Clay, sandy, calcareous, light-gray to light-tan. ... .. 10 22
Clay, sandy, light-gray to light-tan; contains thin

stringers of sand and some limonite staining. . . . . . 4 26
Sand, fine to coarse; contains a clay stringer from 29

to 31 feet and some fragments of chalk.......... 9 35

Clay, sandy, brown; contains gray-brown to dark-

brown clay balls in interbedded claycy sand lenses;

contains fragments of chalk and thin stringers of

white calcareous clay from 45 to 49 feet......... 14 49
Sand, fine to coarse, calcareous, clayey, gray-white;

contains thin stringers of white calcareous clay;

contains some gravel from 59 to 68 feet...... .. 19 68
Sand, fine to coarse, and gray-white clay; contains
some gravel and fragments of chalk. . ... ... ... 5 73
CretAceous—Gulfian
Niobrara formation—Smoky Hill chalk member
Shale, calcareous, dark-gray ..................... 3 76

7-22-1aaa. Sample log of test hole in the NE cor. sec. 1, T. 7 S., R. 22 W., 50
feet south of intersection and 7 feet west of road center; drilled September
1952. Surface altitude, 2,248.8 feet. Depth to water level, 47.1 feet.

Thickness, Depth,
feet feet
Road fill ... ... ... .. ... ... ... ... 1.5 1.5
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QuaTERNARY—Pleistocene
Sanborn formation

Peoria silt member Thigns
Silt, tan-gray ... 8.5
Loveland silt member
Clay, compact to silty, brown to tan-brown.. ... .. 8
TerTIARY—Pliocene
Ogallala formation
Sand, fine to medium; contains some clay.......... 10
Sand, fine to medium; contains a cemented zone from
28to20feet........ ... 9
Sand, fine to medium, silty to loosely cemented. . ... 8
Sand, fine to coarse, silty, yellow-brown; contains
fragments of chalk. ................. ... .. .. 13
Creraceous—Gulfian
Niobrara formation—Smoky Hill chalk member
Chalk, clayey, yellow and white. . ................ 8
Shale, clayey, calcareous, dark-gray............... 1

Depth,
feet

10

18

28

37
45

58

64
65

7.29-10bcb. Driller's log of irrigation well of M. E. Worcester in the NW

SW¥% NWX% sec. 10, T. 7 S., R. 22 W. Drilled by C. A. Robben.

QUATERNARY AND TERTIARY—Pleistocene and Pliocene T"’ili‘t”"
Sand and gravel ............... . ... 10
Gravel . ... 26
Ochreorjointclay..................ooooviit. 2
Gravelandsand............... ... ... ...... ... 12
Sand, fine .......... ... 1
Sandand gravel. . ........... ... ... ... ... .. 3
Rock, soft ........... ... 1
Sand ... 5
Sand, fine ........ ... ...l 24

Creraceous—Gulfian

Niobrara formation—Smoky Hill chalk member

Depthv
feet
10
36
38
50
51
54
55
60
84

7-22-13c. Driller’s log of test hole in the NW¥% sec. 13, T. 7 S.,, R. 22 W.

Drilled by C. A. Robben.
QuAaTERNARY—Pleistocene
Sanborn formation

Peoria silt member Tbl?::tess'
Soil, black ............... ... 1
Clay, yellow .................... . ... . ...... 18

Loveland silt member (?)

Clay, brown ............................ ... 5

Crete sand and gravel member
Clay, sandy .................... ... ........ 7
Magnesia rock mixed with sand.. ... ... ... .. .. 9
Magnesia rock .. ............ ... oL 2
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fPt

cet
1
19

24
31

40
42
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Creraceous—Gulfian

ick , D )

Niobrara formation—Smoky Hill chalk member Thlfce:fss é‘i‘:}'
Ochre ........................ e 1 43
Shale .. ... ... .. 1 44

7-25-35dcc. Sample log of test hole in the SW cor. SE% sec. 35, T. 7 S., R. 25
W., 15 feet north of intersection and 10 feet east of power line; drilled
October 1952. Surface altitude, 2,486.6 feet. Depth to water level, 87.4
feet.

QuaTterNary—Pleistocene

Sanborn formation—Peoria silt member 'I'hlg::tess, Dfe‘l'th’
Silt and clay, black (topsoil)..................... 2.5 2.5
Silt, tan; contains some caliche. . ........ ... ... ... 7.5 10
Silt, tan; contains some caliche and imbedded gravel . . 6 16

TerTIARY—Pliocene
Ogallala formation
Sand and gravel, loosely cemented; contains a few thin
stringers of fine sand. .. ... ... .. .. ... L.l 11 27
Silt and fine sand, cemented, tan-gray............ .. 6 33
Clay, blocky, tan-gray; some limonite staining. .. ... 4 37
Sand, fine to medium, clayey to partly ccmented, tan-

brown ......... ... .. 17 54
Sand, fine to coarse, silty. . .......... ... ... L 5 59
Sand, fine to coarse, loosely cemented; contains some

fine gravel ... .. ... ... .. ... . ... ... ... 10 69
Sand, fine to coarse, and fine to coarse gravel; clayey;

contains a few stringers of tan blocky clay....... 16 85
Clay, sandy, calcareous, gray-white............. .. 4 89
Sand, fine to medium, silty; contains calcium carbonate

near base ............. ... . . 0. 5 94
Clay, sandy, gray to yellow-green. ... ........... ... 8 102
Sand, finetocoarse. . ......... ... .. ... ... ... .... 25 127

Cretaceous—Gulfian

Niobrara formation—Smoky Hill chalk member
Shale, calcareous, clayey, yellow and gray.......... 129
Shale, calcareous, clayey, dark-gray to black........ 130

8-21-Tcbe. Driller’s log of irrigation well of George Cooksey in the SW4% NW¥%
SWi4 sec. 7, T. 8 S., R. 21 W. Drilled by C. A. Robben.
QuaTerNARY—Pleistocene

- N

Terrace deposits Thl;:;(;:css, D&%t:h’
Soil, black ... ... ... 2 2
Clay, sandy, light. . ............................. 3 5
Sand ... ... ... 3 8
Sand and medium gravel. . ....... . ... .. ... . ... 11 19
Sand, coarse, and road gravel .. ... ... .. .. ... .. 5 24
Mud, black ........... ... ... .. ... 6 30
Sand and medium gravel . .... .. ... .. ... .. .. .. 9 39
Mud, black ........ ... ... ... L 2 41
Sand, coarse, and gravel .. .... . . .. .. .. .. .. .. 10 51
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CreTaceous—Gulfian
Niobrara formation—Smoky Hill chalk member
Rock and shale

8-21-8baa. Sample log of test hole in the NE cor. NW¥% sec. 8, T.8S.,R. 21 W,
in triangle, 25 feet west of road center and 250 feet south of U. S. Highway
24; drilled September 1952. Surface altitude, 2,024.1 feet.

. Thickness, Depth,
QuaTeRxary—Pleistocene fect foct
Sanborn formation—Terrace deposits (late Wisconsinan)
Sand, fine to coarse, silty, gray................ ... 3 3

Sand, fine to coarse; contains silt, gravel, and pebble-
sized fragments of chalk; includes rubble of weath-
ered chalk, cemented sand, and limonite-stained
fragments ...... ... ... ... ... ... ... ... ...

Sand, fine to coarse; contains gravel and pebbles of
chalk and weathered shale; contains a cemented
stringer from 17 to 17.5feet.............. ... .. 14 19

Sand, fine to coarse, and fine to coarse gravel; silty,
dark-gray ... ... 13.5 32.5

Creraceous—Gulfian
Niobrara formation—Smoky Hill chalk member
Shale, clayey, gray to dark gray............... ... 4.5 37

8-21-8cdd. Sample log of test hole in the SE cor. SW% sec. 8, T. 8 S., R. 21
W., in ditch west of State Highway 18, 10 feet east of fence line and 40 fect
north of east-west fence line; drilled September 1952. Surface altitude,
2,029.3 feet.

[
(%)}

Thickness, Depth,
QuaTeErNARY—Pleistocene fect feet

Sanborn formation—Terrace deposits (late Wisconsinan)
Sand, fine to coarse; contains dark-brown to black

silt at top........ ... ... 10 10
Sand, fine to coarse, and some fine to medium gravel, 30 40
Sand, fine to coarse; contains some gravel and frag-
ments of chalk and weathered shale.......... .. 8 48
CreracEOUs—Gulfian
Niobrara formation—Smoky Hill chalk member
Shale, clayey, blue to blue-gray................... 2 50

8-21-14ddd. Sample log of test hole in the SE cor. sec. 14, T. 8 S., R. 21 W,
20 feet west of intersection and 8 feet north of road center; drilled Septem-
ber 1952. Surface altitude, 2,096.5 feet.

Thickness, Depth,
fect feet

Road il ...... ... ... ... .. .. . . . . 1.5 1.5

QuaTERNARY—Pleistocene
Meade formation—Sappa and Grand Island members

Silt, clayey, tan-gray........... ... ... ... 1.5 8
Sand, cemented, tan to light-tan.............. ... . 2 5
Sand, fine to coarse; contains fragments of chalk. . . . . 17 22
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'I'hicknm, Depth,

feet feet

Clay, sandy, brown, interbedded with fine to coarse
partly cemented sand ........................ 9 81

Sand, fine to coarse, silty; contains clay in the lower
part and some fragments of chalk.............. 10 41

Clay, compact, light-gray; contains a few thin string-
ersof sand............... ... . ... ..., 9 50
Sand, fine to coarse; contains some fragments of chalk, 5 55

CreTACEOUS—Gulfian
Niobrara formation—Smoky Hill chalk member

Chalk, soft, tan-white. . ...................... ... 2 57
Shale, calcareous, gray to blue-gray............... 3 60

8-21-17dbb. Sample log of test hole in the NW cor. SE% sec. 17, T. 8 S., R.
21 W., 4 feet east of intersection and 10 feet south of road center; drilled
September 1952. Surface altitude, 2,057.8 feet.

Thickness, Depth,
feet feet
Road Al ........ .. ... ... ... ... ... ... .. ... 1 1

QuATERNARY—Pleistocene

Sanborn formation—Terrace deposits (late Wisconsinan )

Silt, clayey, tan-brown.......................... 3 4
Sand, fine to coarse; contains a little fine gravel and
a few thin stringersof clay.................... 4 8
Sand, fine to medium, silty, dark-brown............ 2 10
Sand, fine to coarse, and fine to coarse gravel; con-
tains a few stringers of clay................... 8 18
CretAacEOoUs—Gulfian

Niobrara formation—Smoky Hill chalk member
Chalk, yellow and white; contains some imbedded
gravel at surface and pebbles of silicified chalk and
weathered shale ............................ 3 21
Shale, blue-gray ................... ... ... ...... 5 26

8-23-2ddd. Sample log of test hole in the SE cor. sec. 2, T. 8 S., R. 28 W., 90
feet west of U. S. Highway 283 and 8 feet north of center of road; drilled
October 1952. Surface altitude, 2,217.0 feet.

Thickness, Depth,
feet feet
Road £l .............. .. ... ... ... ... ........ 4 4
QuaTeERNARY—Pleistocene
Sanborn formation
Peoria silt member
Clay, calcareous, tan-gray to light-tan..... ... ... 2.5 6.5
Silt, and clay, tan-gray to gray-brown. ..... ... .. 45 11
Silt, clayey, brown; contains a few grains of gravel, 4 15
Crete sand and gravel member
Sand, fine to medium, very clayey.......... . ... 2 17
Clay, sandy, tan to tan-gray................... 7 24

Google



Geology and Ground Water, Graham County 87

CreTACEOUs—Gulfian Thickness Depth
Niobrara formation—Smoky Hill chalk member fect foet
Chalk, yellow and white. . .. ........... ... .. .. .. 6 30

8-23-12bcc. Sample log of test hole in the SW cor. NW¥% sec. 12, T. 8 S., R.
23 W., 60 feet east of U. S. Highway 283 and 30 feet north of half-section
line road; drilled October 1952. Surface altitude, 2,198.9 feet.
QuaTerNArRY—Pleistocene
Sanbom formation

Peoria silt member Th';;‘-\‘qus' "{;?Iih‘
Silt and clay, black to dark-brown (topsoil) ... .. 2 2
Silt, gray-tan ......._ ... .. ...... ... . ..... 8 10
Silt, sandy, tan-brown .. .. ... .. ... .. ... . .. .. 6 16

Crete sand and gravel member
Sand, silty, fine to coarse. .. ... ... ... . ... .. ... 3 19
Clay, tan-gray; contains sand and gravel .. . 5 24
Sand, fine to coarse, clayey to loosely cemented .. 5 29
Clay, ycllow-tan; contains some gravel . .. .. 4 33

CreTtaceous—Gulfian
Niobrara formation—Smoky Hill chalk member
Chalk, yellow ....... ... ... ... ... .. ... ..., 4.5 375
Shale, calcareous, dark-gray................. .. .. 2.5 40

8-23-13b. Driller’s log of test hole in the NW4 sec. 13, T. 8 S., R. 23 W.
Drilled by C. A. Robben.
QuaTterNary—Pleistocene

. Thickness, Depth,
Terrace deposits fect fect
Soil, black ......... ... ... . ... ..., 4 4
Clay, yellow ........ ... ... .. ... ... ......... 15 19
Mud, light-blue ............................... 3 22
Clay, sandy ............... ... ..o ivov ... 1 23
Sand, fine ........... ... ... ... ... ... 6 29
Gravel ........... ... ... 9 38
Creraceous—Gulfian
Niobrara formation—Smoky Hill chalk member
Shale .......... ... .. 1 39

8-23-14dda. Sample log of test hole in the NE% SEX SEX sec. 14 T. 8 S, R. 23
W., 130 feet south of railroad tracks and 30 feet west of highway; drilled
October 1952. Surface altitude, 2,124.3 feet.

. Thickness, Depth,

QuaTERNARY—Pleistocene feet feet

Sanborn formation—Terrace deposits (late Wisconsinan)
Sand, silty to clayey, dark-brown.............. ... 2 2
Clay, sandy, dark-brown..................... ... 4 6
Sand, fine to coarse, silty. . ................... ... 10 16
Sand, fine to coarse, and fine gravel .. ......... ... 11 27

Sand, gravel, and pebbles, including fragments of
chalk ... ... ... ... L 5 32
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Cretaceous—Gulfian .
Niobrara formation—Smoky Hill chalk member Thiclmess, Dfee‘?etth'
Shale, calcareous, gray.......................... 8 40

8-23-23-daa. Sample log of test hole in the NE cor. SE% sec. 23, T. 8 S., R. 23
W., 30 feet south of half-section line road and 30 feet west of center of U. S.
Highway 283; drilled October 1952. Surface altitude, 2,132.2 feet.

QuaTERNARY—Pleistocene mfek;m' Dgfe? i
Sanborn formation—Terrace deposits (late Wisconsinan)
Silt and clay, black (topsoil)..................... 1 1
Sand, fine to coarse, silty, dark-brown to black. . .. .. 4 5
Sand, fine to coarse, and fine to coarse gravel; con-
tains fragments of chalk................. ... .. 9 14
Clay, dark-brown to black, and imbedded gravel.... 6 20
Clay, black, with some imbedded gravel; contains
stringers of gravel and weathered shale......... 4 24
Creraceous—Gulfian
Niobrara formation—Smoky Hill chalk member
Chalk, broken, light-gray........................ 45 28.5
Shale, dark gray .................. .. ........... 1.5 30

8-24-36¢cch.  Sample log of test hole in the NW% SW4% SW¥ sec. 36, T. 8 S., R.
24 W., 0.15 mile north of intersection, 20 feet south of fence, and 14 feet
east of road center; drilled September 1952. Surface altitude, 2,349.8 feet.

Depth to water level, 11.4 feet.
Thi;:lmess, Depth,
eet

QuATERNARY—Pleistocene feet

Sanborn formation—Terrace deposits (late Wisconsinan)

Silt and clay, black (topsoil)..................... 35 35
Sand, fine to coarse; contains a clayey stringer from

12to125feet. ... ....... ... .. 13.5 17
Clay, sandy, dark-gray to black................ ... 3 20
Sand, fine to coarse, and fine to coarse gravel; con-

tains a few thin stringers of clay............... 6 26
Sand and gravel, silty, yellow.................... 2 28
Clay and silt, tan. . ... .. ... . ... ... .. ... ... 4 32

Cretaceous—Gulfian
Niobrara formation—Smoky Hill chalk member

Shale, calcareous, blue-black..................... 3 35

8-25-35ddd. Sample log of test hole in the SE cor. sec. 35, T. 8S., R. 25 W,
120 feet north of section line and 8 feet west of road center; drilled Septem-
ber 1952. Surface altitude, 2,510.5 feet. Depth to water level, 90.9 feet.

Thickness, Depth,
feet feet
Road fill ... ... ... . ... ... ... ... ... .. .. ... 1 1
QuaTERNARY—Pleistocene
Sanborn formation—Peoria silt member
Silt and clay, compact, tan-gray. . ....... ... ... ... .. 2 3
Silt, tan-gray to gray-green. ...................... 13 16
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Tertiary—Pliocene

Ogallala formation n]?::tess' Df?etth’
Sand, fine to coarse, calcareous, cemented; contains

stringers of tan-gray blocky clay............. ... 45 20.5
Sand, fine to coarse, and fine to coarse gravel; con-

tains some pebbles. . ... ... ... ... ... .. ... ... 45 25
Sand, fine to coarse, cemented to partly cemented... 3 28
Clay, sandy, and calcareous clay; tan-brown to tan-

BEAY e 11 39
Sand, fine to coarse, cemented.................... 10 49
Sand, fine to coarse, cemented; contains stringers of

cay ... 16 65
Sand, fine to coarse, and fine to medium gravel; princi-

pally fine to medium sand from 71 to 74 feet. . ... 9 74
Sand, calcareous, clayey to cemented, white..... ... 18 92
Limestone, very hard, white..................... 3 95
Sand, fine, cemented . . . ... ... ... ... .. ... ... ... 2 97

Sand, fine to coarse, and fine to coarse gravel; contains
some chalk fragments; contains a stringer of clay at

107 feet .. ... . 16 113
Sand, fine to medium, silty. .. ... . ... ... ... 6 119
Clay, sandy, light-tan. ... .. ... .. ... .......... ... 6.5 125.5
Cretaceous—Gulfian
Niobrara formation—Smoky Hill chalk member
Chalk, silicified, hard, yellow-brown........... ... 5 126

9-22-36ddd. Sample log of test hole in the SE cor. sec. 36, T. 9 S., R. 22 W,
60 feet west of intersection and 30 feet north of road center; derIed Scp-
tember 1952. Surface dltitude 2,315.7 feet.

QuaTERNARY—Pleistocene

Sanborn formation—Peoria silt member Th'fczﬂess' Dﬁ‘l’r"
Silt and clay, light-gray.............. ... . ...... 0.5 0.5
Silt, light-tan . ................. ... ... . ... .... 6.5 7
TerTIARY—Pliocene
Ogallala formation
Sand, finetocoarse. . ......... ... .. ... ........ 2 9
Sand, calcareous, cemented, light-tan ......... .. .. 7 16

Sand, fine to coarse; contains some gravel and a few
thin stringers of clayey sand; contains a larger

percentage of gravel from 26 to 32 feet.......... 16 32
Clay, ranging to clayey sand; tan-brown to gray-green 8 40
Clay, compact, tan............................. 3 43

Clay, sandy, calcareous, white; consists principally of

clayey sand from 46 to 52 feet. ... .. ... ... .. .. 9 52
Sand, cemented, light-tan to light tan-gray . ..... ... 4 56
Sand, finetocoarse. . ......................... .. 7 63
Clay, noncalcareous, light-gray............ .. .. .. 7 70
Clay, noncalcareous, light-brown.. ... ... .. . . . .. 3 73
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Thickness, Depth,
feet feet
Clay, sandy, light-green; contains a hard stringer from
T4 to T45 feet. . ...................... ... .2 75
Clay, noncalcareous, light-gray................... 4 79
Sand, fine to medium. . ...................... ... S5 79.5
Sand, fine to medium; contains a very hard cemented
layer from 79.5to 80 feet..................... 4 83.5
Cretaceous—Gulfian
Niobrara formation—Smoky Hill chalk member
Shale, calcareous, gray-brown......... ........... 4.5 88

9-24-36ccbh. Sample log of test hole in the NW4% SW4% SW¥% sec. 36, T. 9 S.,
R. 24 W., in pasture opposite windmill to west, 0.15 mile north of inter-
section and 25 feet east of fence; drilled September 1952. Surface altitude,
2,528.9 feet.

QUATERNARY—Peistocene

Sanborn formation-——Peoria silt member Thifc(mm' Df(;.gth'
Silt and clay, gray-brown (topsoil)....... .. ....... 1 1
Silt, tan-gray; contains gastropod shells. .. ... ... ... 4 5

TEeRTIARY—Pliocene
Ogallala formation

Sand, fine to coarse, silty. ................. ... ... 4.5 9.5
Sand, fine to medium; contains interbedded gravel

stringers, each about 1 foot thick............. .. 9.5 19
Clay, sandy, ranging to cemented clayey sand;

light-gray ......... ... i 3 22
Clay, compact, light-tan to tan-white.............. 5 27
Clay, sandy; contains stringers of sand............. 7 34
Clay, and silt, sandy, cemented, tan............ . .. 4 38
Clay, gray and light-tan; contains stringers of sand... 5.5 43.5
Sand, finetocoarse. ........... ... ... ... 115 55
Clay,sandy, gray. . ... ... 3 58
Clay, grading to cemented clayey sand. ... ........ . 10 68
Sand, fine, calcareous, cemented, grading to a sandy

silty limestone .............................. 12 80
Clay, sandy, red-brown. . .................. ... ... 2 82
Clay, sandy to bentonitic, gray-green.. ... ...... .. 4 86

Creraceous—Gulfian
Niobrara formation—Smoky Hill chalk member

Chalk, soft, yellow. . ................ ... ..... 3.5 89.5
Chalk, silicified, yellow to yellow-brown. .. ... ... .25 89.75
Chalk, soft, yellow to white. . ... ... ..... ... ... .. 4.25 94
Shale, calcareous, gray-brown to brown .. .. ... .. 9 103
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9-25-35ddd. Sample log of test hole in the SE cor. sec. 35, T. 9 S., R. 25 W., in
corner of field 15 feet west and 15 feet north of intersection; drilled Septem-
ber 1952. Surface altitude, 2,448.4 feet. Depth to water level, 87.97 feet.
QuATERNARY—Pleistocene

Sanborn formation—Peoria silt member Thigkges: Depee
Silt and clay, dark-gray (topsoil)................. 3 3
Silt, light-tan .................................. 13.5 16.5

TerTiARY—Pliocene

Ogallala formation
Sand, fine to coarse, and fine to coarse gravel.... ... 3.5 20
Clay, sandy, tan-white; contains stringers of cemented

sand ... 8 28
Sand, fine to coarse, and fine to coarse gravel....... 3 31
Sand, fine to coarse; contains silt and clay........ ... 7 38
Silt and fine sand, calcareous, cemented, gray-white.. 1.5 39.5
Clay, sandy, tan; contains stringers of light-tan to

light-gray calcareous cemented fine sand. . ... .... 9.5 49
Silt and fine sand, calcareous, cemented, light-gray.. 2 51
Sand, finetocoarse. .. .......................... 5 56
Clay, sandy, bedded, tan to tan-gray.............. 22 78
Sand, fine to coarse; contains silt. . ............ ... 9 87
Clay, sandy, tan-gray; contains a few stringers of

fine to coarse sand and has some limonite staining.. 4 91
Sand, fine to coarse, clayey, calcareous, light-tan; con-

tains a few thin layersof clay.................. 10 101
Clay, calcareous, light-tan; contains imbedded gravel

and pebbles ................ .. ... ... ..... 9 110
Sand, fine to coarse, yellow-tan; contains silt and clay

and stringers of sandy clay................. . .. 10 120
Sand, fine to coarse, silty; contains some fine gravel. . 8 128
Sand, gravel, and pebbles; contains some chalk frag-

ments and some silt................... ... ... 4.5 132.5

Cretaceous—Gulfian

Niobrara formation—Smoky Hill chalk member

Chalk, soft, yellow, white, pink, and red...... ... ... 45 137

10-23-laaa. Sample log of test hole in the NE cor. sec. 1, T. 10 S., R, 23 W,,
80 feet west of road intersection and 5 feet south of road center; drilled
September 1952. Surface altitude, 2,378.0 feet. Depth to water level, 47.2
cet.
f Thickness, Depth,
fect feet
Road 6l ...... ... ... .. ... .. .. ... ... ... ... 3 3
TEeRTIARY—Pliocene
Ogallala formation
Silt and clay, sandy, tan-white; contains imbedded

gravel .. ... . ... 11 14
Clay, tan-brown; contains fine to medium sand and a

few thin layers of clayey sand............... .. 11 25
Sand, fine to coarse; contains some fine to coarse

gravel ... ... ... ... 45 29.5

Google



92 Geological Survey of Kansas

Thickness, Depth,
feet feet
Sand, fine to coarse, tan-brown; contains clay and silt;
contains less silt from 36 to 40 feet............. 10.5 40
Sand, fine to coarse, and fine to coarse gravel. ... ... 12.5 52.5
Sand and gravel, partly cemented; contains some peb-
bles and some tan-gray clay.................. 55 58
Silt, tan-gray; contains sand and gravel . ........... 4 62
Sand, fine to coarse, and fine to coarse gravel; con-
tains layers of brown clay............. ... .. ... 11 73
Cretaceous—Gulfian
Niobrara formation—Smoky Hill chalk member
Chalk, soft, white to light-yellow........... ... ... 4 77
Shale, olive to gray-green....................... 16 93

10-24-34ddd. Sample log of test hole at SE cor. sec. 84, T. 10 S., R. 24 W,
50 feet west of intersection and 20 feet north of road center; drilled Septem-
ber 1952. Surface altitude, 2,357.2 feet. Depth to water level, 35.4 feet.

QuaTERNARY—Pleistocene

Sanborn formation—Peoria silt member Thlf:;m' Dfee?ctth '
Silt and clay, dark-brown........... ... ...... ... 4 4
Silt, tan; contains some gastropod shells............ 155 19.5
TeRTIARY—Pliocene
Ogallala formation
Clay, sandy, tan-brown.......................... 3.5 23
Sand, gravel, and pebbles. .. ..................... 2 25
Clay, sandy, tan; contains imbedded gravel........ 9 34
Sand, fine to coarse. . .......................... 6 40
Sand, fine to coarse; contains some gravel and pebbles, 5.5 45.5
CretAaceous—Gulfian
Niobrara formation—Smoky Hill chalk member
Chalk, soft, white ............................. 2.5 48
Shale, gray ............. . ... ... .. e, 2 50

10-25-36cce.  Sample log of test hole in the SW cor. sec. 36, T. 10 S., R. 25 W.,
20 feet east of road center and 15 feet north of intersection on edge of field;
drilled September 1952. Surface altitude, 2,418.8 feet. Depth to water
level, 31.5 feet.

QuaTERNARY—Pleistocene

Sanborn formation—Pcoria silt member Th"fztgtess’ Dg:th '
Silt and clay, dark-brown (topsoil)............. ... 3 3
Silt and clay, tan-gray. . .......... ... .. ... .. ... 6.5 9.5
Silt and clay, compact, tan; contains some sand ncar

base ..... . ... ... 6.5 16

TeERTIARY—Pliocene
Ogallala formation
Sand, fine to coarse and fine to coarse gravel; contains

silt, sandy clay, and fragments of chalk.. ... .. ... 11 27
Clay, very sandy; contains gravel . . ................ 5 32
Sand, fine to coarse, and fine to coarse gravel; con-

tains some fragments of chalk..... ... ... .. .. 4.5 36.5
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Creraceous—Gulfian mf:'tm' D
Niobrara formation—Smoky Hill chalk member
Chalk, soft, yellow......................... ... 1.5 38
Shale, calcareous, gray..... .. ................... 2 40

5-21-83cc. Sample log of test hole in the SWk SW¥% sec. 33, T.5S.,R. 21 W,
Norton County; drilled 1946. Surface altitude, 2,306.3 feet.
QuaTERNARY—Pleistocene

Sanborn formation mfc:c:tess' th;glth'
Peoria silt member
Silt, loose, dark gray-brown......... .. ... ... 3 3
Silt, loose, tan; contains snail shells............ 10 13
Loveland silt member
Silt, loose, tan............. ... ... ... . ....... 14 27
Sand, fine to very fine, and tansilt. . .......... .. 7 34
TerTIARY—Pliocene
Ogallala formation
Sand, fine, light-tan to gray; contains gravel and silt.. 17 51
Sand, well-cemented with calcium carbonate. .. .. ... 1 52
Sand and silt, light-gray to green-gray, and caliche. .. 24 76
Silt, compact; contains some dull-red sand......... 21 97
Sand, fine, and dull-red silt; contains caliche. . ... ... 26 123
Sand, fine to very fine, and silt, and some gray and
brownclay ........... ... .. ... ... . ... 55 178

Creraceous—Gulfian
Niobrara formation—Smoky Hill chalk member
Shale, calcareous, fissile, gray; contains a few thin
bentonite zones ............................. 12 190

5-23-34dd. Sample log of test hole at the SE cor. sec. 34, T. 5 S., R. 23 W.,
Norton County; drilled 1946. Surface altitude, 2,397.3 feet.
QuARTERNARY—Pleistocene

Sanborn formation mfc::tm' Dfeer;tth i
Silt, brown ........... . ... .. .. ... ... ..., 2 2
Silt, tan; contains snail shells. .. ............ . ... .. 5 7

TERTIARY—Pliocene
Ogallala formation

Sand, fine and very fine, silty, white. . .. ....... ... 12 19
Sand and silt, cemented with calcium carbonate; con-

tains fossil seeds .......................... .. 17 36
Sand, fine to coarse; contains silt, gravel, and caliche. 49 85
Sand, with some silt; contains zones cemented with

calcium carbonate ........................... 40 125
Sand, very fine to coarse, and silt. .. ... ... ... .. .. 17 142
Silt, sand, and caliche; contains cemented zones. . . . . 17 159
Sand and gravel, fine to coarse. .. ......... ... .. .. 24 183
Silt, soft, brown and gray.......... ... ... ... ... 8 191

Cretaceous—Gulfian

Niobrara formation—Smoky Hill chalk member
Shale, chalky, fissile, brown, yellow, and gray; con-
tains bentomnite ............................. 9 200
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EXPLANATION

Alluvium

Sand, gravel, and silt in stream channels in ma-
jor valleys. Contains much water in lorger val-
leys but supplies water to few wells because it
is generally restricted to stream channels.

Dune sand

Fine to coarse wind-deposited sand. Lies above
the water table but serves as intake for
ground-waterrecharge.

Terrace Deposits (late Wisconsinan)

Sand, gravel, silt and clay. Fine-grained along
smaller streams. Includes some Recent allu-
vium along small streams and some coluvium.
Yields abundant supplies of water in valleys of
South Fork Solomon River and Bow Creek.
Yields smaller supplies in tributary valleys.

PLEISTOCENE

W
QUATERNARY

Qss

Bignell, Peoria and Loveland silt

< members

(Includes Crete sand and gravel member
where covered by silt along some streams; also
includes coluvium and a few outcrops of Meade
formation.) Massive wind-blown silt; contains
water-laid sand and gravel (Crete) at base in
some valleys. Silt members are above water
table but Crete member yields moderate sup-
plies of water where below water table.

Sanborn formation

Crete sand and gravel member

(Where not mantled by thick deposits of
loess.) Sand and grovel with some silt and
L clay. Yields water to wells in some areas where

below the water table. _/ e

~

Ogallala formation
Sand, gravel, silt, clay. May be consolidated or
unconsolidated. Contains beds of limestone,

PLIOCENE
TERTIARY

caliche and “quartzite.” The most widespread
oquifer in Graham County. Yields abundant
supplies of water in many areas.

=

=

Pierre shale

Soft, fissile blue-gray shale. Yields no water to
wells.

Niobrara formation
Smoky Hill chalk member

s
GULFIAN
CRETACEOUS

MORL AND, i
Blue-gray, yellow or tan chalk and chalky
shale. Yields a small amount of water to wells. .

TS Federal or State Highway

Graded road

= Ungraded road

PN Railroad
P County line (no road)
i Tal 00 3 Township line (no road)

=9

s Section line (no road)
e, SR Intermittent stream
O e | 2 3 4

SCALE IN MILES

=10

o

i‘ Drainage from map prepared by U.S. Dept. of
Base modified from map prepared by i
¢ State Highway Commission of Kansas J k }




Map of Graham County, Kansas

Showing the Depths to Water Level, the Location of Wells, Springs,

| and Test Holes for which Records are given, and Waterjtable Contours
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