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GEOLOGY AND GROUND-WATER RESOURCES
OF GOVE COUNTY, KANSAS

by
WaRreN G. HopbsoN and KENnNeETH D. WaHL

ABSTRACT

This report describes the geography, geology, and ground-water resources
of Gove County, in west-central Kansas in the High Plains physiographic sec-
tion. The county has an area of approximately 1,070 square miles and had a
population of about 4,200 in 1957.

The rocks that crop out in Gove County are sedimentary and range in age
from Cretaceous to Recent. Chalk beds of the Fort Hays Chalk member of the
Niobrara Chalk are the oldest rocks exposed in the county. They are overlain
by the Smoky Hill Chalk, upper member of the Niobrara Chalk; the Smoky Hill
cops out in much of the southern part of the county. It is overlain by the
Pierre Shale, of Late Cretaceous age, which is exposed in a faulted area in
the southwestern part of the county but in the northwestern part is found
only in the subsurface. Fluviatile deposits of the Ogallala Formation, of Plio-
cene age, cover most of the northern part of Gove County. Unconsolidated
continental deposits of fluviatile and eolian origin represent four stages of the
Pleistocene Epoch. Loess classified as Loveland and Peoria Formations, of
late Pleistocene age, mantles much of the interstream areas, particularly in
the northern part of the county. Alluvium of Wisconsinan and Recent age
fills the inner valleys of Smoky Hill River, Hackberry Creek, and Big Creck.
Older alluvial deposits, of Illinoisan and Kansan age, dissected and in a high
terrace position, occur along the larger streams in the county, chiefly along
Smoky Hill River. The surface geology of Gove County is shown by a geo-
logic map; cross sections illustrate the stratigraphic relations of the geologic
formations.

Ground water is one of the principal natural resources of the county; most
water supplies are obtained from wells. Moderate quantities of ground water
are available from the Ogallala Formation and from alluvial deposits in Hack-
berry Creek and Big Creek valleys. About 1.2 .million acre-feet of ground
water is in storage in the Ogallala Formation in the northern two-fifths of Gove
County. In the southern part, ground water is almost restricted to alluvial
valleys. Moderate to large quantities of water are available from alluvial
deposits in the Smoky Hill River valley. Only meager quantities, derived
mostly from colluvial materials, are available in the interstream areas in the
southern part of the county. A few wells in the southeastern part obtain
water from the deeper-lying Dakota Formation.

The chemical quality of the ground water is closely related to geclogic
source, and distinctive types of water are characteristic of each water-bearing
formation in the county. Ground water from the Ogallala Formation is fair
to good. Water from the alluvium is generally very hard but otherwise suitable
for most purposes.

(7)
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Ground-water pumped for domestic and stock use in Gove County is
estimated to be about 800 acre-feet per year. Approximately 500 acre-feet
is pumped annually by municipal wells, and an estimated 6,000 acre-feet for
irrigation.

Ground-water in the Ogallala Formation in the northern upland moves
eastward down an average gradient of about 11 feet per mile. The rate of
movement was calculated to be about 0.3 foot per day. The amount of ground
water leaving the county underground is believed to be less than that entering
the county; much of the difference is accounted for by seepage of ground
water from the Ogallala Formation at the contact of the Ogallala on Cretaceous
bedrock along Hackberry Creek and Big Creek valleys.

The field data upon which this report is based are given in tables. They
include records of 309 wells and test holes, logs of 83 wells and test holes,
and chemical analyses of water from 52 representative wells, 4 municipal
supplies, and 1 sample from Smoky Hill River.

INTRODUCTION
PURPOSE AND SCOPE OF INVESTIGATION

This report gives the results of a study of the geology and ground-
water resources of Gove County, Kansas. The study was designed
to determine the availability and quantity of ground water in the
county, to learn the geologic factors that control the occurrence of
ground water, to determine the chemical characteristics of ground
water in relation to geologic formations, and to serve as a guide to
future ground-water development.

An investigation of the geology and ground-water resources of
Gove County was begun by Willis D. Waterman, Geologist, U. S.
Geological Survey, in the summer of 1952 and was continued during
the spring of 1953. Owing to the resignation of Mr. Waterman, the
project was reassigned in the summer of 1956 to the authors, who
spent 2% months during the summer and fall of 1958 and 2 weeks
during the fall of 1957 in the field gathering most of the data upon
which this report is based.

Nearly all water supplies in Gove County are obtained from wells.
Irrigation has been practiced in the larger valleys for several years,
but drought in recent years has increased the interest in irrigation.
Interest has also turned to the upland areas, and in the fall of 1956
seven irrigation wells were obtaining ground water from the Ogal-
lala Formation in the northern part of the county. Most of the irri-
gation wells in the county have been drilled since 1950, and an
additional increase in the use of ground water for irrigation can
be expected. At the present rate of withdrawal, the danger of
seriously depleting the ground-water supply seems slight, but there

Google
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10 Geological Survey of Kansas

Haworth (1897, 1897a) described the physiography of western
Kansas and discussed the physical properties of the Tertiary rocks.
Logan (1897) in a report on the Upper Cretaceous of Kansas dis-
cussed the occurrence of rocks of that age in Gove County. Wil-
liston (1897) described the Niobrara Chalk in western Kansas and
discussed the Pleistocene deposits of Kansas (1897a). In his report
on the utilization of the High Plains, Johnson (1901, 1902) referred
to the source, availability, and use of ground water in western
Kansas. In 1905 Darton reported on the geology and ground-
water resources of the central Great Plains. A report by Parker
(1911, p. 968) on the quality of water supplies in Kansas contained
a brief description of the geologic setting of Gove County and
analyses of samples of ground water. In a special report on well
waters in Kansas, Haworth (1913) discussed the Tertiary of western
Kansas and its water-bearing characteristics. Russell (1929) studied
the stratigraphy and structure of the Smoky Hill Chalk in Logan,
Gove, and Trego Counties and reported on the usefulness of ben-
tonite layers in interpreting the stratigraphy. The work of Elias
(1931) was an important contribution to the geology of western
Kansas, and his studies of the Ogallala Formation and late Pleisto-
cene deposits were the foundation for later studies. Landes and
Keroher (1939) briefly described the geology and petroleum re-
sources of Logan, Gove, and Trego Counties. Frye and Smith
(1942) discussed graded valley slopes peculiar to the Smoky Hill
River valley in Logan and Gove Counties. A study of the Pleisto-
cene geology of Kansas was made by Frye and Leonard (1952).
Bradley and Johnson (1957) made a study of the ground-water
resources of the Ladder Creek area in Kansas, including the south-
western corner of Gove County. Areas in Kansas for which reports
of geology and ground-water studies have been published or are
in preparation are shown in Figure 1.

METHODS OF INVESTIGATION

During the summer of 1952, 25 test holes were drilled through
the Pleistocene and Tertiary deposits to Cretaceous bedrock by a
hydraulic-rotary drilling machine owned by the State Geological
Survey of Kansas. During the summer and fall of 1952 and the
summer of 1953, the depth to water and the depth of the well
were measured in 80 wells by steel tape from a fixed measuring
point near the land surface, and 15 samples of water were collected
from representative wells in the county and were analyzed by
Howard Stoltenberg, chemist, in the Sanitary Engineering Labora-
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tory of the Kansas State Board of Health. Altitudes of the wells and
test holes were determined by plane table and alidade.

During the summer and fall of 1956 the authors inventoried ad-
ditional wells and collected additional water samples. Well drillers
were visited and logs of test holes and wells were collected. Dur-
ing this time the areal geology was mapped from field observations
and from stereoscopic study of aerial photographs obtained from
the U. S. Department of Agriculture. County maps prepared by
the State Highway Commission of Kansas at a scale of 1 inch to
the mile were used to record field data. In September 1957, 17
additional test holes were drilled in the county by the State Geo-
logical Survey.

WELL-NUMBERING SYSTEM

The location of wells, test holes, and local teatures in this report
are designated according to General Land Office surveys in the fol-
lowing sequence: township, range, section, quarter section or
160-acre tract, and quarter-quarter section or 40-acre tract. The 160-
acre and 40-acre tracts are designated a, b, ¢, or d in a counter-
clockwise direction beginning in the northeast quarter. For ex-
ample, well 14-26-30da is in the NEX SEX sec. 30, T. 14 S., R. 26 W.
(Fig. 2). If two or more wells are within a 40-acre tract the location
number is followed by serial numbers in the order in which the wells
were inventoried.
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Hilton, Geologist, of the Division of Sanitation of the Kansas State
Board of Health; and by Robert L. Smith, Executive Secretary, of
the Kansas Water Resources Board.

GEOGRAPHY
DRAINAGE AND TOPOGRAPHY

The principal streams in Gove County are Smoky Hill River,
Hackberry Creek, and Big Creek. Smoky Hill River heads in eastern
Colorado and flows across the southern part of Gove County, drain-
ing most of the southern half of the county. Hackberry Creek heads
in Logan County and flows eastward across the central part of Gove
County. Big Creek heads in the northwestern corner of Gove
County and its course is approximately parallel to Hackberry Creek
across the county. The extreme north-central and northeastern parts
of Gove County are drained by tributaries to Saline River, which
flows across the northeast corner of the county.

The total topographic relief in Gove County is about 700 feet.
The highest elevation, about 3,000 feet, is in the northwestern part

Google



Qriginal from
UNIVERSITY OF CALIFORNIA

Digitized by GOOS[Q

916006-sn-pdgasn ssadoe/buo 1snaiTyrey - mmm//:diyy / pazritbhrp-216009 ‘s21elS palTun Syl UT uTewoq dT1qnd
€L0LT8€Q"TON/LZ0Z/12uU"d1puey 1py//:sd1ly / LW ¥S:6T TO-0T-€ZOZ U0 sesuey 4o AITSUIATUN 1B paledausy



Original from
UNIVERSITY OF CALIFORNIA

Digitized by G()Ogle

916006-sn-pdgasn ssadoe/bao-1sniitTyiey -mmm//:diyy / pazIiithrp-21h009 ‘sa1elS paiTun Syl UT uTewoqg JT1qnd
€/0L18€9°12N//70Z/33u 21puey 1py//:sdidy / LWD ¥S:6T Z0-OT-EZOC UO sesuey jo AITSISATUN 1B paledausn



Geology and Ground Water, Gove County . 15

history is difficult in many places without subsurface infork.ation.

In contrast to the gentle slopes and flanking pediments of most
of the Smoky Hill valley is the area between Smoky Hill River and
Hackberry Creek in south-central Gove County, known locally
as the “Missouri Flats”, a flat fertile strip 10 to 12 miles long and
6 to 8 miles wide along the north side of the Smoky Hill valley in
T. 14 S., R. 27 and 28 W., and the northern part of T. 15 S., R. 27 and
28 W. The “Missouri Flats” is underlain by about 40 to 100 feet
of unconsolidated material, the lower part of which is believed to
be fluviatile. Logs of test holes indicate that thin sand and gravel
beds are characteristic of the lower part, but that the beds are
lenticular and are separated by thin silt and clay layers. Only the
lower part is below the water table, hence the total volume of
ground water available is not large, although supplies adequate
for stock and domestic use are available in most of this area. The
“Missouri Flats” area seems to be a segment of an old channel of
Smoky Hill River that was cut off and abandoned during Kansan
or Illinoisan time, later to be masked by eolian silts (Pl 3, B-B’ and
D-D’).

The inner valley of Smoky Hill River, 4% to % mile wide, is filled
with alluvium believed to be of late Wisconsinan and Recent age.
The alluvium is about 100 feet thick in the deepest part of the valley
fill. Adjacent to the inner valley but generally separated from it
by Cretaceous bedrock bluffs are deeply dissected terrace deposits
consisting chiefly of unconsolidated sand and gravel of middle
Pleistocene age. The terraces have an upland appearance in many
places because of thorough dissection by small tributary streams.

The northern two-fifths of Gove County consists of nearly flat,
gently rolling uplands mantled by eolian silts of late Pleistocene
age and underlain by the Ogallala Formation. Small streams have
dissected the surface moderately and in places have exposed the
underlying rocks. The upland surface declines eastward at an
average rate of about 15 feet per mile. Most of this area is drained
by Big Creek and by tributaries to Hackberry Creek.

CLIMATE

The climate of Gove County is semiarid and is characterized by
abundant sunshine, low to moderate precipitation, moderate wind
velocity, and a high rate of evaporation. During the summer the
days are hot, but the nights are generally cool. The hot weather in
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18 Geological Survey of Kansas

days; the average date of the last killing frost is April 28; and the
average date of the first killing frost is October 12.

PopuraTION

According to figures reported by county assessors to the Kansas
State Board of Agriculture, Gove County had a population of 4,185
in 1957. This is an average of 3.9 persons per square mile as com-
pared to 23.2 persons per square mile for the state. Gove, the county
seat, had a population of 197. Other towns and their 1957 popula-
tions are Quinter, 726; Grinnell, 388; Grainfield, 369; and Park, 243.
Although the population of the county has declined since 1930 when
the population was 5,643, the population of most of the towns has
increased.

TRANSPORTATION

Gove County is served by the Union Pacific Railroad, which
crosses east-west near the northern edge of the county and passes
through the towns of Quinter, Park, Grainfield, and Grinnell. U.S.
Highway 40 parallels the Union Pacific Railroad across the county.
Kansas Highway 23 crosses north-south through the middle of the
county and passes through Grainfield and Gove. The rest of the
county is served by county and township roads.

AGRICULTURE

Agriculture is the chief occupation in Gove County. According
to the State Board of Agriculture (1956), the county contains 644
farms comprising about 684,000 acres of which about 320,000 acres
is pasture or range land and about 364,000 acres is crop land. Be-
cause of the practice of summer fallowing, however, only a part of
the crop land is in cultivation each year. Wheat is the principal
crop in the county, and sorghums, alfalfa, barley, rye, oats, and corn
follow in order of acreage harvested. The acreages of the principal
crops grown in 1955 are given in Table 1.

TasLE 1.—Acreage of principal crops grown in Gove County in 1955 (data
from Kansas State Board of Agriculture).

Crop Acres
Wheat .. . .. 98,000
Sorchums ... ... 65,100
Alfalfa .. .. ... 4430
Barley ... .. 2,000
Rve ... . 950
Oats ... ... 400
COIN . .. 220

Total ... ... .. 171,100
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MINERAL RESOURCES

Mineral resources of Gove County other than soil and ground
water include oil and gas, construction materials, and volcanic ash.

QOil and Gas

The first producing oil well in Gove County was drilled in 1951,
although several dry holes were drilled prior to that time. The
first production was in the Coberly field from rocks of the Mar-
maton Group of Pennsylvanian age. The Gove and Jasper pools
also were discovered in 1951 and the Beougher, Lundgren, Lund-
gren South, and Pyramids pools were discovered in 1952. Pro-
duction of oil in Gove County in 1958 was 18,902 barrels from 7
wells. At the end of 1958 the cumulative production of oil in Gove
County was 205,446 barrels. Three zones, at depths ranging from
3,670 to 4,547 feet have produced oil in Gove County. These zones
are in the Lansing-Kansas City and Marmaton Groups, of Penn-
sylvanian age, and in Mississippian rocks.

Construction Material

Sand and gravel from terrace deposits have been used in Gove
County for road construction and road surfacing and large quan-
tities are available. Sand and gravel are also available from the
Ogallala Formation and from alluvium along the principal streams.

Chalk layers within the Smoky Hill Chalk in Gove County were
quarried at one time for building stone but little chalk if any is
now quarried for this purpose. Chalk is still used for road fill on
county roads, however.

Volcanic Ash

Volcanic ash consists of fine glass-like shards ejected during the
explosive phase of a volcanic eruption. Six deposits of ash within
the county were examined and discussed in a report on Kansas
ash resources (Carey and others, 1952). A deposit in the NE4X SW4
sec. 21, T. 13S., R. 26 W,, is reported to be 17 feet thick and
of relatively good quality. This deposit had been mined earlier but
when visited in 1956 showed no evidence of recent operation.
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Geology and Ground Water, Gove County 21

GEOLOGY
SUMMARY OF STRATIGRAPHY *

The areal distribution of rocks that crop out in Gove County is
shown on Plate 1. The rocks are sedimentary in origin and range
in age from Cretaceous through Quaternary. A generalized section
of the rock units is given in Table 2. Their stratigraphic relation
is shown by cross sections on Plate 3.

The Fort Hays Chalk, lower member of the Niobrara Chalk, is
the oldest geologic rock unit exposed in Gove County. It is exposed
in the southeastern part of the county along the edges of the inner
valley of Smoky Hill River but is buried beneath younger rocks in
the rest of the county. The Smoky Hill Chalk, upper member of
the Niobrara Chalk, crops out in much of the southern part of the
county, chiefly along the valleys of Smoky Hill River, Hackberry
Creek, and their tributaries. It is conformably overlain by the
Pierre Shale, which was eroded from almost all of Gove County
by pre-Pliocene erosion and is found in the subsurface in only the
northwestern part of the county, although it crops out in the south-
western part of Gove County in a small down-faulted area in T. 13
and 14 S.,R. 31 W. (PL 1).

The Ogallala Formation, of Pliocene age, unconformably overlies
Pierre Shale and Niobrara Chalk and occurs mostly in the west-
central and northern parts of the county. The Ogallala crops out
in much of this area and is best exposed along stream valleys and
at the edge of the upland plain.

Sand and gravel deposits of middle Pleistocene age border the
larger valleys as terrace deposits, and become extensive in places
along the Smoky Hill valley. Eolian silts of late Pleistocene age
mantle the upland and valley walls in much of Gove County,
especially the northern part, and are shown on the geologic map
(PL. 1) as the Loveland and Peoria Formations. Slope deposits,
derived chiefly from loess but also containing local bedrock frag-
ments, are extensive on the steeper slopes in the Smoky Hill valley
and tributary valleys and are mapped in this report with the Love-
land and Peoria Formations. Recent alluvium along the principal
streams is the youngest geologic deposit in the county.

Rocks Not Exrosep

The Niobrara Chalk in Gove County is underlain by approx-
imately 400 feet of shale and limestone including the Carlile Shale,

* The classification and nomenclature of the rocks described in this report follow the
usage of the State Geological Survey of Kansas. They differ somewhat from the classifica-
tion and nomenclature given in formal reports of the U. S. Geological Survey.
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22 Geological Survey of Kansas

Greenhorn Limestone, and Graneros Shale. In Gove County, the
Codell Sandstone zone at the top of the Carlile Shale yields water
to a few wells, but other strata in this section are believed to yield
little or no water to wells. Beneath the Graneros Shale is the
Dakota Formation, which is an important aquifer in some areas of
Kansas and which is thought to be a potential source of small
amounts of ground water in Gove County in certain areas where
shallow ground water is scarce. The Dakota Formation and the
overlying rock units are discussed in more detail in the section
on geologic formations and their water-bearing properties.

SuMmMaRY oF GeorLocic History AND GEOMORPHOLOGY

The oldest rock exposed in Gove County is the Fort Hays Chalk
member of the Niobrara Chalk of Cretaceous (Gulfian) age. The
history of geologic events that preceded deposition of the Fort Hays
Chalk is deduced partly from logs of oil and gas test wells and
partly from surface exposures of rocks that, although deeply buried
in Gove County, crop out to the east of the county.

The oldest rocks beneath Gove County are the Precambrian
crystalline rocks, the basement rocks upon which later sedimentary
rocks have been deposited. The Precambrian rocks were subjected
to long exposure and erosion, which resulted in a relatively level
plain.

Paleozoic Era

Throughout the Paleozoic Era, Gove County was alternately in-
undated by epicontinental seas and subjected to subaerial erosion,
resulting in the deposition of sequences of limestone, dolomite,
sandstone, and shale separated by many hiatuses. Much of the
sediment that was deposited during the early part of the Paleozoic
Era was eroded during times of emergence and only about 700
to 800 feet of Paleozoic rocks older than Pennsylvanian are reported
in the subsurface of Gove County. Most of these rocks belong to
the Arbuckle Group of Late Cambrian and Early Ordovician age.
In a test well drilled in the NWY NWX sec. 36, T. 13S., R. 30 W.,
the top of the Arbuckle was reached at a depth of 4,615 feet; the
Precambrian at 5,160 feet. Rocks of Silurian and Devonian age
are not known to underlie Gove County; if sediments were de-
posited during this interval, they were subsequently eroded.

Mississippian, Pennsylvanian, and lower Permian rocks in Gove
County are mostly of marine origin. Mississippian rocks consist
chiefly of dolomitic limestone deposited during the early part of
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the period. During most of Pennsylvanian and early Permian
time, cyclical deposits of alternating beds of limestone and shale
were deposited in shallow and fluctuating seas. Toward the end of
the Paleozoic Era, evaporites and nonmarine deposits attest a
progressive emergence of the area, and shallow basins and low
plains became areas of continental deposition. Shale, siltstone, and
sandstone are the predominant rocks of middle and late Permian
age, although extensive deposits of salt, anhydrite, and gypsum,
suggesting a climate of rapid evaporation, are characteristic upper
Permian strata.
Mesozoic Era

In the subsurface of northwestern Kansas no deposits of Triassic
age are known, but deposits of Jurassic age have been correlated
with the Morrison Formation. In Gove County, thickness of
Jurassic deposits ranges from a feather edge to 150 feet (Merriam,
1955). )

During late Comanchean time (Early Cretaceous), a shallow
sea advanced northward across central and western Kansas, and
the Cheyenne Sandstone was deposited near the shores of this ad-
vancing sea. The overlying Kiowa Shale was deposited in the
deeper water that subsequently covered the area. Overlying the
Kiowa Shale are clay shale and sandstone beds of the Dakota
Formation that represent a return of continental and littoral depo-
sition. The Cretaceous sea again advanced, and while marine
conditions prevailed, thick layers of shale, limestone, and chalk were
deposited. These rock layers constitute the Graneros Shale, Green-
horn Limestone, Carlile Shale, Niobrara Chalk, and Pierre Shale.
The upper of these rock layers (Niobrara Chalk and Pierre Shale)
form much of the outcropping rocks in the southern part of Gove
County. At the close of Cretaceous time, the sea had withdrawn
from this area, and a continental environment has existed since that
time.

Cenozoic Era

The principal topographic features of Gove County are those
formed as a result of events that happened during the Pliocene and
Pleistocene Epochs.

Tertiary Period—In early Tertiary time, uplift in the Rocky
Mountain province tilted the rocks underlying the Great Plains
and increased the gradient of eastward-flowing streams that crossed
the High Plains of Kansas. These streams stripped off a consider-
able thickness of Upper Cretaceous rocks. The Pierre Shale was
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eroded from all of Gove County except the northwestern part and
a small downfaulted area in the southwestern part. Various thick-
nesses of the underlying Niobrara Chalk were also removed. Be-
cause of accelerated uplift in the Rocky Mountains during the
Pliocene Epoch, stream gradients and the competence of the
streams increased in their upper reaches. Gradients downstream
remained essentially unchanged and hence stream deposition oc-
curred in these lower reaches. Streams from the Rocky Mountains
that crossed western and central Kansas aggraded their channels
and deposited large quantities of alluvial material. As the stream
valleys became filled, the streams spread laterally across the bed-
rock divides and developed an extensive alluvial plain of sand,
gravel, silt, and clay (Ogallala Formation). This deposit under-
lies nearly all the northern half of the county and is nearly 150
feet thick in places.

Quaternary Period.—Climatic changes that resulted in the forma-
tion of great ice sheets characterize the Pleistocene Epoch. Al-
though none of the continental ice sheets that advanced toward
the central United States during the Pleistocene Epoch reached
Gove County, the development of the present landscape of the
county was influenced greatly by the associated climatic fluctu-
ations.

The Pleistocene is divided into four glacial stages, each followed
by an interglacial stage. The Nebraskan (glacial) Stage was fol-
lowed by the Aftonian (interglacial) Stage, the Kansan (glacial)
Stage was followed by the Yarmouthian (interglacial) Stage, the
Nlinoisan (glacial) Stage was followed by the Sangamonian (inter-
glacial) Stage, and the Wisconsinan (glacial) Stage was followed
by the Recent Stage, which may be an interglacial stage.

Deposits of Nebraskan age are not known to be present in Gove
County; thus, the events that took place during Nebraskan and
Aftonian time are deduced from early Pleistocene deposits in nearby
areas.

Shortly before the beginning of the Pleistocene Epoch there
was either uplift of the land or a climatic change that caused streams
to deepen their valleys and entrench their channels through former
deposits. The major streams of this part of Kansas probably es-
sentially paralleled the present streams but flowed at a higher ele-
vation. In Gove County, Smoky Hill River is believed to run near
and approximately parallel to a pre-Ogallala divide, or bedrock
high, were Ogallala deposits were either thin or missing. Thus,
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Smoky Hill River probably was cutting into bedrock in Gove County
by the end of the Nebraskan Stage. During the Nebraskan Stage
the streams deepened their channels, and seemingly only a minor
amount of alluvial material was deposited, later to be removed by
erosion.

Scattered terrace remnants of Kansan and Yarmouthian age indi-
cate that by Kansan time the major streams in Gove County had be-

Peoria ond
Loveland Formations
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(_Zrete Formation 232 ft .

Soppa Formation
containing
Peariette Ash bed

28.5 ft,

S

3&%5: Smoky Hill Chalk

Fic. 8.—Diagrammatic section showing stratigraphic relations of Pleistocene
deposits in SEX SW¥X sec. 20, T. 158S., R. 28 W.
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come entrenched in approximately the present geographic position.
Small dissected terrace deposits of sand and gravel represent the
Grand Island Formation, of Kansan age. The Grand Island is
generally identified by its association with the overlying Pearlette
Ash bed within the Sappa Formation of late Kansan and early
Yarmouthian age (Fig. 6). Several Pearlette Ash deposits are
present in Gove County; but the Sappa Formation where present
generally consists of only a thin silty zone at the base of the ash.
In most places, the underlying Grand Island was absent and only
the Pearlette Ash bed was present. The Pearlette Ash, although
of small areal extent in Gove County, is as much as 17 feet thick in
the NE4X SW¥% sec. 21, T. 13S., R. 26 W. (PL 5).

The Crete Formation, of Illinoisan age, consists of deposits of
sand and gravel as terraces along the principal streams. Litho-
logically, the Crete and the Grand Island are very similar in Gove
County, both being composed chiefly of coarse arkosic sand and
gravel. Stratigraphically, the Crete Formation overlies the Sappa
Formation and the Grand Island Formation in Gove County,
although locally the Crete is channeled into the Grand Island
(Fig. 6). Characteristically, much of the Crete Formation is of
relatively wide areal extent; small thin deposits of arkosic sand
and gravel are scattered over much of the southern half of Gove
County. Where these deposits are not associated with the Pearlette
Ash they are shown as the Crete Formation on Plate 1. Because
they are relatively thin and laterally extensive, they have the
appearance in many places of being pediment-type deposits.
Thicker channel deposits are found along the principal streams,
and are most extensive and thickest along Smoky Hill River.

Sand, gravel, and silt constitute the alluvial fill within the inner
valleys of the principal streams in the county. The alluvium is
believed to be of late Wisconsinan and Recent age. Along Smoky
Hill River, low terraces of late Wisconsinan age border the narrow
floodplain. Lithologically, the alluvial deposits underlying the flood
plain are indistinguishable from the slightly older alluvial deposits
underlying the low terraces, which were deposited before the
Recent cycle of down cutting and alluviation began.

Fine silt and sandy silt, mostly eolian, mantles much of Gove
County, particularly the upland in the northern part of the county,
and is classified as the Loveland Formation of late Illinoisan age
and the Peoria Formation of early Wisconsinan age. A few feet of
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silt representing the Bignell Formation of late Wisconsinan and
Recent age was recognized locally in the northwestern part of Gove
County. Where the Bignell was present it did not exceed 2 feet
in thickness, and much of it was incorporated within the modern
soil profile. Because it was not possible to map the eolian silt
formations separately at the scale at which the geology of Gove
County was mapped, and because the formations are lithologically
and hydrologically similar, the eolian silts are shown together on
Plate 1 as the Peoria and Loveland Formations (undifferentiated).

GROUND WATER
PrincipLES OF OCCURRENCE

The following discussion of the occurrence of ground water is
adapted largely from Meinzer (1923). Moore and others (1940)
discussed the principles of ground-water occurrence with special
reference to Kansas.

The rocks that form the crust of the earth are rarely, if ever, solid
throughout but contain many open spaces called interstices or pores.
These open spaces range in size from minute openings between
particles of silt or clay through larger openings between grains or
pebbles in sandstone, sand, or gravel to open channels formed by
fractures and solution. The percentage of the total volume of
material that consists of open spaces is termed the porosity. A
formation in which the openings are interconnected and large
enough to allow water to move to a well is called an aquifer. Al-
though the amount of water that can be stored in an aquifer depends
on the porosity, it is the permeability of an aquifer that determines
the rate at which ground water can move. The permeability of
an aquifer depends upon the number and size of its open spaces, or
interstices, and the extent to which these interstices are inter-
connected.

All the water below the surface of the earth is called subsurface
water to distinguish it from surface water and from atmospheric
water. Water percolating from the surface into the rocks of the
earth is drawn downward by gravity and capillarity. Some of this
water will reach a zone where all the open spaces are filled with
water under hydrostatic pressure. This zone is called the zone of
saturation. A part of the water percolating downward will not
reach the zone of saturation, but will be held by molecular attrac-
tion, or surface tension, to the walls of the open spaces through
which the water passes in its descent. This zone of suspended wa-
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ter above the water table is termed the zone of aeration. The zone
of aeration consists of three parts: the belt of soil water, the inter-
mediate belt, and the capillary fringe. The belt of soil water, lying
just below the land surface, consists of soil and loose materials from
which water may be discharged into the atmosphere by plant trans-
piration or by direct evaporation. The open spaces of the interme-
diate belt below the belt of soil water are usually filled with air and
water and may at times contain appreciable amounts of water in
transit to the water table. The intermediate belt may be absent,
however, where the water table is near the surface. The capillary
fringe lies directly above the water table and contains water drawn
up by capillary action from the zone of saturation and water in
transit downward to this zone. In general, the thickness of the
capillary fringe varies inversely with the size of the interstices.
In clean gravel, the capillary fringe almost disappears; in silt or
clay, the fringe may be several feet thick. Figure 7 shows, in
general, the divisions of subsurface water.

Under water-table conditions, the term water table designates
the surface between that part of the zone of saturation where water
is free to move by gravity and the zone of aeration. Where a water-
bearing formation is confined between relatively impermeable beds
and water is supplied to it from an adjacent area of higher altitude,
the water table is absent and the water is said to be confined or
under artesian pressure. Under artesian conditions, water enters
the water-bearing formation at the intake area, percolates downdip,
and exerts pressure on the confining layers. Under these conditions,
water is confined under hydraulic pressure similar to water in a
pipe connected to a reservoir at a higher altitude. When an aquifer
under artesian pressure is penetrated by a well, water will rise in
the well to a height equal to the hydraulic head. The imaginary
surface connecting this level in wells is called the piezometric sur-
face. For an artesian well to flow the piezometric surface must be
at a higher altitude than the land surface.

Ground water in Gove County occurs under both water-table and
artesian conditions. Water-table conditions are present in shallow
aquifers such as alluvial deposits in the valleys. Most of the ground
water in the Ogallala Formation is under water-table conditions
although some is confined under silt and clay beds at least locally.
Ground water in the Dakota Formation in Gove County i under
artesian pressure.

Go glc



30 Geological Survey of Kansas

~—Land surface ~
Belt of soil water
[~
OA
-
o2
83
° 4 infermediate belt
-
C w
[=}
23
o >
Nv
o
®
°©
2
Capillory fringe &g
> L —Water table ®
[
€
[~
=
S
o2
2%
[}
° 2< Ground water
53
o £
§2
~N
) )

Vv

internal water

Fic. 7.—Diagram showing generalized divisions of subsurface water (after
Meinzer, 1923a, fig. 2).

Go glc



Geology and Ground Water, Gove County 31

TaeE WATER TABLE AND MOVEMENT OF GROUND WATER

The water table has been defined as the upper surface of that
part of the zone of saturation where water is free to move by gravity.
The water table is not a static, level surface, but is generally a slop-
ing surface having many irregularities in the form of mounds, de-
pressions, and ridges caused by differences in permeability of the
water-bearing material and by unequal additions or withdrawals
of ground water. Where recharge to an aquifer is exceptionally
great because of very permeable overlying material, the water
table may build up a low mound from which water slowly spreads
out. Depressions in the water table are formed where ground
water is discharging, generally where water is withdrawn by wells
or along streams that are below the level of the water table. Streams
that gain water from the flow of ground water are said to be gain-
ing or effluent streams. Conversely, streams that are above the
water table and contribute water to the ground-water reservoir are
said to be losing or influent streams (Fig. 8).

In central and west-central Gove County, a considerable amount
of ground water moves from the Ogallala Formation into Hackberry

Stream loses woter
_A

r
] Stream gains waoter

e —— A

Stream chonnel

B C

Fi1c. 8.—Diagrammatic sections showing influent and effluent streams.
A, Longitudinal section showing (right) how river gains water and (lett)
how it loses water. B, Transverse section across influent part of river.
g, Tra)nsverse section across effluent part of river. (After Meinzer, 1923a,
g. 26).

Go 3]-:



32 Geological Survey of Kansas

Creek and its tributaries. In extreme north-central and northeastern
Gove County, ground water moves from the Ogallala Formation
toward Saline River. Some ground water moves from the Ogallala
into the alluvium of Big Creek and then discharges from the al-
luvium into Big Creek as efluent seepage. In the Smoky Hill valley,
the water table in the alluvium is separated from the water table
in the Ogallala Formation by the relatively impervious Cretaceous
bedrock. Although the Smoky Hill alluvial valley is small in areal
extent, some ground water discharges into the river from the al-
luvium. During extended periods of below-normal precipitation,
however, the amount of such discharge is negligible.

The configuration of the water table in the northern part of Gove
County is shown on Plate 2 by means of water-table contours.
The direction of ground-water movement is at right angles to the
contours and in a down-slope direction. This movement is very
slow because of frictional resistance of the small interstices through
which the water must pass. The slope of the water table varies
inversely with the permeability of the aquifer. In areas where
the water-bearing beds are less permeable, the slope of the water
table steepens and the water-table contours are closely spaced;
in areas of greater permeability, the slope of the water table flattens
and the water-table contours are spaced farther apart. The water-
table contours across Gove County indicate an average gradient of
about 11 feet per mile.

FrucruaTtioNs oF WATER TABLE

The water table does not remain stationary but fluctuates up and
down in response to recharge and discharge of ground water. A
rise of the water level indicates that recharge exceeds discharge;
a decline indicates that discharge exceeds recharge. Thus, changes
in water level indicate to what extent the ground-water reservoir
is being replenished or depleted.

Hydrographs showing the fluctuations of the water level in two
observation wells and graphs showing precipitation data are given
in Figure 9. The graphs show the normal monthly precipitation
in the area of the wells, the monthly precipitation, and the cumula-
tive departure from normal monthly precipitation. The hydro-
graphs indicate that precipitation and fluctuations of the water
levels correlate in a general way. Records of these water levels
are published by the U.S. Geological Survey (1935-58) and by
the State Geological Survey of Kansas.
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GROUND-WATER RECHARGE

Ground water in Gove County, as in other parts of the Great
Plains, is derived almost entirely from local precipitation in the
form of rain or snow. One inch of water falling on 1 square mile
amounts to more than 17 million gallons. Thus, the normal annual
precipitation of 20.89 inches amounts to approximately 360 million
gallons per square mile. Only a small part of the annual precipi-
tation, however, reaches the ground-water reservoir. Part of the
water that falls as precipitation is carried away as surface runoff
by streams; part is evaporated into the atmosphere; part is absorbed
by vegetation and later transpired to the atmosphere. Water that
is not discharged by these processes percolates downward to the
zone of saturation. After the water reaches the water table, it
moves slowly toward points of discharge such as wells, springs,
effluent streams, or points of evaporation and transpiration.

About 77 percent of the normal annual precipitation in Gove
County falls during the months of April through September when
the climate is characterized by strong wind movement, high temper-
atures, and relatively low humidity. Consequently, evaporation
is rapid, and much of the annual precipitation returns to the atmos-
phere. Because much of the rain falls during the growing season, a
large part of the annual precipitation is returned to the atmosphere
through transpiration by plants. In Gove County, the amount of
annual precipitation that is discharged through evaporation and
transpiration is estimated to be about 20 inches (Fig. 10), but
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Fic. 10.—Map of Kansas showing lines of mean annual water loss, in inches
(precipitation minus runoff) adapted from Williams and others (1940, pl. 2).
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the normal annual precipitation of Gove County is only 20.89
inches, and hence the amount of runoff, including both surface and
ground-water runoff, is less than 1 inch per year and probably is
not more than 0.3 inch per year.

GROUND-WATER DISCHARGE

Ground-water discharge is the release of water from the zone
of saturation. In Gove County, ground-water is discharged by
evaporation and transpiration, by springs and seepage into streams,
by discharge from wells, and by subsurface movement to adjacent
areas.

Evaporation and Transpiration

Evaporation to the atmosphere from the zone of saturation is
limited to areas where the water table is near the land surface,
such as along beds and banks of the larger streams. As these
conditions are restricted to a small part of Gove County, discharge
by evaporation is not large. After floods or after long periods of
exceptionally heavy rainfall, when the water table is nearer the
surface in many areas, appreciable amounts of ground water may
be evaporated from lowland areas into the atmosphere.

Water may be taken into the roots of plants directly from the
capillary fringe or from the zone of saturation, as well as from the
soil zone, and discharged from the plants by evaporation from the
leaves (transpiration). The depth to which plant roots will grow
varies with different plant species and with the type of material the
roots penetrate. Common field crops and grasses do not draw water
from depths of more than a few feet, but certain plants called
phreatophytes are capable of sending their roots deep in search of
water. Alfalfa roots may reach the water table where it is as much
as 30 feet below the surface, and certain desert plants send their
roots to depths of 50 or 60 feet. In Gove County, phreatophytes
capable of obtaining ground water at considerable depths include
alfalfa, cottonwood and hackberry trees, yucca, and certain weeds.

The measurements of water level in observation wells show that
the water level in the Ogallala Formation of Gove County has not
fluctuated significantly in recent years, that is, ground-water dis-
charge has been in approximate equilibrium with recharge to the
ground-water reservoir. Although discharge of ground water by
transpiration is not significant in the upland of the northern part
of the county where the water table is fairly deep, it is of importance
in stream valleys and in much of the southern part of the county
where the water table is shallow.
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Springs

Small springs are common in Gove County, especially in draws,
and characteristically emerge at or near the contact between the
Ogallala Formation or unconsolidated Pleistocene deposits and the
underlying relatively impermeable Cretaceous bedrock. The out-
cropping contact of the Ogallala Formation on Cretaceous bedrock
represents a hydrologic boundary of the upland along which ground
water is discharged in springs. Seepage at the base of the Ogallala
Formation along Hackberry Creek and its tributaries provides con-
siderable recharge to the alluvial fill of these valleys and to the
colluvial fill in the upland draws in the central and west-central
parts of the county. Seepage also occurs along Big Creek in the
eastern part of the county. Springs are common along the Smoky
Hill valley near the contact between the high terrace sand and
gravel deposits and the underlying Cretaceous bedrock; several of
these springs provide water for domestic and livestock supplies.

Ground-Water Pumpage

Most rural residents obtain water for domestic and livestock sup-
plies from small-diameter drilled wells equipped with cylinder
pumps powered by windmills. The yields of these wells are small
and probably average about one gallon a minute. Because of their
great number and long pumping periods, however, such wells repre-
sent an important withdrawal from the ground-water reservoir,
estimated to be about 800 acre-feet per year in Gove County.
Municipal wells at Quinter, Grainfield, Grinnell, and Gove yield
a total of approximately 500 acre-feet per year. Irrigation wells
in the valleys of Smoky Hill River, Big Creek, and Hackberry Creek
and in the upland of Gove County add an estimated 6,000 acre-feet
per year. The irrigation season generally lasts about 60 days but
may vary according to rainfall distribution.

Subsurface Movement

Water-table contours (Pl. 2) show that ground water in the
Ogallala Formation in the northern part of the county moves east-
ward. Thus, some ground water within the Ogallala in Logan
County moves into Gove County from the west; likewise, some
ground water leaves Gove County toward the east. The amount
leaving the county underground is believed to be less than that
entering, much of the difference being accounted for by seepage
and springs along the edge of the upland plain and by discharge
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from the Ogallala along Hackberry Creek valley and its tributaries.

A small amount of ground water moves out of Gove County
through the alluvial fill of Smoky Hill River, Hackberry Creek, and
Big Creek valleys, but because of the small cross-sectional area of
the alluvial £ill of the valleys, the amount of ground water that
leaves the county through these aquifers is relatively small. Much
of the streamflow derived from ground water in the valleys is
dissipated by evaporation and transpiration, hence very little ground
water is discharged as stream flow into Trego County.

The approximate rate of movement of ground water through the
Ogallala Formation can be obtained by application of the following

PI
formula: v= 9? where v is the average velocity of the ground
95p
water, in feet per day; P is the coefficient of permeability, defined
in Meinzer’s units (gallons per day per square foot under a hy-
draulic gradient of 1 foot per foot and a temperature of 60° F); I is
the hydraulic gradient, in feet per mile; and p is the porosity, as a
percentage. On the basis of an average coefficient of permeability
of the water-bearing material of 325 gallons a day per square foot,
a hydraulic gradient of 11 feet per mile, and porosity of 30 percent
(assumed on the basis of data on similar sediments elsewhere in
Kansas), the average velocity of the ground water can be com-
325 x 11
puted by the above formula as follows: v —=———=10.3 foot
395 X 30
per day.
RecovERY OF GROUND WATER

When a water-table well is not pumped, the head of water inside
the well is in equilibrium with that of water outside the well. 'When
pumping is started, water is discharged from the well, and a differ-
ence in head is established between the water inside the well and
water in the surrounding aquifer. As a result of this differential
head, water moves from the aquifer toward the well, and a de-
pression in the form of an inverted cone forms in the water table
(Fig. 11). The lateral extent of this cone of depression is called
the area of influence, and the vertical distance that the water level
is lowered is called the drawdown. When pumping stops, the cone
of depression gradually fills with water from the surrounding area
until equilibrium is again reached between the water level in the
well and the surrounding aquifer. An increased pumping rate in

Google



38 Geological Survey of Kansas
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Fic. 11.—Diagrammatic section of well that is being pumped, showing draw-
down, cone of depression, and radius of influence.

a well produces a greater drawdown; water moves toward the well
under a steeper gradient and at a greater rate. When large quanti-
ties of water are withdrawn from a well, the water level drops
rapidly at first but gradually drops more slowly until it becomes
almost stationary. When pumping stops, the water level rises rap-
idly at first, gradually rising more slowly until it finally reaches
approximately its original position. A recovery curve of irrigation
well 11-30-27dcl is shown in Figure 12.

The character, thickness, and extent of the water-bearing ma-
terial as well as the construction and condition of the well determine
the yield and resultant drawdown of a well. If the water-bearing
material is coarse, well rounded, and uniform in size, it will readily
yield large quantities of water at relatively slight drawdown. If
the water-bearing material is fine or poorly sorted, offering more
resistance to the flow of water toward the well, it will decrease the
yield and increase the drawdown.
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HyproLocIiC PROPERTIES OF WATER-BEARING MATERIALS

Porosity and specific yield—The amount of water that can be
stored in an aquifer depends upon the porosity of the aquifer.
Porosity is expressed quantitatively as the percentage of the total
volume of material that consists of open spaces. An aquifer is
said to be saturated when all its open spaces are filled with water.

Not all the water will drain from an aquifer when the water table
is lowered, some being held by molecular attraction. The volume
that drains from a unit volume of the aquifer is called the specific
yield, and the volume that is retained in a unit volume is called the
specific retention. The specific yield of a water-bearing formation
is defined by Meinzer (1923a, p. 28) as the ratio of the volume of
water that a saturated sample of the formation will yield by gravity,
divided by the volume of the sample. The specific yield of an un-
confined aquifer is practically identical to the coefficient of storage,
which is a measure of the quantity of water that the aquifer will
yield when it is drained by a lowering of the water table. The
specific yield is usually stated as a percentage.

Permeability and transmissibility—The coefficient of permeabil-
ity of an aquifer is defined as the rate of flow of water, in gallons
per day, through a square foot of its cross section, under a hy-
draulic gradient of 1 foot per foot, at a temperature of 60° F. The
field coefficient of permeability is the same, except that it is meas-
ured at the prevailing temperature rather than at 60° F. The
coeflicient of permeability can be conveniently expressed for field
use as the flow in gallons per day, across a section 1 mile wide
and 1 foot thick under a hydraulic gradient of 1 foot per mile,
rather than a section 1 foot wide under a gradient of 1 foot per foot.

The coefficient of transmissibility may be expressed as the rate
of flow of water, in gallons per day, through a vertical strip of the
aquifer 1 foot wide, under a hydraulic gradient of 1 foot per foot,
at the prevailing temperature. The coefficient of transmissibility
is equal to the field coefficient of permeability multiplied by the
saturated thickness of the aquifer, in feet. »

Aquifer tests.—The permeability and transmissibility of the Ogal-
lala Formation in Gove County were calculated, from aquifer tests,
by the recovery method developed by Theis (1935, p. 522) and
described also by Wenzel (1942, p. 94). According to the recovery
formula:

264Q log,, t/t’
Te——

!

S
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in which T is the coeflicient of transmissibility, in gallons per day
per foot
Q is the pumping rate, in gallons per minute
t is the time since pumping began, in minutes
t' is the time since pumping stopped, in minutes, and
s’ is the residual drawdown at the pumped well at time t,
in feet.

The residual drawdown (s’) at any time after pumping ceases
(t') is computed by subtracting the static water-level measurement
before pumping began from the water-level measurement made at
time t. The ratio of log,, t/t’ to s’ may be determined graphically
by plotting log,, t/t' against corresponding values of s'. This pro-
cedure is simplified by plotting t/t' on the logarithmic co-ordinate
and s’ on the arithmetic co-ordinate of semilogarithmic paper (Fig.
12). If log,, t/t is taken over one log cycle, it will become unity
and s will be the difference in drawdown over one log cycle. The

264Q
in which A¢’ is the

above formula then reduces to: T =
As'
change in residual drawdown for one log cycle.

An aquifer test using irrigation well 11-30-27dcl, owned by Page
Campbell, was made on October 11, 1956. The well was pumped
5 hours at a rate of approximately 400 gallons per minute and the
depth to water was measured frequently. Depth-to-water meas-
urements were made during the recovery period for 44 hours after
pumping ceased. Measurements were made with an electric water-
level gage, which was checked periodically with a chalked steel
tape. The data used in the calculation of the coefficients of trans-
missibility and permeability are given in Table 3. The time-versus-
drawdown curve is shown in Figure 12.

The computations are as follows:

(264) (400)
T=————=18,000 gpd/ft.
6
18,000
P=—" =325 gpd/ft.2
55 4

The coefficient of transmissibility is computed to be about 18,000
gallons per day per foot. The coefficient of permeability, which is
obtained by dividing the coefficient of transmissibility by the thick-
ness of the saturated material, 55.4 feet, is about 325 gallons per
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TasLe 3.—Data on aquifer test using well 11-30-27dcl in Gove County, Octo-
ber 11, 1956. Average

ld during pumping was 400

measured by
de ipmelectric water-

Hoff ﬂow gage. Water-level measurements were ma
level gage.

Time since Time since Depth Drawdown
pumping pumping b/t to below static
started, stopped, water level water level

minutes (t) minutes (t') (feet) (feet)

0 Pumping started 100. 60 static water level
5 o 124 23.40
10 | 126 25.40
15 Lo 128 27.40
60 ... 132 31.40
120 | 134.10 33.50
180 | 134.28 33.68
P ) I 134.40 33.80
300 0 Pumping stopped 134.45 33.85
301 1 3(?1 115.1 14.50
302 2 151 113 12.40
303 3 101 111.4 10.80
304 4 76 110.49 9.89
306 6 51 109.00 8.40
308 8 38.5 108.00 7.40
310 10 31 107.35 6.75
312 12 26 106.90 6.30
313 13 24 106.66 6.06
314 14 22.4 106.45 5.85
315 15 21 106.25 5.65
317 17 18.7 105.92 5.32
318 18 17.7 105.74 5.14
320 20 16 105.42 4. 82
322 22 14.6 105.22 4.62
325 25 13 104.88 4.28
327 27 12.1 104.68 4.08
329 29 11.3 104.50 3.90
330 30 11 104 .41 3.81
332 32 10.4 104.24 3.64
334 34 9.8 104.10 3.50
337 37 9.1 103.88 3.28
340 40 8.5 103.71 3.11
343 43 8.0 103.53 2.93
346 46 7.5 103.37 2.77
350 50 7.0 103.19 2.59
355 55 6.5 102.97 2.37
360 60 6.0 102.78 2.18
365 65 5.6 102.61 2.01
370 70 5.3 102.46 1.86
375 75 5.0 102.32 1.72
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TaBLE 3.—Data on aquifer test using well 11-30-27dcl in Gove County, Octo-
ber 11, 1956. Average gzld during pumping was 400 measured by
Hoff flow gage. Water-level measurements were made izmelectdc water-
level gage.—Concluded

Time since Time since Depth Drawdown
pumping pumping t/t’ to below static
started, stopped, water level water level

minutes (t) minutes (t') (feet) (feet)

381 81 4.7 102.18 1.58
385 85 4.4 102.10 1.50
390 90 4.3 101.98 1.38
400 100 4.0 101.80 1.20
410 110 3.7 101.65 1.056
420 120 3.5 101.53 .93
430 130 3.3 101.40 .80
440 140 3.14 101.31 .71
450 150 3.0 101.23 .63
460 160 2.87 101.16 .56
470 170 2.76 101.10 .50
480 180 2.7 101.05 .45
490 190 2.6 101.00 .40
500 200 2.5 100.95 .35
510 210 2.43 100.91 .31
525 225 2.33 100.87 .27
540 240 2.25 100.83 .23
555 255 2.19 100.79 .19
570 270 2.11 100.76 .16

day per square foot. The specific capacity of this well is obtained
by dividing the discharge in gallons per minute by the drawdown.
After 5 hours of pumping at a rate of 400 gpm the well had a draw-
down of about 34 feet, giving a specific capacity of about 12 gallons
per minute per foot of drawdown.

Recovery measurements also were obtained on irrigation wells
11-30-25cc and 12-26-11bbl. Because the coefficients of transmissi-
bility computed from these data were inconclusive and seemingly
could be in error by as much as 50 percent, they have been omitted
from this report, but the data are given to show that the local
transmissibility of the water-bearing materials is moderately high
(Tables 4 and 5).

UTILIZATION

Data on 242 wells in Gove County were obtained during the
course of this investigation. Only part of the domestic and stock
wells were visited but records were made for all municipal and ir-
rigation wells known to exist in the county at the time of this in-
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TaBLE 4.—Data on aquifer test using well 11-30-25cc in Gove County, Octo-
ber 3, 1956. Avera?:oyteld during pumping was 420 gpm measured by Hoff
flow gage. Water-level measurements were made by electric water-level

8age.
Time since Time since Depth Drawdown
pumping pumping £/t to below static
} started, stopped, water level water level
minutes (t) minutes (t') (feet) (feet)
0 Pumping started 104.02 static water level
390 Pumping stopped [ .. oo
39114 1 261.0 143.98 39.96
39434 15 87.7 109.00 4.98
39514 5% 71.9 107.95 3.93
398 8 49 .8 106.93 2.91
400 10 40.0 106.50 2.48
402 12 33.5 106.15 2.13
404 14 28.9 105.93 1.91
410 20 20.5 105.43 1.41
417 27 15.4 105.16 1.14
420 30 14.0 105.08 1.06
425 35 12.1 104.97 95
430 40 10.8 104.90 .88
435 45 9.7 104.82 .80
440 50 8.8 104.78 .76
445 53 8.1 104.72 70
450 60 7.5 104.68 66
455 65 7.0 104.67 .65
460 70 6.6 104.65 .63
465 75 6.2 104.62 .60
470 80 5.9 104.60 .58
475 85 5.6 104.57 .55
480 90 5.3 104.55 .53
490 100 4.9 104.53 .51
500 110 4.5 104.51 .49
510 120 4.2 104.50 .48
520 130 4.0 104.48 .46
530 140 3.8 104 .47 .45
540 150 3.6 104.46 .44
550 160 3.4 101.45 .43
560 170 3.3 104.44 .42
570 180 3.2 104.43 .41
585 195 3.0 104.42 .40
600 210 2.9 104.41 .39
615 225 2.7 104 .40 .38
630 240 2.6 104.39 .37
645 255 2.5 104.38 .36
660 270 2.44 104.37 .35
675 285 2.37 104.36 .34
690 300 2.30 104.35 .33
720 330 2.20 104.34 .32
750 360 2.10 104.33 .31
1350 960 1.40 104.26 .24
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TasLe 5.—Data on aquifer test using well 12-26-11bbl in Gove County, Octo-

ber 16, 1956. Average yield during pumping was 250 measured by
Hoff flow gage. Water-tzel measurements were made iz electric water-
level gage.

Time since Time since Depth Drawdown
pumping pumping t/t to below static
8 y stopped, water level water level

minutes (t) | minutes (t') (feet) (feet)

0 Pumping started 72.37 static water level
2 R 73.85 1.48
E Z S PN 74.35 1.98
4 e 74.70 2.33
8 e 75.35 2.98
10 | 75.60 3.23
120 | 76.00 3.63
15 | 76.40 4.03
19 | 76.85 4.48
23 e 77.20 4.83
29 e 77.70 5.33
33 e 77.92 5.55
36 .. 78.10 5.73
62 | 80.31 7.94
72 81.18 8.81
80 | 81.70 9.33
90 | 82.30 9.93
100 ..o 82.85 10.48
0 1 O P 83.20 10.83
120 | 83.62 11.25
130 .o 83.95 11.58
140 | 84.30 11.93
150 | 84 .57 12.20
160 | 84.95 12.58
18 | 85.15 12.78
190 [ 85.15 12.78
216 | 85.10 12.73
260 | 85.10 12.73
275 |l 84.48 12.11
320 Pumping stopped 84.75 12.38
321 1 321.0 84.50 12.13
322 2 161.0 84.15 11.78
323 3 107.7 83.97 11.60
324 4 81.0 83.80 11.43
325 5 65.0 83.70 11.33
326 6 54.3 83.55 11.18
327 7 46.7 83.45 11.08
328 8 41.0 83.35 10.98
329 9 36.6 83.26 10.89
330 10 33.0 83.17 10.80
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TasLE 5.—Data on aquifer test using well 12-26-11bbl in Gove County, Octo-

ber 16, 1956. Average

ld during pumping was 250

ipm measured by

Hoff gage. Water-level measurements were made by electric water-
level gage.—Concluded
Time since Time since Depth Drawdown
pumping pumping £/t to below static
8 , stopped, water level water level
minutes (t) minutes (t) (feet) (feet)
331 11 30.1 83.12 10.75
333 13 25.6 83.00 10.63
335 15 22.3 82.87 10.50
337 17 19.8 82.77 10.40
340 20 17.0 82.63 10.26
345 25 13.8 82.44 10.07
350 30 11.7 82.27 9.90
355 35 10.2 82.11 9.74
360 40 9.0 81.97 9.60
365 45 8.1 81.84 9.47
370 50 7.4 81.71 9.34
375 55 6.8 81.58 9.21
380 60 6.3 81.47 9.10
390 70 5.6 81.25 8.88
400 80 5.0 81.05 8.68
410 90 4.6 80.87 8.50
420 100 4.2 80.70 8.33
430 110 3.9 80.53 8.16
440 120 3.7 80.37 8.00
455 135 3.4 80.16 7.79
470 150 3.1 79.94 7.57
490 170 2.9 79.72 7.35
510 190 2.7 79.53 7.16
530 210 2.5 79.35 6.98
550 230 2.4 79.19 6.82
575 255 2.3 79.02 6.65
605 285 2.1 78.83 6.46
650 330 2.0 78 .60 6.23
710 390 1.8 78.34 5.97
770 450 1.7 78.10 5.73
890 570 1.6 77.70 5.33
1040 720 1.44 77.27 4.90
1220 900 1.37 76.85 4.48
1400 1080 1.3 76.51 4.14
1785 1465 1.2 75.67 3.30
2765 21445 1.1 73.97 1.60
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vestigation in the summer of 1956. Information regarding these
wells is listed in Table 11. The principal uses of ground water in
the county are listed below.

Domestic and Stock Supplies

One of the chief uses of ground water in Gove County is for do-
mestic and stock purposes, for which a total of about 800 acre-feet
of ground water is pumped annually. Nearly all domestic and
stock supplies in the rural part of Gove County are obtained from
wells, although in southern Gove County where in many places
ground water is difficult to obtain, ponds made by the construction
of dams across hillside watercourses provide water for some stock
supplies. Most domestic and stock wells in the county are drilled
wells in which standard-size galvanized casing has been set and
are equipped with displacement-type pumps in which the cylinder
is below the water level. Most pumps are operated by windmills;
others are operated by electric motors, by gasoline engines, or by
hand.

Municipal Supplies

Brief descriptions of cities in Gove County and their water sup-
plies are given below; details of well construction are given in the
table of wells and logs at the end of the report. Analyses of water
from municipal wells are given in Table 7. Privately owned wells,
most of which have individual pressure systems, are used for busi-
nesses, homes, and grade and high schools in Park, which has no
municipal water supply.

Quinter.—Quinter (population about 730) obtains its water sup-
ply from eight drilled wells deriving water from the Ogallala For-
mation. Most of the wells are southwest of the city, where the sat-
urated thickness of the Ogallala Formation is greater (Fig. 18).
Pertinent remarks regarding individual wells and details of well
construction are given in Table 11. The wells are equipped with
electrically driven turbine pumps. Water is pumped directly into
the mains, the excess going into an elevated 50,000-gallon tank. An
average daily use of about 300,000 gallons of water was reported
by the city engineer.

Grainfield —Grainfield (population about 370) obtains its water
supply from two drilled wells deriving water from the Ogallala For-
mation. The wells have 12-inch steel casings and are equipped
with electrically driven turbine pumps. Water is pumped directly
into the mains, the excess going into an elevated 50,000-gallon tank.
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An average daily use of 75,000 gallons of water was reported by the
city engineer.

Gove.—Gove (population about 200) obtains its water supply
from a drilled well in Hackberry Creek alluvium at the south edge
of town. The well has a 16-inch steel casing and is equipped with
an electrically driven turbine pump, which pumps water into a
750-gallon pressure tank from which the water flows into the
mains. An average daily use of 20,000 gallons of water was re-
ported by the city engineer.

Grinnell —Grinnell (population about 390) obtains its water
supply from two drilled wells deriving water from the Ogallala
Formation. The wells are at the north edge of town in the SWX
SWX sec. 36, T. 10 S., R. 30 W, in Sheridan County. Electrically
driven deep-well turbines pump water directly into the mains,
the excess going into an elevated 50,000-gallon tank. An average
daily use of 60,000 gallons of water was reported by the city en-
gineer.

Irrigation Supplies

There were 43 irrigation plants pumping ground water in Gove
County in the summer of 1956. Most were single irrigation wells
but a few plants in the valley of Hackberry Creek were pumping
from batteries of two to ten wells.

Nearly half of the irrigation plants in Gove County are in
Hackberry Creek valley. Pumping rates of these plants average
about 325 gpm each. An estimated 2,000 acre-feet of ground water
is pumped annually from this valley, which is relatively narrow.
The alluvial fill is about one-third mile wide and contains 50 to
60 feet of alluvial deposits in the deepest part. Water-table con-
tours on Plate 1 show that ground water is draining from the
Ogallala Formation into the valley, especially in the western part
of the county.

Although only seven irrigation wells in Gove County were ob-
taining ground water from the Ogallala Formation at the time
of this investigation, further development of irrigation in the
Ogallala is anticipated. The volume of ground water in storage
in the Ogallala Formation in the northern two-fifths of the county
was estimated by use of a saturated-thickness map prepared by
superimposing a contour map of the water table upon a contour
map of the bedrock surface and drawing contours through points
of equal saturated thickness. On the basis of an effective porosity
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of 15 per cent for the saturated deposits, approximately 1.2 million
acre-feet of ground water would be in storage in this part of Gove
County. Of this volume only a small part could be withdrawn
economically by wells, however. Because saturated thickness in
the Ogallala is not great in much of this area and because transmis-
sibility is only moderate, ground-water yields can not be expected
to exceed 500 gpm and in many places yields will be much less.
In addition, depth to water in the Ogallala is greater than in the
valley alluvium, hence pumping costs are greater.

Irrigation wells in the Smoky Hill valley are considerably larger
than those in other parts of Gove County, yielding as much as
2,000 gpm and averaging about 800 gpm. The relatively small
amount of tillable land in the valley has restricted development
of irrigation in this part of Gove County, however.

QuAaLITY oF GROUND WATER

The chemical character of ground water in Gove County is
indicated in Table 6 by analyses of water from the principal
aquifers. Also included in the table is an analysis of water from
Smoky Hill River. Because most of the samples from municipal
supplies are composite samples of water from more than one well,
analyses of municipal supplies are given in a separate table (Table
7). The analyses of water samples were made by H. A. Stolten-
berg, Chemist, in the Sanitary Engineering Laboratory of the
Kansas State Board of Health, The analyses show only the dis-
solved mineral contents and do not indicate the sanitary conditions
of the water. The concentration of mineral constituents is given
in parts per million in Table 6 and 7, and in equivalents per million
in Figure 13. To convert parts per million to equivalents per mil-
lion, the valence of each mineral constituent is divided by its
atomic weight; then this factor (listed in Table 8) is multiplied
by the parts per million for each mineral constituent. A summary
of the chemical character of samples of water from wells in Gove
County is given in Table 9.

Chemical Constituents in Relation to Use

The following discussion of the chemical constituents of ground
water in relation to use has been adapted in part from publications
of the U.S. Geological Survey and the State Geological Survey of
Kansas.

Dissolved solids.—The residue left after a natural water has
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52 Geological Survey of Kansas

TaBLe 8.—Factors for converting parts per million to equivalents per million

Mineral constituent c:;‘:;:;;g?l Factor
Calcium...................... Cas+ 0.0499
Magnesium Mg+ .0822
Sodium..................... Na+ L0435
Potassium K+ .0256
Carbonate CO;~~ .0333
Bicarbonate.............. ... ... ... . oL HCO5~ .0164
Sulfate. . ...... ... ... . S0 .0208
Chloride. . ......... ... ... ... .. ... .. iiuun.. Cl- .0282
Fluoride.............. ... ... .. ... ... F- .0526
Nitrate. . ..... ... ... i NO;~ .0161

evaporated consists mainly of the mineral constituents but may
also include some organic material and water of crystallization.
Water containing less than 500 ppm (parts per million) of dissolved
solids generally is satisfactory for domestic and many industrial
purposes. Water containing more than 1,000 ppm of dissolved
solids generally has enough of certain constituents to produce a
disagreeable taste and to make the water unsuitable in other
respects.

The dissolved solids in samples of water from wells in Gove
County ranged from 240 to 7,180 ppm; 31 samples contained less
than 500 ppm but 10 samples contained more than 1,000 ppm
(Table 9). Water from the Ogallala Formation characteristically
contains only a small amount of dissolved solids; that from the
alluvium characteristically contains appreciably more.

Hardness.—Hardness of water is indicated most commonly by
the amount of soap needed to produce a lather or suds and by an
insoluble scum that forms during washing processes. Calcium and
magnesium cause almost all the hardness of water and are the con-
stituents that form most of the scale in steam boilers and other
containers in which water is heated or evaporated. The tables of
analyses (Tables 6 and 7) show carbonate hardness and noncar-
bonate hardness in addition to total hardness. Calcium and mag-
nesium bicarbonates cause carbonate hardness, which is sometimes
called temporary hardness because the hardness can be virtually
removed by boiling the water. Noncarbonate hardness, which is
sometimes called permanent hardness because it cannot be removed
by boiling, is caused by calcium and magnesium salts of sulfate,
chloride, nitrate, and fluoride. Both types of hardness react
similarly with soap.
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TABLE 9.—Summary of chemical character of samples of water from wells in

Gove County.

Range in parts
per million

Geologic source and number of samples

Ogallala
For-
mation

Terrace

Alluvium deposits

Colluvium

Dakota
For-
mation

Codell
Sandstone
zone

1,001-5,000.......
More than 5,000.......

501-1,000.......
More than 1,000.......

21 -40.
More than 40..........

— e O QO

Iron

51-100.
101-200.
201-300.
301-500,
501-800.

More than 800
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softening process that it undergoes in this formation. Water from
the Ogallala Formation is moderately hard, the hardness ranging
from 154 to 274 ppm. Water from the alluvium in Gove County
is hard, and water from the alluvium of the Smoky Hill valley is
very hard.

Nitrate—The nitrate content of different waters differs greatly
and in many waters seemingly is not related to the geologic for-
mation. Although some nitrate may be derived from nitrate-
bearing rocks and minerals in the water-bearing formation, strong
concentrations of nitrate probably are due to other sources. Ni-
trates are dissolved readily from soils that contain concentrations
of nitrate derived from plants, animal waste, or nitrifying action.
Because privies, cesspools, and barnyards are sources of organic
nitrogen, a large amount of nitrate in well water may indicate the
presence of harmful bacteria or prior pollution.

Nitrate in concentrations greater than about 45 ppm is unde-
sirable because of the possible toxic effect that it may have on in-
fants (Metzler and Stoltenberg, 1950). This effect, known as
cyanosis, may result when water containing excessive nitrate is
used in the preparation of the baby’s formula. The Kansas State
Board of Health regards 45 ppm as the safe limit of nitrate (as
NOs). This is equivalent to 10 ppm of nitrate nitrogen. Water
containing as much as 90 ppm of nitrate generally is regarded as
very dangerous to infants, and water containing as much as 150
ppm may cause severe cyanosis. Nitrate in drinking water does
not cause cyanosis in older children or adults but may be responsible
for certain digestive disorders. Nitrate cannot be removed from
water by boiling.

The nitrate content of samples of water from wells in Gove
County ranged from 0.7 to 42 ppm. All samples contained less
than the 45 ppm limit set by the State Board of Health.

Fluoride.—Fluoride generally is present only in small concentra-
tions in ground water, but it is important to know the amount of
fluoride in water used by children. Too much fluoride in water
has been shown to be associated with the dental defect known as
mottled enamel, which may appear on the teeth of children who,
during the period when permanent teeth are forming, drink water
containing too much fluoride (Dean, 1936, p. 1270). Although too
much fluoride may have a detrimental effect, later studies have
shown that moderate concentrations of fluoride (1.0 to 1.5 ppm)
too small to cause objectionable mottling of tooth enamel, help to
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prevent tooth decay. The United States Public Health Service
(1946) has published standards that set or recommend the maxi-
mum concentrations of mineral constituents permissible in drink-
ing water that is used on interstate carriers. The maximum amount
of fluoride permissible is 1.5 ppm.

The fluoride content of water samples from wells in Gove County
ranged from 0.3 to 7.5 ppm. Five samples contained fluoride in
excess of 1.5 ppm (Table 9).

Chloride.—Chloride is abundant in nature, and many rocks con-
tain small to large amounts of chloride salts that may be dissolved
by ground water. Water that contains less than 250 ppm of chloride
is satisfactory for most purposes. Water containing more than 250
ppm of chloride generally is objectionable for municipal supplies,
and water containing more than 350 ppm can be objectionable for
irrigation or industrial use. Water containing as much as 500 ppm
of chloride has a salty taste. The upper limit of chloride in water
permissible for cattle is believed to be about 4,000 or 5,000 ppm.

Chloride content of water samples from wells in Gove County
ranged from 6 to 213 ppm, but only eight samples contained more
than 50 ppm (Table 9). Samples from the Dakota Formation con-
tained more chloride than samples from other aquifers, and all but
one sample from the Ogallala Formation contained less than 25 ppm.

Iron.—Iron and manganese in quantities that exceed a few tenths
of a part per million are undesirable, as they stain fabrics and
plumbing fixtures and produce an objectionable precipitate in the
water. The limit generally specified is 0.3 ppm. Water in the
ground may contain considerable iron but upon exposure to air
most of the iron is oxidized and precipitated as a reddish sediment,
only a few tenths of a part per million of the iron remaining in
solution. Iron may be removed from most water by aeration and
filtration, but some water requires additional treatment.

The iron content of water samples from wells in Gove County
ranged from 0.05 to 36 ppm; 23 samples contained less than 0.8 ppm
and only 9 samples contained more than 4 ppm (Table 9).

Sulfate.—Sulfate (SO:) in ground water is derived principally
from gypsum or anhydrite (calcium sulfate) and from the oxidation
of pyrite (iron disulfide). Magnesium sulfate (Epsom salt) and
sodium sulfate (Glauber’s salt), if present in sufficient quantities,
will impart a bitter taste to the water and the water may act as a
laxative for people not accustomed to drinking it. More than 250
ppm of sulfate in drinking water generally is undesirable (U. S. Pub-
lic Health Service, 1946).
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Most water samples from wells in Gove County contained only
a small amount of sulfate, but some contained nearly 5,000 ppm.
Ground water from the Ogallala Formation characteristically con-
tained a very small amount of sulfate, whereas ground water from
alluvial deposits in the Smoky Hill valley contained a large amount
of sulfate (Table 6).

Sanitary Considerations

The analyses of water in Tables 6 and 7 give only the amount of
dissolved mineral matter in the water and do not indicate the
sanitary quality of the water, although a large amount of certain
mineral constituents such as nitrate or chloride may indicate pollu-
tion. Water containing mineral matter that imparts an objectionable
taste or odor may be free from harmful bacteria and safe for drink-
ing. Conversely, water clear and pleasant to the taste may contain
harmful bacteria. Great care should be taken to protect domestic
and public water supplies from pollution. To guard against con-
tamination of a ground-water supply, a well must be properly sealed
in order to keep out dust, insects, vermin, debris, and surface water.
Wells should not be placed where barnyards, privies, or cesspools
are possible sources of pollution.

Suitability of Water for Irrigation

This discussion of the suitability of water for irrigation is based
on methods outlined in Agriculture Handbook Number 60, U. S. De-
partment of Agriculture (U. S. Salinity Laboratory Staff, 1954).

In areas of sufficient rainfall and ideal soil conditions, soluble
salts originally present in the soil or added to the soil with water are
carried downward by percolation and ultimately reach the water
table. Soil that was originally nonsaline and nonalkali may become
unproductive if excessive soluble salts or exchangeable sodium are
allowed to accumulate as a result of improper irrigation and soil
management or inadequate drainage. If the amount of water ap-
plied to the soil is not in excess of the amount needed by plants,
water will not percolate downward below the root zone, and mineral
matter will accumulate at that point. Likewise, impermeable soil
zones near the surface can retard the downward movement of water
and cause waterlogging of the soil and deposition of salts.

The characteristics of an irrigation water that seem to be most
important in determining its suitability are the total concentration
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of soluble salts and the relative activity of sodium ions in exchange
reactions. For diagnosis and classification, the total concentration
of soluble salts in irrigation water can be expressed in terms of
electrical conductivity, which is a measure of the capacity of the
inorganic salts in solution to conduct an electrical current. The
electrical conductivity can be determined accurately in the labora-
tory, or an approximation of the electrical conductivity can be
obtained by multiplying the total equivalents per million of cations
(calcium, magnesium, sodium, and potassium) by 100 or by divid-
ing the total dissolved solids in parts per million by 0.64.

Salt-sensitive crops such as strawberries, green beans, and red
clover may be affected adversely by irrigation water having an
electrical conductivity exceeding 250 micromhos per centimeter, but
waters having electrical-conductivity values below 750 micromhos
per centimeter are generally satisfactory for irrigation insofar as
salt content is concerned. Waters in the range of 750 to 2,250
micromhos per centimeter are widely used, and satisfactory crop
growth is obtained under good management and favorable drainage
conditions, but saline conditions will develop if leaching and drain-
age are inadequate. Use of waters having conductivities of more
than 2,250 micromhos per centimeter is the exception, and few
instances can be cited where such waters have been used success-
fully.

The sodium-adsorption ratio may be determined by the formula

Na*
=2
2

SAR =

where the ionic concentrations are expressed in equivalents per
million. The sodium-adsorption ratio may also be determined by
use of the nomogram shown in Figure 14. In using the nomogram
to determine the sodium-adsorption ratio of a water, the concen-
tration of sodium expressed in equivalents per million is plotted
on the left scale (A), and the concentration of calcium plus mag-
nesium expressed in equivalents per million is plotted on the right
scale (B). In this report the concentrations of sodium and po-
tassium are given together as sodium, but the amount of potassium
is negligible. The point at which a line connecting these two points
intersects the sodium-adsorption-ratio scale (C) determines the
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TaBLE 10.—Index numbers of aa:'nflea shown in Figures 14 and 15, and
sodium-adsorption ratio (SAR) and conductivity of samples for which analy-
ses are given in Table 6.

Approximate
Number used s
y P conductivity
Well number nlrz1 Flgéll‘fg SAR micromhos/ém
an at 25° C
11-30-27del.......... 1 0.90 480
12-26-10ce........... 2 .60 720
12-26-11bbl.......... 3 60 470
13-27-16cal.......... 4 70 840
13-204ba............ 5 1.60 1,220
13-30-8ab2........... 6 70 580
14-26-30dd........... 7 70 680
14-26-35de¢........... 8 1.30 2,040
16-2824aa........... 9 1.20 1,940
15-29-14da........... 10 90 1,890

When the sodium-adsorption ratio and the electrical conductivity
of a water are known, the suitability of the water for irrigation can
be determined graphically by plotting these values on the diagram
shown in Figure 15. Low-sodium water (S1) can be used for
irrigation on almost all soils with little danger of the development
of harmful levels of exchangeable sodium. Medium-sodium water
(S2) may be used safely on coarse-textured or organic soils having
good permeability, but S2 water will present an appreciable sodium
hazard in certain fine-textured soils, especially under low-leaching
conditions. High-sodium water (S3) may produce harmful levels
of exchangeable sodium in most soils and will require special soil
management such as good drainage, leaching, and addition of
organic matter. Very high sodium water (S4) generally is unsat-
isfactory for irrigation unless special action is taken, such as addi-
tion of gypsum to the soil.

Low-salinity water (C1) can be used for irrigation of most crops
on most soils with little likelihood that soil salinity will develop.
Medium-salinity water (C2) can be used if a moderate amount of
leaching occurs. Crops that tolerate moderate amounts of salt such
as potatoes, corn, wheat, oats, and alfalfa, can be irrigated with
C2 water without special practices. High-salinity water (C3) can-
not be used on soils having restricted drainage. Very high salinity
water (C4) can be used only on certain crops and then only if
special practices are followed.

Ten representative analyses of water samples from irrigation
systems were selected for determining the suitability of water in
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Gove County for irrigation; also included is an analysis of water
from Smoky Hill River (Table 10). Electrical-conductivity values
ranged from 470 to 2,040. In Figure 15, all the waters were classi-
fied as low-sodium water (S1), and as either medium-salinity water
(C2) or high-salinity water (C3).

100 2 3 4 5678 1000 2 3 4 5000
e 1 ] T rm T Tty 1 1 1
g, 30t
\ 28} Ci-S4 -
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S|m
|2 c3-54
<
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5| |2
< i .
- o -
3 £ =16} Cce-s3 —
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g\ 8141 .
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2t |32r i
Q =2
o S ce-se
«» alo \ ca-s3
8- \ oomse \
6} ]
g _ \ C4-s2
- cI-SI ]
B ce-si \
2 | C3-Si »
8 29 ca-si
c 100 250 750 2250
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SALINITY HAZARD
F1c. 15.—Classification of waters being used for irrigation in Gove County.
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The Dakota Formation in Kansas consists predominantly of
clay, shale, siltstone, and lenses of fine- to medium-grained sand-
stone. Although the Dakota is predominantly clay (Plummer and
Romary, 1942), sandstone lenses occur throughout the formation,
and water-bearing sandstone can be expected at any locality.
The thickness of the Dakota Formation is about 250 feet in Gove
County. The depth below land surface to the top of the Dakota
ranges from about 500 feet in the southeastern part of the county
to about 1,400 feet in the northwestern part (Fig. 16). Water
within the Dakota Formation is under artesian pressure in Gove
County and although the water does not flow at the surface the
water level rises considerably in the wells. In a well in the SE%
sec. 14, T. 14 S., R. 26 W., water from the Dakota rises to 276 feet
below the land surface and in the NWX sec. 21, T. 13 S., R. 30 W,,
water rises within 445 feet of the surface. Because of the dis-
continuity of sandstone lenses in the Dakota, wells fairly close
together may differ in depth to water, artesian head, and quality
of water.

Analyses of water samples from two wells deriving water from
the Dakota Formation in Gove County indicate that water from
the Dakota contains more than 350 ppm of sodium but is suitable
for domestic and stock use.

Graneros Shale

The Graneros Shale overlies the Dakota Formation and is about
45 feet thick in Gove County. The Graneros Shale consists prin-
cipally of dark blue-gray shale; thin layers of bentonite are char-
acteristic, and locally it contains thin lenses of ferruginous sand-
stone. The Graneros Shale is not known to yield water to any
wells in Gove County.

Greenhorn Limestone

The Greenhorn Limestone overlies the Graneros Shale and
is about 100 feet thick in Gove County. The Greenhorn Lime-
stone consists chiefly of alternating beds of chalky limestone and
calcareous shale. The Greenhorn is not known to yield water to
any wells in Gove County.

Carlile Shale

The Carlile Shale overlies the Greenhorm Limestone and is about
250 feet thick in Gove County. The lower two-thirds (Fairport
Shale member) consists chiefly of gray to blue-gray calcareous
shale and thin beds of chalky limestone. The upper one-third
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(Blue Hill Shale member) consists of dark-gray clayey shale, at
the top of which is silty, fine-grained sandstone a few feet thick
called the Codell Sandstone zone. The Codell Sandstone zone
is typically variable in both thickness and lithology. It is reported
in the subsurface in Gove County by drillers as a thin sandy zone
at the “between the shales” break. Wells 14-27-12cd and 15-26-
36ba2 are believed to derive water from the Codell, although it is
possible that some water also comes from the overlying Fort Hays
Chalk member of the Niobrara Chalk. Reported yields from
these wells are low; the quality is poor but the water is useable.

Niobrara Chalk

The Niobrara Chalk, chiefly the Smoky Hill Chalk member,
crops out in much of the southern and east-central part of Gove
County along the valleys of Smoky Hill River and Hackberry Creek
and their tributaries. The Niobrara consists of about 700 feet of
beds of light-gray chalk, chalky limestsone, and chalky shale, the
lower part of which (Fort Hays Chalk member) is massive chalk
or chalky limestone about 65 feet thick. Many thin beds of ben-
tonite occur throughout the Niobrara; neither sand nor noncal-
careous shale is present. A pair of bentonite seams near the top
of the uppermost thick chalk bed marks the boundary between the
Fort Hays Chalk member and the overlying Smoky Hill Chalk
member.

Fort Hays Chalk member.—The oldest rocks that crop out in
Gove County consist of massive chalk beds of the Fort Hays Chalk
member, of which only the uppermost part is exposed in the
county. The Fort Hays crops out in the extreme eastern part of the
county along the edges of the inner valley of Smoky Hill River and
is buried beneath the Smoky Hill Chalk, upper member of the Nio-
brara Chalk, in the rest of the county. The Fort Hays is dis-
tinguished from the overlying Smoky Hill by the predominance of
massive beds of chalk and chalky limestone characteristic of the
Fort Hays. These beds generally are about 3 to 6 feet thick and
are separated by thin chalky shale partings. The Fort Hays is
grayish white but generally weathers yellow or light brown.
Because the Fort Hays is more resistant to erosion than the overlying
Smoky Hill Chalk member or the underlying Carlile Shale it
generally forms cliffs.

The Fort Hays Chalk Member is not known to yield water to
wells in Gove County although some of the water from wells
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14-27-12c¢d and 15-26-36ba2 may be derived from fractures or bed-
ding planes within the Fort Hays rather than from the underlying
Codell Sandstone zone.

Smoky Hill Chalk member.—The Smoky Hill Chalk member con-
sists principally of chalky shale and chalk. It is characteristically
thin bedded and platy in structure although massive beds occur
locally. The Smoky Hill Chalk member is light to dark gray but
weathers colorfully to white, yellow, pink, and brown. Concretions
of limonite and pyrite and veins of gypsum are common, and thin
beds of bentonite occur throughout. Locally, chalk of sufficient
porosity has been replaced by chert to form silicified zones. The
chert has been precipitated from silica dissolved from the overlying
Ogallala Formation by ground water.

The Smoky Hill Chalk member is notable for its effect on
topography. Soil is thin or absent, vegetation is sparse, and rain
wash and gully erosion have produced winding canyons and barren
rocky ridges in much of the outcrop area.

The Smoky Hill Chalk member has long been famous for the
abundant vertebrate and invertebrate fossils it contains. Vertebrate
fossils include aquatic reptiles, such as mosasaurs and plesiosaurs,
and many genera and species of fish. The Smoky Hill also contains
abundant invertebrate fossils. Minute shells of foraminifera be-
longing mainly to the families Globigerinidae and Textularidae
compose much of the chalk. Most larger invertebrates belong to
the Mollusca and Echinodermata, the most numerous of which are
the clams Inoceramus platinus and Ostrea larva.

The Smoky Hill Chalk member is more than 600 feet thick in
northwestern Gove County but thins toward the east, owing to
pre-Pliocene erosion. Smoky Hill River and its tributaries have
stripped off a considerable part of the Smoky Hill Chalk member
in the southern part of Gove County, and along the inner valley, in
southeastern Gove County, the whole member has been removed,
exposing the underlying Fort Hays.

The Smoky Hill Chalk member is a poor aquifer in Kansas and
yields very little water to wells in Gove County. It is relatively
impervious except in small local silicified zones and along fractures.
A few wells may obtain some ground water from fractured zones
in the faulted area in the southwestern part of Gove County,
although most of the water is obtained from colluvium. The driller
of irrigation well 12-26-11bb2 reported a cavernous siliceous zone
in the lower 3 feet of this well, in the upper part of the member.

3—3457
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Because the silicified zones are generally thin and of small lateral
extent, only small water yields should be expected.

Pierre Shale

The Pierre Shale conformably overlies the Niobrara Chalk and
consists chiefly of dark-gray to black, thin-bedded shale that weath-
ers gray and coffee brown. Thin beds of bentonite are scattered
throughout the formation, selenite crystals are abundant, and thin
chalk beds occur locally. The Pierre Shale crops out in a down-
faulted area in T. 13 and 14 S., R. 31 W., but is restricted to the
subsurface in the northwestern part of Gove County where its
thickness ranges from a feather edge at its eastern limit to about
150 feet at the west county line (Pl 3, A-A’). The Pierre Shale js
relatively impervious and is of no consequence as an aquifer in
Gove County. Where overlain by unconsolidated Tertiary deposits
as in northwestern Gove County, the Pierre Shale, like the Smoky
Hill Chalk, serves as an impervious layer underlying water-bearing
sediments and retards or prevents the downward percolation of
ground water.

TERTIARY SYSTEM ( PLIOCENE SERIES)
Ogallala Formation

The Ogallala Formation was named by Darton (1899) from
exposures in southwestern Nebraska. In 1920 Darton designated
the type locality as being near Ogallala Station in western Ne-
braska. Since the work of Darton, the most significant studies
of the Ogallala in western Kansas have been by Elias (1931),
Smith (1940), and Frye, Leonard, and Swineford (1956). The
Ogallala Formation is believed by the State Geological Survey
of Kansas to range from early Pliocene, or possibly late Miocene,
to late Pliocene in age. It is subdivided into three members—
in ascending order, the Valentine, Ash Hollow, and Kimball. A
thin discontinuous bed of pisolitic limestone, commonly 1 to 8
feet thick, forms the top of the Ogallala. No attempt was made
to subdivide the Ogallala Formation in Gove County.

Character—The Ogallala was deposited chiefly by eastward-
trending streams whose source areas were underlain by igneous
rocks of the Rocky Mountains and sedimentary rocks of eastern
Colorado. The Ogallala Formation constitutes a widespread mantle
of fluviatile deposits consisting predominantly of unconsolidated
sand, gravel, silt, and clay but also containing thin beds of volcanic
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ash, fresh-water limestone, and bentonitic clay. Calcium carbonate
is a common constituent as a cementing material in hard gritty
beds called “mortar beds” or as caliche beds and nodules. Silica
also serves as a cementing material in beds of opaline sandstone
and forms chert deposits. Sand is the principal constituent through-
out the Ogallala Formation. Beds of sand may be uniform but
generally the sand ranges from fine to coarse and commonly is
mixed with gravel, silt, or clay. Gravel beds containing lenses
of sand, silt, and clay are common but thick beds of uniform
gravel are scarce. Silt, sandy silt, and clay beds occur throughout
the Ogallala and are greenish gray, pink, tan, and gray, or if the
beds contain a large amount of calcium carbonate, they are light
gray or white.

Despite the diversity of deposits, the outcrop pattern of the
Ogallala presents a uniformity of aspect that makes the formation
readily identifiable. Many beds in the Ogallala are cemented or
partly cemented with calcium carbonate. Ogallala “quartzite” is
another distinctive type of rock in the formation. The “quartzite”
consists of sand and gravel beds cemented with opaline silica into
a very hard rock. Where the sand is fine or medium, the inter-
stices are almost filled with cement and the rock resembles true
quartzite. Where the rock contains coarse sand or gravel it has
little resemblance to quartzite except in respect to hardness. The
quartzite occurs close to the base of the Ogallala. The siliceous
cementing material of the quartzite is believed to have been
leached from overlying volcanic ash beds. Because the cemented
beds are more resistant to erosion, most outcrops of the Ogallala
form rough benches, hard ledges, and cliffs; exposed surfaces
commonly have a knobby, irregular aspect (Pl. 6A).

Distribution and thickness.—The Ogallala Formation rests on an
erosional topography developed on Cretaceous bedrock; relief is
about 500 feet in Gove County (Fig. 17). The Ogallala is thickest
in the northern part of the county; it becomes thin and discon-
tinuous in the central part of the county and is missing in almost
all the southern part. It caps a few high interstream areas in the
extreme southeastern and southwestern parts of the county and
caps isolated buttes in sec. 28, T. 14S., R. 30 W., and in sec. 33,
T.13S, R.31 W. (PL. 1). The Ogallala, although generally mantled
with eolian silts, underlies the upland plain in the northern part of
Gove County and crops out along the valleys of Hackberry Creek
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FRTRERE
h o lest rca

fic. 17.—Map of northern part of Gove County showing configuration of Cretaceous bedrock sur-
face beneath unconsolidated Tertiary and Quaternary deposits. Contour interval 50 feet.

Fc. 18.—Saturated thickness of Tertiary and Quaternary deposits in Gove County. Contour in-
! terval 20 feet.

and Big Creek and their tributaries. Tributaries of Saline River
have exposed the Ogallala at places along the northern edge of the
county.

Smoky Hill River in Gove County runs near and approximately
parallel to a pre-Ogallala divide, or bedrock high. The bedrock
slopes downward from each side of this divide, hence deposits of
the Ogallala become increasingly thicker to the north and south.
Wichita, Lane, and Scott Counties to the south of Gove County,
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and Sheridan and Thomas Counties to the north are underlain by
thick deposits of the Ogallala Formation, but in Gove County the
thickness does not exceed 150 feet and is not uniform, because of
unconformable contacts at the top and bottom. Over most of the
northern upland the Ogallala is mantled by loess, which is locally
50 feet thick. The thickness and character of the Ogallala are
given in the logs of test holes at the back of this report and are
illustrated in the cross sections on Plate 3.

Water supply.—The Ogallala Formation is the most widespread
water-bearing formation in Gove County. It supplies wa‘er to
nearly all domestic and stock wells in the northern part of the
county, and at the time of this investigation seven irrigation wells
were obtaining water from the Ogallala. The yields of the wells
range from a few gallons per minute for domestic and stock wells
to about 400 gpm for irrigation well 11-30-25cc. In much of the
Ogallala Formation in Gove County, the water-bearing beds are
too thin and the transmissibility too low to permit the pumping of
large amounts of water. Logs of test holes, however, indicate
that parts of the Ogallala Formation consist of sand and gravel
beds in which relatively large amounts of water are in storage
and from which moderate yields of water can be expected.

Analyses of water samples from wells that derive water from
the Ogallala Formation indicate that the water is almost uniform
and good. Although moderately hard, the water is suitable for
most purposes.

QUATERNARY SYSTEM (PLEISTOCENE SERIES)

Deposits of Quaternary age, although relatively thin in most of
Gove County, are surficial materials in much of the county as shown
by the geologic map (Pl 1) and cross sections (Pl 3). Quaternary
deposits are both fluviatile and eolian in origin and are assigned
to the Pleistocene Series. The deposits are composed chiefly of
silt, sand, and gravel. Fluviatile deposits are associated either
with the present drainage system or with older drainage systems.
Eolian deposits generally blanket the upland but locally extend
into the valleys and rest on older fluviatile deposits.

Terrace Deposits

Character and distribution—Stream-deposited sand, gravel, and
silt in a terrace position overlying Cretaceous bedrock represent
alluvial deposits classified as Illinoisan and Kansan in age. The
deposits are more extensive along the Smoky Hill River valley
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but also occur along Hackberry Creek and Big Creek valleys.
The terrace deposits are dissected and discontinuous and lie con-
siderably above the surface of the alluvial fill of the inner valleys.
In Gove County, terrace deposits attain their maximum thickness
in the “Missouri Flats” area, where they are as much as 65 feet
thick. Arkosic sand and gravel classified as the Crete Formation,
of Illinoisan age, constitute the greater part of the terrace de-
posits in the county. Small isolated volcanic ash deposits at
scattered localities, mostly along Smoky Hill River, are identified
as the Pearlette Ash bed of the Sappa Formation, of late Kansan
and early Yarmouthian age. Small deposits of sand and gravel
along Smoky Hill River are classified as the Grand Island Forma-
tion, of Kansan age. Lithologically, the Grand Island is very
similar to the Crete Formation, Stratigraphically, the Grand Is-
land underlies the Sappa Formation and is generally identified
by its association with the Pearlette Ash bed. Most of the sand
and gravel deposits mapped as Terrace deposits on Plate 1 probably
belong to the Crete Formation, but it is possible that the Grand
Island underlies much of the more extensive terrace deposits, par-
ticularly those along the south side of Smoky Hill River. The
basal deposits underlying the “Missouri Flats” area may also belong
to the Grand Island Formation.

Water supply—Much of the material classified as Terrace de-
posits in this report forms only small isolated deposits containing
little or no ground water. In such places as the “Missouri Flats”
area in south-central Gove County and other small areas along
Smoky Hill River, however, the terrace deposits are the principal
source of ground water. Springs are common along the contact
of terrace deposits on Cretaceous bedrock and in places the water
is diverted for domestic and stock use.

Loveland and Peoria Formations

Eolian silts form the most extensive outcrops in Gove County,
blanketing much of the county with a cover of loess ranging in
thickness from a featheredge to as much as 50 feet. The loess
caps the rolling topography of the upland and also masks the
valley walls of the larger streams. Eolian silts in Gove County
represent the Loveland Formation of Illinoisan age and the Peoria
Formation of early Wisconsinan age. In the northwestern part
of the county the Bignell Formation, of late Wisconsinan and
Recent age, locally overlies the Peoria. Where the Bignell was
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recognized it was generally about 1 or 2 feet thick and most of it
was incorporated within the modern soil profile.

The Loveland Formation is a reddish-tan silt, mostly eolian,
which characteristically grades into sand in the lower part. At
the top of the Loveland and separating it from the Peoria Forma-
tion is the Sangamon buried soil. The Peoria Formation is a
massive, eolian, tan to gray silt, which extends in an almost un-
broken blanket over the upland of Gove County and also masks
the valley slopes in much of the county. Colluvium, material de-
posited by slope wash and consisting of reworked loess and Creta-
ceous bedrock fragments, mantles many slopes; where it is thick
enough to conceal the underlying bedrock it has been mapped
with the Peoria and Loveland Formations. Plate 6B shows the
Peoria and Loveland Formations resting on the Smoky Hill Chalk
member of the Niobrara Chalk, where the following section was
measured.

Section of Peoria and Loveland Formations measured in road cut in SEX

SW¥% sec. 85, T. 15S., R. 29 W. .
PeoORIA FORMATION Thlggeﬂ.

6. Silt, eolian, massive, gray to yellowish tan, contains modern soil
profile at top ........ ... ... ... 88
Loverano ForMATION
5. Silt, eolian, reddish brown, leached but containing a few caliche

nodules and streaks ................ . . ... ... ... .. 5.6
4. Silt, eolian, calcareous, light gray towhite .................... 1.8
8. Silt, eolian, sandy, light tan to brown; sand is fine at top and

grades to coarse at base . ... ... ... ... ... ... ... .. ... 16.6
2. Sand, silty, tan; sand becomes very coarse at base ............. 10.0

Smoxy HiLL CuaLk MEMBER OF N10BRARA CHALK
1. Shale, chalky, dark gray ........ ... ... .. ... . ... .. ... ....
Total thickness of Pleistocene deposits .................. ... 428

The deposits mapped as Peoria and Loveland Formations in this
report consist mostly of relatively thin, wind-deposited silt generally
well above the water table. In the southern part of Gove County,
where in most places ground-water supplies are meager, shallow
domestic and stock wells obtain small amounts of ground water
from colluvium and slope deposits that in this report are included
with the Peoria and Loveland Formations. Because ground water
in these deposits is generally in contact with the underlying Cre-
taceous bedrock and with bedrock fragments that are incorporated
within the colluvium, the water obtained from these wells is gen-
erally very poor (Fig. 13).
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Alluvium (Late Wisconsinan and Recent Stages)

Character—Alluvial deposits along the streams in Gove County
range in composition from clay to coarse sand and gravel. Thick
coarse deposits of sand and gravel are restricted to the larger valleys
and are derived by erosion from older alluvial deposits and from
the Ogallala Formation. Thin deposits of alluvium lie in the smaller
valleys and contain more fine sand and silt; they grade headward
into colluvium and slope deposits. The lithology of these deposits
depends upon the rock into which the valley has been incised.

In the Smoky Hill valley, the alluvium that underlies the braided
stream channel and the narrow floodplain is Recent in age. Low,
relatively narrow terraces thought to be of late Wisconsinan age
border the floodplain. The alluvium of Recent age and the alluvial
deposits underlying the low terraces of late Wisconsinan age are
lithologically indistinguishable and are shown together as Alluvium
on Plate 1.

Distribution and thickness.—Alluvium occurs in narrow belts
along the principal streams. It attains its greatest width, almost
a mile in some places, in the valleys of Smoky Hill River and
Hackberry Creek. The thickest alluvium is that in the Smoky
Hill valley, where it is approximately 100 feet thick in the deepest
part of the valley fill. Alluvium in the Hackberry Creek valley
is as much as 60 feet thick. Alluvium in the small tributary valleys
is thin or absent.

Water supply.—Alluvial deposits constitute one of the principal
aquifers in Gove County. Many domestic and stock wells obtain
water from them, and in much of the southern part of the county
the small alluvial deposits are the principal source of ground wa-
ter. Several irrigation wells have been developed in alluvium in
the valleys of Smoky Hill River, Hackberry Creek, and Big Creek.

Large to moderate yields of water can be expected from wells
in alluvium of the Smoky Hill valley. Areal extent of the alluvium
is small, however, averaging only a half mile in width. In addi-
tion, most of the soil in the inner valley is poor, very sandy, and
subject to floods, and soil in the outer valley is very thin and sub-
ject to rapid erosion. The amount of tillable land in the Smoky
Hill valley is therefore small, hence a relatively small amount of
the ground-water potential is utilized. Contrarily, soil in the
Hackberry Creek valley is fertile, and although only small to
moderate amounts of ground water are available from wells in
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the alluvium, irrigation has been developed much more extensively.
An estimated 2,000 acre-feet of ground water is pumped annually
from alluvium in Hackberry Creek valley.

Although ground-water yields from alluvium in the larger stream
valleys are moderate to large, yields from alluvium in the smaller
valleys can be expected to be considerably smaller. Material
penetrated by wells in the smaller valleys has small cross-sectional
area and less permeability. Consequently, yields from wells in
the smaller valleys can be expected to diminish during extended
periods of pumping, especially during low rainfall periods. De-
clining water levels and diminishing yields after several weeks
of pumping were reported in the Hackberry Creek valley by local
irrigators.

Depth to water below the surface in the alluvium of Gove County
is generally less than 20 feet. The water table can be expected
to fluctuate, however, in response to evapotranspiration and to
local precipitation as well as to ground-water pumpage. Much
of the water in the alluvium is transpired by deep-rooted plants,
often resulting in a seasonal decline in the summer when water
use by plants is greatest.
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RECORDS OF WELLS AND TEST HOLES

Information pertaining to 242 wells, 45 test holes drilled by
the State Geological Survey, and 22 drillers logs in Gove County
is given in Table 11. Measured well depths are given to the
nearest tenth of a foot; reported well depths are given in feet.
Measured depths to water are given to the nearest tenth or
hundredth of a foot; reported depths to water are given in feet.
The well-numbering system used in this table is illustrated in
Figure 2 and described on page 11.
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Geology and Ground Water, Gove County 89

LOGS OF TEST HOLES AND WELLS

Listed on the following pages are the logs of 83 wells and test
holes in Gove County. Of these, 45 are logs of test holes drilled by
the State Geological Survey of Kansas, and 38 are drillers logs,
which include logs of 16 wells, 14 test holes, and 8 shot holes. Logs
entitled “sample logs” are logs of test holes drilled by the State
Geological Survey for which samples were collected. The logs are
numbered according to the system illustrated in Figure 2. Loca-
tions of wells and test holes are shown on Plate 2. Plate 3 illustrates
the character of material penetrated by the test holes. Water-level
measurements are in feet below land surface.
10-26-835dd.—Sample log of test hole in SE cor. sec. 35, T. 10 S., R. 26 W.,

on terrace flat, 40 feet west of center line of road and 40 feet south of private

road. Drilled by State Geological Survey August 28, 1952. Surface altitude,
2,467 4 feet; depth to water, 19.80 feet.

QuATERNARY—Pleistocene

Alluvium Thigne e
Silt ... 5 5
Clay, silty, tan brown ....... ... ... ... ... .. .... 6 11
Clay, compact, brown to gray brown .. ....... .. ... . 8 17
Clay, compact, tanbrown ........................ 4 21
Clay, silty to sandy, gray brown; contains embedded

fine to coarse gravel . ...... ... .. ... .. ... ... .. 14 35
Clay, silty, blocky, light brown ............. ... .. 7 42
Clay, sandy, blue black ....................... ... 3 45
Sand, fine to coarse, clayey, black; contains fossil clam
shells ... ... ... ... ... ... 7 52
Sand and gravel, fine to coarse ........ ... .. ... .. 3.5 55.5
CreTACEOUs—Gulfian

Niobrara Chalk—Smoky Hill Chalk member

Shale, dark gray .............. ... ... .. .. .. ... 3.5 59

10-27-84dd.—Sample log of test hole in SE cor. sec. 34, T. 10 S., R. 27 W,
6 feet west and 80 feet north of intersection. Drilled by State Geological
Survey September 8, 1952. Surface altitude, 2,672.8 feet; depth to water,
71.80 feet.

QUuATERNARY—Pleistocene

Peoria and Loveland Formations Th|;"l‘((|)|trss, Df‘(.-?t‘h'
Silt, tan gray ........... ... .. ... ... . .. ...... 10 10
Silt, tantobrown . ... ... ... . ... .. .. .. ... ..., 2 12
Clay,darkbrown .. ... ... ...... ... ... ... ... ..... 3 15
Clay, limy, light tan .. .. ... ... .. ... ... .. .. ... 3 18

TeERTIARY—Pliocene

Ogallala Formation
Sand, fine to coarse, clayey, tan brown ... ... ... .. .. 8 26
Sand, fine to coarse, silty .. .. ... ... ... ... 2 28
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90 Geological Survey of Kansas

Thickness, Depth,
feet feet
Clay, very sandy, tan brown; contains embedded fine
to medium gravel ..... ... ... . .. . ... ... . ... 9 37
Sand, finetocoarse ............................. 2 39
Clay, sandy, tanbrown . ... . ... ... .. ... .. .. .. 5 44
Sand and gravel, fine to coarse; contains cemented
stringers ........... .. ... ... 15 59
Clay, sandy to very sandy, light tan ............. .. 15 74
Sand and gravel, fine to medium, silty . ... ... . ... .. 2 76
Clay, sandy, limy, lighttan .............. ... ... . .. 3 79
Sand, fine to medium, silty, cemented .. ... . ... .. ... 2 81
Clay, very sandy, brown ...................... ... 10 91
Clay, tan brown; contains interbedded stringers of
sand, . ... 8 99
Clay, tan brown; contains interbedded stringers of
sand, gravel, and chalk fragments .. ... ... .. ... .. 4 103
Creraceous—Gulfian
Niobrara Chalk—Smoky Hill Chalk member
Chalk, weathered, white .. ............... ... ... 3 106
Chalk, silicified, brown, white, and yellow . ... .. ... 2 108

10-28-33dd.—Sample log of test hole in SE cor. sec. 33, T. 10 S., R. 28 W,
at county line on north road shoulder, 170 feet west of center of highway.
Drilled by State Geological Survey September 12, 1952. Surface altitude,
2,741.2 feet.

QuaTerNarRY—Pleistocene

Thick 3 Depth,
Peoria and Loveland Formations feet feot
Silt, clayey, tangray ............ .. ... . . ... .. ... 6 6

TEeRTIARY—Pliocene
Ogallala Formation

Sand, clayey, red brown .. ... .. ... ... .. .. .. ... 3.5 9.5
Clay, limy, tan to white ....... ... .. ... ... .. .. 1.5 11
Sand and gravel, coarse to fine, silty .. ... ... .. . 11 22
Sand, coarse to fine; contains coarse to fine gravel,

cemented; silty, tan brown ............. ... . .. 5 27
Sand, fine to coarse ......................... ... 5 32
Sand, fine to coarse, and fine to coarse gravel; contains

interbedded stringers of sandy clay ............ 6 38
Clay, mottled gray brown; contains embedded gravel 9 47
Clay, sandy to very sandy, red brown ......... . .. 3 50
Sand, fine to coarse ............................ 5 55
Clay, sandy, brown; contains embedded gravel .... 9.5 64.5
Sand, fine to coarse; contains fine to coarse gravel ... 7.5 72
Clay, gray; contains interbedded coarse to fine sand

and gravel ...... ... . ... ... .. 6 78
Sand, fine to coarse .. ... ... ... ... ......... ... 5 83
Clay, gray, and interbedded fine to coarse sand. . . . .. 7 90
Sand and gravel, fine to coarse .. .............. .. 8 98
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Geology and Ground Water, Gove County 91

Thickness, Depth,
feet fect
Sand and gravel, fine to coarse, clayey ............ 2 100

Clay, tan gray, and interbedded fine to coarse sand
and gravel ....... .. .. ... ... . ... ... 6.5 106.5
Creraceous—Gulfian
Niobrara Chalk—Smoky Hill Chalk member

Chalk, yellow orange; silicified at top ........... ... 6.5 113

10-30-31cc.—Sample log of test hole in SW cor. sec. 31, T. 10 S., R. 30 W.,
60 feet north of county line and 5 feet west of right-of-way fence on east
side of road. Drilled by State Geological Survey September 12, 1952.
Surface altitude, 2,924.6 feet; depth to water, 52.40 feet.

QuaTERNARY—Pleistocene

Thickness, Depth,
Peoria and Loveland Formations Foet feot
Silt, tan gray ... ...... ... ... ..., 10 10
TERTIARY—Pliocene

Ogallala Formation
Sand and gravel, coarse to fine, cemented, silty,

redbrown .. ... . ... 8.5 18.5
Sand and gravel, fine to coarse ................ .. 10.5 29
Clay, sandy to very sandy, light tan ............ .. 7 36
Silt, sandy, very limy, white ...... ... .. ... ... .. 1 37
Clay, sandy, tan to tan brown; contains embedded

gravel ... ... 18 55
Sand, fine to coarse; contains fine to coarse gravel ... 31.5 86.5
Clay, compact, brown .......................... 4.5 91
Sand, silty toclayey ........... ... . ... . ... . ... 20 111
Sand and gravel, fine to coarse ... ...... ... . ... .. 12 123

CreTacEOUs—Gulfian
Pierre Shale
Shale, bentonitic, gray white .. ... ... ... . ... .. .. 9 132
Shale, yellow to orange ....... ... ... ... .. .. .. .. 6 138

11-268-11ccl.—Drrillers log of shot hole in SW4 SW¥4 sec. 11, T. 11 S., R. 26 W,
Drilled by Schaeffer Geophysics June 20, 1952. Surface altitude, 2,537.3
feet; depth to water, 10 feet.

QuaTERNARY—Pleistocene

Peoria and Loveland Formations Th‘alf:cvss' Df:?:h
Silt ... 11 11
Clay, sandy ............ ... .. ... ... .. ........ 23 34

TeErTIARY—Pliocene

Ogallala Formation

Caliche, sandy ............. .. ... ... ... ...... 21 55
Creraceous—Gulfian

Niobrara Chalk—Smoky Hill Chalk mcmber
Shale, yellow ... .. ... ... ... ... . . ... . .. .. . ... 7 62
Shale, brown ............. ... ... ... .. ... . ... 4 66
Shale, blue . ... .. ... ... .. .. . . .. .. .. .. ... ... 4 70
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92 Geological Survey of Kansas

11-28-11cc2.—Drillers log of shot hole in SW% SW4 sec. 11, T. 11 S., R. 26 W.
Drilled by Schaeffer Geophysics June 20, 1952. Surface altitude, 2,581.9
feet.

QuaTeErRNARY—Pleistocene

Peoria and Loveland Formations Thlf::tcss' Df:z:h'
Silt ... 10 10
Clay, sandy ............. ... ... .. ... .......... 15 25

TerTIARY—Pliocene

Ogallala Formation
Caliche, sandy ........... ... ... ... . ... .. .... 25 50
Clay, sandy ............ ... .. .. ... ........... 30 80
Sand ... ... .. 21 101

Cretaceous—Gulfian

Niobrara Chalk—Smoky Hill Chalk member
Shale, yellow .................................. 8 109
Shale, brown ...... ... ... .. ... . ... . ... .. .. ... 1 110

11-26-13ba2.—Drillers log of shot hole in NEX NW¥ sec. 13, T. 11 S., R. 26 W.
Drilled by Schaeffer Geophysics June 20, 1952. Surface altitude, 2,569.8
feet.

QuaTERNARY—Pleistocene

Peoria and Loveland Formations Thlfcx:oss' fog:h
Silt ... 15 15
Clay, sandy ............. ... . ... .............. 11 26

TERTIARY—Pliocene

Ogallala Formation
Sand ............ . 10 36
Caliche, sandy ................. ... ... ... ..... 24 60
Sand ... ... 20 80
Limestone, hard; contains flint layers .. ... ... .. ... 10 90

Creraceous—Gulfian

Niobrara Chalk—Smoky Hill Chalk member
Shale, yellow ....... ... . ... ... ... ... . ... ... 7 97
Shale, brown ......... ... ... ... ... ... .. ... ... 28 125

11-26-13cd.—Drillers log of shot hole in SE4% SW sec. 13, T. 11 S., R. 26 W.
Drilled by Schaeffer Geophysics June 20, 1952. Surface altitude, 2,571.0
feet; depth to water, 54.80 feet.

QuaTERNARY—Pleistocene

Peoria and Loveland Formations Thig™ Df?:—:h'
Silt .. 10 10
TerTiARY—Pliocene
Ogallala Formation
Sand, clayey .......... ... . ... .. ... ... ... . ..., 34 44
Caliche ...... ... ... ... .. ... ... ... 21 65
Clay, sticky ............ ... .. ... .. .. ... .. ... 7 72
Limestone, hard; contains flint layers .. ... ... .. ... 8 80
Creraceous—Gulfian
Niobrara Chalk—Smoky Hill Chalk member
Shale, yellow ...................... . .. .. o019 9
Shale, brown . ........ .. ... ... ... ... ... .. . ... 16 115
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Geology and Ground Water, Gove County 93

11-28-13dd.—Drillers log of shot hole in SE% SEX sec. 13, T. 11 S., R. 26 W.
Drilled by Schaeffer Geophysics June 20, 1952, Surface altitude, 2,540.3
feet; depth to water, 37.80 feet.

QuATERNARY—Pleistocene

Peoria and Loveland Formations “'gl(:tvss' Df:g:h'
Silt ... 8 8
TerTIARY—Pliocene
Ogallala Formation
Sand .......... ... 12 20
Sand, clayey . ... ........ . ... . ... ... .. 29 49
Caliche ........ ... ... ... . . .. .. ... ... ... . ... 3 52
Limestone, hard; contains flint layers .. ... .. .. . .. 13 65
Creraceous—Gulfian
Niobrara Chalk—Smoky Hill Chalk member
Shale, yellow ... ... . ... ... ... .. . .. . ... .. 25 90
Shale, brown ... .. ... ... ... ... ... .. ... .. ... 5 95

11-28-14cd.—Drrillers log of shot hole in SE% SW¥ sec. 14, T. 11 S., R. 26 W.
Drilled by Schaeffer Geophysics June 20, 1952. Surface altitude, 2,609.1
feet; depth to water, 73.97 feet.

QuaTerNaARY—Pleistocene

Thickness, Depth,
Peoria and Loveland Formations Feet fout
Silt .. 11 11

TerTiARY—Pliocene
Ogallala Formation

Sand . ... ... 9 20

Clay, sandy ................... ... ... .. ..... 80 100

Sand and gravel, cemented ... ... ... ... .. ... .. 13 113
Creraceous—Gulfian

Niobrara Chalk—Smoky Hill Chalk member
Shale, yellow ......... .. ... ... ... .. ... ... ... 6 119
Shale, brown .......... .. .. ... ... .. .. ... . ... . 1 120

11-28-14dc.—Drillers log of shot hole in SW% SE% sec. 14, T. 11 S., R. 26 W.
Drilled by Schaeffer Geophysics June 20, 1952, Surface altitude, 2,594.2
feet; depth to water, 69.34 feet.

QuaTERNARY—Pleistocene

Thickness, Depth,
Peoria and Loveland Formations et f(t-x::
Silt ... . A, 10 10
Clay .. ... . 11 21

TerTIARY—Pliocene
Ogallala Formation

Caliche, sandy .. ... ... ... ... ... 30 51
Sand ...... ... 9 60
Caliche ........ .. . ... . ... 1 61
Clay, sandy ........ ... ... i 27 88
Limestone, hard; contains flint layers .............. 15 103
Creraceous—Gaulfian
Niobrara Chalk—Smoky Hill Chalk member
Shale, yellow .......... ... ... ... ... ... .. .. 18 121
Shale, brown .......... ... . ... .. 4 125
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94 Geological Survey of Kansas

11.26-14dd.—Drillers log of shot hole in SE% SE% sec. 14, T. 11S., R. 26 W.
Drilled by Schaeffer Geophysics June 20, 1952. Surface altitude, 2,558.6
feet; depth to water, 38.40 feet.

QuaTerNARY—Pleistocene

Thickness, Depth,
Peoria and Loveland Formations feet feet
Silt .. 11 11

TERTIARY—Pliocene
Ogallala Formation

Sand ......... ... .. 9 20
Clay, sandy .. ... ... .. .. ... ... ... . ........ 35 55
Sand and gravel, cemented ........ .. ... . ... ... 10 65
Creraceous—Gulfian
Niobrara Chalk—Smoky Hill Chalk member
Shale, yellow ... ... .. ... ... ... .. .. ... .. ... ... 27 92
Shale, brown .......... ... .. ... ... ... ... 4 96
Shale, blue .............. ... ... ... .. ... .. ..., 4 100

11-26-19cc—Sample log of test hole in SW% SW¥% sec. 19, T. 11S., R. 26 W,
45 feet north of intersection and 20 feet east of center line of north-south
road. Drilled by State Geological Survey, September 19, 1952. Surface
altitude, 2,664.0 feet.

QuATERNARY—Pleistocene

Peoria and Loveland Formations Thlfccl»(:toss' Df(:tth'
Clay, silty, blocky, dark brown ..... ... .. ... .. .. 6.5 6.5
Clay, silty, compact, tan gray .................... 4.5 11
Clay, compact, light gray ....................... 12 23
Clay, soft, tan; contains gravel in lower part .. ... . .. 4 27

TerTIARY—Pliocene

Ogallala Formation
Clay, very sandy, tan .. ......................... 2 29
Sand, fine to coarse; contains some clay .......... .. 75 36.5
Sand, fine to coarse, and fine gravel ... .. ... ... . . .. 6.5 43
Clay, sandy, tan brown; contains caliche ........... 14 57
Sand, fine to coarse, and fine to medium gravel, clayey, 2 59
Clay, sandy, tan brown to light tan; contains cemented

sand at 67 feet .............................. 14 73
Sand and gravel, fine to coarse ......... ... .. ..., 4 77
Clay, sandy to compact, tan brown .. ... ... ... . ... 17 94
Sand, gravel, and pebbles, clayey, gray; contains tan
silt and chalk fragments ..... ... ... . ... .. ... .. 10.5 104.5
Creraceous—Gulfian

Niobrara Chalk—Smoky Hill Chalk member

Chalk, silicified, hard, yellow brown ... ... ... .. . .. 1 105.5
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11-26-27dd.—Drillers log of test hole in SE% SE% sec. 27, T. 11S., R. 26 W.
Drilled on Mark Neher farm. Depth to water 85 feet.

QuaTERNARY—Pleistocene

Peoria and Loveland Formations n’;::entess'

Silt and clay, sandy at base ............. ... ... ... 20
TerTiaARYy—Pliocene

Ogallala Formation
Sand, cemented ... ... ... .. .. ... . ... .. ..... 15
Sand,loose ....... ... .. ... .. .. .. . .............. 8
Clay ... ... 1
Sand, clayey .................. .. e 3
Clay ............. e 3
Sand ... ... ... ... 6
Sand, clayey ....... ... .. .. ... .. ... .. 21
Sand, coarse ...................... e 9
Sand and gravel, cemented ............. ... . ...... 3
Clay ...... ... 6
Sand ... ... .. 6
Sand, clayey . ....... .. ... ... ... 6
Sand, cemented ..................... .. ......... 8
Sand, loose, coarse ...... ....................... 2
Sand and gravel, cemented ... .............. .. .. 8

CreTAcEOUS—Gulfian

Niobrara Chalk—Smoky Hill Chalk member

Shale, weathered, yellow ........................ 13

Depth,
fect

20

35
43
44
47
50
56
77
86
89
95
101
107
115
117
125

138

11-26-31bb.—Sample log of test hole in NW% NWk4 sec. 31, T. 11 S., R. 26 W.,
40 feet south of intersection and 10 feet east of center line of road. Drilled
by State Geological Survey September 18, 1952. Surface altitude, 2,664.9

feet.
QuaTERNARY—Pleistocene .
Thick .
Peoria and Loveland Formations et
Silt, buff .. ... 14.5
Clay, compact, dark brown....................... 1
Clay, silty to sandy in lower part, tan ... .. ... ... . 8.5

TerTIARY—Pliocene
Ogallala Formation

Sand and gravel, fine to coarse, silty, cemented in part, 6
Sand, fine to medium, cemented with light-gray limy
silt; very clayey in part. .. ...... ... .. ... .. ... . 9
Sand and gravel, fine to coarse, clean. . .. ... ... .. . 5
Sand, fine to coarse, clayey, tan to brown. .. .. .. .. 15
Sand, finc to coarse, loosely cemented. ... ... ... 8
Clay, compact to silty, tan to brown . ... . . . . 8
Sand and gravel, fine to coarse, silty in part. ... .. 15
Clay, very sandy, tan brown; contains chalk frag-
ments in lower part . ... ... .. ... .. ... .. .. 19
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Depth,

fect
14.5
15.5
22

28

37
42
57
65
73
88

107
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Thickness, Depth,
- feet feet
Sand, fine to coarse, clayey; contains chalk fragments
and clay below 117 feet....................... 31 138
Creraceous—Gulfian
Niobrara Chalk—Smoky Hill Chalk member
Shale, chalky, white and yellow................... 2 140

11-26-31dd.——Sample log of test hole in SE% SE% sec. 31, T. 11 S., R. 26 W.,
100 feet west of road intersection and 10 feet north of center line of road.
Drilled by State Geological Survey September 2, 1952. Surface altitude,
2,638.2 feet.

QuaTERNARY—Pleistocene

Peoria and Loveland Formations Thlfc::oss’ U
Clay, silty, brown. .. ... ... ... .. ... ... ...... 3 3
Silt, gray green to tan brown. ... ... ... .. .. ... .. .. 6.5 9.5
Clay, silty, brown. . .......... .. ... ... ... ... .. 55 15
Clay, silty, tan to white; contains gravel in lower part, 4 19

TerTiaARY—Pliocene
Ogallala Formation
Sand and gravel, fine to coarse, silty to clayey above

27 feet ... ... .. 10 29
Sand, fine to coarse, and fine to medium gravel, silty;

limy cement ....... ... .. ... ... ... ... ... ... 3 32
Sand, fine to medium, clayey, tan .. ... .. P 6 38
Clay, sandy, gray brown; contains some gravel . ... .. 8.5 46.5
Sand and gravel, fine to coarse, clayey to silty, gray

brown ... ... ... 12.5 59
Clay, sandy and limy, tan gray ........ ..... ... .., 3 62
Sand, fine to coarse, clayey ... ....... ... . ...... .. 11 73
Clay, sandy, tan brown. . ... ... .. .. ... . .. . . ... 14 87
Sand and gravel, fine to coarse, clayey ... .. ... .. 25 89.5

Cretaceous—Gulfian
Niobrara Chalk—Smoky Hill Chalk member

Chalk, silicificd, hard, yellow, white, and brown. ... 25 92

11-26-34dc.—Sample log of test hole in SW¥4% SE% sec. 34, T. 11 S., R. 26 W.,
100 feet east of %-mile line and 8 feet north of center line of road. Drilled
by State Geological Survey September 7, 1957. Surface altitude, 2,613.6
feet; depth to water, 62.50 feet.

QuAaTERNARY—Pleistocene

Pcoria and Loveland Formations “"EL‘.‘L.'}“" I)ft‘?':h'

Silt, light brown; contains snail shells . ... ... ... .. 18 18
TerTiaAry—Pliocene

Ogallala Formation
Sand, fine, and caliche, light gray ... .. . .. ... . ... 10 28
Sand, fine .. ... .. ... ... 1 29
Sand, fine to medium, cemented .. ... .. ... .. .. ... 1 30
Sand, medium to coarse, cemented, light gray .. ... .. 7 37
Sand, medium to coarse, cemented, pink .. ... ... ... 13 50
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Thickness, v
feet feet
Sand, fine tomedium ...... .. ... . ... .. .......... 4 54
Sand, medium, cemented .. ... . ... ... ... ... ..... (] 60
Sand, fine, silty; contains thin cemented zones . . ... .. 23 83
Sand, clean, white ....................... ... ... 75 90.5
CreTrAceous—Gulfian
Niobrara Chalk—Smoky Hill Chalk member
Chalk, silicified, hard ........................... 0.5 91

11-26-36dd.—Sample log of test hole in SE% SEX% sec. 36, T. 11 S., R. 26 W.,
40 feet west of road intersection and 11 feet north of center line of road.
Drilled by State Geological Survey September 19, 1952. Surface altitude,
2,584.4 feet.

QuAaTERNARY—Pleistocene
Peoria and Loveland Formations

Silt, clayey, tan gray; contains gravel in lower part ... 7 7

TerRTIARY—Pliocene

Ogallala Formation

Thickness, Depth,
feet feet

Clay, very sandy, tan to tan white .. .......... .... 3 10
Sand and gravel, fine to coarse, silty to clayey, red

brown; loosely cemented sand below 27 feet . ... .. 18 28
Clay, sandy, tanto lighttan .................. .... 4 32
Sand and gravel, fine to coarse, silty ............... 105 42.5
Clay, sandy and limy, light tan to white .. .......... 2.5 45
Sand and gravel, fine to coarse, clayey ............. 3.5 48.5
Clay, sandy, tan gray to gray brown ........ .. ... .. 12.5 61

Creraceous—Gulfian
Niobrara Chalk—Smoky Hill Chalk member

Chalk, silicified, yellow to white .. ............. ... 2.5 63.5

11-27-31cc.—Sample log of test hole in SW% SW¥% sec. 31, T. 11 S.,, R. 2T W.,
20 feet north of road intersection and 22 feet east of center line of road.
Drilled by State Geological Survey September 18, 1952. Surface altitude,
2,694.3 feet.

QuaTERNARY—Pleistocene .

Peoria and Loveland Formations Thlfczl:‘tm' Dfi-?:h'
Silt, tan gray totan brown .. .. ... ... ... ... L. 9 9
Clay,tangraytogray ........................... 5 14
Clay, silty, tan to tan brown; contains some gravel in

lower part ....... ... ... .. ... .. 14 28
TerTIARY—Pliocene

Ogallala Formation
Clay, sandy, light gray .......................... 1 29
Sand, fine to coarse, and fine to medium gravel . ... .. 12 41
Sand, fine to coarse; contains tan to white silt .. .. ... 5 46

CreTACEOUS—Gulfian

Niobrara Chalk—Smoky Hill Chalk member
Shale, very chalky, yellow and white; contains silicified
zoneatd495feet ... ... .. ... .. ... ... 3.5 49.5

43457
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11-28-7cc.—Sample log of test hole in SW cor. sec. 7, T. 11 S., R. 28 W., 60
feet east of road intersection and 33 feet south of fence line. Drilled by State
Geological Survey September 16, 1952. Surface altitude, 2,825.4 feet.

QuaTERNARY—Pleistocene

Peoria and Loveland Formations mfcekentm' Dere
Soil, silty and clayey, dark brown ......... ... .. .. 1.5 1.5
Silt, tan gray; contains many snail shells .. .. ... ... 10.5 12
Clay, silty to blocky, limy, tan white ........ .. ... 22 34

TeRTIARY—Pliocene

Ogallala Formation
Gravel, fine to coarse; contains some sand and clay ... 15 49
Clay, sandy, gray totangray ..................... 2 51
Sand and gravel; contains some pebbles throughout

and is silty in lower part ...................... 18.5 69.5
Sand, fine to medium, silty .............. .. ... ... 35 73
Sand, fine to coarse, and fine gravel, clayey above and

silty below 80 feet ........................... 10 83
Clay, sandy, tanand tanred ........ .. .. .. ... ... 19 102
Sand and gravel, fine to coarse, silty ......... .. .. .. 12 114
Clay, very sandy, tanbrown ......... .. ... ... ... 4 118
Sand, fine to coarse, and clay, interbedded, limy, light

7Y ¢ Y 60 178
Sand, fine to coarse, limy cement, tan ....... ... .. 8.5 186.5

CRETACEOUs—Gulfian

Niobrara Chalk—Smoky Hill Chalk member

Shale, chalky, yellow; silicified at 187 feet .......... 0.5 187

11-28-10dd.—Drillers log of well in SE4% SEX sec. 10, T. 11 S., R. 28 W.
Drilled by Aqua Drillers September 26, 1956. Depth to water, 80 feet.

QuaTERNARY—Pleistocene .
Peoria and Loveland Formations mfce‘:'gm' Depth,
Clay, yellow ........... ... ... ... ... ...... 20 20
Clay, pink ....... .. ... ... . ... . 15 35

TerTIARY—Pliocene
Ogallala Formation

Sand ... 15 50
Clay, sandy ...... .. ... ... ... ... ... ... .. ... 25 75
Clay, sandy cemented layers ........... ... ...... 15 90
Clay, blue ............. .. ... ... ... ... ...... 1 91
Sand, thin flint zone .. .......... ... ... . ... ..... 4 95
Sand ... .. ... 22 117
Clay, sandy ........ ... ... ... .. ... ..... ... 3 120
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11-28-26bb.—Drillers log of well in NW% NW¥% sec. 26, T. 11S., R. 28 W.
Drilled by Aqua Drillers September 30, 1956. Depth to water, 83.10 feet.
QUATERNARY—Pleistocene
Peoria and Loveland Formations
Clay ... . 25 25
TerTiARY—Pliocene
Ogallala Formation

Thickness, Depth,
feet feet

Caliche, hard . ... ... .. ... ... .. ... ... .. ... ... 5 25.5
Clay, sandy ............ ... ... ... ioivio... 18.5 4
Caliche, hard .. ...... ... .. ... . ... ... ... ... 1 45
Clay, red, sandy ........... ... ................ 20 65
Sand . ... ... 20 85
Clay, sandy .......... ... .. ... .................. 18 103
Caliche, hard . ... ... ... ... ... ... ... ... ... ... 5 108
Lost circulation ...... ... ....................... .. 108

11-28-31cc.—Sample log of test hole in SW cor. sec. 31, T. 11 S., R. 28 W,
20 feet north of section line and 6 feet east of fence line on edge of field.
Drilled by State Geological Survey September 18, 1952. Surface altitude,
2,810.8 feet.

QuAaTERNARY—Pleistocene

Peoria and Loveland Formations Th'::‘tm Df?;tth'
Soil, silty and clayey, dark brown ......... ... .. .. 1.5 1.5
Clay, silty, light gray .......................... 1.5 3
Silt, tan gray ... . ... ... ... 11 14
Clay, silty, light tan ... ... .. ... ... .. ... ... 11 25

TeRTIARY—Pliocene

Ogallala Formation
Sand, fine, clean . ... ... ... .. .. .. .. ... ... . ... . 2 27
Sand, fine to coarse, loose to cemented .. ... ... . ... 27 54
Clay, sandy, tan to tan brown .................. .. 8 62
Sand, gravel, and pebbles, silty ....... ... . .. .. .. 8 70
Clay, sandy and gravelly, tan brown ....... ... . ... 7 77
Sand and gravel, fine to coarse, clayey, tan brown .. .. 13 90
Sand, gravel, and pebbles, silty to clayey, tan yellow . 8 98

CrerAaceous—Gulfian
Niobrara Chalk—Smoky Hill Chalk member
Shale, yellow and white; contains a thin bed of silici-
fied chalk in upper part ................. ... .. 8 104

11.28-33dd.—Sample log of test hole in SEX SE% sec. 33, T. 11 S., R. 28 W,
% mile north of sec. cor. on west side of road by cornerpost. Drilled by
State Geological Survey August 10, 1957. Surface altitude, 2,738.4 feet.

QuaTERNARY—Pleistocene

Peoria and Loveland Formations Th'fcrgess' Df:-?«th'
Topsoil, brown ............... ... . ... .. ... .. .. 2 2
Silt, clayey, yellow brown ... ... .. ... . ... . .. . .. 75 9.5
Silt, red brown, sandy ......... ... .. ... . . ... . .. 2.5 12
Silt, tan; contains some caliche .. ... .. .. .. . . .. .. 1.5 13.5
Silt, white to tan, sandy; contains abundant caliche, 9.5 23
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TerTIARY—Pliocene i
. Ogallala Formation mcf:'eltm G

Sand, fine to medium, tan ......... ... ........... 2 25
Sand, medium to very coarse; contains thin cemented

layer at 28 feet ..................... .. ...... 8 33
Silt, sandy, tan .......... ... ... ............... 10 43
Sand, fine to medium; contains thin silt layers ... ... 5 48
Gravel, coarse ............. ... ... ... ... .. 2 50

(Lost circulation at 50 feet)

11-29-19ccl.—Sample log of test hole in SW% SW% sec. 19, T. 11S., R. 29 W.,
200 feet north of bridge and 5 feet east of center line of road. Drilled
by State Geological Survey September 12, 1957. Surface altitude, 2,833.5
feet.

QuaTeErNaRY—Pleistocene .
Peoria and Loveland Formations Thlfcek;m' Df?e’:h'
Silt, brown ........... ... .. 3 3
Silt, black ........... ... ... 9 12
Silt, brown . ... 6 18
Silt, gray .............. ... 4 22

TerTIARY—Pliocene
Ogallala Formation

Sand, fine to coarse ..................... ... ... 8 30
Sand, fine to coarse; contains some gravel .. .. . .. .. 3 33
Sand, medium to coarse, silty, gray .. ....... . ... .. 5 38
Sand and gravel, silty .......... ... ... ... .. ... ... 9 47
Sand and gravel, cemented ........... .. .. .. . . .. 2 49
Sand and gravel ....... ... ....... ... .. .. . . ... .. 2 51
Sand, coarse, silty, gray ... ... ... ... .. .. ... 11 62
Silt, white; contains some gravel ... ... . ... .. .. .. 23 85
Sand, fine to medium, clean ... ... ... ... ... . ... ... 2 87

(Lost circulation at 87 feet)
11-29-19cc2.—Sample log of test hole in SW cor. sec. 19, T. 11S., R. 29W.,
50 feet east of sec. cor. and 10 feet north of center line of road. Drilled
by State Geological Survey September 16, 1957. Surface altitude, 2,860.6
feet; depth to water, 74.20 feet.
QuaTteErNARY—Pleistocene

Peoria and Loveland Formations n‘fek;m Dfiggth'
CSilt, brown ... 12 12
Caliche, soft, white . ..... ... ... ... ... ....... .. 1 13

TEerTIARY—Pliocene
Ogallala Formation

Sand and gravel, coarse ...................... .. 6 19
Silt, light tan, sandy; contains cemented sand layers .. 11 30
Silt, sandy, light gray to white . ......... ... .. ... 7 37
Sand, fine to coarse ............................ 1 38
Sand, coarse, silty, pink ... ... ... .. L. 9 47
Silt, sandy, tantogray ......... ... ... ... ... ..... 2 49
Sand, fine to coarse, silty ...... .. .. ... ... . ... ... 17 66
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Thickness,
feet

Silt, pink and white; contains thin beds of coarse sand

andgravel .......... . ... .. ... ... ... ...
Sand, fine to coarse, clean; contains some gravel ... ..
Silt, white; contains thin beds of sand and gravel .. ..
Silt, white ............. .. ... ..
Sand, fine; cemented layer at about 109 feet ... ... ..
Silt, sandy, gray green ............. ... ... . .....
Sand, gray ............ .. ... ...
Silt, gray green .................. ... ........

Creraceous—Gulfian
Niobrara Chalk—Smoky Hill Chalk member

Shale, dark gray .................... ... ........

101

Depth,
feet

74

85
100
106
115
117
124
126

130

11-29-34cc.—Sample log of test hole in SW cor. sec. 34, T. 11S., R. 20W.,
120 feet east of intersection and 15 feet north of center line of road. Drilled
by State Geological Survey September 10, 1957. Surface altitude, 2,828.6

feet.
QuaTeERNARY—Pleistocene

Peoria and Loveland Formations Thlgentess’

Silt, light tantobrown . ........ ... .. ... ... ... .. 19
TerTIARY—Pliocene

Ogallala Formation
Silt, white; contains thin beds of sand and gravel . ... 14
Silt, light tantopink ............. ... ...... ... ... 2
Silt, white, sandy ................. ... ... .. .... 3
Sand; contains some pink silt in top part .. ... .. .. .. 17
Sand, coarse, silty, pink ................. . .. ..., 11
Sand, medium to coarse ........................ 14
Sand, cemented ............. ... .. ... ... ....... 5
Silt, pink to white; contains layers of cemented sand .. 20
Silt, white, sandy ... ......... ... ... ... ... ... ... 3
Sand, medium to coarse . ... ......... ... ... ... .. 8
Sand, cemented .. ........... ... ... . ... ... ... .. 3
Sand and gravel, clean ... ... ... ... ... .. .. . .. .. 1
Sand, cemented .. ... ... ... .. .. .. ... ... ... .. .. 6

Cretaceous—Gulfian

Niobrara Chalk—Smoky Hill Chalk member
Shale, white to yellow ... ..... ... ... ... ... . ... 19
Shale, black .............. ... ... . ... .. ... .. .. .. 5

Depth,
feet

19

145
150

11-830-1aa.—Sample log of test hole in NE cor. sec. 1, T. 11 S., R. 30 W., 200
feet south of road intersection and 15 feet west of center line of road. Drilled
by State Geological Survey May 24, 1952. Surface altitude, 2,889.5 feet.

QuaTERNARY—Pleistocene

Thickness,
cet

Peoria and Loveland Formations fe
Soil, silty and clayey, dark gray .. ... ... .. .. .. ... 1
Silt, clayey to fine sandy, gray green . ... .. ... ..... 10
Clay, silty to fine sandy, tan .. .......... ... . ... .. 13

Go 3IC

Depth,
feet

1
11
24
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TERTIARY—Pliocene

Ogallala Formation Thlfekel;ess' Deph.
Clay, silty, tan brown grading to tan white .. ... . ... 4 28
Sand, coarse, and fine to coarse gravel, cemented with

limy silt; clayey in lower part .................. 4 32
Sand, gravel, and pebbles, clayey at 46 feet .. .. .. ... 16 48
Sand, fine to coarse, and fine gravel; contains em-

bedded clay ............................. ... 3 51
Clay, very sandy, red brown; contains some gravel at

55and 58 feet ........... ... ... ... ........ 24 75
Sand, medium to coarse, and fine to coarse gravel,

clayeyin part ......... ... .. ... .. ... . ... .... 23 98
Clay, compact to sandy, gray brown and red brown... 5 103
Clay, tan brown; contains some light-gray limy silt. ... 5 108
Sand and gravel, finetocoarse .. .............. ... . 5 118
Clay, sandy, gray brown .. ... .. ... . ... ... . . ... . 8 121
Sand, finetocoarse .............. .. ... ... ... ... 17 138
Clay, gray brown; contains red-brown sand .. ... .. .. 18 156
Clay, silty, limy, white to tan white .. ... ... ... ... .. 7 163

Creraceous—Gulfian

Pierre Shale
Shale, bentonitic, noncalcareous, mottled yellow brown

and yellow gray ............. ... ... ... ...... 14 177
Niobrara Chalk—Smoky Hill Chalk member
Shale, clayey, calcareous, dark gray ............... 33 210

11-80-12dd.—Sample log of test hole in SE cor. sec. 12, T. 11 S., R. 30 W,
70 feet west of sec. cor. in middle of east-west road. Drilled by State
Geological Survey September 16, 1957. Surface altitude, 2,892.2 feet.

QuaTeERNARY—Pleistocene

Peoria and Loveland Formations Thignes: e
Silt, tan to brown; contains some caliche ... ... ... . 10 10
Silt, sandy, reddish brown; contains some caliche ... 12 22

TerTIARY—Pliocene

Ogallala Formation
Silt, white; contains some caliche ... ... .. ... .. .. . 10 32
Silt, sandy, limy, light gray ........ ... . ... .. .. 3 35
Sand, silty ...... ... ... ... ... 13 48
Silt, sandy, limy, pink to white ....... ... ... .. .. 19 67
Sand and gravel ... ... ... .. ... L. 4 71
Sand and gravel, silty ... ... .. ... ... ... .. ... ... 2 73
Sand and gravel .......... ... . ... ... . ... ... 5 78
Silt, pink to white; contains some gravel . ... .. ... 9 87
Sand, medium to coarse ....... .. ... . ... ... . ... 2 89
Silt, sandy, pink; contains some gravel .. ... . . ... 2 91
Sand and gravel ... ... .. .. ... .. ... ... ... .. . ... 4 95
Silt, sandy, limy, gray to pink . ... ... ... .. .. .. ... 6 101
Sand and gravel .. ... ... .. .. ... ... ... .. ... 15 116
Silt, gray; contains some sand and gravel ... .. .. .. 11 127
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Sand and gravel ... ... ... ... ... .. ... ...
Silt, white; contains hard limy layers .......

Creraceous—Gulfian
Pierre Shale

Shale, very tight, yellow ............ ... ...

103
Depth,
feet

133
141

150

11-30-18db.—Drillers log of well in NW% SE% sec. 16, T. 11 S., R. 30 W.

Drilled by H. W. Coberly August 1956.

QuaTErRNARY—Pleistocene
Peoria and Loveland Formations

Clay, yellow ............................

TerTIARY—Pliocene
Ogallala Formation

Sand ... ... ...
Clay, white ....... ... ... .. ... ...........
Gravel . ... .. ...
Clay, red, sandy . ... .. ... ... ............
Gravel; contains clay layers ... ... ... .. . ..
Gravel . . ... ... ... ... ...
Clay, tight, yellow .. ... .. ... ... .. ... ..
Sand, clayey ....... ... ... ... ... ... ... ..
Sand and gravel ... ... ... ... . ... .. ... ..
Sand, clayey .......... . ... ... ... ......

11-830-25cc.—Drillers log of irrigation well in SW¥% SW% sec. 25, T. 11

102
105
110
123

S., R.

30 W. Dirilled by Struckhoff Bros. September 25, 1956. Depth to water,

104.02 feet.
QuaTterNARY and TerTIARY undifferentiated

Top .. ...

TERTIARY—Pliocene
Ogallala Formation
Gravel .............. ..

Creraceous—Gaulfian
Niobrara Chalk—Smoky Hill Chalk member

Shale, yellow, weathered .. .. ... ... ... .. ..

Go 3]0

Clay ...
Gravel . ... ... ... ...
Clay; contains some gravel .. ... .. ... .. . ...
Sand; contains cemented layers ... ... ... . ...
Gravel .. ... ... ... ... ...
Sandand gravel ... ... .. .. ... . ... ...
Clay, sandy; contains layers of fine sand ... ...
Clay ....... . ... . .
Gravel .. .. . ... ...

Thickness,
feet

Depth,
feet

75

82

86
112
123
125
128
135
139
142
160

161
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11-80-27c—Drillers log of test hole in SW% sec. 27, T. 11 S., R. 30 W. Drilled
by Struckhoff Bros.

QuATERNARY and TerTIARY undifferentiated Thiga G
Top ..o 100 100
TERTIARY—Pliocene
Ogallala Formation
Sand, cemented; contains clay layers ..... ... .. .. 5 105
Gravel .......... ... . 3 108
Clay ... 22 130
Gravel ........ ... ... .. . 7 137
Clay ... ... 1 138
Sand, cemented; contains some gravel .. ... ... ... .. 2 140
Sand, cemented ........... ... ... ... ... ... ... ... 2 142
Clay ... 4 146
Gravel . ... ... ... 16 162
Creraceous—Gulfian
Niobrara Chalk—Smoky Hill Chalk member
Shale, weathered, yellow ........... ... .......... 3 165
Shale . ........ ... 1 166

11-80-27dcl.—Drillers log of irrigation well in SW% SE% sec. 27, T. 11 S.,
R. 30 W. Drilled by Struckhoff Bros. Surface altitude, 2,906.0 feet;
depth to water, 100.40 feet.

QuaTerNARY and TerTiARY undifferentiated i R
TOD . v oot e 95 95
TerTIARY—Pliocene
Ogallala Formation
Clay ..o 8 103
Gravel .......... ... . ... 2 105
Clay ..o 5 110
Sand, cemented ............ ... ... .. ............ 1 111
Sand, cemented; contains clay layers ...... .. ...... 19 130
Sand, clayey ............... ... .. ... ... ..... 7 137
Sand, fine .................... ... 3 140
Gravel ... ... ... .. .. ... 13 153
CRETACEOUs—Gulfian
Niobrara Chalk—Smoky Hill Chalk member
Shale ... ... .. 3 156

11-80-34cc.—Sample log of test hole in SW cor. sec. 34, T. 11 S., R. 30 W.,
100 feet north of sec. cor. and § feet east of center line of road. Drilled
by State Geological Survey September 11, 1957. Surface altitude, 2,870.6
feet.

QuATERNARY—Pleistocene
Peoria and Loveland Formations

Silt, reddish tan; contains some caliche ............ 11 11

TerTIARY—Pliocene

Ogallala Formation
Sand, medium to coarse; contains caliche .......... 14 25
Sand, silty; contains cemented layers ... ... .. .. .. .. 4 29

Thickness, Depth,
feet feet
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Thickness, Depth,

feet feet
Sand; contains some tan silt in middle part ........ 18 47
Sand and gravel, coarse; contains cemented layers .. § 52
Sand, silty, pink towhite .................... . ... 24 76
Silt, sandy, limy, white .......................... 11 87
Sand, coarse; contains some white and green silt .. .. 4 91
Sand; contains cemented layers .. ......... ... .. .. ;] 97
Sand, coarse; contains sandy silt layers ....... ... .. 7 104

Creraceous—Gulfian
Pierre Shale

Shale, clayey, yellow ....... ... ................ 4 108
Shale, black .............. ... .. ... ... ... 2 110

11-31-36dd.—Sample log of test hole in SE cor. sec. 36, T. 11 S., R. 81 W.,
60 feet north of road intersection and 8 feet west of center line of road.
Drilled by State Geological Survey September 16, 1952. Surface altitude,
2,846.2 feet.

QuaTERNARY—Pleistocene

. Thickness, Depth,
Alluvium feet feet
Clay, silty, dark brown ..... .. ................. 1 1
Silt, clayey, tan gray ............. .. ... ..... . ... 5 6

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

pebbles ... ... ... 10 18
Sand, gravel, and pebbles .................... .. 11 27
Sand and gravel, fine to coarse, well cemented with
limy silt; contains some pebbles .............. 15 28.5
Sand, gravel, and pebbles; contains weathered chalk
fragments .. ....... . ... ... ... ... ... . ... ... 2 30.5
Creraceous—Gulfian

Pierre Shale
Shale, bentonitic, noncalcareous, yellow, gray, and
white ... ... ... 5.5 36
12-26-6dd.—Sample log of test hole in SE cor. sec. 6, T. 12 S., R. 26 W., 20
feet south of bridge and 10 feet west of center line of road. Drilled by State
Geological Survey September 3, 1952. Surface altitude, 2,593.2 feet; depth
to water, 15.20 feet.
QuaTERNARY—Pleistocene

Alluvium “'?ﬁ&"”' Dfl-?tth
Silt,sandy, tan ... ... ... ... ... ... L. 5 5
Clay, silty, dark gray ... ..... ... ...... .. ........ 3 8
Clay, compact, tan gray; contains some gray-green

sandy clay ....... ... . ... . ... ... .. ... ... ... 9 17

TerTIARY—Pliocene
Ogallala Formation
Sand, fine to coarse, silty; contains clay at 19 and 25
feet . .. ... 11 28
Sand and gravel, fine to coarse, silty to clayey ... ... 8.5 36.5
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Creraceous—Gulfian Thifckr;ess, Dfe;()‘tth,
Niobrara Chalk—Smoky Hill Chalk member ee ©
Chalk, silicified, yellow brown .................... 0.1 36.8

12-26-7Taa.—Sample log of test hole in NE% NEX sec. 7, T. 12S., R. 26 W.,
0.2 mile south of road intersection and 12 feet west of center line of road.
Drilled by State Geological Survey September 3, 1952. Surface altitude,
2,587.0 feet.

QUATERP:IARY—PlelStOCCDC Thickness. Depth,
Alluvium feet
Clay, silty, dark gray totanbrown . ... ... ... . ... .. 5 5
Clay, fine, sandy tosilty,tan ............ ... ... ... 2 7
Clay, compact,blue gray ........................ 2 9
Clay, compact, light gray; contains some sand .. ..... 3 . 12
Clay,sandy, tan ................................ 9.5 215
Sand, fine to coarse, and some fine to coarse gravel... 10.5 32
Clay, compact, dark gray, sandy inpart ........... . 7 39
Sand, gravel, and pebbles, clayey ......... ... ... 8 47
Cretaceous—Gulfian
Niobrara Chalk—Smoky Hill Chalk member
Shale and siltstone, calcareous, dark gray ........... 3 50

12-26-8cb.—Sample log of test hole in NW% SW¥% sec. 8, T. 12S., R. 26 W,
0.35 mile north of sec. cor. and 80 feet east of center line of road. Drilled
by State Geological Survey September 4, 1952. Surface altitude, 2,587.8
feet; depth to water, 11.90 feet.

QUA'namtmnY—Pleistocene Thickness, Depth,
Alluvium feet feet
Clay, silty, dark gray ... .. ... . ... .......... .. 0.5 0.5
Clay, silty to sandy, dark brown ......... ... ... ... 6.5 7
Sand, fine to coarse, silty .......... ... ... ... .... 2 9
Sand and gravel, fine to coarse; contains pebbles
throughout and clay at 10 feet ................. 10 19
Sand and gravel, fine to coarse, silty; contains chalk
fragments in lower part .. .......... ... ... . ... 10 29
Creraceous—Gulfian
Niobrara Chalk—Smoky Hill Chalk member
Chalk, pink, yellow, and white; silicified at 36.5 feet .. 8 37

12-26-19da.—Sample log of test hole in NE% SE% sec. 19, T. 128S., R. 26 W.,
on west edge of road at %-mile line. Drilled by State Geological Survey
September 17, 1957. Surface altitude, 2,650.3 feet; depth to water 80.30
feet.

QuATERNARY—Pleistocene )
Thickness, Depth,
Peoria and Loveland Formations feet f;ptth
Silt, light tan ... ... ... ... ... ... ... ... ....... 5 5

TerTiaARYy—Pliocene
Ogallala Formation

Sand; contains some caliche ... .. ... .. . . . ... . ... 3 8
Sand, medium to coarse, cemented .. ... .. ... ... . 22 30
Sand ... ... (¢ 36

Go 3]-:



Geology and Ground Water, Gove County 107

Thickness, Depth,

feet feet
Sand; contains cemented layers .................. 2 38
Sand .. ... ... 9 47
Sand, silty; contains cemented layers .............. 12 59
Sand and gravel ......... .. ... ... ... ... 10 69
Sand and gravel, silty, tan ... ... ... . ... L 2 71
Silt, sandy, tan to brown ....... ... ... ... .. ... 5 76
Sand and gravel ......... .. ... . ... . ... ... 3 79
Silt, sandy, tan ...... ... ... ... . ... ..ol 15 94
Sand and gravel, cemented ........... ... ... . .... 8 102

Creraceous—Gulfian
Niobrara Chalk—Smoky Hill Chalk member

Shale, weathered, yellow ........................ 15 117
Shale, black ................. ... ... ... ... ... ... 13 130

12-27-2bb.—Sample log of test hole in NW cor. sec. 2, T. 12S., R. 27 W., 50
feet east of sec. cor. and 10 feet south of center line of road. Drilled by State
Geological Survey September 9, 1957. Surface altitude, 2,673.7 feet; depth
to water, 54.90 feet.

R —Pleistocene
QUATERNARY n Thickness,

Peoria and Loveland Formations feet Df(c;?:h'
Silt, light brown; contains snail shells .. ... ... .. ... 16 16
Silt, light brown; contains caliche ....... ... ... . .. 3 19
TerTiARY—Pliocene
Ogallala Formation
Caliche, sandy, pink to gray .............. ... ... . 9 28
Sand, fine, cemented, white to light gray ... .. . .. 27 55
Sand and gravel ..... ... . ... .. ... .. ... .. .. .. 11 66
Sand; contains cemented layers ... ......... ... .. .. 11 77
Sand; contains silty layers ... ...... .. .. .. ... .. ... 2 79
Silt, sandy .......... ... ... .. ... ... 9 88
Sand and gravel, silty; contains cemented layers .. .. 7 95
Sand, silty, silicified, very hard .. ...... ... .. . . .. 0.5 95.5
Sand ... ... 0.5 96
Sand, cemented ...... ... ... ... ... .. ... ... ... .. 1 97
Cretaceous—Gulfian
Niobrara Chalk—Smoky Hill Chalk member
Chalk, silicified, very hard ... ... ... ... .. ... .. .. 0.3 97.3

12-28-3aa.—Sample log of test hole in NE cor. sec. 3, T. 12 S., R. 28 W., 500
feet south of sec. cor. and 5 feet west of center line of road. Drilled by
State Geological Survey September 10, 1957. Surface altitude, 2,717.0 feet.

QUATERNARY—Pleistocene

. . Thickness, Depth,
Peoria and Loveland Formations Foet fect
Silt, sandy at base ... . ... .. ... .. . ... ... ... 5 5
Silt, light tan to brown ... .. ... .. .. e 9 14

TERTIARY—Pliocene
Ogallala Formation
Sand, coarse . ........ .. ... ... ..., 3 17
Silt, light gray ... .. .. ... .. ... ... 10 27

Google



108 Geological Survey of Kansas

Thickness, Depth,

eet feet
Silt, light gray; contains some coarse sand ....... 2 29
Sand, coarse; contains caliche ................... 8 35
Silt, yellow; contains some gravel ......... ....... 8 43

Creraceous—Gulfian
Niobrara Chalk—Smoky Hill Chalk member

Shale, yellow to white; contains limy layers ........ 20 63
Shale, weathered, black ......................... 4 87

12-29-8cc.—Sample log of test hole in SW cor. sec. 6, T. 12 S., R. 29 W., 100
feet north of sec. cor. and 5 feet east of center line of road. Drilled by
State Geological Survey September 12, 1957. Surface altitude, 2,798.0
feet; depth to water, 28.80 feet.

QUATERNARY—Pleistocene .
Peoria and Loveland Formations Th'fek:tm Df?::h'
Silt, tan ......... ... 5 5
TerTIARY—Pliocene
Ogallala Formation
Sand, fine tomedium .. .......... .. ... ... ... .. .. 3 8
Caliche; contains cemented fine sand layers .. ... .. .. 4 12
Silt, pink; contains cemented sand layers ... ...... .. 11 23
Silt, pink ...... .. .. 4 27
Silt, pink; contains cemented sand layers .......... 10.5 37.5
Silt, cemented, very hard .. ... .. ... ... .. ... ... ... 0.5 38
Sand ... ... 3 41
Silt, sandy, limy, white ............ ... ... ... ... 16 57
Sand, fine, tantobrown ... ... ... ... ... .. ... ... . 5 62
Creraceous—Gulfian
Niobrara Chalk—Smoky Hill Chalk member
Shale, silicified, green ....... ... ... .. ... ... .... 1 63
Shale, brown to black ....................... ... 7 70
Shale, black .......... .. .. ... ... ... ... ... 10 80

12-30-1aa.—Sample log of test hole in NE% NE% sec. 1, T. 12 S., R. 30 W,
700 feet south of road intersection and 10 feet west of center line of road.
Drilled by State Geological Survey May 21, 1952. Surface altitude, 2,880.6
feet; depth to water, 111.00 feet.

QuaTERNARY—Pleistocene

Peoria and Loveland Formations mf:e';m' ch;;::h.
Silt, fine sandy, tan gray to gray green; contains many
snails in upper part and some sand in lower part... 18.5 16.5
TeERTIARY—Pliocene
Ogallala Formation
Clay, sandy, limy, light gray ................... .. 4 20.5
Clay, limy, soft, lighttan ... ... ... ... ... ... .. ..... 1.5 22
Clay, very sandy, tan brown; contains some gravel ... 4 26
Sand and gravel, fine to coarse, clayey to silty; contains
clay at 28 feet and coarse gravel in lower part. ... 18.5 425
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Thickness, Depth,
feet feet
Sand, fine to coarse, silty, cemented, tan brown . ... .. 135 56
Sand and gravel, fine to coarse, silty, light gray;
contains some pebbles ... ... ... ... ... ... .. .. 18 74
Clay, sandy, noncalcareous, light red to tan brown... 22 96
Clay, sandy and limy, gray totan gray ............. 11 107
Sand, fine to very fine, limy, silty, light gray; opaline
cemented at 108 feet ........................ 21 128
Sand and gravel, fine to coarse, clayey, yellow tan ... 3 131
Clay, tan gray to gray brown; contains embedded
gravel throughout and silty limestone at 131 feet. .. 7 138
Sand and gravel, fine to coarse, clayey; contains some
weathered chalk fragments of pebble size in lower
o 25 163
Creraceous—Gulfian
Niobrara Chalk—Smoky Hill Chalk member
Shale, chalky, yellow and white .. .. .... ... .. ... .. 2 165
Shale, silty, calcareous, dark gray .. ........... ... 5 170

12-30-27dd1.—Drillers log of irrigation well in SE% SE% sec. 27, T. 12 S., R.

30 W. Drilled by Struckhoff Bros.

QuaTERNARY—Pleistocene

Depth to water, 13 feet.

Alluvium Thlz(:tcss’ Dfl;?:h'
Clay ..o 15 15
Clay,blue . ... ... .. .. . ... ... .. 1 16
Gravel, good ... ... ... ... ... . ... .. ... 21 37

Cretaceous—Gulfian

Niobrara Chalk—Smoky Hill Chalk member

Shale ... ... ... ... 2 39

12-30-28db.—Dirrillers log of irrigation well in NW% SE% sec. 28, T. 12 S., R.

30 W. Drilled by Struckhoff Bros.

QuATERNARY—Pleistocene

Depth to water, 14 feet,

3 Thickness, Depth,
Alluvium feet feet
Clay ... ..o 15 15
Gravel, good ... ... .. o 13 28
Silt, blue ...... ... .. .. ... .. ... 8 31
Gravel .. ... .. ... ... ... ... o1 32
Cretaceous—Gulfian
Niobrara Chalk—Smoky Hill Chalk member
Shale ... ... ... ... 2 34

12-31-6bb.—Sample log of test hole in NW cor. sec. 6, T. 12 S., R. 31 W.,
90 feet south of road intersection and 35 feet east of center line of road.
Drilled by State Geological Survey September 15, 1952. Surface altitude,
3,014.3 feet; depth to water, 89.35 feet.

QuATERNARY—Plcistocene

. . Thickness, ,
Peoria and Loveland Formations et D&’Ei"
Clay, silty, dark brown . ... .. .. . .. .. . 1 1
Clay, gray; contains some gravel ... .. .. .. . . .. .. 2 3
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Thickness,
feet
Silt, tan gray to tan brown . ......... ... 14
Clay, silty to very limy, tan to tan white .......... 13

TerTIARY—Pliocene
Ogallala Formation
Clay, limy, tan to white; contains embedded sand and
gravel .. ... 17
Sand, gravel, and pebbles, clayey, cemented in part.. 11
Clay, compact to sandy in the lower part, light gray

toredbrown .. ...... ..o 22
Sand, gravel, and pebbles, silty, loosely cemented. ... 10
Sand, fine, silty to limy, cemented ................ 8

Sand, fine to medium, clayey to cemented, dark gray, 8
Clay, sandy, light gray; contains weathered shale

fragments . .............iiaiiiaa 11
Creraceous—Gulfian
Pierre Shale
Shale, bentonitic, yellow and yellow brown ........ 3

Depth,
feet
17
30

47
58

80
90
98
106

117

120

12-81-34d—Drillers log of test hole in SEX sec. 34, T. 12 S., R. 31 W. Drilled

by Struckhoff Bros.
QuaTERNARY—Pleistocene

Peoria and Loveland Formations Thlf:-‘;css'

Siltand clay ........ ... . ... ... 15
TerTIARY—Pliocene

Ogallala Formation
Sand, clayey; contains some gravel ..... ... ... . .. 15
Gravel . . .. .. 17
Clay, sandy; contains some gravel ... .. ... .. . . . .. 7
Sand, fine; contains some gravel .. ... .. ... ... .. .. 11
Sand, cemented ... ... ... ... ... .. 1
Clay, white .. ... ... ... .......... . ... ... ... 2
Sand, fine ....... ... ... ... 7
Sand and gravel ... ... ... ... .. L 4
Sand, cemented .. ..... ... ... . ... . ... .. ... ... 2
Clay, sandy ...... ... .. ... .. ... ... .. ... 5
Sand, cemented . ... ... ... . ... ... .. ... 1
Sand and gravel; contains cemented layers ...... .. 9
Clay . ... .. 2
Gravel . . ... 39

Cretaceous—Gulfian

Niobrara Chalk—Sinoky Hill Chalk member

Shale . . ... .. 24

Depth,

fect

15

30
47
54
65
66
68
75
79
81
86
87
96
98
137

161

13-26-5bb.—Sample log of test hole in NW4% NW#% sec. 5, T. 13 S., R. 26 W,
30 feet south of sec. line and 20 feet east of center line of road. Drilled by
State Geological Survey September 4, 1952, Surface altitude, 2,607.6 feet.

QuaTerNARY—Pleistocene

Peoria and Loveland Formations nlg«?tm'
Clay, silty, dark brown ... ... ... ... ... .. .. ... 1
Silt, clayey, tan gray ......... ... ... ... ... .... 5
Silt, brown to red brown . ... ... ... . 2.5
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TerTIARY—Pliocene

‘Thickness, Depth,
Ogallala Formation feet foet
Clay, silty to sandy, red brown; contains some gravel.. 2.5 11
Sand, loose to cemented, light red to tan brown . .. .. 8 19

Sand, gravel, and pebbles, fine to coarse, silty, red
brown; contains clay and chalk fragments in lower

PATE 15 34
Gravel, coarse, silty to cemented; contains many chalk
fragments ................... .. ... .. ... 1.5 35.5
Creraceous—Gulfian
Niobrara Chalk—Smoky Hill Chalk member
Chalk, silicified, yellow and yellow brown .......... 5 36

13-26-20bc.—Sample log of test hole in SW4% NW¥% sec. 20, T. 13S., R. 26 W.,
35 feet south of bridge and 15 feet east of center line of road. Drilled by
State Geological Survey September 4, 1952. Surface altitude, 2,425.0 feet.

QuaTERNARY—Pleistocene

. Thickness, Depth,
Alluvium feet feet
Sand, fine to medium, silty, dark gray ............. 2.5 2.5
Sand, fine to medium, clean . .......... ... ... .. .. 45 7
Clay, sandy, gray; contains siltstone fragments ... ... 2 9
Sand, gravel, and pebbles, silty, gray ...... ... .... 20 29
Sand and gravel, fine to coarse, silty to clayey below
36 feet, dark gray ........................... 23.5 52.5
Creraceous—Gulfian
Niobrara Chalk—Smoky Hill Chalk member
Shale, dark gray; contains silt and siltstone ......... 4.5 57

13-26-30aa.—Sample log of test hole in NE cor. sec. 30, T. 13S., R. 26 W,
0.1 mile south of road intersection and 11 feet west of center line of road.
Drilled by State Geological Survey September 4, 1952. Surface altitude,
2,464.6 feet.

QuaterNarRy—Pleistocene

Peoria and Loveland Formations Thlfhgess' fo-?-:h’
Silt, tan gray .............. ... ... 9 9
Silt, sandy, tan to tan yellow .. ... .. ... .. . . . .. 11 20

Terrace deposits
Sand, fine to medium, very clayey, tan brown ... ... 17 37
Clay, sandy, brown to tan .. ... ... ... .. ... .. . ... 12.5 49.5
Sand and gravel, fine to coarse, clayey .. ... ... . ... 2 51.5

Creraceous—Gulfian

Niobrara Chalk—Smoky Hill Chalk member
Shale, clayey, yellow to light gray .. ....... ... ... .. 1.5 53
Shale, clayey, calcareous, dark gray ............... 5 58

18-27-16cal.—Drillers log of irrigation well in NEX SW¥4 sec. 16, T. 138S.,
R. 27 W. Dirilled by Struckhoff Bros. Depth to water, 14 feet.

QuaTERNARY—Pleistocene

Thickness, Depth,

Alluvium feet f(c-g:h
Silt and clay ... ... .. .. ...l 22 22

Gravel, good ..... .. ... ..o 175 39.5

Go 3]0



112 ' Geological Survey of Kansas

Thickness, Depth,
feet feet
Clay, blue ......... ... ... ... ... ... ..., 75 47
Gravel, good .......... ... . ... 13 60
Creraceous—Gaulfian
Niobrara Chalk—Smoky Hill Chalk member
Shale ...... ... ... . ... S5 60.5

13-27-30cc.—Sample log of test hole in SW cor. sec. 80, T. 13S., R. 27T W.,
100 feet east of sec. cor. and 10 feet north of center line of road. Drilled
by State Geological Survey September 17, 1957. Surface altitude, 2,637.9
feet.

QuATERNARY—Pleistocene

Peoria and Loveland Formations Thlfc:;css' I)f(;f:h’
Silt, brown ........ ... .. ... ... 5 5
Silt, black ........ ... ... . ... ... 2 7
Silt, browntotan ............. ... .. ... ......... 10 17

Creraceous—Gulfian

Niobrara Chalk—Smoky Hill Chalk member
Shale, weathered, yellow ... ... ............ ... . 2 19
Chalk, white .. ... ...... .. ... .. ... ... ....... 1 20
Shale, hard, yellow . ... ... ... ... ... ... ......... 5 25

13-28-13aa.—Drillers log of test hole in NE% NE% sec. 13, T. 13 S., R. 28 W.
Drilled by Central Exploration Company.

QuaTERNARY—Pleistocene

) Thickness, Depth,

Alluvium feet fect

Siltandsand ... ... ... ... ... ... ... . ... ... .. 64 64

Creraceous—Gulfian

Niobrara Chalk—Smoky Hill Chalk member

Shale, blue .. ... .. ... ... ... ... . . . . ... . 231 295
Niobrara Chalk—Fort Hays Chalk member

Chalk and limestone ................. ... ...... .. 65 360
Carlile Shale

Shale, sandy attop ............................. 10 370

13-28-36dd.—Sample log of test hole in SE cor. sec. 36, T. 13 S., R. 28 W.,
30 feet west of sec. cor. and 5 feet noith of center line of road. Drilled by
State Geological Survey September 17, 1957. Surface altitude, 2,599.6 feet.

QuaTERNARY—Pleistocene

Peoria and Loveland Formations T’"ﬁf‘;}“" Df:g:b,
Silt, brown totan ........... ... ... oL 8 8
Silt,redtobrown ......... ... ... ... ... ..., 10 18

Creraceous—Gulfian

Niobrara Chalk—Smoky Hill Chalk member
Shale, weathered, yellow . ...... . ... ...... . ... .. 4 22
Chalk, hard, white . ... ... ... ... ... ... ..... .. 3 25
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13-29-1ad.—Dirillers log of well in SE% NE% sec. 1, T. 13 S., R. 29 W. Drilled
by Struckhoff Bros. Depth to water, 30 feet.

QuaTERNARY—Pleistocene

. Thickness, Depth,
Alluvium feet fect
Silt and fine to mediumsand .. ... ... . ... .. .. .... 36 36
Sand, fine ...... ... ... ... ... 4 40
Clay, sandy ............. ........ ... ........... 2 42
Sand, fine ........... ... ... ... ... ... 4 46
Creraceous—Gulfian
Niobrara Chalk—Smoky Hill Chalk member
Shale ... .. ... ... 7 53

13-29-1d.—Drrillers log of test hole in SE% sec. 1, T. 13 S., R. 29 W. Drilled
by Struckhoff Bros.

QuaTeErRNARY—Pleistocene

Thickness, Depth,
Alluvium feet fect
Silt and clay, sandy ............... ... . ... . ... 35 35
Gravel, coarse ................ ... ... .. .. ... ... 10 45
Creraceous—Gulfian
Niobrara Chalk—Smoky Hill Chalk member
Shale ...... ... ... ... ... 1 46

13-31-4c.—Drillers log of test hole in SW¥% sec. 4, T. 13 S., R. 31 W. Drilled
by Struckhoff Bros.

QuaTERNARY—Pleistocene

Alluvium g Dok
Siltandsand .......... ... ... ... ... ... ... ... .. 29 29
Gravel, coarse ......... ... ... .. .. ... ... ... .. ... 5 34
Clay ... ... 22 56

Creraceous—Gulfian

Niobrara Chalk—Smoky Hill Chalk member

Shale, weathered; contains blue-gray clay in top part, 8 64

14-26-30dbl.—Dirillers log of test hole in NW¥% SE% sec. 30, T. 14 S., R. 26
W. Drilled by Vern Litton November 22, 1955. Depth to water, 44 feet.

QuATERNARY—Pleistocene

Peoria and Loveland Formations Thlfc.l»?(m' Df'.'.f’:h'
Silt, sandy ........ . ... .. ... ... ... ... .. .. ... 20 20

Terrace deposits
Sand and gravel ... ... ... .. ... . .. ... .. .. ... 10 30
Clay . .. .. ... 9 19
Sand and gravel .. .. ... .. ... .. ... .. ... ... . ... 1 40
Sand, clayey; contains cemented layers ... ... .. . ... 5 45
Gravel . . ... ... ... 2 47

CreTACEOUS—Gulfian

Niobrara Chalk—Smoky Hill Chalk member

Shale . ... ... ... ... ... 4 51
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14-26-30db2.—Drillers log of test hole in NW% SE% sec. 80, T. 14 S., R.
26 W. Drilled by Vern Litton November 22, 1955. Depth to water, 48
feet.

QuaTeERNARY—Pleistocene

Peoria and Loveland Formations Thickness, Devth
Silt, sandy at base .............. ... .. ... ...... 29 29
Terrace deposits
Sand and gravel ............. ... ... 3 32
Clay, sandy; contains some gravel ... ............ 18 50
CIAY oo e 27 77
Creraceous—Gulfian
Niobrara Chalk—Smoky Hill Chalk member
Shale ........ .. ... 1 78

14-26-30dc1.—Drillers log of test hole in SW% SE¥% sec. 30, T. 14 S., R. 26 W.
Drilled by Vern Litton November 22, 1955. Depth to water, 43 feet.

QuaTERNARY—Pleistocene

Peoria and Loveland Formations Thignes: Demh
Silt, sandy at base ........... .. .. ... ... .. ... 22 22

Terrace deposits
Sand and gravel ... .. .. ... ... . ... ... ... ... ... 13 35
Clay ... .. 10 45
Sand and gravel ........... ... ... . ... .. .... 1 46
Clay; contains some gravel ...................... 5 51
Clay, sandy ........... ... ... ... ... .......... 24 75
Sandand gravel . ... .. .. ... ... .. ... ... . ... .. .. 4 79
Clay ... 2 81

CreTAcEOUS—Gulfian

Niobrara Chalk—Smoky Hill Chalk member

Shale ....... ... ... ... 1 82

14-26-30dc2.—Drillers log of test hole in SW¥4% SE% sec. 30, T. 14 S., R.
26 W. Drilled by Vern Litton November 22, 1955. Depth to water,
45 feet.

QuaTeErNarRY—Pleistocene

Peoria and Loveland Formations Th'?l‘:f“' ch;&th.
Silt, sandy .. ... ... . .. ... ... ... 21 21
Terrace deposits
Sand and gravel ... ... ... ... ... .. ... ... ... ... 9 30
Clay, sandy ................ .. ... .............. 57 87
Sand and gravel; contains shale pebbles ....... ... 17 104
Cretaceous—Gulfian
Niobrara Chalk—Smoky Hill Chalk member
Shale ... .. .. .. 1 105
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14-26-30dd1.—Drillers log of test hole in SE% SEX% sec. 30, T. 14 S., R. 26 W.
Drilled by Vern Litton November 22, 1955. Depth to water, 42 feet.

QuaTerNARY—Pleistocene

Peoria and Loveland Formations nlfck;ess' Dig:h'
Silt, sandy ....... ... . ... ... .. ... . .. ... . ...... 20 20
Terrace deposits
Clay, sandy .......... .. ... ... .. ... .. ....... 55 75
Sand and gravel .. ... .. ... . .. ... ... . . ... .. .. .. 19 94
Creraceous—Gulfian
Niobrara Chalk—Smoky Hill Chalk member
Shale ......... .. ... ... 1 95

14-26-31aa.—Sample log of test hole in NE% NE% sec. 31, T. 14 S., R. 26 W.,
300 feet south of sec. cor. and 14 feet west of center line of road. Drilied
by State Geological Survey September 4, 1952. Surface altitude, 2,434.8
feet; depth to water, 41.00 feet.

QuATERNARY—Pleistocene

Peoria and Loveland Formations ’I‘hnfcb:-ss, Df::?:h'
Silt, tan gray ........ .. ... ... ... ... ..., 7 7
Silt, compact to sandy, light tan ... .. . .. . ... 4 11
Silt, tan yellow ... . ... .. .. ... . .. o 1 12

Terrace deposits
Sand, fine to coarse, silty .. ... ... .. . ... ... ... .. 3 15
Clay, silty, tan yellow; contains some sand . ... ... ... 34 49
Clay, light gray to tan gray; contains some sand . . . .. 20 69
Clay, sandy, light gray; contains gravel and chalk frag-

ments in lower part ... ... .. ... ... .. ... ... .. 6 75
Creraceous—Gulfian

Niobrara Chalk—Smoky Hill Chalk member

Shale, compact, clayey, calcareous, dark gray to blue
BTAY o 5 80

14-26-32cc.—Sample log of test hole in SW4% SW¥ sec. 32, T. 14 S., R. 26 W.,

15 feet north of intersection and 13 feet east of center line of road. Drilled

by State Geological Survey September 5, 1952. Surfuce altitude, 2,412.1
feet.

QuATERNARY—Pleistocene

Peoria and Loveland Formations ﬂ"ﬁ(&vss’ Dﬁr\) :h
Silt, sandy, dark brown .. ... ... 1 1
Silt, tan gray ........... ... ... ... ... ... .. 8 9
Silt, fine, sandy, light tan ... ... . ... ... .. . ... . .. 6 15

Terrace deposits
Silt, compact, tan yellow ... ...... ... .. .. .. ... .. 17 32
Sand, fine to coarse; contains clay layer at 35 feet .. .. 11 4
Gravel and pebbles, predominantly chalk fragments;

contains some silt . ... . ... ... . 1 44
Creraceous—Gulfian

Niobrara Chalk—Smoky Hill Chalk member
Shale, clayey, vellow gray ... ...... ... ... .. .. .. 1 45
Shale, clayey, calcareous, blue gray .. ... ... ... ... 2 47
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14-27-8¢cc.—Sample log of test hole in SW cor. sec. 6, T. 14 S., R. 27 W., 30
feet east of sec. cor. and 5 feet north of center line of road. Drilled by State
Geological Survey September 18, 1957. Surface altitude, 2,569.3 feet.

QuaTeERNARY—Pleistocene

Peoria and Loveland Formations m?ek;m, Df?::h '
Silt, tan to brown . ........... .. ... . ... ... .. .. 5 5
Silt, sandy, reddish brown ......... . ..... ... ... .. 4 9
Silt, sandy, white to tan . ......... ... ... ... .. 8 17
Silt, soft, yellow ............. .. ... ... .. ... .. .. 3 20
Silt, sandy, yellow ....... ... .. ... .. ... .. ... .. ... 6 28
Sand; contains chalk pebbles .................. .. 2 28

CrerAaceous—Gulfian

Niobrara Chalk—Smoky Hill Chalk member

Shale, yellow ........ ... ... .. ... ... ... .. ... .. 2 30

14-27-20bb.—Drillers log of well in NW4% NW¥% sec. 20, T. 14 S., R. 27 W.
Drilled by H. W, Coberly. Depth to water, 52.10 feet.

QuaTERNARY—Pleistocene .
Peoria and Loveland Formations nlgek;m' Df:'?:h'
Silt . . 10 10
Terrace deposits
Clay, sandy, brown ..... ... ... ... ... ... .. ..., 5 15
Clay, sandy, white ................ .. ... ... . .. 5 20
Sand and gravel . ... ... .. ... ... ... .. ... ... . ... 12 32
Gravel .. ... ... ... .. ... 6 38
Clay, white ..... ... ... ... .. .. .. ... ... ......... 14 52
Clay, sandy .............. ... ... ... ... ........ 9 61
Sand ........... ... 4 65
Sand; contains clay streaks .. ... ... ... .. .. .. ..., 10 75
Gravel . . ... . ... ... 8 83
Cretaceous—Gulfian
Niobrara Chalk—Smoky Hill Chalk member
Shale .. ....... .. ... ... ... 5 835

14-28-3b.—Drillers log of test hole in NW¥% sec. 3, T. 14 S., R. 28 W. Drilled
by Struckhoff Bros.

QuaTERNARY—Pleistocene Thickness,

Peoria and Loveland Formations feet l)fgtm’
Silt . 8 (4]

Terrace deposits
Gravel, coarse .. ....... ... ... ... . ... ... . ... ... 5 11
Clay, blue; contains some gravel .. ... . .. .. .. . . .. 1.5 12.5
Gravel, coarse ......... ... ... ... ... ... . ... ... 3.5 16
Clay ... ... 10 26
Gravel, coarse .. ............ .. ... ... ... 3 29

CreTAcEOUS—Gulfian

Niobrara Chalk—Smoky Hill Chalk member

Shale .. ... . ... 5 29.5
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14-28-13aa.—Sample log of test hole in NE cor. sec. 13, T. 14S., R. 28 W., 500
feet south of sec. cor. and 5 feet west of center line of road. Drilled by State
Geological Survey September 18, 1957. Surface altitude, 2,532.5 feet; depth
to water, 35.40 feet.

QuATERNARY—Pleistocene

Peoria and Loveland Formations ﬁl;‘:&(-ss, Df:?:h'
Silt, light brown ......... ... .. ... ... ... ..... 5 5
Silt, sandy, reddish brown ... . . .. .. ... .. .. .. .. 3 8
Silt, reddish brown; contains caliche and sand layers

near base .......... ... ... . ... ... 6 14
Sand, silty, light tan ... ... .. ... ... ... ... ... ... . 3 17

Terrace deposits
Silt, sandy, light tan; contains some gravel ... .. . . 14 31
Sand, medium to coarse, silty .. ... ... ... ... ..., 5 36
Silt, sandy, gray; contains some gravel .. ... .. .. .. .. 3 39

CreTtaceous—Gulfian

Niobrara Chalk—Smoky Hill Chalk member
Silt, clayey, yellow ... ... ... ................... 2 41
Shale, blue gray ............. ... ... 3 44

14-28-13dd.—Sample log of test hole in SE cor. sec. 13, T. 14S., R. 28 W., 50
feet north of sec. cor. and 8 feet west of center line of road. Drilled by State
Geological Survey September 19, 1957. Surface altitude, 2,490.8 feet; depth
to water, 10.70 feet.

QuaTerNARY—Pleistocene

Peoria and Loveland Formations Th';‘.‘-(:t(.‘s' Df(;?-tlh ’
Silt, soft, tan . ... ... ... ... . . o . 10 10
Terrace deposits
Silt, sandy, tan .. ... ... .. . ... . ... ... ... ... . ... 5 15
Sand, clean .......... ... ... ... .. ... ... ... ... 2.5 17.5
CretaceoUs—Gulfian
Niobrara Chalk—Smoky Hill Chalk member
Shale, hard, dark blue gray ............... ... ... 8.5 26

14-28-24dd.—Sample log of test hole in SE cor. sec. 24, T. 14S., R. 28 W., 20
feet north of sec. cor. and 5 feet west of center line of road. Drilled by State
Geological Survey September 19, 1957. Surface altitude, 2,512 .4 feet; depth
to water, 44.00 feet.

QuATERNARY—Pleistocene

Peoria and Loveland Formations Thlgr:-}'hss' Df?:&'h
Silt, Gray ... 8 )
Silt, reddish tan ... ... .. . .. ... .. .. ... ... 9 15

Terrace deposits
Silt, light tan; contains some caliche .. ... ... ... ... 3 18
Silt, yellow ... ... ... ... .. ... ... 8 26
Silt, sandy, tan ... ... .. .. .. .. .. .. ... ... ... .. 11 37
Sand .. ... ... 8 45
Sand, silty, tan ... ... ... .. 2 47
Sand and gravel, clean; contains chalk gravel . ... .. 8 55
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Thickness, Depth,
feet feet
Sand and gravel, silty; contains chalk gravel in lower
PATt . 5 60
Silt, yellow to gray; contains gravel in lower part .... 8 68
CreTtaceous—Gulfian
Niobrara Chalk—Smoky Hill Chalk member
Shale, blue gray ............ .. ... ... .......... 2 70

14-28-25dd.—Sample log of test hole in SE cor. sec. 25, T. 14S., R. 28 W., 80
feet north of sec. cor. and 5 feet west of center line of road. Drilled by State
Geological Survey September 19, 1957. Surface altitude, 2,496.1 feet.

QuaTERNARY—Pleistocene

Peoria and Loveland Formations nlfcek;m' Df?e)tlh'
Silt, tan ... ... 8 8
Silt, reddish brown ............ ... .. ... ... . ... 6 14

Terrace deposits
Silt, light tan, sandy in lower part ... ... .. ... . ... .. 13 27
Silt, light brown; contains some sand and gravel .... 5 32
Silt, brown ................ ... 2 34
Silt, sandy, gray ......... ... ... ... ... ..., 4 38

Cretaceous—Gulfian

Niobrara Chalk—Smoky Hill Chalk member
Silt, clayey, yellow ............ ... .. ... ... . .. 4 42
Shale, hard, bluegray ........................... 2 44

14-28-36dd.—Sample log of test hole in SE cor. sec. 36, T. 14 S., R. 28 W.,
50 feet west of sec. cor. and 5 feet north of center line of road. Drilled
by State Geological Survey September 19, 1957, Surface altitude, 2,532.0
feet.

QuATERNARY—Pleistocene

Peoria and Loveland Formations n"f::f:tm' Df?gh i
Soil and road fill ...... ... ... ... . ... ... ... . ... 3 3
Silt, tan ............ .. 2 5
Silt, sandy, reddish tan ............. ... ... ..., 2 7
CreTAceous—Gulfian

Niobrara Chalk—Smoky Hill Chalk member
Shale, soft, weathered, yellow; contains limonite layer
at 12 feet .. ... .. ... 13 20

14-29-18db.—Drillers log of well in NW4% SE% sec. 16, T. 14 S., R. 29 W.
Drilled by H. W. Coberly June 1956. Depth to water, 49 feet.

QuATERNARY—Pleistocene

Peoria and Loveland Formations Th‘f::tcss' th-?-:h'
Silt, sandy .. ... ... . ... ... . ... 20 20
Terrace deposits
Clay oo 30 50
Clay, sandy ............ ... .. ... . ... .. ....... 10 60
Clay; contains thin sand layers . ........... ... ... .. 10 70
Creraceous—Gulfian
Niobrara Chalk—Smoky Hill Chalk member
Shale ....... ... 5 75

Go 3lc



Geology and Ground Water, Gove County 119

14-29-17ac.—Drillers log of test hole in SW¥4% NE% sec. 17, T. 14 S., R. 29 W.
Drilled by H. W. Coberly June 1956.

QuaTERNARY—Pleistocene

Peoria and Loveland Formations Thiga™ en
Silt ... 10 10

Terrace deposits
Clay, yellow . ...... ... ... .. ... . .. .. 15 25
Sand ... ... 5 30
Clay, tight, white . ...... ... ... ................. 4 34
Clay, sandy ............. ... ... ... i 2 36
Clay, yellow ............ ... .................. 2 38
Clay; contains thin sand layers .................... 4 42
Clay, blue green .............................. 10 52

Creraceous—Gulfian

Niobrara Chalk—Smoky Hill Chalk member

Shale .......... ... ... ... 4 56

15-26-Taa.—Sample log of test hole in NE% NE% sec. 7, T. 15 S., R. 26 W.,
12 feet south of sec. line and 11 feet west of center line of road. Drilled by
State Geological Survey September 5, 1952. Surface altitude, 2,317.3 feet;
depth to water, 8.90 feet.

QuaTERNARY—Pleistocene

. Thickness, Depth,
Alluvium feet fect
Silt and sand, fine, dark gray ... ... ... ... ... 1 1
Silt, clayey, tan to tan gray ...... ... .. ... . .. ... 3 4
Clay, very sandy, light tan; contains gravel in lower
Part . . 2 ]
Sand, gravel, and pebbles, clean ... ... ... . .. . ... 4 10
Sand and gravel, fine to coarse, silty, dark gray .... 4 14
Sand and gravel, fine to coarse, clean ... .. ... . ... 10 24
Sand and gravel, fine to coarse, silty, dark gray; con-
tains gray clay ...... ... .. ... ... . .. ... ..., 61 85
Sand and gravel, fine to coarse, clean in upper part,
silty below 95 feet ... .. ... ... ... ... .. .. 13 98
Creraceous—Gulfian
Carlile Shale
Shale and siltstone, calcareous, dark gray ...... .. .. 2 100

15-28-7dd.—Sample log of test hole in SE% SEX sec. 7, T. 15 S.. R. 26 W,
0.1 mile north of road intersection and 12 feet west of center line of road.
Drilled by State Geological Survey September 5, 1952. Surface altitude,
2,411.4 feet.

QuaTerNaRY—Pleistocene

) ‘Thickness, Depth,
Terrace deposits feet feet
Sand, fine to coarse, and fine gravel, silty; contains
clayat7feet ......... ... ... .. .. ... ... ...... 10 10
Clay, sandy, tan to yellow tan ... ... ... ... .. ... .. 3 13
Sand and gravel, fine to coarse, silty, yellow ... ... 5 18
Pebbles and gravel, coarse; contains thin layers of
sandy clay ...... ... . ... ... .. 55 23.5
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CreTtaceous—Gulfian Thickness Depth

Niobrara Chalk—Smoky Hill Chalk member feet feet '

Shale, clayey, calcareous, yellow gray ...... ..... .. 1 24.5
Shale, clayey, calcareous, dark gray ............ .. 35 28

15-26-8bc.—Sample log of test hole in SW% NW¥ sec. 8, T. 15 S., R. 26 W,
120 feet north of sec. line and 14 feet east of center line of road. Drilled
by State Geological Survey September 5, 1952. Surface altitude, 2,353.0
feet; depth to water, 27.60 feet.

QUAmr'mnY—Plelstocene Thickness, Depth.
Alluvium feet fect

Sand, fine to medium, silty to clayey, brown to dark
gray; contains coarse sand and fine gravel in lower

PaArt .. 16 16
Sand, fine to coarse, clean ............... .. ..... 10 26
Clay (weathered shale), yellow gray ........... .. 2.5 28.5
Creraceous—Gulfian
Niobrara Chalk—Smoky Hill Chalk member
Shale, clayey, calcareous, dark gray to blue gray .... 1.5 30

15-27-18cd.—Drillers log of test hole in SE% SW¥% sec. 18, T. 15 S., R. 27 W.
Drilled by Struckhoff Bros.

QuaTERNARY—Pleistocene

Alluvium nl?e‘:‘tm Df:&th '
Sit, sandy ....... .. ... .. ... .. ... ... ... .. 11 11
Gravel .. ... ... 10 21
Sand, fine .......... . ... ... 2 23
Clay, blue ...... ... .. ... ... ... . ... ... ..... 4 27
Gravel, medium ... ... ... .. ... ... . ... .. .. .. .. 3 30
Sand, fine ...... ... ... ... ... 2 32
Gravel, medium . ... .. .. ... ... .. ... ... ... ... 6 38
Gravel, coarse ........... ... ... .. ... . ... .. .. .. 9 47
Clay, blue ......... .. ... .. ... . ... .. .. ... .... 27 74
Clay and weathered shale .. ... .. .. ... ... ... .. .. 5 79
Gravel .. .. ... . 2 81

15-28-17ad.—Drillers log of irrigation well in SE% NEX sec. 17, T. 15 S., R.
28 W. Drilled by Struckhoff Bros. Depth to water, 8 feet.

QuaTERNARY—Pleistocene

. Thickness, Depth,
Alluvium feet feet
Silt, sandy ...... ... ... . ... ... ... ... 7 7
Gravel, medium . ....... .. ... ... ... ... ... ... ... 8 15
Clay, sandy ....... ... ... .. ... . . ... ... ... 7 22
Clay, blue; contains some gravel .. ... ... ... ... ... 12 34
Sand, fine ...... .. ... ... ... 5 39
Gravel, coarse . ............... ... .. .. ... ... .. 9 48
Clay, blue; contains some gravel ... ... ... ... ..... 12 60
Gravel, coarse ......... .. ... ... ... . ... .. 28 88
CreTaceous—Gulfian
Niobrara Chalk—Fort Hays Chalk member
Chalk ... ... .. . 4 92
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15-28-24aa.—Drillers log of irrigation well in NE% NEX sec. 24, T. 15 S., R.
28 W. Drilled by Struckhoff Bros. Depth to water, 18 feet.

QuATERNARY—Pleistocene

Alluvium 'rhi:ek;m. szgtth'
Silt, sandy ... .. ... ... ... 8 8
Gravel ... .. ... 4 12
Clay ... 4 16
Gravel . ... ... .. . e 8 24
Sand, fine ... ... ... . ... ... . ... . ... .. ... 5 29
Gravel .. ... ... .. ... 3 32
Clay,blue ... ... .. .. . . . 2 34
Gravel .. ... . .. 5 39
Clay,blue .. ... ... ... . ... ... ... . . . ... ... ... ... 2 41
Gravel . ... ... . . 6 47
Clay,blue . .......... ... ... ... ... . 24 71
Gravel ........ ... . . 22 93

Creraceous—Gulfian

Niobrara Chalk—Fort Hays Chalk member

Chalk ....... ... . .. . . 5 98

15-28-27dd.—Drillers log of well in SE% SEX sec. 27, T. 15 S., R. 28 W.
Drilled by H. W. Coberly September 2, 1956.

QuATERNARY—Pleistocene . .
Peoria and Loveland Formations Thigss et
Silt ... 8 8
Terrace deposits
Sand; contains limestone gravel ......... ... .... 7 15
CreTAcEOUs—Gulfian
Niobrara Chalk—Smoky Hill Chalk member
Shale ...... ... .. ... . ... 5 20

15-28-29aa.—Drillers log of well in NE4X NE% sec. 29, T. 15 S., R. 28 W.
Drilled by H. W. Coberly September 2, 1956. Depth to water, 33.20 feet.

QuaTERNARY—Pleistocene

Peoria and Loveland Formations “'?h'-l"”‘ Df:f«‘h
Silt .. 10 10
Terrace deposits
Sand .. ... 32 42
CRETACEOUS—Gulfian
Niobrara Chalk—Smoky Hill Chalk member
Shale . ... .. 1 43
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15-29-25ab.—Drillers log of well in NW% NE% sec. 25, T. 15 S., R. 29 W.
Drilled by H. W. Coberly July 1956. Depth to water, 38.40 feet.

QuaTerNARY—Pleistocene

Peoria and Loveland Formations Thigkaess: Df:gt'h'
Silt, sandy .......... ... ... .. ... ... ... ... 12 12

Terrace deposits
Sand ... ... .. 8 20
Clay, sandy, green ............................. 15 35
Clay, blue .............. ... ... .. ........... 5 40
Sand, fine ... ....... ... . ... 7 47
Sand ... 3 50
Gravel . ... ... .. .. 6 56

CreTAceous—Gulfian

Niobrara €halk—Smoky Hill Chalk member

Shale ... ... ... ... ... 5 56.5
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MAP OF GOVE COUNTY

showing the depths to water level, the location of
wells and test holes for which records are given, and water-table cbntours
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