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GEOLOGY AND GROUND -WATER RESOURCES
OF LINCOLN COUNTY , KANSAS

By Delmar W. Berry

ABSTRACT

This report describes the geography, geology, and ground -water resources of

Lincoln County , north -central Kansas . The hydrologic and geologic data were
obtained in the field during the years 1947 to 1950. Records fo

r

175 wells
were collected and 4

3

test holes were drilled to determine the thickness and

character o
f

th
e

water -bearing materials . These data were used to prepare a

water -table contour map for the major valley area and to determine the depth

to water level in the county . The outcropping rock formations were studied

in the field and b
y

aid o
f

test -hole data , and from these studies a geologic
map and cross sections were prepared .

The area covered b
y

this report lies in the Smoky Hills Upland area and is

drained b
y

Saline River , a tributary to Smoky Hill River , b
y

Smoky Hill River ,

and b
y

Rattlesnake Creek , a tributary to Solomon River . In general , the drain
age pattern is fine - textured and th

e

area is maturely dissected , small fa
t

areas

occurring along the terraces o
f

the major valleys and at a few places o
n

the
upland divides . The climate is subhumid , the normal annual precipitation

being slightly less than 2
5

inches . The principal mineral resources o
f

the area

are ground -water , construction materials , ceramic raw materials , and volcanic
ash .

A
ll

th
e

rocks exposed in Lincoln County are o
f sedimentary origin and range

in age from Cretaceous to Recent . The oldest Cretaceous rocks exposed a
t

the

surface are Gulfian in age and are represented b
y

the Dakota formation . Other

Cretaceous rocks that are exposed in the uplands o
f

the county are Graneros
shale , Greenhorn limestone , and Carlile shale .

“ Algal limestone ” o
f

th
e

Ogallala formation ( Pliocene ) caps some o
f

the
highest hills .

Deposits o
f

silt , sand , and gravel o
f

the Meade formation ( early Pleistocene )

are exposed in the southwest corner o
f

the county , where they overlie the
eroded surface o

f

the Dakota formation . The Sanborn formation o
f

Pleistocene
age mantles the flat upland areas , and alluvium underlies the channels o

f

the
major streams and their tributaries .

Supplies o
f potable water adequate fo
r

domestic and stock use a
re obtained

from the alluvial fi
ll

o
f

the valleys , and water supplies o
f

variable quality and
quantity are obtained from sandstones in the Dakota formation .

Saline River and Rattlesnake Creek are permanent streams in the area ; never
theless , wells supply a

ll

water fo
r

domestic and municipal uses . The City o
f

Bamard obtains it
s water supply from a well penetrating the alluvium o
f

Rattlesnake Creek , and Lincoln and Sylvan Grove obtain water supplies from
wells penetrating the Dakota formation . Although adequate supplies o

f

water

fo
r

small irrigation projects may b
e obtained from the alluvium in local areas ,

supplies are generally not adequate fo
r

extensive irrigation .

( 7 )
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A discussion of the principal chemical constituents of ground water in rela
tion to the use and geologic occurrence of the water is based on analyses of
116 samples of ground water . These range from moderately mineralized hard
water in both the Pleistocene deposits and the Dakota formation to highly

mineralized hard water in other stratigraphic units . Soft water ( less than 50
parts per million hardness ) is pumped generally from deep wells in the
Dakota formation .

Water containing more than 2,900 parts per million dissolved solids was
obtained from one well in the alluvium ; these dissolved solids may be related

either to surface -water pollution or to the upward movement of more highly

mineralized water from underlying formations . Most of the waters are hard ;

in a
ll

but four samples the hardness exceeded 130 parts per million .

Approximately 6
2 percent of the supplies have some domestic use . Un

desirably high amounts o
f

nitrate , in excess o
f

4
5 parts per million , were ob

served in 27 percent o
f

the supplies sampled . Undesirable quantities o
f

iron

are present in the water o
f

both shallow and deep wells , and the fluoride con

tent in some samples from deep wells in the Dakota formation exceeds recom

mended limits fo
r

drinking water . A brief discussion of the municipal supplies

is presented in this report .

INTRODUCTION

PURPOSE AND SCOPE OF THE INVESTIGATION

During the spring of 1947 the U
.
S
. Geological Survey , at the re

quest o
f

the Bureau o
f

Reclamation , began a study o
f

the ground

water resources o
f

Saline River Valley in Lincoln County , Kansas .

In 1948 this investigation was expanded to include a study of the
geology and ground -water resources o

f

Lincoln County and was

co -ordinated with the co -operative program o
f ground -water in

vestigations that was started in 1937 by the Federal Geological Sur
vey , the State Geological Survey o

f

Kansas , the Division o
f Sanita

tion o
f

the Kansas State Board o
f

Health , and the Division of Water
Resources o

f

the Kansas State Board o
f Agriculture . This investi

gation was carried out under the general administration o
f

A
.

N
.

Sayre , Chief , Ground Water Branch , Federal Geological Survey ,

and George H
. Taylor , Regional Engineer in charge o
f

the ground

water investigations o
f

the Missouri Basin , and under the immediate
supervision o

f

V
.

C
.

Fishel , District Engineer in charge o
f ground

water investigations in Kansas . The quality - o
f
-water studies were

made under the general administration o
f
S
. K
.

Love , Chief , Quality

o
f

Water Branch , and under the supervision o
f

P
.

C
.

Benedict ,

Regional Engineer in charge o
f

Missouri Basin quality - o
f
-water

investigations .

The increasing demand for ground water , one o
f the most im

portant natural resources o
f Kansas , warrants studies to determine

the quality and quantity o
f

the available supply . Farmers are b
e
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coming irrigation conscious as the demand for agricultural products

increases, and the public in general is recognizing the need for
developing local industry . Development in any locality depends

upon a water supply ; consequently , investigations relative to the
character and thickness of water -bearing formations and to the
quality of the water are necessary . At the present rate of with
drawal , the danger of seriously depleting the ground -water supply

seems very slight , but there is definite need fo
r

a
n adequate under

standing o
f

the quantity and quality o
f

the available supply , where
additional supplies can b

e
obtained , and what measures may b

e

necessary to safeguard their continuance .

LOCATION AND EXTENT OF THE AREA

Lincoln County is in the Smoky Hills Upland ( Adams , 1903 ) in

the north -central part o
f

Kansas ( Fig . 1 ) . The county is bounded

lo . "Pro

HIGM PLAINS Hills
SmokyHills Uplond Flint Millsglue

Osoge Proirte
Upland

1

P
E Groot Bend Proirie

NO
Cherokee
Lowland

NO

Red Mills Oklonomo
Proirle

Springfield
Upland

Fig . 1. -Physiographic subdivisions of Kansas ( after Adams , 1903 ) .

>

o
n

the north b
y

Mitchell County , on the east b
y

Ottawa County ,

o
n

the south b
y

Ellsworth County , and o
n the west b
y

Russell
County . The area lies between 3

8
° 5
3
' and 3
9
° 1
3
' north latitude

and 9
7
° 5
5
' and 9
8
° 2
9
' west longitude . It contains 2
0 townships ,

T
s
. 1
0 , 11 , 1
2 , and 1
3

S
. , R
s
. 6 , 7 , 8 , 9 , and 1
0 W. , having a
n area

o
f

about 726 square miles . Lincoln County is rectangular in shape ,

extending about 3
0 miles east and west and about 2
4 miles north

and south . The locations of this county and other areas in which

co -operative ground -water investigations have been made are shown

in Figure 2 .
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TEL FOTO

THIS REPORT 71

SALACE Govt
REPORT PUBLISHED
OR IN PRESS 38-2ESCORT

LOTE

LEN GREENWOODWOODS
REPORT IN

PREPARATIONNCS
64-5

RE COOLEY 52-2LABLECONCE1 COM 47-3
64-3

Fig . 2.-Area described in this report and other areas in Kansas fo
r

which

co -operative ground -water reports have been published o
r

are in preparation .

METHODS OF INVESTIGATION

Field work for this investigation was done during the years 1947

to 1950. During this time all the wells listed in Table 1
4 were

visited and the data regarding them obtained . Water - level meas
urements were made with a steel tape from a fixed measuring pointa а

a
t

the top o
f

the well .

In 1947 John Sears collected data on 50 wells in the Saline River
Valley in Lincoln County . Sixteen of these wells were selected

a
s observation wells and periodic measurements o
f

the water levels

in them have been made since March 1947. During the field seasons

o
f

1948 and 1949 records o
f

125 additional wells throughout Lincoln
County were collected .

In the fall of 1947 , 15 water samples for complete analysis were
collected from typical domestic and stock wells and were analyzed

in the Quality of Water laboratory o
f

the U
.

S
. Geological Survey

a
t

Stillwater , Oklahoma . During the fall of 1948 and the summer

o
f

1949 water samples were collected from 101 additional domestic

and stock wells . O
f

the 101 samples , 88 were analyzed to determine
the chloride and nitrate contents and 1

3 were given complete analy

ses b
y

Howard Stoltenberg , chemist in the Water and Sewage lab
oratory o

f

the Kansas State Board o
f

Health .

During the field seasons of 1948 and 1949 a geologic investigation

o
f

the county included the following types o
f

work : determination

o
f

the thickness and extent o
f

loess ; drilling of auger holes at various
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locations ; measurement of stratigraphic sections to determine the

thickness of the exposed Cretaceous rocks ; and marking a
ll outcrops

o
n

aerial photographs and base maps . John Frye spent one week

in the summer o
f

1948 and one week in the fall o
f

1949 in the field

with me helping to work out the stratigraphy . From these data a

geologic map ( P
l
. 1 ) was prepared . Geologic cross sections ( P
l
. 3 )

were prepared from data obtained b
y

drilling 4
3 test holes through

the water -bearing silt , sand , and gravel o
f

Pleistocene age .

These test holes were drilled with the hydraulic rotary drilling
machine owned b

y

the State Geological Survey and operated b
y

William T
.

Connor , Kenneth L. Walters , and Max Yazza . Logs of

the test holes were prepared in the field by Walters and the samples

were examined microscopically in the office . The wells and test
holes shown o

n

Plate 2 were located within the section b
y

use o
f

the odometer and are believed to b
e

accurate to within 0.1 mile .

The altitudes of the measuring points of the measured wells and
test holes were determined with a plane table and alidade o

r dumpy

level b
y

level parties from the U
.

S
. Bureau o
f

Reclamation and a

Geological Survey level party headed b
y

Charles K
. Bayne .

Field data used for preparing Plates 1 and 2 were recorded o
n
a

base map modified from a map prepared b
y

the State Highway
Commission o

f

Kansas . The roads and drainage o
n

these base maps

were corrected b
y

field observations and b
y

use o
f

aerial photo

graphs obtained from the U
.

S
. Department o
f Agriculture .

WELL -NUMBERING SYSTEM

The well and test -hole numbers in this report give the location

o
f

wells according to General Land Office surveys and in the follow
ing order : township , range , section , 160 -acre tract within that sec
tion , and the 4

0
-acre tract within that quarter section . If two or

more wells are in 4
0
-acre tract , the wells are numbered serially

in the order in which they were inventoried . The 160 -acre and

4
0
-acre tracts are designated a , b , c , o
r
d in a counterclockwise d
i

rection beginning in the northeast quarter . For example , as shown

in Figure 3 , well 10-7-7bb is located in the NW NWK sec . 7 , T
.

1
0 S
. , R
.
7 W.

ACKNOWLEDGMENTS

Appreciation is extended to the many well drillers , well owners ,

tenants , and city officials in Lincoln County fo
r

their co -operation .

This included supplying data relative to the character of materials
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Fig . 3.—Diagram of Lincoln County illustrating the well -numbering
system used in this report .

penetrated in drilling wells , permitting measurement of wells , per
mitting test drilling on their lands, and supplying data on city -supply
wells .

The manuscript for this report has been reviewed critically by
several members of the Federal and State Geological Surveys ; by
Dwight Metzler , Director and Chief Engineer , and Willard O. Hil
ton , Geologist , Division of Sanitation , Kansas State Board of Health ;
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gineer , Division of Water Resources , Kansas State Board of Agri
culture .

The illustrations were drafted by W. W. Wilson of the U. S.
Geological Survey . Analyses of the water samples were made by

J. Crittendon , R. H. Langford , and L. R. Kister , Chemists , Federal
Geological Survey , and Howard Stoltenberg , Chemist , Kansas State
Board of Health .
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GEOGRAPHY

TOPOGRAPHY AND DRAINAGE

Lincoln County lies in the area designated by Adams ( 1903 ) as

th
e Smoky Hills Upland of the Great Plains physiographic province .

The topography o
f

this area is related to the differential weathering

characteristics o
f

the Cretaceous clay , sandstone , shale , and lime
stone which account for the prominent topographic features o

f

Lincoln County such a
s the broad flat alluvial valleys along the

major streams , the deep , narrow channels o
f

the tributary valleys ,

th
e

bold escarpments o
f

the deeply dissected uplands , and the long

gently sloping pediments o
f

the uplands .
The highest altitude is 1,800 feet , o

n

the divide between Saline

and Smoky Hill Rivers at the Lincoln -Ellsworth County line . The
lowest altitude is 1,280 feet , where the valley of Rattlesnake Creek
enters Ottawa County . This gives a county -wide relief o

f

520

feet but the local maximum relief is about 300 feet .

Lincoln County , except locally along the flat terrace of Saline
River , is well drained by three major streams and their tributaries :

Rattlesnake Creek in the northeast corner , Saline River which is

centrally located west to east , and Smoky Hill River which passes
through Ellsworth County to the south and drains a small area along

th
e

southwestern boundary o
f Lincoln County . Rattlesnake Creek

heads in northwestern Lincoln County , flows in an easterly direc
tion across the northern part o

f

the county , and then southeast to

it
s junction with the Solomon River in Ottawa County . Saline

River heads in Thomas County , enters Lincoln County about 7

miles north o
f

the southwest corner , flows in an easterly direction

across the county , and then joins Smoky Hill River east of Salina .

Smoky Hill River heads in Colorado , flows eastward to a point near
Lindsborg , northward to Salina , and again eastward joining with
Republican River at Junction City to form Kansas River .

CLIMATE

Lincoln County has moderate precipitation , a wide temperature
range , moderately high average wind velocity , and comparatively
rapid evaporation . The summer , especially during July and August ,

is generally hot . The winters are moderately cold , but generally
free from excessive snowfall . Climatic data presented below are
based o

n records o
f

the U
.

S
. Weather Bureau .

The normal annual mean temperature is 55.3 ° F. at Lincoln .

January , with a normal mean temperature of 29.2 ° F. , generally has
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the lowest temperature of the year ; July, with a normal mean tem
perature of 80.5 ° F. , generally has the highest temperature . The
highest recorded temperature at this station is 119 ° F. , recorded in
July 1934, and the lowest temperature is —25 ° F. , recorded in January

and December 1912. The average date of the last killing frost in
the spring is April 27 , but killing frosts have been recorded as late

as May 24. The average date of the first killing frost in the fall is
1
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Fig . 4. —Annual precipitation and cumulative departure from normal
precipitation a

t Lincoln .

October 1
4 , although killing frosts have been recorded a
s early a
s

September 20. The average length o
f

the growing season is 170
days .

The normal annual precipitation is 24.24 inches ; the lowest

recorded annual precipitation a
t Lincoln was 16.37 inches in 1936 ,

and the highest was 35.02 inches in 1915. The annual precipitation

and the cumulative departure from normal precipitation a
t Lincoln

are shown graphically in Figure 4. A
s

indicated , deviations from

the normal are frequent , and precipitation in the area seems to fol
low irregular cycles in which periods o
f

excessive precipitation
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alternate with periods of deficient precipitation or drought. Much
of the precipitation falls as heavy rains which are followed by

periods of scanty rainfall. Approximately 74 percent of the total
annual precipitation falls during the crop - growing season from
April through September .

In this area the prevailing wind is from the south, but north winds
prevail during January and February . The greatest wind velocity

is in March and April after which it decreases until August , which
is the least windy month of the year .

POPULATION

According to the 1951 county assessors report to the Kansas State

Board of Agriculture , the population of Lincoln County is 7,258 , an
average of 9.9 people per square mile in comparison with 23.6 for

th
e

State . In 1951 approximately one -half o
f

the residents o
f

the

county lived in four cities . Lincoln , the county seat and largest
city , has a population o

f 1,893 . The three other cities , Sylvan

Grove , Beverly , and Barnard , have populations o
f

547 , 305 , and 298 ,

respectively .

TRANSPORTATION

The railroad network in Lincoln County consists of two branch
lines o

f

the Atchison , Topeka , & Santa Fe Railway Co. and one
branch line o

f

the Union Pacific Railroad . One branch of the Santa

Fe extends from Abilene across the northeast corner o
f

the county

to Barnard ; the other branch takes a northwest coarse from Salina
through Lincoln to Osborne . A branch of the Union Pacific enters

th
e county at Beverly , passes westward through Lincoln , and ex

tends northwestward to Colby in Thomas County , where it joins

th
e

main line o
f

the Chicago , Rock Island , & Pacific Railroad Co.
Two hard - surfaced State highways pass through Lincoln County ,

State Highway 1
4 through the central part from north to south ,

and State Highway 1
8

from east to west through the central part

( through Beverly , Shady Bend , Lincoln , Vesper , and Sylvan Grove ) .

The rest o
f

the county is served b
y

improved county and township
roads .

AGRICULTURE

Agriculture is the chief industry in Lincoln County . Wheat ,

sorghum , corn , oats , and hay are the principal crops ; the acreage

o
f

each fo
r

the years 1939 , 1944 , and 1946 is given in Table 1 .

Lincoln County , which has 1,239 farms , comprises 464,640 acres ,

o
f which 3
5 percent is pasture land . Cattle are the predominant
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livestock ; during 1946 , 34,000 cattle were raised in or marketed from

the county .
The distribution of cultivated and grazing land is controlled by

the topography and stratigraphy . Nearly a
ll

the crop land lies on
the flat loess -mantled uplands and in the alluvial valleys . The
grazing land is generally the rolling areas underlain b

y

shale , sand
stone , and limestone o

f

Cretaceous age .

NATURAL RESOURCES

Mineral resources of Lincoln County include clay , construction
materials , volcanic ash , and sand and gravel . These resources are
fairly extensive , but they are not being developed a

s fully a
s is

possible .

Clay resources . — The clay resources of this area are restricted
primarily to the Dakota formation . Plummer and Romary ( 1947 ,

p . 38 ) indicate that these clays are important ceramicly because they

differ mineralogically from the majority o
f

the clays in Kansas in

that they are composed dominantly o
f

the clay mineral kaolinite .

Common clay products are bricks , floor , wall , roofing , and sewer
tile , refractories , pottery , and whiteware .

The Kiowa shale , which underlies the Dakota formation , and the
Graneros shale , which overlies the Dakota , are not desirable for
standard structural clay products but are satisfactory for the pro
duction o

f lightweight aggregate . Lincoln County has large quan

tities o
f clay and shale suitable for these products .

TABLE 1.--Acreage of principal crops grown in Lincoln County

CROP 1939 1944 1946

Wheat .

Sorghum
Corn .

Oats .

Hay .

All other crops .

67,000
37,890
13,400
7,030
3,740
7,686

164,000
38,670
17,700
5,630
6,220
1,832

170,000
30,370
12,200
6,470
5,030
2,607

Totals ... 136,746 234,052 226,677

Construction materials . Besides clay , Lincoln County has sev
eral other native materials suitable for construction purposes . Three
principal materials are Greenhorn limestone , Dakota quartzite , and
sand and gravel .



Ground Water of Lincoln County 17

The Fencepost limestone , an 8- to 10 - inch bed at the top of the
Greenhorn limestone , is easily recognized by the iron -stained band

at the center of the bed . In many parts of Lincoln County quarries
have been opened in the Fencepost to obtain material for fence

posts and building blocks . The durability of this limestone is
demonstrated by the numerous stone buildings throughout the
county constructed during pioneer days . This limestone is also
crushed and used as road metal .

The Dakota formation contains many thick lenticular channel
sandstones . Locally many of these channel sandstones are cemented
by calcite , iron oxide , or dolomite ( Swineford , 1947 ) . At some
localities in Lincoln County sandstones cemented with each of these
minerals are found . The calcite -cemented sandstone is known

locally as “Lincoln quartzite ” because of it
s

abundance near the
town o

f

Lincoln . It has been used extensively for road metal , rail
road ballast , and high - quality concrete aggregate . The iron oxide
cemented sandstone , which has a tendency to case -harden upon

exposure to the atmosphere , has been used for building stone , road

metal , and riprap o
n stock -pond dams . Another type , dolomitic

calcite -cemented sandstone , has essentially the same occurrence and
use .

A
t

the present time quartzite is produced from two quarries , one

1 mile south o
f

Lincoln and the other 5 miles west o
f Sylvan Grove .

The county has large reserves o
f this material .

Both quartz gravel and locally derived gravel are produced in the
county . The principal source of the quartz sand and gravel is the
channel fi

ll

o
f

Meade age in southwestern Lincoln County . This
sand and gravel is also used as road -surfacing material and for con
crete aggregate .

The locally derived gravel contains more silt and clay than the
quartz gravel and is more common throughout the county . It occurs

in terraces along the major streams and tributaries . This type of

gravel is satisfactory only for road surfacing ; many o
f

the county

and township roads have been surfaced with it .

Volcanic ash . — The only extensive deposits o
f

volcanic ash in

Lincoln County are in sec . 27 , T
.

1
3

S
. , R
.

1
0 W. ( Carey and others ,

1952 ) . Surface exposures indicate that the deposit extends under

a large part o
f

this section and ranges from 3 to 1
2

feet in thickness .

Two pits have been opened and a small quantity o
f

ash is mined
for ceramic uses .
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Volcanic ash has been used as an abrasive , particularly in scouring
compounds and soaps ; as an important ingredient of ceramic glazes

and in ceramic bodies ; as an additive to cement ; as a raw material
for manufacture of several types of lightweight aggregates ; as a
sweeping compound ; as a dressing for some types of bituminous -mat
highways ; and it may be usable as a raw ingredient in glass , as a

filler, and for many potential future uses .
The uncertainty with which an explorer may find deposits of
volcanic ash may be explained by the theory explaining the source
and distribution of volcanic dust . Volcanic dust was thrown ex

plosively into the a
ir

somewhere in the Rocky Mountain belt , per
haps in north -central New Mexico ( Swineford , 1949 ) , and was
carried by winds over Kansas and adjacent areas . The ash shards
settled to the ground , or were carried down by rains , resulting in

a thin layer o
f

fine -textured ash spread extensively over the surface .

This thin surface layer of material served to overload the streamlets
leading into ponds o

r depressions o
n aggrading valley flats and

rarely in upland situations . These small tributaries were able to

carry material which was predominantly ash into the depressions

until they had cleared at least a part o
f

their drainage areas . Thus
deposits o

f

volcanic ash are found in o
r adjacent to abandoned

streamlets o
r valley fills .

GEOLOGY IN RELATION TO GROUND WATER

o

SUMMARY OF STRATIGRAPHY

The rocks that crop out or are present immediately beneath the sur
face in Lincoln County are sedimentary in origin . They range in age
from early Cretaceous ( Comanchean Series ) to Quaternary (Moore
and others , 1951 ) . The areal distribution o

f

the surficial deposits

is shown o
n

Plate 1
. Although the Cheyenne sandstone and Kiowa

shale o
f early Cretaceous age d
o

not occur at the surface , they are
referred to in this report because o

f

their water -supply poten

tialities . The Cheyenne sandstone pinches out toward the east
and is absent beneath much o

f

the eastern part o
f

the county . The
Kiowa shale lies immediately below the Dakota formation which
crops out in large areas adjacent to Saline River and it

s

tributaries .

The Graneros shale overlies the Dakota formation and caps the
lower hills adjacent to the valley . The Graneros shale forms a

• The geologic classification and nomenclature of this report follow the usage of the
State Geological Survey o

f

Kansas and d
o

not conform in all respects to the usage of the

U
.
S
. Geological Survey .
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gentle grade from the top of the Dakota formation to the overlying

Greenhorn limestone . The resistant limestone beds of the Green

horn form the prominent escarpments along the tributaries of Saline

River and extend over large upland areas in the northern and south
western part of the county . The Carlile shale caps the uppermost

hills in the northern and southwestern parts of the county ; however ,

it crops out only where the loess has not been deposited or where
the loess has been eroded .

The Ogallala formation of Pliocene age is represented by small
deposits of “ Algal limestone ,” which cap some of the uppermost hills
in the central -southwest and central parts of the county .
Deposits of the Meade formation of Pleistocene age fi

ll

a
n aban

doned stream channel (Wilson Valley ) in the southwest corner of

the county . Other Pleistocene deposits in the county are the loesses

o
f

the Sanborn formation , which extend over much of the uplands ,

and the terrace deposits adjacent to Saline River and it
s

tributaries .

Alluvium o
f

late Pleistocene age is deposited in the present stream
channels and is also found a

s
a thin veneer over much o
f

the bottom
land .

The character and ground -water supply o
f

the geologic forma
tions in Lincoln County are described briefly in the generalized sec
tion ( Table 2 ) .

CRETACEOUS SYSTEM

COMANCHEAN SERIES

Cheyenne Sandstone

Character . — The Cheyenne sandstone was named b
y

Cragin

( 1889 , p . 65 ) from Cheyenne Rock — an indurated mass of sand
stone that forms a prominent ledge o

n the north side o
f

the Medi
cine Lodge Valley about three - fourths o

f
a mile west o
f

Belvidere ,

Kiowa County , Kansas .

The Cheyenne sandstone does not crop out in Lincoln County ;

hence , little is known o
f

it
s lithologic character in this area except

a
s determined by the cuttings from a domestic well drilled in the

extreme western part o
f

the county ( Table 1
4
) . The formation has

been described in detail b
y

Latta ( 1946 ) at the type locality near
Belvidere . Latta ( 1946 , p . 235 ) states :

The Cheyenne consists chiefly o
f light - colored fine- to medium -grained

friable cross -bedded sandstone and lenses o
f sandy shale and conglomerate .

Minor amounts o
f clay , selenite crystals , iron nodules , and pyrite occur in dif

ferent parts o
f

the formation . The bedding is extremely irregular and dis
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continuous so that it is impossible to trace any one bed for more than a short dis
tance . Most of the beds are merely lenses of limited extent .

The material penetrated in the drilling of the domestic well
described above consisted of fine- to medium - grained sandstone

and ranged from white to gray in color .

Distribution and thickness . — The Cheyenne sandstone probably

underlies only parts of extreme western Lincoln County . A test
hole drilled to the Permian red beds in the central part of the county

did not penetrate any Cheyenne sandstone . Although large areas

in the southwestern part of Kansas are underlain by the Cheyenne ,

it crops out in only a very few localities . The principal outcrops
are in the Belvidere area of southwestern Kiowa County .
The thickness of the Cheyenne sandstone in Lincoln County has
not been determined ; however , it has been reported by Latta ( 1946 )
to range from 32.5 to 94 feet in the Belvidere area and to average
about 45 feet .

Water supply .—Only one well is believed to derive water from
the Cheyenne sandstone . The material penetrated in this well was
permeable enough to supply water for domestic and stock use .
However the uncertainty as to the occurrence of the formation
beneath the surface in Lincoln County makes it inadvisable to de
pend on it for a water supply .

Kiowa SHALE

Character . — The Kiowa shale was named by Cragin ( 1894 , p . 49 )
from exposures in Kiowa County , Kansas . As used in this report ,
the term Kiowa shale includes the thick series of marine shale ,
sandstone lenses, and fossiliferous limestones between the Cheyenne
sandstone or Permian rocks and the Dakota formation . In the
western part of the county , the Kiowa shale conformably overlies
the Cheyenne sandstone and in the remainder of the county uncon
formably overlies Permian rocks . The Kiowa shale , overlain con
formably by the Dakota formation , does not crop out in Lincoln
County . Data presented here are compiled from well logs .
The Kiowa shale consists of thinly laminated dark -gray to black
shale in the lower part, grading upward into gray , tan , and brown
clay and clay shale ( Latta , 1946 , p . 244 ). The shale in the lower
part is generally black and has been called a " paper " shale because it
is very thinly laminated . Thin beds of shell limestone — so called
because they consist almost wholly of fossil shells —are a con
spicuous feature of the formation , especially of the lower part.
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These beds are from 3 to 18 inches thick , generally light gray in
color , and locally contain gypsum or pyrite . The matrix consists of

shell fragments and sand or sand and clay . In some places , where
oxidation of the pyrite has caused the rock to disintegrate , and the
fossils are largely decomposed , the shell bed is stained with iron

which gives it a red -brown or rusty color . Lenses of sandstone rang
ing in thickness from 1 to 18 inches and in color from light to dark
gray , occur throughout the formation . Generally they are fine
grained and in many places are cemented .

Distribution and thickness . — The Kiowa shale is not exposed in

Lincoln County but crops out in Ellsworth County , which adjoins

Lincoln County on the south . One measured section near Kanopolis

has a thickness of 57 feet ( Plummer and Romary , 1942 , pp . 324-325 ) .
In the subsurface of Russell County , which adjoins Lincoln County
on the west , the Kiowa shale attains a thickness of 105 feet in sec .

33, T. 13 S. , R. 15 W. ( Swineford and Williams , 1945 , p . 164. )
At a test hole drilled in the NEX sec . 21 , T. 12 S. , R. 6 W. , in Lin
coln County the Kiowa shale was approximately 80 feet thick . Indi
cations are that the Kiowa shale underlies the county .

Water supply . —Some wells in the county may derive water from
the Kiowa shale . Wells penetrating a lens of sandstone in the Kiowa
shale may produce quantities of water adequate fo

r

domestic o
r

stock supplies . Because adequate water supplies can be obtained

a
t shallower depths , most o
f

the wells d
o

not penetrate the Kiowa
shale .

GULFIAN SERIES

Dakota Formation

Character . — The Dakota formation o
f

Kansas has been referred

to as o
r

included in the “ Dakota Group ” (Meek and Hayden , 1862 ) ;

“ Dakota Sandstone ” ( Prosser , 1897 ) ; “ Dakota formation ” ( Twen
hofel , 1924 ) ; “Rocktown channel sandstone member ” ( Rubey and

Bass , 1925 ) ; “ Cockrum Sandstone ” ( Latta , 1941 ) ; and “ Omadi
formation ” (Condra and Reed , 1943 ) . The term “Dakota Group "

(Meek and Hayden , 1862 ) was first applied to the sandstones ,

various colored clays , and lignite beds that underlie the “ Benton
Group ” in exposures near Dakota City , Dakota County , Nebraska .

In this report , the Dakota formation includes the strata between

the Kiowa shale ( below ) and the Graneros shale ( above ) . The
Dakota consists largely o

f gray to dark -gray shale , sandy shale , and

varicolored clays containing lenticular beds o
f

siltstone and sand
stone . Owing to the resistant sandstone beds or lenses ( P

l
. 4
A
) , it
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А

B

PLATE 4. A , Terra Cotta and Janssen Clay members of the Dakota forma
tion invalley wall of Hell Creek , SE % sec . 19 , T. 13 S. , R. 10 W. B , Uppermost
part of the Dakota formation and lowermost part of the Graneros shale , NW %
sec . 13 , T. 13 S. , R. 9 W. Pick handle marks the contact. C , Fine - grained
sandstone in the upper part of th

e

Terra Cotta clay member o
f

the Dakota
formation , NW “ sec . 13 , T. 12 S. , R. 9 W. ( Photos b

y

John C
. Frye . )
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is generally believed that most of the Dakota formation is sandstone ;

however , investigations show that much of the formation is com
posed of clay and shale . Plummer and Romary ( 1942 ) describe the

Dakota formation as consisting largely of clay of various colors , con
taining irregular lenticular beds of siltstone and sandstone . In their

opinion the Dakota was deposited in a dominantly continental and
near - shore environment , whereas the underlying and overlying

formations were deposited under marine conditions .

Surficial exposures and drill cuttings from the Dakota formation
of this area contain concretions of limonite , siderite , and hematite .

The Dakota also contains lignite , carbonaceous material , and cal
cium -cemented sandstone , or “ quartzite ."
The Dakota formation in Kansas consists of two members , the
upper called Janssen clay member and the lower called Terra Cotta
clay member .

Distribution and thickness . — The Dakota formation in Lincoln
County crops out over widespread areas adjacent to Saline River

and it
s

tributaries and underlies the rest o
f

the county . Some o
f

the

best exposures are in the southern and southeastern parts o
f the

county ( P
l
. 4
B , 4C ) . Throughout much o
f the northern and south

western parts o
f

the county , the Dakota formation is overlain b
y

Graneros shale and Greenhorn limestone , which in turn are over
lain by Carlile shale or loess , or both .

The Dakota formation ranges in thickness from about 140 feet

o
n

the eastern side o
f the county to 200 feet a
t the western side .

A
t
a test hole drilled in the NE cor . sec . 21 , T
.

1
2 S
. , R
.
6 W. , the

Dakota formation , because o
f

the absence o
f

the upper member ,

was only 135 feet thick .

Water supply . — Many wells in Lincoln County obtain their water
supply from the Dakota formation . A typical well deriving water
from the Dakota is shown in Plate 5A . Although much o

f

the water

from the Dakota formation is mineralized , the quantity generally

is adequate for domestic and stock supplies . The water in most

o
f

the wells is under artesian pressure but flows a
t

the surface from
only a few o

f

them . Data for determining the areas where water

o
f good quality can b
e

obtained are not available . Indications are

that the water in the upper part o
f

the Terra Cotta clay member

o
f

the Dakota has a high chloride concentration . Shallow wells in

areas where the Janssen clay member o
f

the Dakota formation is

absent yield water with a
s much a
s 1,400 parts per million o
f chlo

ride , whereas wells penetrating 100 feet o
f

the Terra Cotta clay
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A

B

PLATE 5. A , Typical well on the uplands drilled to a sandstone in the
Dakota formation (total depth of well, 303 feet); on the Borman farm , sw %
SEX sec . 22 , T. 13 S., R.9 W. B , Greenhorn limestone topography (background)
and features of the Dakota formation (foreground ); view ( looking southwest)
from sec . 9 , T. 11 S. , R. 6 W.
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member yield water containing as little as 22 parts per million of
chloride .

Graneros Shale

Character . — The Graneros shale was named by Gilbert ( 1896 )
for Graneros Creek , Pueblo County , Colorado . The Graneros shale

consists of blue- black fissile noncalcareous clay shale that is locally

interbedded with sandy limestone , sandstone , and sandy shale . In
Lincoln County the base is marked generally by a thin ironstone
bed ( Pl. 4B ) . A bentonite bed about 15 inches thick occurs near
the top . Selenite crystals may be present throughout the formation .

The Graneros shale lies between the Dakota formation (below )
and the Greenhorn limestone ( above ) . The shale forms a gentle
slope from the base of the Greenhorn limestone to the top of the
Dakota formation ( Pl . 5B ) .

Distribution and thickness. The Graneros shale ranging in thick
ness from 20 to 35 feet, underlies the northern and southwestern
parts of the county . Most of the outcrops are in areas that have

been exposed to stream erosion . These areas lie adjacent to Saline
River and it

s major tributaries . The areal distribution o
f

the
Graneros shale is shown on Plate 1 .

Water supply . No wells in Lincoln County are known to obtain
water from the Graneros shale , which is impermeable . A water
supply might be obtained if a sandstone lens in the shale were pene
trated below the water table . A

s

a
n adequate supply o
f

water gen

erally is obtained from either the Dakota formation o
r

alluvial fills ,

n
o need has developed for wells in the Graneros shale .

Greenhorn Limestone

Character . - Gilbert ( 1896 , p . 564 ) named the Greenhorn lime
stone from exposures o

f

interbedded limestone and shale near Green

horn Station and along Greenhorn Creek about 1
5 miles south o
f

Pueblo , Colorado . Tentative correlation o
f

the Colorado section

with central Kansas rocks referred to as " Benton " was made by

Logan (1897 , pp . 232-234 ) . Rubey and Bass ( 1925 ) were the first

to use the term Greenhorn a
s
a mapping unit in Kansas . Working

in Russell County , they subdivided the Greenhorn o
f

Kansas into
four members . They are , in ascending order , Lincoln limestone
member , an unnamed shale member , Jetmore chalk member , and a

n

unnamed upper shale member . In 1926 Bass named the lower shale

member the Hartland shale and applied the term Pfeifer shale to the
upper shale member . In central Kansas the top o

f

the Greenhorn
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limestone is marked by the Fencepost limestone bed . The Green
horn limestone rests on the noncalcareous shale of the Graneros

shale .

The upper part of the Greenhorn limestone consists of inter

bedded thin chalky limestone and calcareous shale containing ben
tonite seams. The middle part of the formation is calcareous shale
containing a few concretionary limestones and thin bentonite seams .
The lower part consists of calcareous shale interbedded with thin
dark crystalline limestones containing shark teeth and other ver
tebrate remains . These limestones are “petroliferous ,” giving off
a strong oily odor when freshly exposed .
Distribution and thickness . The Greenhorn limestone extends

over most of the upland and divide areas of Lincoln County ; how
ever , in many places it is concealed by the Carlile shale that im
mediately overlies it , or the loess that mantles part of the uplands
and divides . Areal distribution of the Greenhorn limestone is

shown on Plate 1. The Jetmore member is shown on Plate 6B . The
formation ranges from 65 to 90 feet in thickness . The uppermost
bed ( Fencepost limestone ) of the Greenhorn ranges from 8 to 10

inches in thickness and is marked by a narrow iron -stained band
centrally located within the bed . Numerous quarries in the area
indicate the extent of the Fencepost limestone bed .

Water supply .- In general , the chalky limestone and shales that
make up the Greenhorn limestone are impervious and do not yield

much water to wells. Where the upper part of the limestone lies

at shallow depths and is subject to weathering it may contain open
ings large enough to hold small amounts of water . A few wells in
the area may obtain water from the upper part of this limestone or
from weathered shale immediately overlying it . In general , ade
quate supplies of water are obtained from other formations and no
attempts have been made to develop the Greenhorn limestone

as an aquifer .
Carlile Shale

Character .—The Carlile shale was named by Gilbert ( 1896 ) from
exposures of gray argillaceous shale along Arkansas River near
Carlile Station west of Pueblo , Colorado . Logan ( 1897, pp . 232
234 ) compared Gilbert's section with the rocks lying below the
Niobrara in Kansas and suggested their correlation . Rubey and
Bass ( 1925 ) used the Carlile shale as a mapping term in Russell
County , where they divided the formation into two members , the
Blue Hill shale member above and the Fairport chalky shale mem
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B

PLATE 6. A , “Algal limestone ” (Ogallala formation ) on Carlile shale ; sec .

24 , T. 13 S. , R. 10 W. B , Jetmore chalk member of the Greenhorn limestone
in a road cut in sec . 13, T.10 S. , R. 8 W. C , Gravel underlying Pleistocene
terrace of Elkhorn Creek Valley ; exposure in a pit in the SEX sec. 5 , T. 13 S. ,
R. 7 W. (Photos by John C. Frye .)
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ber below . Bass ( 1926 , p . 28 ) applied the same units to geologic
mapping in Ellis County and named and described the Codell sand

stone zone from exposures in the upper part of the Blue Hill shale
member along Saline River in northern Ellis County .
In Lincoln County only the lower part of the Fairport chalky

shale member of the Carlile shale is present . It resembles the upper
part of the Greenhorn limestone , consisting of alternating beds of

thin concretionary limestone and calcareous shale . The lower 20

feet contains thin bentonite layers . In fresh exposures the shale
beds are bluish gray , but they weather to a yellow clay and contain

many Ostrea shells .

Distribution and thickness .-Although the Carlile shale underlies
much of the upland and divide areas , the shale is rarely found as a

surficial exposure because it is covered generally with a loess mantle .
The only outcrops are along tributaries of major streams . The

Carlile shale ranges in thickness from a featheredge to about 20
feet .

Water supply . - Because the Carlile shale is impervious and is
situated well above the water table it does not yield water to wells
in Lincoln County .

TERTIARY SYSTEM

a

PLIOCENE SERIES

The only rocks in Lincoln County that may be correlated with
deposits of the Tertiary Period are the “ Algal limestone ” deposits

( Pl . 6 A ) , which mark the top of the Ogallala formation .
Ogallala Formation

Character . — The Ogallala formation was named by Darton in
1899 ( pp. 734-735 , 741-742 ) from a locality in southwestern Ne
braska . In 1920 Darton ( p . 6 ) referred to the type locality as near
Ogallala Station in western Nebraska . Elias ( 1931 ) made a de
tailed study of the Ogallala formation in Wallace County and ad
jacent areas ofwestern Kansas and later ( 1937 ) briefly described the
Ogallala in Rawlins and Decatur Counties . In 1942 he described
Tertiary fossil seeds and other plant remains of the central Great
Plains . In Kansas Ogallala is used as a formation comprised of the
Kimball , Ash Hollow , and Valentine members .

The Ogallala formation in Lincoln County is represented only
by “ Algal limestone ” or “ capping ” limestone , which is the uppermost
deposit of the Ogallala formation . It generally consists of pink

white or gray -green limestone containing concentrically banded
structures .
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.

Distribution and thickness . —Exposures of “ Algal limestone ” of
the Ogallala formation ( Pl . 6A ) have been recognized in the area
at 12 locations ( Pl . 1 ) . This limestone is seen in road cuts and as
" float " in plowed fields . Underlying the "Algal limestone ” are
weathered limestone and shale of the Greenhorn limestone or the

Carlile shale . Where found as a bed , the “ Algal limestone ” ranges

in thickness from a featheredge to 2 feet .

Water supply . - As the limestone lies above the water table in

Lincoln County it furnishes no water to wells in this area .

QUATERNARY SYSTEM

PLEISTOCENE SERIES

Throughout Pleistocene time alternating periods of erosion and
deposition took place. In Lincoln County , Pleistocene deposits are
represented by the Meade formation , the Sanborn formation , and
the alluvium . The last was formed by a continuous process of
deposition and redeposition of the silt , sand , and gravel along and

adjacent to the present streams during late Pleistocene time.

Meade Formation

Character . The Meade formation is restricted in distribution to

the southwestern corner of Lincoln County , where it overlies the

Dakota formation unconformably . The Meade formation is com
posed of a basal gravel member and an upper silt member , whicha

are equivalent to the Grand Island and Sappa formations of late

Kansan and Yarmouthian age as classified by the Nebraska Geo
logical Survey . The Grand Island and Sappa are classified as mem
bers by the Kansas Geological Survey . The Pearlette ash bed in
the upper silt member of the Meade formation in Lincoln County

facilitates correlation with deposits of late Kansan and Yarmouthian
age elsewhere in Kansas and in adjacent states . The Pearlette ash
bed and associated fossil zones have been traced from Texas to
Iowa, constituting a marker bed for correlation of the Pleistocene
deposits of the plains region with the glacial section ( Frye , Swine
ford , and Leonard , 1948 ) .

Distribution and thickness . - The Meade formation in Lincoln
County is confined to the southwest corner of the county where the

ancestral Saline River flowed into the Smoky Hill Valley during
Kansan time. In this channel fi

ll , named Wilson Valley ( Frye ,

Leonard , and Hibbard , 1943 , p
p
. 36-37 ) , the deposits range in

thickness from a thin veneer to as much a
s 4
0 feet . In Wilson Valley
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the Meade formation is overlain by the younger Loveland and
Peoria silt members of the Sanborn formation ; thus the unconsoli
dated material ranges in thickness from 30 to 65 feet .

Water supply . — The Meade formation in Wilson Valley may yield

some water to wells . However , the thickness of the Pleistocene silt ,

sand , and gravel does not exceed 65 feet and the depth to the
water table is about 62 feet ; therefore the saturated thickness of the

unconsolidated Pleistocene deposits generally is not more than
3 feet. Many wells in this area penetrate the Dakota formation in
order to obtain an adequate water supply .
Because it generally lies above the water table , the Meade forma
tion in this area yields little water to wells but it serves as a good

catchment area for the underlying Dakota formation .

Sanborn Formation

Character . — In 1931 Elias ( pp . 163-181 ) described unconsolidated
Pleistocene deposits consisting mostly of silt in northwestern Chey

enne County , Kansas , and named these deposits the Sanborn forma
tion from the town of Sanborn , Nebraska , just north of the type

area . In Kansas , four members are recognized in a complete section

of the Sanborn formation —the Crete sand and gravel member at the
base , grading upward into the Loveland silt member, which is over
lain by the Peoria silt member and the Bignell silt member .

In general , the formation consists of three prominent lithologic
types , which indicate three environments of deposition . The first
type consists of stream deposits of sand and gravel representing

the major channel fills of earliest Sanborn time ; the second consists

of eolian silts transported by winds from the flood plains of the
major valleys during periods of alluviation ; and the third consists
of colluvial materials on slopes .

The first lithologic type , which is represented by sand and gravel
deposited in channels of earliest Sanborn ( Illinoian ) time, possibly

is represented in Lincoln County by sand and gravel composed of
fragments of locally derived Cretaceous rocks . Locally the sand
and gravel are cemented with calcium carbonate to form rocks or
lenticular masses that superficially resemble the “mortar beds ” of
the Ogallala formation . These unconsolidated deposits occupy te

r

race positions along Saline River , Rattlesnake Creek , and their tribu
taries . Lower gravel beds on Saline River in Russell County (Rubey

and Bass , 1925 , p . 19 ) are very similar to the deposits described

in Lincoln County in position and cementation ; however , the de
posits in Lincoln County are derived primarily from local material
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- limestone, sandstone, and shale — whereas those of Russell County

consist chiefly of quartz . The deposits in Lincoln County possibly

a
re o
f the same age a
s

those described b
y

Logan ( 1897 , p
p
. 218

219 ) a
s the “Salt Creek gravel beds . ” Owing to the position of these

deposits above ( 5 to 40 feet ) the flood plains o
f

the major streams

and their tributaries and the position they occupy with respect to

th
e

Meade formation in southwestern Lincoln County and north

western Ottawa County , they are believed to be of Crete age . These
deposits range in thickness from a thin veneer to 2

0 feet and are
shown on Plate 1 as the Crete member o

f

the Sanborn formation .

The second lithologic type is represented b
y

eolian silts that range

in age from Illinoian through Recent . In other areas where the
upland loess sequence is well developed , the Loveland silt member

is reddish brown and contains the well -developed Sangamon soil

a
t the top . The Sangamon soil in central Kansas commonly con

tains a prominent zone o
f

caliche accumulation . The Peoria silt

member o
f early Wisconsinan age generally overlies the Loveland si
lt

member and constitutes the bulk of the upland loess mantle in Lin
coln County . Elsewhere the Peoria silt member is terminated up
ward b

y

the Brady soil and is overlain b
y

the Bignell silt member ;
however , the Bignell silt member has not been recognized in Lin
coln County .

Colluvial deposits , which form the third lithologic type , are com
posed o

f
a mixture o
f

unsorted Cretaceous rock fragments and

eolian si
lt
. The rock fragments are generally large and angular

because o
f

the short distance over which they are moved . These
deposits occur at many places along the steep slopes bordering Sa
line Valley .

Distribution and thickness . — The areal distribution o
f

the San
born formation is shown o

n Plate 1
. The members of the formation

a
re not mapped a
s separate units ; the Loveland and Peoria silt

members are mapped a
s one unit and the colluvium , because o
f

it
s relative unimportance a
s
a source o
f ground water , is mapped

with the bedrock that underlies it . The deposits of silt and colluvial
material are distributed over the flat upland area and o

n

the slopes

o
f the hills that grade into the valleys . The silt ranges in thickness

from a thin veneer to 15 feet and is mapped only in areas where
the thickness exceeds 3 feet . The colluvial material that mantles

th
e

long sweeping slopes between the valleys and the uplands gen
erally does not exceed 1

0 feet in thickness . Throughout most o
f

the
area si

lt

and colluvial material overlap .

2–3081
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Water supply .— The Sanborn formation , which is generally above
the water table , is not an aquifer . In areas where the earliest San
born deposits immediately overlie the Dakota formation , conditions

are favorable for ground -water recharge to the Dakota . The wells
for the city of Sylvan Grove are in such a location .

Alluvium

Character .-Deposits of alluvium occur in the major and tribu
tary valleys of this area . The alluvium consists of sand and gravel

with some silt and clay ( Pl . 6C ) . Generally the flood plain contains
less sand and more silt and clay . Deposits of very compact silt and
clay in the alluviated area along the major streams retard recharge

and cause ponds of water to remain on the surface for long periods

after rainfall.

Distribution and thickness . The alluvium in the Saline River
Valley ranges in width from less than 0.5 mile to 2.5 miles and ranges

in thickness from a few feet to 60 feet. Alluvial deposits along Rat
tlesnake Creek and it

s

tributaries range in thickness from 5 to 2
0

feet . The areal distribution is shown o
n

the geologic map ( P
l
. 1 ) .

Water supply . -Most of the domestic and stock water supplies in

the valleys are obtained from alluvium . In areas where alluvium
has a low permeability , supplies of water are obtained from the
underlying Dakota formation . Wells penetrating the alluvium are
reported to yield from 5 to 50 gallons o

f

water a minute , which gen
erally is adequate for domestic and stock use .

GEOMORPHOLOGY

The events that created the present topographic features started

a
t the close o
f

Pliocene deposition and the beginning o
f

Pleistocene

erosion . During early Pleistocene time streams began cutting into
the consolidated Cretaceous materials . No deposits of Nebraskan
age have been recognized in Lincoln County ; events that took place

here during that time are therefore deduced only from deposits

o
f

known Nebraskan age in other areas . By Kansan time the major
streams followed very nearly the same pattern a

s d
o

the present
streams , except for Saline River which flowed through Wilson Val
ley into Smoky Hill River . Deposits of Kansan age fi

ll

the Wilson
Valley channel in the southwest corner of the county .

A period o
f

erosion and downcutting followed the deposition

o
f

the Kansan channel deposits o
f

the Meade formation . During
this erosional period , a stream flowing in the lower Saline Valley
cut down and captured the stream in upper Wilson Valley , causing
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it to flow in approximately the present Saline River Valley . This
downcutting produced channels 30 to 50 feet below the bedrock

surface . As the downcutting diminished during late Illinoian time,

the streams were again depositing over the valley floors of this

area . These deposits may have been a source of some of the ma
terial of Loveland age that occurs on the small upland areas adja

cent to the valley . During the following period ( Sangamonian

time ) there seems to have been a comparatively small amount of

erosion and deposition . Thus ideal conditions for the development
of Sangamon soil were present .
Another erosional cycle which cut channels into the older ma
terial occurred during early Wisconsinan time . In many places

much of the older material has been eroded and , owing to the late

Wisconsinan alluviation , has been replaced by more recent deposits .
During early Wisconsinan time , while the valley floors were being

covered by alluvial material , a loess mantle ( Pl . 7 ) was deposited

over much of the upland area of northwestern and north -central
Kansas . This loess material has been correlated with the Peoria

silt member of the Sanborn formation . The Peorian loess probably
originated from the Platte and Republican River Valleys . (Swine
ford and Frye, 1951 ) .
At the close of Wisconsinan time another period of erosion formed

the gullies , canyons , and erosional features of the present upland

area . Saline River was rejuvenated and it cut the present stream
channel . Alternating short periods of erosion and deposition dur
ing late Pleistocene time have covered the older deposits immedi
ately adjacent to Saline River with an alluvial veneer .

GROUND WATER

SOURCE

The following discussion on the source and occurrence of ground
water has been adapted from Meinzer ( 1923 ), to which the reader
is referred for a more detailed discussion . A summary of ground
water conditions in Kansas has been made by Moore and others

( 1940 ).
Water in the pores or openings of rocks and in the zone of satura
tion is called ground water . The amount of ground water that is
present below the surface in any region and the manner and rate
of it

s

movement to wells o
r springs is controlled largely b
y

the
character o

f

the rocks .

In Lincoln County , as in other parts of the Great Plains , ground
water is derived almost entirely from local precipitation in the form
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PLATE 7. A , Loess -mantled upland divide area in sec . 24 , T. 10 S. , R.
10 W. Loess is about 8 feet thick and overlies Cretaceous Greenhorn limestone .
B , Loess and colluvium on Greenhorn limestone exposed in road cut in graded
pediment surface south of Sylvan Grove . C , Thin loess mantle over Carlile
shale capping upland divide area ; exposed in a road cut in the SW % sec . 18,
T. 10 S., R. 7W. (Photos by John C. Frye .)
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of rain or snow . Part of the water that falls as rain or snow is

carried away by surface runoff and is lost to streams ; part of it may
evaporate or be absorbed by vegetation and transpired into the
atmosphere . The water that escapes surface runoff , evaporation ,
and transpiration percolates downward through the soil and under
lying strata until it reaches the water table , where it joins the body

of ground water in the zone of saturation .

Ground water moves slowly through the rocks in directions de
termined by the shape and slope of the water table ( Pl . 2 ) , which
is controlled by the permeability and thickness of the water -bearing

materials , the topography , local variations in the quantity of re
charge and discharge , and the stratigraphy and structure of the
geologic formations . The ground water is eventually discharged
through springs or wells , through seeps into streams, or by evapo
ration and transpiration .

OCCURRENCE

Most rocks that underlie the surface of the earth at depths shal

low enough to be penetrated by drilling contain voids or interstices .
These range in size from microscopic openings to the large caverns
developed in limestones . The percentage of the volume of the open
spaces or voids to the total volume of the rock is the porosity . It
is desirable when considering problems of ground -water supply

to know the porosity of the water -bearing materials , but the perme
ability of the materials controls the amount of ground water that
can move through them . The permeability of a rock is it

s capacity

fo
r

transmitting water under pressure and is determined b
y

the

size , shape , and arrangement of the openings . For example , a bed

o
f

fine silt or clay may have a relatively high porosity , but because

o
f

the size o
f

the particles each opening is very small . A
s

the force
known a

s molecular attraction holds a thin layer o
f

water o
n

the

surface o
f

each grain , these layers o
f

water that are not free to

move may fi
ll

o
r

almost fi
ll

the openings in such a fine -textured
sediment ; thus the permeability , or water -yielding capacity of the
rock , is very low even though it

s porosity , o
r

water -holding capacity ,

is quite high . Likewise , larger openings that are not connected

o
r

are poorly connected may produce a high porosity and a low
permeability . Water moves most freely through a rock that has
relatively large and well -connected openings . Several common
types o

f openings o
r

interstices and the relation o
f

rock texture to

porosity are shown in Figure 5 .
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A с E

B D F
Fig . 5.—Diagram showing several types of rock interstices and the relation
of rock texture to porosity . A , Well -sorted sedimentary deposits having a high
porosity ; B , poorly sorted sedimentary deposits having low porosity; C , well
sorted sedimentary deposits consisting of pebbles that are themslves porous
so that the deposit as a whole has avery high porosity ; D ,well-sorted sedi
mentary deposits whose porosity has been diminished by the deposition of
mineral matter in the interstices ; E , rock rendered porous by solution ; F , rock
rendered porous by fracturing . (From Meinzer , 1923 , fi

g
. 1. )

ARTESIAN CONDITIONS

Ground water may b
e

said to have normal pressure , subnormal
pressure , o

r

artesian pressure . The static level o
f ground water

under normal pressure coincides with the water table or the upper

surface o
f

the zone o
f

saturation . Under subnormal pressure the
static level is below the water table and under artesian pressure ,
above it . A well that flows at the land surface is known a

s
a flowing

artesian well .

Artesian o
r

confined water exists where a water -bearing bed is

overlain b
y

a
n impermeable o
r nearly impermeable bed that dips

from it
s recharge area toward the discharge area . Water enters

the water -bearing bed a
t the outcrop and percolates slowly down

dip to be held b
y

the overlying confining bed . Down dip from the
outcrop area , the water exerts pressure against the confining bed .

In a well penetrating the water -bearing formation the water level
rises above the top o

f

the formation . This water level is called

the piezometric surface . If the altitude of the land surface a
t the

well is lower than the altitude of the outcrop or recharge area of the
aquifer , the water may rise high enough to flow a

t the surface .

In Lincoln County some wells that tap the Dakota formation are
artesian ; a few o

f

these are flowing wells . The known flowing wells
are in the southern and southeastern parts o

f

the county . In 1948

a well 96 feet deep in the NWX SEX sec . 28 , T. 12 S. , R
.
7 W. flowed
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with sufficient artesian pressure to cause the water to rise 9 feet
above the land surface .

THE WATER TABLE AND MOVEMENT OF GROUND WATER

SHAPE AND SLOPE

The water table is defined as the upper surface of the zone of

saturation except where that surface is formed by an impermeable
body ( Meinzer , 1923a , p. 32 ). The water table is also the boundary

between the zone of saturation and the zone of aeration . It is not
a level surface but is a generally sloping surface having many ir
regularities . These irregularities are caused by several factors .
In places where the amount of recharge is exceptionally high , the

water table may build up and form a mound or low ridge from
which the water slowly spreads out . In material of low perme
ability these mounds or ridges may be pronounced , but in very

permeable material they generally are small . Depressions in the
water table may indicate places where ground water is discharging ,
usually occurring along streams that are below the normal level of

th
e

water table o
r

in places where water is withdrawn b
y

wells o
r

plants .

The shape and slope o
f

th
e

water table in the Saline River Valley
are shown on the map ( P

l
. 2 ) b
y

means o
f

contour lines , just as the
configuration o

f

the land surface is shown o
n
a topographic map .

Each point on the water table along a given contour line has the
same altitude . The direction o

f ground -water movement is a
t

right angles to these contour lines — in the down -slope direction .

Plate 2 also shows the location o
f

wells in which the depth to

water was measured , the location o
f

test holes drilled , and the a
l

titude o
f

the water surface at points along the channels o
f

the main

streams . These data were utilized in the preparation o
f

the water
table contour map .

The contour map indicates that the water table slopes toward
Saline River from both sides and that ground water is discharging

into the river . Near the middle o
f

the valley the contours trend

almost a
t right angles to the axis of the valley , and the spacing o
f

the

contours indicates a
n average downstream hydraulic gradient o
f

about 2 feet to the mile .

RELATION TO TOPOGRAPHY

The depths to water level in Lincoln County are given o
n

Plate

2
. In wells that obtain water from the terrace deposits or alluvial

deposits the depth to water is generally less than 3
0 feet ; where it
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is more than 40 feet the water is obtained from the Dakota forma

tion . Artesian pressures in the Dakota formation may cause water
to rise relatively high with respect to the depth at which it was first
found . The maximum depth to water in wells measured in this
area was 249 feet. In general the shape of the water table in the

areas of alluvium and terrace deposits conforms to the topography ;

where the Dakota is the principal aquifer , the depth to water is
affected little by the topography .

FLUCTUATIONS OF THE WATER TABLE

The water table does not remain in a stationary position but
fluctuates much like the water level in a surface reservoir . If the
inflow to the underground reservoir exceeds the draft , the water

table rises . Conversely , if the draft exceeds the inflow , the water

table declines . Thus, the rate and magnitude of fluctuation of the
water table depend upon the rate and magnitude at which the
underground reservoir is replenished or depleted .
The amount of precipitation that percolates through the soil to
the water table , the amount of seepage that reaches the under
ground reservoir from surface streams whose channels are above

the water table , and the amount of underflow from adjacent areas

cause the rise of the water table in this area . These factors depend

largely upon precipitation , either in this area or immediately ad
jacent to it .

The amount of water pumped from wells , the amount of water
absorbed directly from the water table by plants ( transpiration ),
the amount of water lost from the ground -water reservoir by evap

oration , the amount of ground water entering surface streams by

channel -bank seepage , and the amount of water passing beneath the

surface into adjacent areas, as well as deficient precipitation , result
in a decline of the water table .

Fluctuations of the water table caused by recharge and discharge

are reflected by the rise and fall of water levels in wells . A group
of wells was selected for observation of the character and magnitude

of water - level fluctuations in this area , and periodic measurement
of the water levels in them was begun in 1947. Records of these

water levels are published annually by the Federal Geological Sur
vey ( Sayre and others ).
The fluctuations of water level in three observation wells in Lin
coln County and the monthly precipitation near Lincoln for the
period 1946 through 1950 are shown graphically in Figure 6. The
period of measurement of these wells is as yet too short to permit
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definite correlation between precipitation and recharge . Neverthe
less , a general correlation between rising water levels and high

precipitation is indicated .

RECHARGE

Recharge is the addition of water to the underground reservoir .
Ground water within a practicable drilling depth in Lincoln County

is derived from precipitation that falls as snow or rain either in the

area or in near -by areas to the west and northwest .
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Fig . 6 .-— Hydrographs of three observation wells and monthly precipitation

( 1946-1950 ) near Lincoln .
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Recharge from local precipitation . The normal annual precipi
tation in this area is about 24 inches , but only a small fraction of
this amount enters the zone of saturation as recharge to the ground

water reservoir . The depth to the water table and the type of ma
terial above the water table greatly influence the amount and fre
quency of recharge . The flat terraces and flood plains of Saline
River and Salt Creek and their major tributaries , where the water
table lies near the land surface and is overlain by unconsolidated
deposits of sand and sandy silt , represent areas of high recharge .
Maturely dissected divide areas characterized by channels and
steep slopes , where the water table lies at a considerable depth

below the land surface and is overlain by the impervious Carlile
shale , Greenhorn limestone , or Graneros shale , represent areas of
low recharge . Recharge into outcropping Cretaceous rocks varies
widely , as the formations range from chalky shale and black fissile
shale to sandstone . Recharge may be somewhat more in areas
where faulting has occurred , where interstices have formed from
the weathering of the shale and limestone , or where solution has
opened small channelways in the limestone .

Recharge from streams and ponds . —The stream surface of Saline
River is below the water table and receives water from the ground

water reservoir . Therefore , the river is not a source of recharge to
the ground -water body . The upper courses of the tributary streams ,
however , are above the water table , and during and after rains

when these valleys are carrying surface flow some water probably
seeps into the alluvial deposits and percolates downward to re
charge the ground -water reservoir .

A large number of surface ponds have been constructed in Lin
coln County . Where these ponds are above the water table and
are underlain by permeable material they constitute a source of
recharge to the ground -water body . Where the ponds are well
sealed to prevent downward leakage , recharge to the ground -water
reservoir is negligible .

Recharge from subsurface inflow . —As indicated by the slope of
the water table ( Pl . 2 ) , the movement of ground water under the
valley area is in an easterly to southeasterly direction . Hence , a
small amount of water from precipitation in central and eastern

Russell County moves into western Lincoln County and contributes
to the available supply of ground water .

Much of the recharge to the water -bearing zones in the Cretaceous
rocks may be derived from areas outside Lincoln County . The
Cretaceous rocks in Lincoln County generally dip eastward to
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ward the outcrop areas . The wells that penetrate Cretaceous
rocks toward the outcrop area tap artesian water , so that the piezo
metric surface at some places is as much as 75 feet above the level

at which the water was found . These conditions indicate that

th
e

source o
f

the water in these beds is west o
f

the area under dis
cussion .

DISCHARGE

Ground -water discharge is the release o
f

water directly from the

zone o
f

saturation o
r

from the capillary fringe ; it may take place
through evaporation and transpiration o

r through springs , seeps ,

wells , o
r

infiltration galleries .

Natural discharge . Before artificial discharge was introduced in

Lincoln County the ground -water reservoir in that area was in a

state o
f approximate equilibrium — that is , the average annual re

charge was approximately balanced b
y

the average annual dis
charge , and the water table was moderately stable except fo

r

sea
sonal fluctuations . Water was added to the ground -water reservoir

b
y

movement from the west and northwest , by recharge from pre

cipitation , and b
y

seepage from streams . Ground water was dis
charged from the area principally b

y

movement to the east and
southeast and b

y

discharge into Saline River . The discharge into
the river is illustrated b

y

the water -table contour map ( P
l
. 2 ) .

Other methods o
f ground -water discharge in this area are transpi

ration and evaporation . Water may b
e

taken into the roots o
f

plants directly from the zone of saturation o
r

from the capillary
fringe , and b

e discharged from the plants b
y

transpiration . The
depth from which plants will lift ground water in an area of given
climate varies with different plant species and different types of

soil . The lift b
y

ordinary grasses and field crops is not more than

a few feet ; however , alfalfa and certain types o
f

desert plants have
been known to send their roots to depths o

f

6
0 feet to reach the water

table (Meinzer , 1923 , p . 83 ) .

Transpiration in Lincoln County probably is slight owing to the
small percentage o

f

the total land area in the valleys . However ,

transpiration in the Saline River and Rattlesnake Creek Valleys is

considerable , because o
f

the shallow water table and the growth

o
f crops such a
s

alfalfa .

The amount o
f ground water discharged b
y

direct evaporation is

very small ; however , in an area of a few square miles west of the city

o
f Lincoln the water table is shallow enough for some evaporation

to take place . Other places where the water table is sufficiently
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shallow for direct evaporation are along the banks of the streams
and in parts of the stream beds .

Discharge from wells. —Much of the discharge from the ground

water reservoir is from wells . All city supplies ( quantities are
shown in the section on utilization ) and most of the domestic and

stock supplies in the rural areas are obtained from wells . The total
quantity of water pumped annually from wells is not known .

RECOVERY

PRINCIPLES OF RECOVERY

When water is standing in a well , the head or pressure of the water
inside the well and the head of the water outside the well are in
equilibrium . Whenever the head inside a well is reduced , a dif
ferential head is established and water moves into the well. The
head of the water inside a well may be reduced in two ways : ( 1 )
by lowering the water level by a pump or some other lifting device ,

and ( 2 ) by reducing the head at the source of a well that discharges
by artesian pressure . Whenever water is removed from a well there

is a resulting drawdown or lowering of the water level or , in a
flowing artesian well , an equivalent reduction in artesian head .
When water is being discharged from a well , the water table is
lowered in an area around the well to form a depression resembling

an inverted cone . This depression of the water table is known as
the cone of depression , and the distance that the water level is
lowered is called the drawdown . In any well , within certain limits ,

the greater the rate of pumping the greater will be the drawdown .
The capacity of a well is the rate at which it will yield water after
the water stored in the well has been removed . The capacity de
pends upon the thickness and permeability of the water-bearing
bed and the construction and condition of the well . The capacity

of a well generally is expressed in gallons a minute .
The specific capacity of a well is it

s

rate o
f yield per unit o
f

drawdown and it is determined by dividing the tested capacity in

gallons a minute b
y

the drawdown in feet . If a well yields 1,000
gallons a minute , for example , and has a drawdown o

f

1
0 feet when

pumped a
t that rate , then the specific capacity o
f

the well would

b
e 1,000 divided b
y

1
0 , o
r

100 gallons a minute per foot o
f

draw

down , o
r simply 100 .

When water is withdrawn from a well , the water level drops
rapidly at first and then more slowly until it finally becomes nearly
stationary . When the withdrawal of water from a well ceases , the
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water level rises rapidly at first and then more slowly until eventu
ally it reaches approximately it

s original position .

METHODS OF RECOVERY

Ground water is recovered b
y

wells penetrating the zone o
f

saturation o
r b
y

springs developed a
t the outcrop o
f

a
n aquifer .

Wells in the county are bored , dug , or drilled . Generally the dug

and bored wells are in the valleys where the water table is shallow ,

and the drilled wells are in areas where consolidated material is

penetrated before the aquifer is reached .

A few springs have been developed in the Cretaceous outcrop

area in the county . Those visited , with the exception of one artesian
spring in the extreme southeastern part o

f
the area , are gravity

springs . They are of two types : ( 1 ) contact springs , and ( 2 ) seep
age springs . The contact springs issue at the contact o

f

the sand

stone and clay in the Dakota formation o
r

a
t the contact o
f

the

Greenhorn limestone and Graneros shale , where permeable beds

overlie the relatively impermeable clay o
r

shale . Seepage springs

issue from the porous sandstone of the Dakota formation and along
slopes o

r

streams where the Pleistocene sand and gravel is satu
rated .

Several methods o
f spring development are used to increase the

available supply o
f

water . The method most used in the county

is that o
f constructing dams in the drainageways below the point

o
f issue o
f

the spring o
r seep . Several water supplies for stock

have been developed in this way in the Dakota outcrop area in the

southeastern part o
f

the county . Although some o
f

the springs are

wet -weather springs , they serve a
s
a supplemental supply .

A common method of utilizing springs fo
r

domestic and stock
supplies consists o

f concentrating the flow a
t the point o
f

issue . This

is done by cleaning out a small gathering pit , with walls for d
i

verting the flow into a single channel , or b
y

driving o
r boring a hole

o
r series o
f

lateral holes into the aquifer , and b
y

collecting the flow

into a single outlet . The permanence of springs depends upon the
capacity o

f

their reservoirs to store and transmit water . The flow

o
f most o
f

the springs in the area fluctuates with local precipitation .

UTILIZATION

During this investigation , data on 175 wells in Lincoln County

were obtained . A
ll

types o
f

wells in a
ll parts o
f

the area were
visited . Most of them were domestic o

r

stock wells ; five were
municipal wells . A

t

the time o
f

the investigation n
o ground water

was being used for irrigation .
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DOMESTIC AND STOCK SUPPLIES

Domestic wells supply homes with water for drinking, cooking ,

and washing , and supply schools not served by municipal wells.

Stock wells supply water for livestock , principally cattle . Most
water for domestic use is obtained from wells , but in some of the

areas of outcrop of Greenhorn limestone and Graneros shale a few
cisterns are used . Most of the stock water is obtained from wells ,

but in recent years there has been an increased construction of dams

on dry watercourses in areas where supplies of ground water are

difficult to obtain . Although the water from wells penetrating the
Dakota formation may have a high chloride content , it generally is
satisfactory for stock use .

PUBLIC SUPPLIES

Lincoln , Sylvan Grove , and Barnard are the only cities in Lincoln
County that have public water supplies , and they are supplied from
wells . Brief descriptions of the water -supply systems of these cities
follow , and details of well construction are listed in Table 14 .

Lincoln.- The City of Lincoln is supplied from two dug wells
penetrating the Dakota formation . These wells are 80 feet deep

and are walled with native stone . They are equipped with turbine
pumps powered by 15- and 20 -horsepower electric motors . The
depth to water in each well is reported to be 30 feet .
In 1949 the City of Lincoln consumed an average of about 9 mil
lion gallons of water a month and had a storage capacity of 950,000
gallons . The storage space is divided into three units : an elevated
tank having a capacity of 750,000 gallons , and two underground

reservoirs each having a capacity of 100,000 gallons .

Sylvan Grove . — The water supply for Sylvan Grove is obtained
from two drilled wells penetrating a sandstone of the Dakota forma
tion . The wells are on a terrace on the north side of Saline River
at the west side of the city . They are 69 and 70 feet deep respec
tively , and have a static water level of about 45 feet . Both wells
are cased with iron and are equipped with turbine pumps powered
by 40 -horsepower electric motors . The wells are reported to have
a drawdown of 8.5 feet after being pumped at the rate of 350 gal
lons a minute for 4 hours .

The City of Sylvan Grove consumes about 3.5 million gallons
of water a month and has a storage capacity of 82,000 gallons . The
storage space is divided into two units : an elevated tank , which
has a capacity of 50,000 gallons , and an underground reservoir .
which has a capacity of 32,000 gallons .
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Barnard .—The City of Barnard is supplied with water from a dug
well 60 feet deep and 8 feet in diameter . The depth to water was
about 9.5 feet in September 1949. Although the well is located on

a terrace along Salt Creek , the depth of the well and the character

of the water indicate that the aquifer is a sandstone of the Dakota

formation . A 5 -horsepower electric motor operates the turbine
pump on the well .

The city is reported to consume about 300,000 gallons of water
a month . Water is stored in an elevated concrete tank having a
capacity of 80,000 gallons .

CHEMICAL QUALITY OF GROUND WATER
By Walton H. Durum

GENERAL CONDITIONS

All ground water contains mineral substances in solution . The
major constituents in the ground water in Lincoln County include
the cations calcium , magnesium , sodium , and potassium , and the
anions bicarbonate , sulfate , chloride , and nitrate . Lesser amounts
of fluoride , boron , iron , and silica also are present. The quantities

of the various constituents , together with other related physical

measurements , are presented in Table 3. For those samples that
were analyzed by the U. S. Geological Survey , pH and specific con
ductance ( the reciprocal of the electrical resistivity of the water , a
function of ion concentration and mobility ) were determined also .
Calcium is the predominant basic ion in most water in the area

of shallow wells and , in deeper wells , in water that is in contact

with deposits of gypsum , selenite , or limestone . Calcium and
magnesium impart hardness to water and are responsible for in
creased use of soap and for the undesirable curd formed in washing

processes . Water that contains less than 50 or 60 parts per million
hardness ( as CaCO , ) is considered to be soft, whereas hardness in

excess of 60 parts per million becomes increasingly noticeable to the

consumer . In the samples of water from Lincoln County , the con
tents of calcium and magnesium ranged from 4.0 to 416 parts per

million and from 3.2 to 19 parts per million , respectively .
Sodium and potassium , which are common to a

ll

natural water ,

are o
f particular importance in evaluating water for irrigation . A

high percentage o
f

sodium in water for irrigation is undesirable

because it may alter the soil structure to such a
n

extent a
s to in

hibit downward movement of the water . There is a wide range in

the content o
f

sodium and potassium in water in the county . The
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range in sodium is from 11 parts per million in a dilute water of the
Pleistocene silts and sands to 1,060 parts per million in a highly
concentrated water in the Dakota formation . The percentages of
sodium range from 7 to 98 .

Bicarbonate is the principal anion in water in Lincoln County
that has a dissolved solids concentration lower than 1,000 parts per

million . The bicarbonate content in samples that were analyzed for
this report ranged from 157 to 726 parts per million .

The strong acid constituents — sulfate , chloride , and nitrate — in
combination with calcium and magnesium cause permanent hard
ness in water , and chloride and nitrate are also effective corrosive
agents in cased wells . High concentrations of sulfate are common
in the various stratigraphic units in the area , the range being from
16 to 744 parts per million . Water of high chloride content is
obtained from the Dakota formation or from the alluvium and San

born formation , whose water is affected by water from the Dakota
formation or by surface contamination . Nitrate in concentrations
that exceed 45 parts per million is undesirable because of the pos

sible toxic effect on the blood circulatory system of infants . Much
of the water sampled , particularly from shallow wells , was high in
nitrate ( as NO , ) , which ranged from 0.4 to 553 parts per million .
Fluoride in small quantities is desirable for the normal develop
ment of teeth , but quantities that exceed 1.5 parts per million may
cause the pitting and discoloration of teeth of small children . Re
cently, there has been a trend toward fluoridation of municipal sup
plies in some areas of the United States where the fluoride content
of the water is very low . The fluoride content of water samples
collected in Lincoln County ranged from 0.1 to 2.8 parts per million ,
and one sample from the alluvium had no fluoride . Most of the
high - fluoride water was associated with the Dakota formation .
Boron concentrations exceeding 1.0 part per million in water for
irrigation may prove harmful to boron -sensitive crops . The amount
of boron in 15 samples from Lincoln County that were examined was

lo
w , ranging from 0.08 to 0.70 part per million . One sample had

n
o boron .

Iron and manganese in quantities that exceed 0.3 part per million

a
re undesirable , as they stain fabrics and plumbing fixtures and

produce a
n unpleasant coloration in the water . Water in the ground

may contain much iron , but upon exposure to air the iron precipi

tates , only a few tenths of a part of iron remaining in solution . The
iron content in untreated water in Lincoln County is a problem
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to users of domestic supplies ; in 26 of 28 samples analyzed it ex
ceeded 0.3 part per million , ranging from 0.28 to 12 parts per million .

Water examined in this study was essentially from three geologic

sources : from alluvium ( 5 wells , 18.9 to 61.0 feet deep ) ; Sanborn

formation ( 4 wells , 20.5 to 80.0 feet deep ) ; and Dakota formation

( 16 wells , 16.0 to 260 feet deep ) . The water from three wells

could not be correlated with any of the water -bearing formations .
A summary of the range in mineral constituents is given in Table 4 .

QUALITY OF WATER

Alluvium

Of the five water samples that were obtained from wells in the
alluvium , three have dissolved solids concentrations of less than

600 parts per million . These are essentially bicarbonate waters of
either calcium or sodium , and they are hard . The other two waters
are high in dissolved solids ( 1,360 and 2,940 parts per million )
which consist of approximately equal quantities of calcium , sodium ,
bicarbonate , and sulfate . The water from well 12-8-6aa also con

tained 1,060 parts per million chloride , which indicates that saline

water from the Dakota formation locally may be draining into the

alluvium . High concentrations of nitrate are common to water from

Table 4.—Maximum and minimum content ,in parts per million , of mineral
constituents in ground water from the alluvium , Sanborn formation , and
Dakota formation

CONSTITUENT Maximum Minimum

4.0
3.2
11
157
16

Calcium ..
Magnesium
Sodium and potassium .
Bicarbonate .
Sulfate ..
Chloride * .
Fluoride .
Nitrate ( as NO3) *
Dissolved solids .
Total hardness .
Percent sodium .

446
49
1,060
726
744
1,410
2.8
553
3,080
1,300

8.0
0
0.4
271
23
798

• Includes those samples for which only chloride and nitrate were determined.

wells in the alluvium ; this problem is discussed later in this report .
A summary of mineral constituents of water from the alluvium in
Lincoln County is given in Table 5 .
As compared with water in the Dakota formation ( Tables 3 and
7 ) , that in the alluvium has a greater range in quantities of calcium
and nitrate and is harder . This relationship is seen in Figure 7 in
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EXPLANATION
10-8-170C

52
12-8-600

48

Sodium + Potassium

Magnesium

W2 Calcium
Nitrate

Chloride + Fluoride

Sulfate
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40
Bicarbonate
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12-6-25 bb

24

2
0

16

12

8 12-10-8bb

11-8-35 do 12-7-9 od

Alluvium Sanborn formation Dakota formation

F : c . 7
. —Chemical analyses of dilute and concentrated water in the three

principal water -bearing formations in Lincoln County .

which the analyses o
f

water from wells 12-8-6aa and 10-8-17cc are

shown diagrammatically . The total concentration , as equivalents
per million , is similar in water from both aquifers . The ground

water from the alluvium contains approximately 4 ” times as much

calcium and magnesium , together . It is particularly significant
that in a

ll

determinations made for chloride and nitrate , little dif
ference is noted in the average quantity o

f

chloride in the the two
stratigraphic units . The average chloride content of 16 samples

from the alluvium was 129 parts per million , whereas the average

was 125 parts per million for 8
0 samples from the Dakota formation .
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Water from Undifferentiated Sources

One sample was obtained from a well that taps both the alluvium

and the Sanborn formation . Because there is a wide range in the
mineral content of the water from both geologic sources , it is diffi
cult to predict the extent of influence of each of the water -bearing

sources . Presumably , the water in the Sanborn formation would ,

on the average , be somewhat lower in mineral content than the

water obtained from the alluvium .

The water from well 11-8-31ad , 34.6 feet deep , has a dissolved
solids content of 935 parts per million , largely calcium bicarbonate .
The water is extremely hard ; the hardness as calcium carbonate

is 554 parts per million . The possibility of pollution is indicated
by a nitrate ( as NO ) content of 235 parts per million . This is
further substantiated by a chloride content of 85 parts per million ,

which is somewhat higher than the chloride content of wells in

those unconsolidated deposits that yield water of low nitrate content .

Table 5. —Maximum and minimum content , in parts per million , of mineral
constituents in ground water from the alluvium

CONSTITUENT Maximum Minimum Average

446
46

Calcium .
Magnesium .
Sodium and potassium .
Bicarbonate ..
Sulfate .
Chloride *
Fluoride .
Nitrate (as N03 ) *
Dissolved solids .
Total hardness .
Percent sodium .

41
8.3
45
283
47
14
0
0.4
409
136
18

570
521
522
1,060
0.3
553
2,940
1,300
58

129

72

• Includes those samples for which only chloride and nitrate were determined.

One well , 12-10-14bc, 44.9 feet deep , is believed to be drawing

water from both the alluvium and the Dakota formation ; however ,

the character of the water is more typical of that associated with
the unconsolidated materials in the area . The water contains 416
parts per million dissolved solids and is a calcium bicarbonate type .

Accordingly , this supply also is hard .

Well 12-6-1lac , 37.0 feet deep , drawing water from the Sanborn
and Dakota formations , undifferentiated , yields water containing

2,050 parts per million of dissolved solids and relatively equal
i

1
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amounts of bicarbonate , sulfate , chloride , and nitrate . The hard

ness is 708 parts per million . The analysis is characteristic of

water that has been altered by drainage from the Dakota forma
tion .

Sanborn Formation

Unless it is affected by surface flows from other formations , it is
likely that water from the terrace deposits is probably more dilute
than other ground water in the area .

Three of four samples from wells in the Sanborn formation are

dilute as compared with water from the alluvium . They are pre

dominantly of the calcium bicarbonate type and have 271, 395 , 810 ,

a
n
d

1,600 parts per million dissolved solids . The water from well
12-6-25bb , 20.5 feet deep , has the highest sulfate content o

f

a
ll

water samples analyzed . It is likely that the water has encountered
some gypsum o

r

selenite rocks . All the water is hard , the range

in hardness ( as calcium carbonate ) being from 151 to 724 parts

p
e
r

million . Conversely , the percentages of sodium are generally
lower than those o

f

water in other formations in the area .

Dakota Formation

Sixteen samples were obtained from wells that penetrate the

Dakota formation a
t depths that range from 16.0 to 260 feet . The

range in chemical substances in the water is given in Table 6 .

TABLE 6
.
— Maximum and minimum content , in parts per million , of mineral

constituents in ground water from the Dakota formation

CONSTITUENT Maximum Minimum Average

Calcium .

Magnesium

Sodium and potassium .

Bicarbonate ..

Sulíate .

Chloride
Fluoride .

Vitrate ( a
s

VO3 )

Dissolved solids .

Total hardness .

Percent sodium .

200
49
1,060
726
465
1,410
2.8
469
3,080
700
98

4.0
3.2
28
159
50

8.0
0.1
0.9
291
23
12

125

49

Includes those samples fo
r

which only chloride and nitrate were determined .

B
y comparison with water in the Pleistocene deposits , those

samples obtained from the Dakota formation are generally lower

in calcium and accordingly are softer , whereas the content of sodium
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and chloride is higher . The fluoride ion , which ranges from 0.1
to 2

.8 parts per million , is generally more prominent in water from
the Dakota formation and a

s
a rule the concentration o
f

nitrate is

lower .

Water samples from the Dakota formation indicate a slight in

crease in fluoride with depth of well ( Fig . 8 ) . Otherwise , no par
ticular relationship exists between the quantity o

f

mineral constitu

50

100

••

D
e
p
th

of

w
e
ll

,in fe
e
t

150

200

250

300
0.5 2.5 3.010 1.5 2.0

Fluoride , in parts per million

Fig . 8
.
- Fluoride concentration with relation to depth in the Dakota formation .

ents and depth o
f

well in the Dakota formation . For the most part ,

shallow and deep wells that enter this formation yield water in

which the dissolved solids range from about 400 to 1,200 parts per
million . High chloride and hardness may be as prominent at depths

o
f

200 feet as they are at shallow depths ; evidence is lacking a
s to

what changes might take place at greater depths in the formation .
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1

CHLORIDE -NITRATE RELATIONS

In addition to 28 complete analyses, a total of 88 partial analyses

fo
r

chloride and nitrate content were made . The results are given

in Table 7 .

In correlating the concentration o
f

nitrate with depth of the well ,

it was observed that the high -nitrate water was generally a
t depths

less than 5
0 feet . O
f

3
6 samples from wells in the Pleistocene de

posits , 1
1
( about 31 percent ) o
f

the samples exceeded 4
5 parts per

million nitrate ( as NO3 ) . Five samples had a nitrate content that
exceeded 9

0 parts per million ( Table 8 ) .

O
f

8
0 analyses o
f

water samples from the underlying Dakota
formation ( Table 9 ) , 2

0

( about 2
5 percent ) contained nitrate

( a
s NO , ) in excess of 45 parts per million and 12 ( about 15 percent )

contained more than 9
0 parts per million . Most o
f

these were col
lected from depths o

f

less than 5
0 feet , which indicates a possible

relationship to surface drainage ( Fig . 9 ) .
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Table 7. —Chloride and nitrate in waters from wells in Lincoln County
( Analyses by Kansas State Board of Health )

Chloride
Nitrate
(as NO3 )

WELL LOCATION Source *

Depth
of well ,
feet

Parts per million

P 2.4
18

10-6 - aa .
3lad

10-7-4dd .
26bd .

10-8-4bb .

26.0
47.0
28.7
89.0
151.0

47
31
95
127
56

21
66
1.1

11ba ...
13dd ..

10-9-4dc .
1lcd .
24dc ..

D
D
P
D
D

62.4
200.0
30.7
180.0
195.0

1,410
110
302
660
176

7.1
221
66
1.5
1.8

28ad ...
28cc .
34aa .
36dd .

10-10-2ad .

290.0
155.0
155.0
80.0
29.0

25
17
15
12
298

1.5
0.9
1.9
1.5
553P

130
79

9bc ...
28ad
29bc .
36cc .

11-6-12da .

P
P
D
P
D

22.0
22.3
202.0
31.5
16.6

470
15
18

62
97
301
2.0
12

P15cc .
18bc .
26bd .
28cc .
30cc .

95.2
252.0
123.0
258.0
99.0

31
25
19
11
12

19
0.9
2.2
1.0
49

32cc ...
36ca .

11-7-6bb .
9aa .
11bd . Do

77.8
21.3
260.0
99.8
136.6

21
73
41
130
268

80
469
19
266
150

18db ...
28bb .
30aa .
31ca .
34cc .

D
D
P
D
D

159.0
88.7
69.0
100.2
63.0

26
25
38
45

35

3.4
71
4.9
8.8
1.7

11-8-8dc ...
26aa ..

11-9-4dc .
16db .
25ad
29cc .

142.0
58.2
48.0
138.0
28.5
65.0

80
24
68
955
22
29

80
49
217
8.8
1.9
38D

D11-10-4da ...
21dc .
23aa .
30dd ..

103.0
179.0
189.0
73.0

24

116
79
33

1.5
1.3
106
3.1
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TABLE 7. —Chloride and nitrate in waters from wells in Lincoln County ,
Concluded

Chloride Nitrate
(as NO3 )

WELL LOCATION Source *
Depth
of well ,
feet

Parts per million

12-6-16dd .
31bb .
35ba .
36cc .

P
D
D

28.0
68.5
72.5
50.0

305
12

156
32

0.9
2.2
1.3
3.4

P12-7-8dd .
19dd .
22bb .
28db .

25.4
16.0
67.0
96.0

20
29
19
310

88
80
1.3
0.4

P
P

30
28

12-8-15bb .
21dd .
29bb .
32aa .
34ab
36aa ..

32.9
57.8
46.0
24.8
30.0
87.5

127
20
18
35
83
60

8.4
71
137
5.3

12-9-3aa .
sad .
22bb .
24cd
29dc .

Jo
o
o
o
o
o
o
o
o
o
o
o
o
o

100.0
47.0
18.0
64.0
48.0

27
17
28
34
70

2.4
2.2
5.8
22
124

12-10-26be ..

13-6-7ab ..

10bb ..

26ba .

29ca .

80.0
96.6
92.0
36.0
100.5

30
45
223
91
17

2.3
1.0
1.5
1.3
1.3

13-7-7bb
15dc .

17aa .

26ac .

28ba .

45.0
71.5
69.0
36.0
60.8

17
21
334
15
12

1.1
5.8
168
1.3
1.5

18 3.2
3.4

13-8-3dc .

13cc .

16bb .

20cb .

33ad

A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A

58.0
28.0
44.5
66.0
10.7

44
22
21
40

1
1

22

13-9-2da ..

Aad .

20aa .

22dc .

33bc .

35ad

88.0
140.0
19.0
303.0
260.0
295.0

1
4

54
15
22

1.3
1.3
3.5
4.9
4.4
0.9

13-10-2bb . P

5ac . D

20dd

• P
.

Pleistocene deposits ; D , Dakota formation .

26.3
80.0
72.0

70
30
11

14
24
23
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TABLE 8.—Number of samples from wells in Pleistocene deposits in Lincoln
County as classified by nitrate concentrations

Number samples containing

TotalDepth of well ,
feet 0-45 ppm 46-90 ppm 91-180 ppm 181 +ppm

nitrate nitrate nitrate nitrate

6 1 40-50 ..
51-100 .

17
8

28
8

Totals .. 25 6 1 4 36

TABLE 9.—Number of samples from wells in the Dakota formation in Lincoln
County , as classified by nitrate concentrations

Number samples containing

Depth of well ,
feet

Total
0-45 ppm 46-90 ppm 91-180 ppm 181 +ppm
nitrate nitrate nitrate nitrate

1
6
1

4
1

0-50 ..
51-100 .
101-150 .
151-200 ,

201-250 .
251-300 .
300+ .

10
22
7
12
1
7
1

2
1
1
1 1

1

17
30
9
14
2
7
1

Totals .. 60 8 5 7 80

With relation to the chloride content of the water in the Pleisto
cene deposits , 23 of the 36 samples ( approximately 64 percent )

contained less than 50 parts per million ( Table 10 ) . Six had chloride
that exceeded 250 parts per million ; a

ll samples except one that had
more than 5

0 parts per million were obtained a
t depths less than

50 feet .

Of the 8
0 chloride determinations o
n

water from the Dakota

formation , 48 ( 60 percent o
f

the total ) showed less than 5
0 parts

million ( Table 11 ) . Eight of the samples had chloride contents
exceeding 250 parts per million ; these were taken at various depths

below 250 feet .

In Figure 1
0 , nitrate ( as NO , ) is plotted against chloride for all

samples . Above 1
0 parts per million nitrate ( as NO , ) , which was

arbitrarily selected as the threshold for above -normal concentrations

per
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of nitrate , a slight trend in increased nitrate with increased chloride
can be observed . There is some indication , at least , that the
chloride content in water from shallow wells , both in the Pleistocene
deposits and in the Dakota formation , may be more closely related
to surface pollution than to naturally occurring high -chloride waters
that are known to be present in the upper part of the Dakota forma
tion in some areas . The correlation is poor ; however , the trend is
significant .

1000

EXPLANATION
o Pleistocene
deposits

• Dakota
formation o
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n
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10 1000 200000
Chloride , in parts per million

Fic . 10
. -Relation of chloride and nitrate in water from Pleistocene deposits

and the Dakota formation in Lincoln County .
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An examination of the data indicates that no particular diminution
of chloride and nitrate occurs to depths of 200 feet. At greater
depths , nine samples showed negligible quantities of nitrate , and
quantities of chloride in most cases were less than 200 parts per
million . Metzler and Stoltenberg ( 1950 ) have discussed high
nitrate content of ground water and it

s

relation to construction o
f

wells , water levels in wells , leaching o
f topsoil , and barnyard pol

lution . They conclude that a number of factors must be known in

order to determine the cause o
f pollution and to insure safety from

cyanosis . Among them are : ( 1 ) the effect o
f vegetation , soil con

ditions , and ground -water level o
n

the nitrate content ; ( 2 ) the
depth to which a properly constructed well must be extended to

assure it
s

freedom from nitrate pollution ; and ( 3 ) the area o
f nitrate

Table 10. - Number of samples from wells in Pleistocene deposits in Lincoln
County , as classified b

y

chloride concentrations

Number samples containing

TotalDepth o
f

well ,

feet 0-50 ppm 51-100 ppm 101-250 ppm 251 +ppm
chloride chloride chloride chloride

4 30-50 .

51-100 .

16

7

5
1 1

28

8

Totals .. 23 4 3 6 36

Table 11. - Number of samples from wells in the Dakota formation in Lincoln
County , as classified b

y

chloride concentrations

Number samples containing

TotalDepth o
f

well ,

feet 0-50 ppm 51-100 ppm 101-250 ppm 251 +ppm
chloride chloride chloride chloride

170-50 ..

51-100 .

101-150 .

151-200 .

201-250 .

251-300 .

300+ .

8

23

4
6
1
6

7
1
1
2

2
4
1
4

3
2
2
1

31

8

14

2
7
1

1

1

Totals . 48 12 12 8 80
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*

pollution , which is so extensive in some localities that it cannot
be explained satisfactorily as by seepage from barnyards and simi
lar places.
CHLORIDE AS RELATED TO GROUND- AND SURFACE -WATER DRAINAGE

Some concept of the distribution of chloride in water in the county

can be observed in Figure 11 , in which chloride content is shown
diagrammatically . Seemingly , a greater distribution of high -chlo
ride water occurs in the area north of Saline River that is drained by
Spillman Creek and Rattlesnake Creek ; however , a large percent
age of the samples in this area were obtained from relatively deep

wells in the Dakota formation .

m.

RIOW
290

220 26.0cre.
BARNARD

2706.66 12000 340

1950
20200223 0902009

55.0
1550

EXPLANATION
welsymbol
0-30
3-100 Chloride,portsper
1-250million
Surfacewatersample
NOSrefertodepthofwell)

2600
1030 50

480 2600 .
1420

Spilincs

1366'900 2520
1990

1380 се 92
1790

2580osot 650
020000002LINCOLN

25 Soline 1300yun 380
ico 320

SYLVANGROVE 329

CreeC
S.
80 6400 | 16.0*606 960

300 ���و 305
Bullloor
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40 580

Q320

des Einhora680

660
•��� 69 40 100

2600

Fig . 11. —Chloride in ground and surface water in Lincoln County .

The chloride content of surface water in Lincoln County cor
relates well with the particular stratigraphic units that are drained .
The water in Saline River , which is the major stream in the area ,

may have more than 2,500 parts per million of dissolved solids ,
largely as sodium chloride ( Durum , 1950 , p . 41 ) during low flow
at Tescott , which is a few miles downstream from Lincoln . Most
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of this mineralization is believed to be acquired from ground and

surface waters upstream from Lincoln County and from Wolf
Creek , which flows into Saline River at the western edge of the
county . Wolf Creek has a deep-cut channel and receives hig nly

mineralized ground water , probably from the Dakota formation .
At a base flow of 0.6 second -foot, the dissolved solids content of
the water was 4,630 and the chloride content was 2,000 parts per

million . In contrast , base - flow water of intermittent streams tribu
tary to Saline River east of Wolf Creek is generally more dilute,

as indicated in Table 1
2
.

For example , analysis of base flow o
f

West Twin Creek , which drains Pleistocene deposits south of Saline
River , showed a dissolved solids content of 698 parts per million
and a chloride content o

f

6
6 parts per million .

Table 12. - Analyses o
f

several mineral constituents in streams tributary to

Saline River in Lincoln County ( in downstream order )

Dissolved
solids

Chloride

CREEK Date
Discharge ,

in
sec.-ft. *

Percent
sodium

Parts per million

Oct. 2 , 1948 0.6 4.630 2,000 85

May 2 , 1950 1.0 698 66 30

May 2 , 1950 1.0 514 28 29

May 5 , 1950 1.0 158 0.6 10

1.0 808 174 52

1.0

Wolf Creek near Sylvan Grove . ..
.

West Twin Creek near Sylvan
Grove ....

East Twin Creek near Sylvan
Grove ......

Unnamed Creek , 1-4 miles west

o
f Vesper...

Spillman Creek near Lincoln ..

Lost Creek near Lincoln ....
Spring Creek near Lincoln .

Bullfoot Creek .......
Beaver Creek , 2-4 miles east of

Lincoln ..

Twelve Mile Creek , s mile east

o
f Shady Bend...

Elkhorn Creek near Lincoln ..
.

Table Rock Creek near Beverly ...

548 42 29

May 2 , 1950

May 2 , 1950

May 2 , 1950

May 5 , 1950

1.0 540 37 29

1.5 700 140 53

May 5 , 1950 1.0 778 39 47

May 5 , 1950 1.0 534 21 43

May 2 , 1950 1.0 780 49 31

May 2 , 1950 1.0 933 142

• Estimated , except that o
f

Wolf Creek .

These data indicate that the water is representative o
f drainage

from Pleistocene deposits , and are supported b
y

most results o
f

chloride analysis o
f

water from shallow wells along the main streams
and tributaries ( Fig . 11 ) . Unusually high concentrations of chloride

in water in the Pleistocene deposits , such as are found in the east
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e
rn half o
f

T
.

1
2 S
. , R
.
6 E
.
, can probably b
e

attributed to contami
nation from underlying deposits whose water drains to the stream
channel

RELATION OF QUALITY OF WATER TO USE

Domestic

A tabulation o
f

the 116 samples that were collected from wells in

th
e

area establishes the following uses for the various supplies :

Number
Use o

f

wells Percent

Domestic 18 15.5

Stock 37 31.9

Domestic and stock . 55 47.4

None 6 5.2

Total 116 100.0

These data show that about 63 percent o
f

the supplies have some

domestic use . This fact is particularly pertinent in that approxi
mately 2

7 percent o
f

the wells sampled have a nitrate ( as NOx )

content that exceeds 4
5 parts per million . This emphasizes the

importance o
f existing educational programs in Kansas relating to

quality o
f

domestic water supplies .

Fourteen water samples ( about 1
2 percent o
f

those analyzed )
each had a chloride content that exceeded 250 parts per million ,

th
e upper limit recommended b
y

the U
.
S
. Public Health Service .

Where more suitable supplies are available , the chemical substances
that may b

e present in natural o
r

treated waters preferably should
not exceed the following quantities :

Constituent

Iron and manganese ( together )

Magnesium
Sulfate
Fluoride

Chloride
Dissolved solids

Maximum parts per million
0.3
125
250
1.5
250

500 ( 1,000 permitted )

In addition , limits are placed o
n

the quantities o
f

lead , arsenic ,

hexavalent chromium , selenium , copper , zinc , and phenol . How
ever , the quantities o

f

these substances usually are not determined

in routine analyses b
y

the Geological Survey . With respect to

physical requirements , the water must b
e low in turbidity and

should have no objectionable taste o
r

odor .

O
f

the 2
5 samples known to b
e

from the two stratigraphic units

o
f which more complete analyses were made in connection with this
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Pleistocene
deposits

9

8

Dakota
formation

16

16

O
O
O
O

M
O

-

study , the number in which the chemical substances exceeded the
recommended upper limits are as follows :

Constituent

Total samples analyzed
Iron and manganese ( together ) .

Magnesium
Sulfate 3 4

Fluoride 3

Chloride 2

Dissolved solids 7

The results given above indicate that troublesome quantities o
f

iron are present in water in both shallow and deep wells . For the

water in the Dakota formation , eight o
f

the samples had iron in

excess o
f
5 parts per million . The quantities of magnesium in all

samples were relatively low . Excessive amounts o
f

sulfate were
found in eight o

f

the samples , most o
f

these being from the eastern

half of the county . Samples from three wells in the Dakota forma
tion had 1

.7 , 2.8 , and 2.4 parts per million fluoride , and the concen
trations appeared to increase somewhat with depth . Nearly half

o
f

the waters from the Dakota formation exceeded 1,000 parts per
million dissolved solids .

Municipal

Water supplies from Barnard , Lincoln , and Sylvan Grove were
inventoried , and analyses b

y

the Kansas State Board o
f

Health (per
sonal correspondence ) indicate that the water a

t both Lincoln and
Sylvan Grove is o

f moderately low mineral content but is hard . The
Lincoln supply is effectively softened from nearly 500 to less than
200 parts per million hardness , and the amounts o

f

iron and man
ganese in the finished water are negligible .

The Barnard supply , which is obtained from a well 60 feet deep

in the alluvium , is o
f poor quality ( Table 1
3
) . The water is hard

and contains nearly 2,100 parts per million o
f

dissolved solids .

Sodium and chloride are predominant constituents , and objection
able amounts o

f

iron and manganese are present .

Irrigation

None o
f

the wells sampled o
r

inventoried is presently used for
irrigation other than for lawns o

r gardens . A
s

discussed previously

in this report , the available ground -water supplies are generally
adequate only fo

r

small irrigation projects . However , because o
f

the variable quality o
f

water in the county , the individual supplies

should b
e carefully evaluated prior to application o
f

the water to

the lands . A
t

least three factors should b
e

considered in estimating

the water quality (Wilcox , 1948 , p . 25 ) : ( 1 ) the total concentration
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of dissolved solids ; ( 2 ) the percentage of sodium ; and ( 3 ) the
quantity of boron . Each must be considered with respect to other
factors , such as soil composition , permeability , drainage , irrigation
practices , and crop tolerances .

Continuous use of water high in dissolved solids may increase the
salinity of the soil solution , which may ultimately affect the perme
ability of the soil and disturb plant growth .
Experience has shown that irrigation water containing a high
percentage of sodium may cause dispersion of soil particles and

may retard water and air movement through the soil . In addition

TABLE 13. — Analyses of water supplies for the cities of Barnard , Lincoln , and
Sylvan Grove

Barnardi Lincoln Sylvan Grove

CONSTITUENT

3-10-51
11-28-49
( raw )

8–21-50
( treated )

11-27-50

108
11

Calcium .
Magnesium
Sodium ..
Bicarbonate .
Sulfate ..

91
33
657
744

260

165
15
70
320
264

57
13
112
105
262

38
337
46

Chloride ..
Vitrate .
Fluoride .
Iron ..
Manganese .

Hardness ...
Dissolved solids .

640
8.4
0.6
0.48
0.14

46
27
0.3
2.2
0.7

45
20
0.3
0.10
0

40
20
0.1
0.15
0

362
2,100

473
791

196
590

314
467

1. From well , 60 feet deep, in alluvium .
2. From two wells , both 80 feet deep. One well draws water from the alluvium , the
otherfrom the Dakota formation .
3. From two wells. One well , 70 feet deep, draws water from the terrace deposits,

th
e

other , 68 feet deep , from the Dakota formation .

to soil and drainage conditions , the amount and type o
f

other con
stituents in the water and soil , such a

s calcium carbonate and gyp
sum , are important in establishing the permissible limits o

f

sodium

in the irrigation water . If the concentration o
f

dissolved solids is

lo
w , a higher percentage o
f

sodium is tolerable for a soil that is

coarse -textured , calcareous , permeable , and well -drained than for

a soil that is very tight .

A diagram proposed b
y

Wilcox ( 1948 , p . 26 ) is used to illustrate
the suitability o

f

water in Lincoln County for irrigation ( Fig . 12 ) .

343081
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Total concentration in equivalents per million
20 255 10 15 30 35
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t 25 ° C

Fig . 12. - Classification of water for irrigation use in Lincoln County

( after Wilcox , 1948 ) .
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The water classes are determined by the quantity of mineral sub
stances as indicated by the specific conductance ( or equivalents per

million ) and the percentage of sodium . In general, the water takes
a progressively lower classification as the mineralization and per
centage of sodium increase .

The water in the county varies widely in composition , as shown
by representation in a

ll

classes . Seventeen samples , however ,

rate a
t

least " good to permissible . ” Unsatisfactory water in the
Pleistocene deposits is so designated largely b

y

reason o
f
a high

content o
f

dissolved solids , whereas water o
f poor quality in the

Dakota formation has a high percentage o
f

sodium .

SUMMARY O
F

QUALITY O
F

GROUND WATER

Water examined in this study was essentially from three geologic
sources : alluvium , Sanborn formation , and Dakota formation . In

th
e

five samples obtained from the alluvium the dissolved solids
ranged from 409 to 2,940 parts per million , and the water was hard ;

th
e

hardness ( as CaCO3 ) ranged from 136 to 1,300 parts per million .

Dilute water is the calcium bicarbonate type , whereas the concen
trated water is essentially the sodium chloride type . Saline water
from the Dakota formation may b

e draining into the alluvium in

some parts o
f

the area ; high concentrations o
f

nitrate are common

in water from many wells in the alluvium - a
n indication o
f

surface
pollution .

All water samples obtained from the Sanborn formation were
hard , the hardness ( as CaCO3 ) ranging from 151 to 724 parts per

million . Although only four samples were obtained from wells

in the Sanborn formation , they represented o
n

the average , the

better -quality water in the area .

B
y

comparison with water in the Pleistocene deposits , those
samples obtained from the Dakota formation were generally lower

in calcium , and they were softer . Sodium and chloride were fre
quently more prominent than in water from Pleistocene deposits ;

however , the dissolved solids in the Dakota formation generally

ranged from approximately 400 to 1,200 parts per million . Fluoride

is commonly more prominent in water o
f

the Dakota formation , and
some evidence is present that fluoride increases with the depth of

the well .

Data obtained from chloride and nitrate determinations o
f

116

samples indicate that in approximately 3
1 percent o
f

the samples

from Pleistocene deposits the nitrate ( as NO3 ) , exceeds 45 parts per
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million , whereas in approximately 25 percent of the samples from
the Dakota formation nitrate exceeds 45 parts per million . The
average chloride and nitrate concentrations in Pleistocene deposits

and in the Dakota formation are similar . No particular diminution
of chloride or nitrate occurs to depths of 200 feet.
The chloride content of streams tributary to Saline River cor
relates well with the drainage pattern . Wolf Creek , which has a
deeply cut channel , discharges highly mineralized water at base
flow , at which period the chloride content may exceed 2,000 parts
per million . In contrast , base - flow water of most intermittent
streams tributary to Saline River east of Wolf Creek is generally
more dilute .

RECORDS OF TYPICAL WELLS

Information pertaining to 175 water wells in Lincoln County is
tabulated in Table 1

4
.

The well -numbering system used in this
table is illustrated in Figure 3 .

LOGS OF TEST HOLES

Listed in the following pages are logs of 43 test holes in Lincoln
County and adjacent Ellsworth County which were drilled b

y

the

State Geological Survey during 1948 and 1950. Samples o
f the

material penetrated b
y

the test holes were examined in the field b
y

Kenneth L. Walters , who supervised the drilling and prepared the
logs . The samples were subsequently studied microscopically b

y
me .

The test holes are numbered according to the system described

o
n page 1
1
.

Locations o
f

the test holes are shown o
n Plate 3 .
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7.5

10-6-8aa. Sample log of test hole in the NEK NEX sec . 8 , T. 10 S. , R. 6 W. ,
75 feet north and 75 feet west of road intersection , drilled November 1950 .

Thickness , Depth ,
feet feet

Soil and silt , black .. 2.5 2.5

CRETACEOUS —Gulfian
Dakota formation

Sandstone rubble , tan to rusty -brown . 2 4.5

Sandstone, rusty - brown to tan .. 5.5 10

Sandstone, rusty -brown, and gray clay .. 3 13

10-6-17aa . Sample log of test hole in the NEX NEX sec . 17 , T. 10 S. , R. 6 W. ,

100 feet south and 15 feet west of road intersection , drilled November
1950. Surface altitude , 1,334.1 feet; depth to water , 10.71 feet.

QUATERNARY —Pleistocene Thickness , Depth ,
Alluvium feet feet

Silt , gray -brown ( soil ).. 3 3

Sand , fine, tan to yellow . 3 6

Sand , fine, orange.. 5 11

Sand , fine, orange; contains some gravel . 18.5

CRETACEOUS--Gulfian
Dakota formation
Clay and shale, varicolored , gray to yellow .. 4 22.5

10-6-17da . Sample log of test hole in the NEK SEK sec . 17 , T. 10 S. , R. 6 W. ,
0.5 mile south of road intersection and 10 feet west of center of road ,
drilled November 1950. Surface altitude , 1,317.0 feet .

QUATERNARY —Pleistocene Thickness , Depth ,
Alluvium feet

Silt , brown 5 5

Silt , rusty -brown 2 7

Silt , compact , buff ; contains some caliche . 4 11

Silt , compact , cream to buff . 17

Silt , slightly sandy , tan . . 8 25

Silt , compact , buff . 3 28

Silt , tan to white ... 2 30

Gravel and sand , medium to coarse . 4.5 34.5

CRETACEOUS - Gulfian
Dakota formation
Clay and shale , varicolored , red and gray predominating , 5.5 40

10-6-21bb . Sample log of test hole in the NW%NW* sec . 21 , T. 10 S. , R. 6 W. ,
150 feet south of bridge and on east shoulder of road , drilled September

1948. Surface altitude , 1,293.7 feet; depth to water , 4.3 feet.

QUATERNARY —Pleistocene Thickness , Depth ,
Alluvium feet feet

Silt , black 3 3
Clay and silt , sandy, tan to brown , 14 17
Clay , sandy , greenish - gray . 19 36

Gravel , limestone, and sandstone; fine- to medium
grained, rounded 2 38

feet

---
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feet

50

feet

n
o
c

CRETACEOUS - Gulfian
Thickness , Depth ,

Dakota formation feet

Clay , sandy , tan and gray . 2 40

Clay , sandy , light - ta
n .... 10

10-6-21cb . Sample log o
f

test hole in the NW SW % sec . 21 , T. 10 S. , R
.
6 W. ,

0.4 mile north o
f

road intersection and o
n

east shoulder o
f

road , drilled
September 1948. Surface altitude , 1,292.8 feet ; depth to water , 9.46 feet .

QUATERNARY — Pleistocene Thickness , Depth ,

Alluvium feet

Silt and clay , black .. 5 5

Clay , sandy , tan ... 10 15

Clay , slightly sandy , brownish - tan 8 23
Clay , bluish -black 22 45

Clay , very sandy , fossiliferous , greenish . 11 56

Sand , quartz , fine to medium , fossiliferous , greenish .. 61

Gravel , fine to medium ; contains rounded limestone . . 63

CRETACEOUS — Gulfian
Dakota formation

Clay , tan , gray , and red ; contains lignite from 6
8

to

70 feet 7 70

10-6-28bc . Sample log o
f

test hole in the SW % NW % sec . 28 , T
.

1
0

S
. , R
.

6 W. , 0.3 mile south o
f

road intersection and o
n

east shoulder o
f

road ,

drilled September 1948. Surface altitude , 1,306.0 feet ; depth to water ,

15.18 feet .

QUATERNARY — Pleistocene
Thickness , Depth ,

Alluvium feet

Silt , black 4 4
Clay , very sandy , light -tan . 4 8
Clay , very sandy , fossiliferous , light - tan 3 11

Gravel , limestone , fine to coarse , angular , rounded ;

contains clay 4 15

Gravel , limestone , fine to medium ; contains thin clay

beds 8 23

CRETACEOUS — Gulfian
Dakota formation
Clay , gray and red . 4 27

10-6-28cb . Sample log o
f

test hole in the NW % SW % sec . 28 , T
.

1
0

S
. , R
.

6 W. , 0.35 mile north o
f

road intersection and o
n

east shoulder o
f

road ,

drilled September 1948. Surface altitude , 1,313.9 feet ; depth to water ,

13.80 feet .

QUATERNARY — Pleistocene
Thickness , Depth ,

Alluvium feet

Silt and clay , brown to black ; contains some road fi
ll 8.5 8.5

Clay , sandy , light -gray , tan , and buff . 9.5 18

Clay , light - tan and red . 7 25

Clay , red ; contains a trace o
f gravel 7 32

Sand , fine to medium quartz 1 33

feet

feet
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feet

feet

CRETACEOUS —Gulfian
Thickness , Depth ,

Dakota formation feet

Sandstone, yellowish -brown 7 40

10-10-35ad . Sample log of test hole in the SE ” NE% sec . 35 , T. 10 S. , R.
10 W., 0.1 mile north of half - section line , drilled August 1948. Surface
altitude , 1,481.5 feet , depth to water , 24.30 feet .

QUATERNARY—Pleistocene Thickness , Depth ,
Alluvium feet
Silt and clay; contains fine tannish -brown sand . 5 5

Silt , sandy , tannish -brown . 4.5 9.5
Clay , sandy, light-brown 8.5 18

Clay and very fine sand , light-brown 6.5 24.5
Clay , dark - gray ..

.
, 6.5 31

Gravel , fine to medium , " ironstone , ” and limestone , red
dish , and fine sand 6 37

Gravel , fine to medium , “ ironstone , ” and limestone , red
dish 7 44

Gravel , coarse , and clay . 3 47

Silt and clay , black ; contains coarse gravel 7.5 54.5

Silt , soft , gray 3 57.5

Silt , sandy , gray 1.5 59

Gravel , fine to coarse , and limestone fragments . 4

CRETACEOUS — Gulfian
Dakota formation

Shale , very sandy , noncalcareous , gray . 10 73

11-6-10ad . Sample log o
f

test hole in the S
E
” NE % sec . 10 , T. 11 S. , R
.
6 W. ,

0.25 mile south o
f

road intersection and 3
0

feet west o
f

center o
f

road ,

drilled November 1950 .

QUATERNARY —Pleistocene
Thickness , Depth ,

Sanborn formation feet feet

Silt , gray to dark -brown soil . 2.5

Silt , compact , brown . 3.5 6

Silt , slightly sandy , red -brown . 5 11

Gravel , fine to coarse ; contains lenses o
f

buff silt and

some coarse sand . 8 19

Silt , tan to buff 7 26

CRETACEOUS — Gulfian
Dakota formation

Sandstone , yellow -brown 3 29

Clay , compact , gray . 1

63

2.5

30
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feet

11-8-27aa . Sample log of test hole in the NEK NE% se
c
. 2
7 , T
.

1
1

S
. , R
.
8 W
.
,

2
5 feet south o
f road intersection and o
n west shoulder o
f

road , drilles
August 1948. Surface altitude , 1,437 feet ; depth to water , 8.80 feet .

QUATERNARY — Pleistocene Thickness , Depth ,

Alluvium feet

Silt and clay , sandy , tan 5 5

Silt and clay , brown 2 7

Clay , sandy , reddish - ta
n
; contains fine limestone gravel , 3 10

Clay , light - ta
n
, and fine limestone gravel 8 18

Gravel , limestone , and clay .... 2 20

CRETACEOUS — Gulfian

Dakota formation
Clay , reddish - ta

n
; contains light -gray clay 19 39

Clay , light -gray and reddish - ta
n
( reddish - ta
n

clay may
be lag ) 1

1 50

11-8-27ad . Sample log o
f

test hole in the SEX NE % sec . 27 , T. 11 S. , R
.
8 W
.
,

0
.3 mile south o
f

road intersection and o
n

west shoulder o
f

road , drilled
August 1948. Surface altitude , 1,420.6 feet ; depth to water , 12.10 feet .

QUATERNARY — Pleistocene
Thickness , Depth ,

Alluvium feet feet

Silt , black to dark -brown .. 3.5 3.5

Clay , sandy , tan . 3 6.5

Clay , silty , sandy , tan and brown 10.5 17

Gravel , limestone , fine to medium , angular ; contains
clay 7 24

CRETACEOUS — Gulfian
Dakota formation
Clay , tan and gray... 6 30

11-8-36aa . Sample log o
f

test hole in the NE % NE % se
c
. 3
6 , T
.

1
1

S
. , R
.
8 W
.
,

6
5 feet south and 3
5

feet west o
f

road intersection , drilled November
1950 .

CRETACEOUS — Gulfian Thickness , Depth ,

Dakota formation
Clay , yellow -orange 4 4 .

Clay and sandstone , orange to yellow 3 7

Clay and shale , varicolored , predominantly gray ..... 23 30

Clay and shale , varicolored , predominantly rusty -brown , 10 40

Clay and shale , varicolored , predominantly gray ; co
n

tains sandstone lens from 4
4

to 4
5

feet .. 50

Clay , light -gray ; contains pyrite . 4 54

Clay and sandstone , gray to brown . 6 60

Sandstone , solid , compact 17 77

Sandstone ; contains clay lenses 23 100

Sandstone and clay ; contains pyrite and lignite . 10 110

Clay , gray ; contains sandstone lenses . . 30

Clay , slightly silty , varicolored , red and gray predomi
nating 20 160

feet feet

10

140
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CRETACEOUS - Comanchean Thickness , Depth ,
Kiowa shale feet feet

Clay and shale , sandy , blue - gray; contains pyrite ..... 30 190

Clay and shale , blue -gray ; contains pyrite and gypsum
crystals 10 200

12-6-10aa . Sample log of test hole in the NE%NE% sec . 16 , T. 12 S. , R. 6 W. ,

200 feet north of railroad and on west shoulder of road , drilled September

1948. Surface altitude , 1,322.2 feet; depth to water , 19.60 feet.

QUATERNARY — Pleistocene
Thickness , Depth ,

Alluvium feet feet

Silt , black 4 4

Clay , blocky , tan 9 13

Clay , light - tan 9 22

Clay , compact, light - tan 5 27
Clay , very sandy , tan 3 30

Sand , quartz , very fine ; contains clay . 17 47

Gravel , fine to medium , rounded ; contains medium sand , 3.5 50.5

CRETACEOUS - Gulfian
Dakota formation

Clay , very compact , light-gray . 3.5 54

12-6-16da . Sample log of test hole in the NEK SE% sec . 16 , T. 12 S. , R. 6 W. ,
200 feet south of half -section line and on west shoulder of road, drilled
August 1948. Surface altitude , 1,324.8 feet ; depth to water , 21.14 feet .

QUATERNARY — Pleistocene Thickness , Depth ,
Alluvium feet

Silt and clay , black . 3 3
Clay , dark - greenish -gray 4.5 7.5
Clay , light- gray 6 13.5
Clay , very sandy, tan . 10.5 24

Gravel , fine to medium , and coarse quartz sand . 6 30
Sand and fine gravel , mostly quartz . 10 40

Sand , coarse , and fine gravel, quartz ( 6 - inch bed of

black clay at 48 feet ) . 10 50
Gravel and gray clay . 4.5 54.5

CRETACEOUS —Gulfian

Dakota formation
Clay , greenish - black ; contains pyrite and lignite ...... 4.5 59

12-6-21aa . Sample lo
g

o
f

test hole in the NEW NEX se
c
. 2
1 , T
.

1
2

S
. , R
.
6 W. ,

3
0

feet west o
f

center o
f

road and 6
0 feet south o
f

road intersection , drilled
September 1948. Surface altitude , 1,317.9 feet ; depth to water , 18.12 feet .

QUATERNARY — Pleistocene Thickness , Depth ,

Alluvium feet feet

Silt and clay , brown to black . 4.5 4.5
Clay , silty , tan 9.5 14
Clay , sandy , tan 9 23
Clay and sand , tan . 12 35
Gravel , fine to coarse ; contains sand . 10 45

feet
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feet
CRETACEOUS - Gulfian Thickness , Depth ,

Dakota formation feet

Clay , bluish -gray and yellow .. 2 47

Clay, slightly sandy, light-gray 2 49

Sandstone and quartzite , light-gray ; contains lignite .. 5.5 54.5

Clay, very sandy , light bluish - gray , and gray sandstone , 15.5 70

Clay , light-bluish -gray 14.5 84.5

Clay, gray and greenish -gray ; contains lignite and
pyrite ; sandy in thin zone . 5.5 90

Clay, sandy, gray to bluish - gray .. 28 118

Clay, light- green and reddish brown 8 126

Sandstone , fine, light- tan to gray . 34.5 160.5

Shale , very fissile , noncalcareous, bluish -black ; contains

lignite and sandstone.. 19.5 180

CRETACEOUS — Comanchean

Kiowa shale

Sandstone, medium coarse , calcite - cemented ; contains
some cemented calcite in thin hard zones . . ... 17 197

Shale , noncalcareous, black and blue -green ; contains

shell fragments and hard beds.... 13 210

Shale , noncalcareous , thin , black , and tan limestone ... 14 224

Shale , noncalcareous, black , and tan limestone; contains
white crystal fragments .... 23 247

Shale , black , greenish - gray , and red . 12 259

PERMIAN —Guadalupian

Shale , red ; contains black and greenish -gray shale which
may be la

g... 21 280

12-6-21da . Sample log o
f

test hole in the NE % SEX sec . 21 , T. 12 S. , R
.
6 W. ,

125 feet south o
f

concrete bridge and o
n west shoulder o
f

road , drilled
August 1948. Surface altitude , 1,317.8 feet ; depth to water , 14.66 feet .

QUATERNARY - Pleistocene
Thickness , Depth ,

Alluvium feet feet

Silt , dark - gray to black ; contains sand and gravel ... 4 4

Clay , sandy , ta
n
; contains limestone gravel . 2.5 6.5

Clay , sandy , tan ; contains silt and gravel . 3.5 10

Silt and clay , sandy , reddish -brown . 10 20

Clay , sandy , ta
n
; contains limestone gravel . 3 23

Gravel , fine to medium , limestone ; contains medium

quartz sand 14 37

Gravel , medium , and rounded limestone ; fragments con
tain quartz sand . 12 49

CRETACEOUS — Gulfian
Dakota formation

Clay , blue - black and yellow ; contains quartzitic sand
stone 5 54
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12-6-21dd . Sample log of test hole in the SEK SE % sec . 21 T. 12. S. , R. 6 W. ,

0.1 mile north of road intersection and 8 feet west of center of road , drilled
August 1948. Surface altitude , 1,328.2 feet; depth to water , 24.95 feet .

Thickness , Depth ,
feet feet

Road fi
ll
, gravel and silt , dark -brown and gray . 2.5 2.5

QUATERNARY — Pleistocene
Alluvium

Silt , sticky , compact , gray . 3.5 6

Silt , fairly compact , slightly sandy , tan .. 1.5 7.5

Silt , sandy , medium compact , rusty -brown 1 8.5

Gravel , sandstone 5 13.5

Silt , very sandy , compact , buff t
o rusty - brown . 6.5 20

Sand , fine to coarse , tan to buff ..
.

11 31

Gravel , fine to coarse ; contains coarse sand and silt lag .. 9 40

Gravel , fine to coarse , sandstone and limestone .. 5.5 45.5

CRETACEOUS-—Gulfian
Dakota formation
Shale and clay , sandy , blue -gray . 1 46.5

Sandstone , very solid , blue - gray ; contains lag . 1 47.5

12-7-34cd . Sample log o
f

test hole in the SEX SW % sec . 34 , T. 12 S. , R
.
7W. ,

0.4 mile east o
f

road intersection and 5 feet north o
f

center o
f

road , drilled
August 1948. Surface altitude , 1,431.1 feet ; depth to water , 26.73 feet .

Thickness , Depth ,

feet

Road fi
ll , brown , medium -compact silt 2 2

QUATERNARY — Pleistocene
Sanborn formation

Silt , slightly sandy , buff to brown . 3 5
Silt , fairly loose , slightly sandy , rusty -brown 5 10

Silt , sandy , light -tan to buff ; contains caliche . 6

Gravel , fine to coarse , limestone , and sandstone . 8.5 24.5

CRETACEOUS--Gulfian
Dakota formation

Sandstone , compact , yellow -brown 2.5 27

Sandstone , compact , tan ... 1.5 28.5

Sandstone and sandy clay , fairly compact , white .. 1.5 30

12-8-2bc . Sample log o
f

test hole in the SW4 NWK sec . 2 , T. 12 S. , R
.
8 W. ,

100 feet north o
f

railroad and o
n

east shoulder o
f

road , drilled August
1948. Surface altitude , 1,372.5 feet ; depth to water , 3.40 feet .

QUATERNARY — Pleistocene Thickness , Depth ,

Alluvium feet

Silt , black ; contains clay . 4 4

Clay , light -tan to gray . 2 6

Clay , light - tan 6 12
Clay , tan 8 20

Sand , quartz , medium . 10 30
Sand and fine gravel . 20 50

feet

16

feet
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17

Thickness , Depth ,
feet feet

Sand and rounded medium limestone gravel; contains a

trace of clay at 53 % feet.. 10 60

Sand , fine, and rounded medium limestone gravel; con

tains a trace of lignite at 63 % feet ... 4.5 64.5

CRETACEOUS —Gulfian
Dakota formation
Clay , light - gray 5.5 70

12-8-3aa . Sample log of test hole in the NE% NE% sec . 3 , T. 12 S. , R. 8 W. ,

20 feet south of road intersection and on west shoulder of road , drilled
August 1948. Surface altitude, 1,371.6 feet; depth to water , 7.05 feet.

QUATERNARY —Pleistocene Thickness, Depth ,
Alluvium feet feet

Silt and clay, black ... 5 5

Clay , gray and tan , mottled . 7 12

Clay, sandy , dark -gray to brown 3.5 15.5

Clay , sandy , light-tan and gray . 1.5

Sand , very fine, tan . 20 37

Sandstone , soft , reddish -tan . 7 44

CRETACEOUS —Gulfian
Dakota formation

Sandstone , “ ironstone ,” reddish - brown .. 5.5 49.5

12-8-10aa . Sample log of test hole in the NEX NE% sec . 10 , T. 12 S. , R. 8 W. ,
0.1 mile south of road intersection and on west shoulder of road , drilled
August 1948. Surface altitude , 1,373.4 feet; depth to water , 15.07 feet.

QUATERNARY —Pleistocene Thickness , Depth,
Alluvium feet

Silt , slightly sandy , black .. 8.5 8.5

Clay , slightly sandy , ta
n
. 8 16.5

Sand , very fine , silty .. 9 25.5

Sand , quartz , medium to fine . 4.5 30

Sand , gravel , and thin beds o
f clay 14 44

Gravel and fine sand . 3 47

Gravel , limestone , medium to coarse , rounded , stained
brown ; contains sand 6.5 53.5

CRETACEOUS - Gulfian
Dakota formation
Clay , light -gray 6.5 60

12-8-10da . Sample log o
f

test hole in the NEK S
E
% sec . 1
0 , T
.

1
2

S
. , R
.
8 W
.
,

0.45 mile north o
f

road intersection and o
n

west shoulder o
f

road , drilled
August 1948. Surface altitude , 1,374.6 feet ; depth to water , 13.80 feet .

QUATERNARY — Pleistocene Thickness , Depth ,

Alluvium

Silt , black ; contains clay .. 4 4

Clay , tan to brown .. 11 15

Clay and silt , black . 5 20

Clay , greenish -gray 11 31

Gravel , fine to coarse ; contains coarse sand 8 39

Gravel and sand , medium to coarse . 4 43

feet

feet feet
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feet

feet

CRETACEOUS —Gulfian
Thickness , Depth ,

Dakota formation feet

Clay , light - gray 4 47

12-8-22cb . Sample log of test hole in the NWK SW % sec . 22 , T. 12 S. , R. 8 W. ,
0.1 mile north of bridge and east of road in field , drilled August 1948 .
Surface altitude , 1,404.9 ; depth to water , 16.95 feet.

QUATERNARY — Pleistocene Thickness , Depth ,
Alluvium feet

Silt , black 4 4

Clay , buff - ta
n
; contains fine gravel . 10 14

Clay , sandy , buff - ta
n

6 20

Clay , sandy , tan to buff 6 26

Silt , sandy , fossiliferous , black . 3 29
Clay , greenish - gray 5 34

Gravel , coarse to medium , rounded , and limestone . 5 39

Gravel , fine to medium , sandy ; contains black silty clay , 2.5 41.5

CRETACEOUS — Gulfian
Dakota formation
Gravel and clay , gray . 1.5 43

Clay , light -gray ; contains gray sandstone 2 45

12-10-4cc . Sample log o
f

test hole in the S
W

S
W
% sec . 4 , T
.

1
2

S
. , R
.

1
0 W. ,

5
0 feet east o
f

road intersection and o
n

west shoulder o
f

road , drilled
August 1948. Surface altitude , 1,422.0 feet ; depth to water , 11.90 feet .

QUATERNARY — Pleistocene
Thickness , Depth ,

Alluvium

Silt , dark - brown ; contains road fill . 3.5 3.5

Clay , sandy , tan 3.5 7

Clay , silty ; contains gravel 7 14

Clay , sandy , gray ; contains coarse gravel . 3.5 17.5

CRETACEOUS — Gulfian
Dakota formation
Clay , buff , tan , gray , and some red ; contains “ iron
stone ” gravel 2.5 20

12-10-14dd . Sample log o
f

test hole in the SE % SE % sec . 14 , T
.

1
2

S
. , R
.

1
0 W. ,

southwest corner o
f Sylvan Grove fair grounds and o
n

west side o
f

road ,

drilled August 1948. Surface altitude , 1,429.7 feet ; depth to water , 30.30
feet .

QUATERNARY — Pleistocene Thickness , Depth ,

Alluvium
Silt , black 3 3

Clay , tannish -brown ; contains coarse sand . 5.5 8.5

Sand , fine , and coarse limestone gravel . 3 11.5

Clay , silty , light -brown .. 8 19.5

Clay and some very fine sand . 1.5 21

Clay , sandy , tan . 8 29

Clay , reddish - tan ; contains coarse red sand 6

Sand , quartz , medium to coarse , rounded 6 41

Gravel , fine to medium , limestone , and quartz . 1 42

feet feet

feet feet

35
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feet

40

54

CRETACEOUS —Gulfian Thickness , Depth ,

Dakota formation feet

Clay shale , gray , buff, and reddish -brown . ... 2 44

12-10-16cb . Sample log of test hole in the NWK SW% sec . 16 , T. 12 S. , R. 10
W. , 20 feet south of half -mile line and 25 feet east of center of road ,

drilled August 1948. Surface altitude , 1,439.0 feet; depth to water , 18.20
feet.

QUATERNARY — Pleistocene Thickness , Depth ,
Alluvium feet feet

Silt , black 4 4

Silt , brown 4 8

Clay , silty, tan . 8 16

Clay , sandy , light - ta
n
. 9 25

Clay , slightly sandy , grayish - ta
n
. 5 30

Clay , dark - gray 10

Clay , dark bluish -gray 4 44

Clay , greenish -gray 3 47

Gravel and fine to medium rounded limestone . 3 50

Sandstone , fine 4
Sand , fine to medium , rounded , quartz . 2 56

CRETACEOUS — Gulfian
Dakota formation
Clay , soapy , light - gray 4 60

12-10-17aa . Sample log o
f

test hole in the NEK NE % sec . 17 , T. 12 S. , R
.

1
0

W
.
, 2
5

feet south o
f

road intersection and o
n

west shoulder o
f

road , drilled
August 1948. Surface altitude , 1,448.8 feet ; depth to water , 26.60 feet .

QUATERNARY - Pleistocene
Thickness , Depth ,

Alluvium feet

Clay , silty , buff to brown .. 6.5 6.5

Clay , silty , tan ... 6.5 13

Gravel , fine to medium ; contains sand and clay . 7 20

Gravel , iron - stained limestone , fine to medium . 10

Gravel , limestone , medium to coarse . 6 36

CRETACEOUS — Gulfian

Dakota formation
Clay , slightly sandy , gray 4 40

12-10-20aa . Sample log o
f

test hole in the NEK NEX sec . 20 , T. 12 S. , R
.

1
0

W. , 2
0

feet south o
f

road intersection , drilled August 1948. Surface alti
tude , 1,445.9 feet ; depth to water , 22.16 feet .

QUATERNARY — Pleistocene
Thickness , Depth ,

Alluvium feet

Silt , very sandy , brown ..
.

6 6

Sand , medium to fine , quartz , and feldspar 2 8

Clay , tan , mottled with buff and black ... 8 16

Clay , sandy , ta
n
, and fine limestone gravel .. 7 23

Gravel , limestone , and “ ironstone ” ; contains clay . 2 25

CRETACEOUS - Gulfian
Dakota formation
Clay , gray , buff , ta

n
; contains red sand .... 4.5 29.5

feet

30

feet
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28

12-10-20ad . Sample log of test hole in the SEX NEX sec . 20 , T. 12 S. , R. 10
W. , 0.4 mile south of road intersection and on west shoulder of road ,
drilled August 1948. Surface altitude , 1,446.2 feet.

QUATERNARY - Pleistocene
Thickness , Depth ,

Alluvium feet feet

Silt , fine, sandy , black to dark-brown . 8 8

Clay , sandy , tan .. 8 16

Clay and silt , sandy, brown .. 20

Sand , quartz , medium to coarse , and feldspar . 8

CRETACEOUS —Gulfian
Dakota formation
Clay , red and light -tan ... 2 30

12-10-20da . Sample log of test hole in the NE % SEX sec . 20, T. 12 S. , R. 10
W. , 300 feet south of the Saline River bridge and on west shoulder of road ,

drilled August 1948. Surface altitude , 1,437.2 feet; depth to water , 13.35
feet .

QUATERNARY —Pleistocene
Thickness , Depth ,

Alluvium feet feet

Silt and clay , very sandy , light - ta
n
. 6 6

Sand , fine , limestone , and quartz . 2 8

Clay , gray 4 12

Gravel , limestone , fine to medium , and dark -gray clay
and sand 20

Sand , fine to coarse , quartz , and fine gravel 28
Clay , dark - gray , and sand 35

Gravel , fine to medium ; contains quartz sand . 50

Gravel , fine to coarse ; contains quartz sand . 13.5 63.5

CRETACEOUS — Gulfian
Dakota formation

Clay , red and gray .. 6.5 70

12-10-23aa . Sample log o
f

test hole in the NE % NE % sec . 23 , T. 12 S. , R
.

1
0

W. , 150 feet south o
f

Saline River bridge and o
n

west shoulder o
f

road ,

drilled August 1948. Surface altitude , 1,429.4 feet ; depth to water , 26.55

feet .

QUATERNARY — Pleistocene
Thickness , Depth ,

Alluvium feet feet

Silt and clay ; grayish -brown . 10 10

Clay and very fine sand . 5 15

Clay , tan 7 22

Sand , medium , quartz , rounded 7 29

Gravel , medium , rounded , limestone . 4 33

Gravel , fine , quartz , rounded . 3.5 36.5

Shale , clay , sandy , dark -gray 3.5 40

CRETACEOUS — Gulfian
Dakota formation

Shale , clay , sandy , bluish -gray streaked with red . 4.5 44.5

��

�
�
�
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a

0.5

12-10-23da . Sample log of test hole in the NEK SEX sec . 23 , T. 12 S. , R. 10
W. , 0.25 mile north of road intersection and on west shoulder of road ,

drilled August 1948. Surface altitude , 1,434.0 feet ; depth to water , 28.50
feet .

QUATERNARY —Pleistocene Thickness , Depth ,
Alluvium feet feet

Silt , brown to black . 4 4

Silt and clay , light-brown 6 10

Clay , sandy , light- brown .. 4 14

Gravel and clay ; contains limestone and quartz gravel 4.5 18.5

Clay, very sandy , tan to buff.. 2.5 21

Sand , fine to medium , rounded , quartz 4 25

Sand , medium to coarse , rounded , quartz 9 34

Gravel , fine to medium , limestone . 2 36

Gravel , medium to coarse , limestone , and gray and red
clay shale 1 37

CRETACEOUS —Gulfian
Dakota formation
Clay shale , noncalcareous , sandy , gray 37.5

12-10-26aa . Sample log of test hole in the NE % NE % sec . 26 , T. 12 S. , R. 10
W. , 550 feet south of road intersection and on west shoulder of road ,
drilled August 1948 . Surface altitude , 1,472.4 feet ; depth to water ,
15.09 feet .

QUATERNARY —Pleistocene
Thickness , Depth ,

Sanborn formation feet

Silt , black ..... 4 4

Silt and clay , tan 1.5 5.5

Clay ; contains reddish -brown si
lt
. 5.5 1
1

Clay , light - tan grading to light -gray ; becomes sandy . 4.5 15.5

CRETACEOUS — Gulfian
Dakota formation

Clay , sandy , buff , gray , and red 3.5 19

Clay , light -gray , red at 21 feet . 4 23

Clay , buff 1 24

12-10-29aa . Sample log o
f

test hole in the NE % NE % sec . 29 , T. 12 S. , R. 10

W. , 0.2 mile south of road intersection and o
n

west shoulder o
f

road , drilled
August 1948. Surface altitude , 1,449.6 feet ; depth to water , 26.95 feet .

QUATERNARY — Pleistocene
Thickness , Depth ,

Alluvium feet feet

Clay , silty , tan 4 4

Silt and clay , buff to tan 6 10

Clay , silty , tan ; contains fine gravel 8 18

Sand , medium to coarse , quartz , and fine to medium
limestone gravel 10 28

CRETACEOUS — Gulfian

Dakota formation
Clay , red and gray 2 30

feet
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12-10-29da . Sample log of test hole in the NEX SEX sec . 29 , T. 12 S. , R. 10
W. , 0.65 mile south of road intersection and on crest of high terrace ,
drilled August 1948. Surface altitude , 1,496.9 feet; depth to water ,
19.15 feet.

QUATERNARY —Pleistocene Thickness , Depth ,
Sanborn formation feet feet
Clay , tan ; contains sand , limestone , and caliche . . 5 5
Clay , tan , sand , limestone gravel , and caliche . 3.5 8.5
Sand , fine to medium , quartz ... 10.5 19

CRETACEOUS —Gulfian
Dakota formation

Clay , gray , tan , yellow , and red .. 3 22

12-10-32ad . Sample log of test hole in the SE % NE% sec . 32 , T. 12 S. , R. 10
W. , 100 yards north of concrete bridge and on west shoulder of road ,

drilled August 1948. Surface altitude , 1,492.0 feet; depth to water ,
18.70 feet .

QUATERNARY —Pleistocene Thickness , Depth ,
Sanborn formation feet feet

Clay , tan ; contains much caliche .. 3 3

Gravel , limestone , rounded , and caliche . 4 7

Gravel , fine, limestone, and fine sand . . 10 17

Gravel , fine to coarse , limestone , and coarse sand . 9 26

Gravel , medium , angular limestone and “ ironstone ”;

contains gray clay .. 31

CRETACEOUS - Gulfian
Dakota formation

Clay , gray 6 37

13-9-31cc . Sample log of test hole in the SW SW % sec . 31 , T. 13 S. , R. 9 W. ,
20 feet north of road intersection and on east shoulder of road , drilled
September 1948. Surface altitude , 1,674.0 feet.

QUATERNARY — Pleistocene
Thickness, Depth ,

Sanborn formation feet
Silt , sandy , light -brown 4.5 4.5
Meade formation

Silt and clay , tan to brown . 10 14.5
Clay , silty , buff to tan ; contains caliche pebbles . 15.5 30
Clay , light - tan ; contains very fine sand 27 57

Sand , medium to coarse , quartz ; contains fine quartz
gravel 6.5 63.5

CRETACEOUS —Gulfian
Dakota formation
Clay , yellow , fine- grained sandstone; noncalcareous ... 9.5 73

5

feet
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feet

25

13-10-33dd . Sample log of test hole in the SE % SEX sec . 33 , T. 13 S. , R. 10

W., on section line and 0.15 mile west of road intersection , drilled Sep
tember 1948. Surface altitude , 1,667.5 feet.

QUATERNARY —Pleistocene Thickness , Depth ,
Sanborn and Meade formations undifferentiated feet

Clay and silt, sandy, tan , and gravel.... 3 3

Clay and coarse sand , tan ; contains fine gravel. . 5 8

Clay , ta
n
, and caliche ; contains coarse sand and fine

gravel 3 11

Clay , light -tan 6 17

Clay and silt , tan ; contains loose sand 3 20

Clay , tan 5

Clay , compact , sandy , light -tan 5 30

Clay , sandy , light - ta
n .... 5 35

Sand , medium to coarse , rounded , quartz and feldspar , 9 44

Sand and gravel , rounded , quartz , and feldspar . 5 49

CRETACEOUS — Gulfian
Dakota formation
Sandstone , fine - grained , light - gray .. 11 60

13-10-34cc . Sample log o
f

test hole in the SW % SW % sec . 34 , T
.

1
3

S
. , R
.

1
0

W
.
, 0.2 mile east o
f

road intersection and o
n section line , drilled Septem

ber 1948. Surface altitude , 1,669.9 feet .

QUATERNARY — Pleistocene
Thickness , Depth ,

Sanborn and Meade formations undifferentiated feet feet

Clay and silt , tan . 10 10

Clay , light -tan 10 20

Clay , reddish - ta
n
, and caliche . 6.5 26.5

Clay , sandy , tan .... 3.5 30

Clay , sandy , light - tan to gray 7 37

Sand , medium , quartz , rounded 47

Gravel , fine to medium , and coarse sand . 10 57

Gravel , sandstone , reddish -brown .. 2 59

CRETACEOUS — Gulfian
Dakota formation
Clay , gray and yellow 1 60

10
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50

13-10-34dd . Sample log of test hole in the SE % SEX sec . 34 , T. 13 S. , R. 10

W. , 15 feet west of road intersection , drilled September 1948 . Surface

altitude , 1,670.0 feet.

QUATERNARY — Pleistocene Thickness , Depth ,
Sanborn and Meade formations undifferentiated feet feet

Silt and clay , sandy , brown .. 10 10

Clay and silt , tan ; contains caliche . 10 20

Clay and si
lt
, sandy , light - tan ; contains caliche . 12 32

Clay , greenish -tan 8 40
Clay , compact , greenish - tan 7 47

Sand , medium to coarse , and fine gravel , quartz .. 3

Sand , medium to coarse , and fine gravel ( slightly

coarser than above sample ) .... 12 62

Gravel , sandstone , and reddish -brown sand . 4 66

CRETACEOUS — Gulfian
Dakota formation
Clay , light - gray and yellow .. 3 69

14-9-4bb . Sample log o
f

test hole in the NW % NW “ sec . 4 , T. 14 S. , R
.
9 W. ,

0.2 mile east o
f

section line and o
n

south shoulder o
f

road , drilled Sep
tember 1948. Surface altitude , 1,788.9 feet .

Thickness , Depth ,

feet feet

Silt , brown 2.5 2.5

TERTIARY — Pliocene
Ogallala formation

Limestone , white , algal . 1 3.5

CRETACEOUS — Gulfian

Greenhorn limestone
Clay shale , calcareous , red ..

.

4 7.5

Clay shale , calcareous , tan and red . 5 12.5
Limestone , soft , white to tan ... 1.5 14
Clay shale , calcareous , tan and buff 6 20
Clay shale and limestone in alternating thin layers 10 30

Limestone , light -gray ; contains calcareous shale . 10 40
Clay and shale , calcareous , tan and buff . 1.5 41.5

Shale , calcareous , black . 5.5 47
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feet feet

14-9-5bb . Sample log of test hole in the NW NW % sec . 5 , T. 14 S. , R. 9 W.,
40 feet east of section corner and on south shoulder of road, drilled Sep

tember 1948. Surface altitude , 1,691.6 feet.

QUATERNARY — Pleistocene Thickness , Depth,
Sanborn and Meade formations undifferentiated
Silt , fine, sandy , brown .... 3 3

Silt and clay , tan to gray ; contains sand 6 9

Clay , sandy, reddish -brown . 10 19

Clay , sandy , compact , greenish -gray . 4 23

Gravel and yellow clay ( gravel is composed mostly of
rounded quartz ) 6 29

CRETACEOUS —Gulfian

Greenhorn limestone
Clay shale , yellow . 1 30

14-10-2aa . Sample log of test hole in the NE% NE% sec . 2 , T. 14 S. , R. 10 W.,
30 feet south of section corner and on west shoulder of road , drilled Sep

tember 1948. Surface altitude , 1,667.9 feet .

QUATERNARY —Pleistocene Thickness , Depth ,
Sanborn and Meade formations undifferentiated feet

Silt , sandy , tan ; contains clay .. 5 5

Clay and silt , ta
n 4 9

Clay , sandy , reddish - ta
n

8

Clay , sandy , compact , reddish - tan . 7.5 24.5

Clay , compact , tan . 10.5

Clay and caliche , sandy 8 43

Clay , very plastic , light - greenish -gray 5 48

Sand and gravel , fine to medium , quartz . 10 58

Gravel , fine to medium , quartz , and fine to medium
quartz sand 3 61

CRETACEOUS — Gulfian
Dakota formation
Clay , gray and red . 8 69

feet

17

35
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