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CHARLES K. BAYNE
JOHN R. WARD }

State Geological Survey of Kansas

9Geology and Hydrology of Rice County,
Central Kansas

ABSTRACT

Sedimentary rocks of Paleozoic age and younger underlie
Rice County to a depth ranging from 3,700 to 4,100 feet. The
oldest formations that crop out are the Ninnescah Shale, Stone
Corral Formation , and the Harper Sandstone of Early Permian
age . These formations are unconformably overlain by rocks of
Cretaceous age consisting of the Cheyenne Sandstone , Kiowa

Formation , and Dakota Formation . Deposits of Pleistocene
age that mantle most of the county a

re principally eolian sedi
ments o

n

the uplands and fluvial sediments in the valleys .

The principal aquifer is in the Pleistocene fluvial deposits

where yields to irrigation wells o
f 1,000 gpm ( gallons per

minute ) are common and , locally , yields may b
e

a
s

much a
s

2,000 gpm . Sandstone aquifers in the Kiowa and Dakota For

inations commonly yield a
n adequate supply o
f

water for
domestic and stock wells , and may yield as much a

s

150 gpm .

The chemical quality o
f

water in the Pleistocene deposits

is a calcium bicarbonate type and is very hard . Water in the
sandstone also is a calcium bicarbonate type where the over
lying Pleistocene aquifer is in hydraulic connection . If an

appreciable thickness o
f

shale separates th
e

aquifers , th
e

water

in the sandstone may b
e
a sodium bicarbonate type . Highly

mineralized water from formations below the Kiowa may occur

a
t

shallow depths a
s
a result o
f local contamination b
y

o
il
-field

brines o
r

industrial wastes .

The principal mineral resource in 1969 was petroleum pro

duced from 7
6 o
il

fields and 1
9 gas fields . Salt deposits ranging

in thickness from 200 to 400 feet are a potential resource that
have been utilized to a minor extent .

few square miles in the northeast are drained b
y

streams that are tributary to the Smoky Hill River .

Rice County is on the western margin o
f

the sub
humid climatic zone . The area is characterized b

y
a

predominance o
f

sunshine , moderate precipitation ,

and moderate wind velocity . A
t

Alden the mean a
n

nual temperature is 5
6
° F and the normal annual pre

cipitation is 25.86 inches , based o
n National Weather

Service ( formerly U.S. Weather Bureau ) records for

the period 1898-1952 . The station was moved to Ster
ling in 1953 and new normals have not been estab
lished . The average length o

f

the growing season is

181 days .

The well and test -hole numbers used in this report

are given according to the U.S. Bureau o
f

Land Man
agement system o
f

land division a
s follows : township ,

range , section , 160 -acre tract o
r quarter section , 40
acre tract within the quarter section , and 1
0
-acre tract

within the quarter quarter section . A
s

a
n example ,

well 19-9W - 23dcc is in the S
W SWXSE % sec . 23 , T
.

1
9

S
. , R
.
9 W. ( fi
g
. 2 ) .

The area was originally studied b
y

Fent ( 1950a ) .

Many o
f

the data in that report are used in this report .

Data collected since that time , and especially data
collected in the winter of 1970-71 during a study o

f

the feasibility o
f using salt beds fo
r

storage o
f

atomic
wastes , are included in the present report .INTRODUCTION

GEOLOGYRice County , in central Kansas ( fi
g
. 1 ) , contains

approximately 2
0 townships and is an area o
f

725

square miles . The area is in both the Dissected High

Plains section o
f

the Great Plains physiographic prov

ince and the Arkansas River Lowland section o
f

the

Central Lowlands province (Schoewe , 1949 ) . Most

o
f

the county is drained b
y

the Arkansas River and it
s

tributaries , Cow Creek and Little Arkansas River . A

Wells drilled in the exploration for o
il

and gas

have been the source o
f many data o
n

the lithology
and thickness o

f

the rocks underlying Rice County .

Precambrian rocks consisting o
f granite , schist , and

diabase , and clastic sedimentary rocks believed to b
e

1 The classification and nomenclature o
f

rock units used in this report
are those o

f

the Kansas Geological Survey and differ somewhat from those

o
f

the U.S. Geological Survey .

1
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3,700 to 4,100 feet below land surface . Marine Cam
brian and Ordovician rocks were deposited on the
basement rocks . Silurian and Devonian rocks are

absent. The pre -Mississippian uplift of the Ellis arch ,
which extends into the county from the northwest ,

caused tilting and beveling of the Cambrian and Or
dovician rocks along the flanks of the uplift and caused

the removal of any Silurian and Devonian rocks that
may have been present. Mississippian rocks were de
posited forming an angular unconformity with the
rocks below . These Mississippian rocks were subse
quently tilted and uplifted during the formation of
the Central Kansas uplift and were eroded during

Late Mississippian and Early Pennsylvanian time .
Following this period of erosion, Pennsylvanian and
Permian rocks were deposited .

The Permian formations that crop out in Rice
County are a

ll Early Permian in age . The red and
green Ninnescah Shale is exposed in the valley walls

o
f

the Little Arkansas River in eastern Rice County .

The Ninnescah is overlain b
y

the Stone Corral Forma
tion . Where the Stone Corral crops out , it consists o

f

b a
23 IT .

121

S
.с

19-9W - 230cc id

FIGURE 2
.
— Well -numbering system .

o
f

Precambrian age underlie Paleozoic and younger

rocks in the county ( table 1 ) at depths ranging from 2

Table 1
.
- Generalized section o
f geologic formations .

Era System Series Stage Stratigraphic Unit

Alluvium

Recent Terrace deposits

and Dune sand

Wisconsinan Bignell Formation
Cenozoic Quaternary Pleistocene Peoria Formation

Illinoisan Loveland Formation

Kansan
Undifferentiated fluvial deposits

Nebraskan

Tertiary Pliocene Ogallala Formation

Dakota Formation

Mesozoic Cretaceous Lower Kiowa Formation

Cheyenne Sandstone

Harper Sandstone

Stone Corral Formation
Permian Lower

Ninnescah Shale

Wellington Formation
Paleozoic

Pennsylvanian

Mississippian

Ordovician
Undifferentiated rocks

( Includes Arbuckle Group of Late Cambrian
and Early Ordovician age )Cambrian

Precambrian
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limestone and dolomite , but the formation contains
much anhydrite and gypsum in the subsurface . The
Harper Sandstone, which consists of red siltstone and
very minor amounts of fine -grained sandstone, overlies
the Stone Corral Formation and represents the upper
most Permian unit in Rice County .
Figure 3 shows the configuration of the base of

the Stone Corral Formation . Minor structures on sur

ficial or near -surface rocks are reflected in the deeper
rocks and closure on shallow structure increases with

depth . As an example, the structure shown near the
SE cor . sec . 35 , T.19 S. , R.8 W. , has about 70 feet of
closure on the Stone Corral Formation , but this struc
ture has more than 200 feet of closure on the Ordo
vician rocks.
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Rice County was subject to erosion during Triassic nearshore nonmarine environment . Part of the ma
and Jurassic time, and Permian rocks younger than the terial may have been deposited as offshore bars in a
Harper Sandstone probably were removed during this marine environment .
period . The erosion created a major unconformity Deposition continued during Late Cretaceous time ,
that marks the contact of the Permian and the over- but the many hundreds of feet of Upper Cretaceous
lying Cretaceous rocks. rocks were removed by subsequent erosion . Thus , the
Deposition was renewed during Early Cretaceous Graneros Shale, Greenhorn Limestone , and Carlile
time, and fine-grained sandstones and siltstones of the Shale of Late Cretaceous age are not present in Rice
Cheyenne Sandstone were deposited in northwestern County . The distribution of geologic units on the
Rice County . This unit , which does not crop out in bedrock surface is shown on figure 4. The areal extent
the county , is overlapped by th

e

Kiowa Formation . o
f

four o
f

the bedrock units above the Stone Corral

The dark shales and fine -grained sandstones o
f

the Formation is shown o
n figure 5 .

Kiowa were deposited in a nearshore marine environ- During the Tertiary period , little , if any , deposition

ment . A
s

these seas receded , silt , clay , and sand o
f occurred within Rice County . A mature caliche , be

the Dakota Formation were deposited in a lowlying lieved to b
e
a soil caliche that developed during late
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Pliocene time, is present locally on the bedrock sur- Recent alluvium and Wisconsinan terrace deposits

face . This caliche is considered to represent the Ogal- occur in the valleys of Arkansas River , Cow Creek ,

lala Formation . At the end of Pliocene time, the area Little Arkansas River , and their principal tributaries .

was one of lo
w

relief , sloping toward the east and In the Arkansas River valley and Cow Creek valley ,

southeast . these deposits contain much arkosic sand and gravel

Renewed erosion during earliest Pleistocene time derived from a source west o
f

Rice County . In the

dissected the Pliocene erosional surface , and deep Little Arkansas River valley and most tributary val
channels were eroded into the Permian and Creta- leys , the deposits are fine grained and are derived pri
ceous rocks . These channels , shown o

n

the geologic marily from local materials . Locally , in the Arkansas
sections ( fi

g
. 6 ) , were partly filled with fluvial deposits River valley and Cow Creek valley , these deposits

during the Nebraskan Stage of the Pleistocene Series overlie fluvial deposits in early Pleistocene channels .

and partly reexcavated and filled during the Kansan
Stage . In upland areas , the bedrock was probably GROUND WATER
exposed throughout early Pleistocene time . Figure 7 Fresh water is obtained in Rice County from wells
shows the configuration o

f

the bedrock surface b
e

in unconsolidated Pleistocene deposits to depths o
f

neath the Pleistocene deposits . about 100 feet and from consolidated rocks to depths
During the Illinoisan Stage , loess and some water o

f

about 220 feet . The best aquifers are the uncon
laid silt were deposited . Coarse -grained fluvial d

e
solidated alluvium and terrace deposits in the valleys

posits o
f

this age are absent in the area . Loess and o
f

the Arkansas River , Cow Creek , Little Arkansas
silt o

f

Illinoisan age , which probably were deposited River , and tributaries to these streams . Small quanti

in most o
f

Rice County , either were buried by Wis ties of fresh water are obtained from loess deposits in

sonsinan loess o
r

were eroded b
y

Wisconsinan streams . the uplands area and from dune sand . Aquifers in

The geohydrologic map ( p
l
. 1 ) shows the distribu consolidated rocks are the shales , siltstones , and sand

tion of the exposed geologic units in the county . Bed- stones of Permian and Cretaceous age .

rock units crop out principally in the eastern and
northeastern parts o

f

the area ; however , isolated out Deep Paleozoic Aquifers
crops o

f Kiowa and Dakota Formations occur through

out the area . The Ogallala Formation is represented
Little water is contained in most o

f

the deep Paleo

only b
y

isolated outcrops o
f soil caliche that rest

zoic rocks in Rice County . Small quantities of highly

directly on the bedrock . mineralized water are contained in Lower Permian

The Pleistocene geology can be divided into many
rocks to a depth o

f

several hundred feet below the

Hutchinson Salt Member o
f

the Wellington Forma
units . On the geologic map , however , units with simi
lar water -bearing characteristics are grouped together tion . Some horizons are

capable o
f yielding o
r receiv

into three main categories : loess , dune sand , and
ing large quantities o

f

water . About 260,000 barrels

alluvium and terrace deposits .

o
f

brine are produced each day along with the pro

Loess shown o
n

the geohydrologic map probably
duction o
f

o
il
. About 80,000 barrels per day o
f

this

represents three different formations . The Loveland brine is injected into the producing zones in the

Formation of Illinoisan age is present in the basal
secondary recovery o

f

o
il
. The remaining 180,000

part o
f

the loess in much o
f

the area . Overlying the barrels
per day is disposed into rocks o

f

Cambrian

Loveland are the Peoria Formation (middle unit ) and and Ordovician
age ( Arbuckle Group ) under gravity

the Bignell Formation (upper unit ) of Wisconsinan
head a

t depths ranging from 3,200 to 3,500 feet .

age . The loess , which comprises these three forma

tions , occurs principally in upland areas and generally Permian
Aquifers

rests o
n

bedrock . In part of the area , however , the A little water of poor quality is obtained from shal
loess overlies fluvial deposits in early Pleistocene chan- low wells in the weathered part o

f

the Ninnescah

nels shown o
n

th
e

bedrock -configuration map ( fi
g
. 7 ) . Shale and th
e

Harper Sandstone in Rice County . Small

Dune sand overlies principally Wisconsinan and supplies of poor quality water a
re obtained locally

Recent alluvium and terrace deposits in the valleys o
f

from the Stone Corral Formation . In the area about
the Arkansas River and Cow Creek . Dune sand di- 1 mile northeast o

f Lyons , wells in the Stone Corral
rectly overlies Cretaceous bedrock locally in the west- have maximum yields ranging from about to 3 gpm

central part o
f the county , and it overlies fluvial de- ( gallons per minute ) . East o
f

this area , near the out

posits in early Pleistocene channels in the western crop , solution o
f evaporites probably has increased the

part o
f

the county . In southeastern Rice County dune permeability o
f

th
e

unit and somewhat larger quanti
sand overlies Permian rocks . ties o

f

water are available . North and northwest o
f
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FIGURE 7
.
— Configuration o
f

the bedrock surface beneath unconsolidated deposits .

Lyons , where th
e

Stone Corral is more deeply buried , dissimilar . Therefore , th
e

yields o
f

wells in either th
e

little o
r

n
o

water can b
e

obtained from the unit . Kiowa o
r

the Dakota may differ considerably over
short distances . The Kiowa Formation in Rice County

Cretaceous Aquifers

is about 140 feet thick where a full section is present ;

The principal bedrock aquifers o
f

Rice County are however , this unit has been eroded and thins to a

sandstone beds within the Kiowa and Dakota Forma- feather edge toward the south and east . Probably n
o

tions o
f

Cretaceous age . These sandstone beds pinch more than 150 feet o
f

Dakota is present ; the unit thins
and swell laterally in thickness and are lithologically to a feather edge toward the south and east . Gen
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10 gpm .

to 20 gpm .

erally , about 30 percent of the Dakota section is com- Yields to wells from dune sand are generally less than
posed of sandstone , whereas the percentage of sand
stone in the Kiowa section is somewhat less . Sandstone The alluvium and terrace deposits in Rice County
may occur throughout the Dakota , but sandstone in differ areally in lithology and , therefore , differ in
the Kiowa generally is more prominent in the upper water -bearing characteristics . Coarse sand and gravel
part. in the alluvium and terrace deposits of the Arkansas
Maximum yields to wells that can be expected River and Cow Creek valleys yield as much as 2,000

from the Kiowa in the county is about 50 gpm . In gpm to wells ; average yields probably are nearer to
areas where th

e

sandstones in the upper part o
f

the 1,000 gpm ( fi
g
. 8 ) . In the Little Arkansas River valley ,

Kiowa have been eroded , little o
r

n
o water can b
e

the deposits are finer grained and well yields are
obtained from the unit . smaller than those in the Arkansas River valley . The
Yields to wells in the Dakota range from only a alluvium and terrace deposits in the tributary valleys

few gallons per minute where th
e

unit is thin or where are thin and contain much fine material . In these
little sandstone is present to as much a

s 150 gpm valleys , well yields locally may b
e

a
s much a
s

100
where the unit is thick and more sandstone is present . gpm , but the yields more commonly range from 1

0

Many stock and domestic wells withdraw water

from the Kiowa and Dakota in the county . Little Figure 9 shows the saturated thickness of the un
River obtains part o

f

it
s municipal water from the consolidated deposits in Rice County . The buried

Kiowa Formation , and the cities o
f

Bushton and early Pleistocene channel , where the saturated thick
Geneseo utilize the Dakota for their municipal sup

ness is more than 160 feet , is clearly defined . Many
plies . irrigation wells obtain water from the saturated uncon
The Cheyenne Sandstone is present only in the solidated deposits in the major stream valleys . Only

extreme western and northwestern parts o
f

the county , the upper 6
0

to 8
0

feet o
f

these deposits generally is

Water from the Cheyenne is highly mineralized . utilized . Water from the basal part o
f

the deposits

Pleistocene Aquifers
generally is o

f

inferior quality where the saturated
thickness exceeds S

0 feet .

Loess o
f

Illinoisan and Wisconsinan age overlies

bedrock in much o
f

the upland areas o
f

the county Movement o
f

Water
and locally overlies fluvial deposits in buried -channel

Plate 1 indicates , b
y

means o
f

contours , the shape
areas ( p

l
. 1 ) . The locss is relatively thin in much o
f

but b
e

a
s much a
s 7
0

feet thick locally .may o
f

the potentiometric surfaces fo
r

the Pleistocene and

Locally , the loess is partly saturated and yields small Cretaceous
aquifers and the direction o

f

movement

supplies o
f

water to wells . In the channel areas , wells o
f

water in an area o
f

about 70 square miles around

generally penetrate the loess and obtain water from
Lyons . Each contour connects points of equal altitude

the upper part o
f

the fluvial deposits . Large quantities

o
f

water level and , at any point along a contour , water

o
f

water are available from the lower part o
f

the
moves downgradient a

t right angles to the contour .

fluvial deposits ; however , this water is not used be Data collected b
y

Fent in 1946 and data collected in

cause o
f

it
s poor quality . 1970 are shown o
n plate 1 ; however , the contours are

Dune sand , which attains a maximum thickness o
f based o
n

the 1970 data . Depths to water in wells

about 40 feet , overlies alluvium and terrace deposits in measured i
n 1946 were little different from the depths

much o
f

the valley o
f

the Arkansas River and Cow in the same o
r nearby wells measured in 1970. The

Creek ( p
l
. 1 ) . Dune sand overlying a bedrock ridge water levels i
n wells in this area , which fluctuate with

formed o
n

the Kiowa Formation , which extends south changing weather conditions , probably were much

castward from the NW cor . T.20 S
. , R.10 W. , is thin lower during the drought in the middle 1950's .

and is not saturated . Northeast o
f

the ridge , in an Water in loess in the upland areas moves generally

area where the dune sand overlies fluvial deposits o
f southward except near the Little Arkansas River val

early Pleistocene age , the saturated thickness increases ley , where the direction o
f

movement is eastward

rapidly . In the southeastern part of the county , toward the valley .

another dune sand area overlies the Kiowa Formation Water moves outward from the center o
f

the dune

and Permian rocks . In areas where dune sand over- sand area in the southeastern part of the county . The
lies Permian rocks , the dune sand generally is the slope o

f

the water table is steep ( as implied b
y

the
principal source o

f water . In areas where water o
f range in the altitudes o
f

the water level ) , which indi
good quality is available from underlying rocks , only cates that considerable recharge occurs and that these

a few wells utilize the dune sand fo
r
a water supply . deposits are somewhat less permeable than the allu

the area ,
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.
- Saturated thickness o
f

unconsolidated deposits .

vium and terrace deposits . In the dune sand tract in Water in the Pleistocene deposits is unconfined
the west - central part o

f

the county , the high altitudes (water -table condition ) , and water in the bedrock

o
f

the water levels and the steepness o
f

the slope aquifers is confined ( artesian condition ) . When an

o
f

the water table are a reflection o
f

the bedrock high artesian aquifer is penetrated b
y
a drill hole , water

in the area . will rise in the hole above the top of the aquifer . The

In the Pleistocene deposits of the Arkansas River generalized movement of ground water is shown on
and Cow Creek valleys , the slope of the water table figure 1

0 , which illustrates conditions near the city o
f

is more uniform and is not as steep a
s in other areas . Lyons . The potentiometric head in the bedrock units

The water moves in a
n

east -southeast direction except decreases with depth , allowing a slow downward
near the principal streams where it moves toward the movement o
f

water through nearly impermeable con
streams . fining layers . The potentiometric head in the Stone
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Corral Formation raises water in a well to a few feet In addition , chemical -quality data were available from

above the base of the Kiowa Formation , and the head earlier reports , and from records fo
r

si
x public sup

in the Kiowa raises water in a well above the base o
f plies ( p
l
. 2 ) .

the overlying aquifer . In the area north o
f Lyons , the Most water samples were collected from test holes

head in the Kiowa Formation ( determined b
y

packer and from domestic wells open to the entire thickness

tests in wells ) raises water to an altitude near that o
f

penetrated , which may encompass more than one
the unconfined water table in loess overlying the aquifer . A

t
a few locations , samples were obtained

Kiowa . In these tests , the potentiometric head in the from sandstone aquifers isolated from shallow uncon
Kiowa in nearly a

ll

wells was one o
r

two feet below solidated deposits . Samples from isolated Kiowa For

th
e

water table in the overlying Pleistocene aquifer . mation and Stone Corral Formation aquifers were

If the head o
n

the overlying aquifer is lowered sig- obtained a
t three locations north o
f Lyons ( p
l
. 2 ) .

nificantly , water can move upward from a deeper

aquifer with a greater head . Where the potentiometric Arbuckle Group

head is sufficiently high , water can move laterally Of al
l

the deep subsurface formations underlying
from the bedrock aquifer into adjacent Pleistocene Rice County , the Arbuckle Group generally contains
deposits , and , conversely , if the potentiometric head the least concentrated brine ; concentrations o

f chlo

is lowered sufficiently , water can move into the bed ride range from 10,000 to 20,000 mg / l (milligrams per
rock aquifer from the Pleistocene deposits . The nor liter ) . Within the Arbuckle Group , brines with the
mal direction o

f

movement o
f

water from precipitation least concentration o
f

mineral constituents generally

is downward into both bedrock and Pleistocene aqui- occur in areas of structural high , which may indicate
fers , with subsequent lateral movement o

f ground that the water is o
f

meteoric origin . The water prob

water from the bedrock to the Pleistocene aquifers . ably entered these rocks during pre -Mississippian

Lowering the head in the Kiowa aquifer could , in and again in Early Pennsylvanian time when the Ellis

time , reverse the direction o
f

water movement in the arch was clevated

, and the overlying rocks were

croded and beveled . Since that time , the chemical
entire aquifer system . quality o

f

this water has been degraded owing to in

termixing with water in adjacent formations . The
CHEMICAL QUALITY OF WATER

natural concentration o
f

the brine probably has been
Water samples for this report were obtained from increased significantly in local areas because o

f

the

3
1 test holes , 3
5 domestic - supply wells , and 1
4 stream large amount o
f o
il
- field brines o
f higher concentra

sites . Complete standard chemical analyses were per- tion that is injected into the Arbuckle Group through

formed b
y

the Kansas State Department o
f

Health . disposal wells .
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Stone Corral Formation

Five water samples were obtained from the Stone
Corral Formation ; three were obtained while the for
mation was isolated from other aquifers by inflatable
packers. Analysis of the samples indicates that the

water is of poor quality . Four of the water samples

taken downdip from the outcrop ranged from 4,980

to 6,430 mg /l in dissolved -solids concentration ( pl . 2 ) .
The fifth sample, taken from well 19-6W - 36cbc near
the outcrop area , had a dissolved -solids concentration

of 3,870 mg / l. The water from this well is known to
have had a relatively lo

w

dissolved -solids concentra

tion a
t one time , but pollution from oil - field brine has

caused the quality to deteriorate to it
s present level .

Water from the Stone Corral Formation in Rice
County is o

f

the sodium chloride type ; however , con

centration o
f

sulfate also is very high . The high sul
fate content may b

e explained b
y

the solution o
f

gypsum , which is abundant in the formation . The
high chloride concentration west o

f

the outcrop area
may have resulted from slow leaching o

f

salt from

deposits within the Stone Corral .

bonate type ; they are very similar in quality to water

in the unconsolidated deposits . The similarity o
f

chemical type may indicate that the waters have com
parative freedom o

f

movement both laterally and
vertically between the three aquifers . Where the
Kiowa and Dakota aquifers are separated from the
unconsolidated aquifer b

y

a
n appreciable thickness

o
f

shale , the water may b
e o
f

the sodium bicarbonate
type . The calcium ion probably has been exchanged
for the sodium ion through a natural softening process .

The concentration o
f

dissolved solids in waters from

these formations generally ranges from 290 to 690
mg / l . In a fe

w

wells , however , the water has been
contaminated b

y

industrial brines , resulting in con
centrations a

s high a
s 54,940 mg / l .

An indication o
f

local hydraulic connection be
tween the Kiowa and Stone Corral Formations was
found during hydraulic tests o

f

well 19.8W - 27abb .

A
n

inflatable packer was used to isolate the aquifers
during these tests . Pattern diagrams ( fi

g
. 11 ) showing

quality o
f samples o
f

water from the Kiowa and Stone
Corral aquifers indicate the similarity o

f

the waters .

The water sample collected from the Kiowa Forma
tion ( fi

g
. 1
1
B ) was o
f

the sodium chloride type , which

is typical o
f

water from the Stone Corral Formation

( fi
g . 11 A ) . However , the proportion o
f

the bicar
bonate ion to other ions is higher in the Kiowa water

Kiowa and Dakota Formations

Waters from the Kiowa and Dakota Formations

commonly are very hard and o
f

the calcium bicar

А
. B

MILLIEQUIVALENTS PER LITER

30 1
5 30 O 5 1
0

15

1

O
1

1
0

|

5
1

HCO 3ca HCO3 C
o

S04 MgMg S04

No CI Να CI

Stone Corral Formation
Well 19-8 W - 27abb

Kiowa Formation

Well 19-8 W - 27 abb

с D

MILLIEQUIVALENTS PER LITER

1
0 O5 5 10 5 O

O

5 10

1

1
5

I

co

10 1
5

| 1

HCO3 C
a

S04 Mg

C
I

Na

HCO3

S04Mg

CI
Να

Kiowa Formation

Well 19-8 W - 26 baa

Computed mixture

1
5 percent Stone Corral Formation ,

85 percent Kiowo Formation
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than in the Stone Corral water , and the total concen- considerably as a result of industrial waste entering

tration of mineral constituents in the Kiowa water is the stream . The Arkansas River upstream from Rattle
lower . snake Creek contains water of the sodium sulfate type .

The diagram for the analysis of water from well Because water in Rattlesnake Creek is extremely high

19 - SW -26baa ( fi
g . 11 C ) is typical fo
r

sodium bicar in sodium chloride concentration , water in the Arkan
bonate water from the Kiowa Formation . The dia sas River below the mouth o

f Rattlesnake Creek be

gram o
f
a computed mix ( fi
g . 11 D ) of 85 percent comes a sodium chloride type water that also contains

Kiowa water from this well and 1
5 percent Stone

high concentrations o
f

sulfate and dissolved solids .

Corral water from well 1
9 - SW -27abb is almost identi- The quality o
f

water o
f

a
ll

the streams except Cow

cal in shape and concentration with the diagram o
f Creek has resulted largely from naturally occurring

Kiowa water from well 1
9 -SW -27abb ( fi
g . 11 B ) , conditions . The quality o
f

water in Cow Creek is to

which indicates probable mixing of waters from the a large extent determined b
y

industrial waste .

two formations a
t this well . The potentiometric head In Rice County ground water moves from the aqui

in the Stone Corral aquifer is above the base o
f

the fers toward the streams . Generally the ground water ,

Kiowa aquifer in well 1
9
- S
W
-27abb , although it is which is o
f

better quality than the water in the

below the potentiometric head in the Kiowa aquifer . streams during low - flow periods , tends to dilute the

If the head in the Kiowa aquifer is lowered sufficiently mineral concentration o
f

the surface water . However ,

while the well is pumped and the Harper Sandstone in areas where there has been industrial pollution ,

separating the two aquifers is fractured o
r permeable , water o
f poorer quality may enter the stream from the

water from the Stone Corral could migrate into the aquifer .

Kiowa . The authors believe that such a condition
existed a

t well 19-8W -27abb and that there was mix MINERAL RESOURCES

ing o
f

water from the two aquifers . Ceramic Materials

The Dakota and Kiowa Formations are the princi
Pleistocene Deposits pal potential sources o

f

ceramic materials in Rice

Water collected from shallow unconsolidated de- County . The Dakota clays fire white , buff , and red ,

posits commonly is very hard and o
f

the calcium bi- and are dominantly kaolinitic and noncalcareous . The

carbonate type (pattern diagrams , p
l . 2 ) . A few clays o
f

th
e

Dakota have excellent qualities fo
r

use

samples were a softer water o
f

the sodium bicarbonate in the ceramic industry .

type . Water of the sodium chloride type is present The Kiowa Formation , although largely clay , is not
locally a

s
a result o
f pollution from oil - field brine and a
s desirable for use in the ceramic industry . The

solution o
f

salt from surface operations o
f

salt mines . Kiowa clays have high shrinkage values , fire t
o unde

Analyses o
f

water from these deposits generally range sirable dark colors

, and tend to bloat when fired . They

from 200 to 480 mg / l dissolved solids . In a few wells , would b
e

most useful in the manufacture o
f light

however , concentrations were much higher ; the great- weight aggregate .

est known concentration o
f

dissolved solids is 5,430 The geologic map shows the areas where the Da
mg / l . Water with the least dissolved -solids concentra- kota and Kiowa Formations crop out . The Dakota is
tion generally occurs in the dune sand and alluvium in poorly exposed , being overlain in much of the area

the southern part o
f

the county . b
y

Pleistocene deposits . The Dakota and the Kiowa
are not utilized in the county a

s ceramic material .

Streams Salt

The major streams in the county were sampled a
t Salt underlies a
ll

o
f

Rice County ; thickness o
f

the

low -flow stage and a
ll

differ somewhat in the chemical salt ranges from about 200 feet in the northeastern

quality o
f

their water . Although the dissolved -solids part o
f

the county to about 400 feet in the south

concentration varies with stream discharge , the chemi- central part . The salt occurs in the Hutchinson Salt
cal type o

f

the water for each stream seems to b
e Member o
f

the Wellington Formation o
f

Permian age .

consistent over a period o
f

time ( p
l
. 2 ) . Analyses o
f

The mineral resources map ( fig . 12 ) shows the thick
water from Plum Creek and Little Arkansas River ness of salt in the county . The percentage of pure salt
indicate a calcium bicarbonate type water of relatively ranges from about 60 percent in the central and south
low dissolved -solids concentration . Water in Cow western parts o

f

the county to about 9
0 percent in

Creek is of the sodium chloride type and appears to the northern and eastern parts . Beds of shale and
decrease in dissolved -solids concentration downstream . anhydrite occur throughout the salt beds . Rock salt
Locally , however , chloride concentration increases has been mined a

t Little River and from two mines
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at Lyons. Salt has been produced by the brine process
at Lyons and Sterling . Only one company produces

salt in Rice County at present. The American Salt Co.
at Lyons mines rock salt from a depth of about 1,000

feet and produces salt from brine .

and concrete aggregate. The mineral resources map
shows the location of sand and gravel pits and stone
quarries in the county .
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