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GEOLOGY AND GROUND~({ATER FEATURES OF SALT SPRINGS, SEEPS, AND PLAIN>
Il THE ARXANSAS AND RED RIVER BASINS OF WESTERN OKLAHOMA AND
ADJACENT PARTS OF KANSAS AND TEXAS

By Porter E. Ward

ABSTRACT

The salt springs, seeps, and plains described in this report
are in the Arkansas and Red River basins in western Oklahoma and
ad jacent areas in Kansas and Texas. The springs and seeps
contribute significantly to the generally poor water quality of
the rivers by bringing salt (NaCl) to the surface at an estimated
daily rate of more than 8,000 tons.

The region investigated is characterized by low hills and
rolling plains. Many of the rivers are eroded 100 feet or more
below the surrounding upland surface and in places the valleys
are bordered by steep bluffs. The alluvial plains of the ma jor
rivers are wide and the river channels are shallow and unstable.
The flow of many surface streams is intermittent, especially in
the western part of the area.

All the natural salt-contributing areas studied are within
the outcrop area of rocks of Permian age. The Permian rocks,
commonly termed red beds, are composed principally of red and
gray gypsiferous shale, siltstone, sandstone, gypsum, anhydrite,
and dolomite. Many of the formations contain halite in the sub-

surface. The halite occurs mostly as discontinuous lenses in
N 1



shale, althoaugh some of the thicker, more massive beds are
extensive., It underlies the entire region studied at depths
ranging from about 30 feet to more than 2,000 feet, The salt
and associated strata show evidence of extensive removal of salt
through solution by ground water. Although the salt generally
occurs in relatively impervious shale small joints and fractures
allow the passage of small quantities of water which dissolves
the salt.

Salt water occurs in the report area at depths ranging from
less than 100 feet to more than 1,000 feet. Salt water occurs
both as meteoric and connate, but the water emerging as salt \ .
springs is meteoric. Tritium analyses shé; éhat the age of the) ;
water from several springs is less than 20 years.

The salt springs, seeps, and plains are confined to 13 local
areas, The flow of the springs and seeps is small, but the
chloride concentration in the water ranges from a few hundred
parts per million to about 190,000 ppm. The wide range of
concentration is believed to be due, in part, to differential
dilutiom by fresh water., Alluvium in the vicinity of the salt
springs remains saturated with salt water and evaporation from
the alluvial surface causes the formation of a salt crust during

dry weather, Those areas appear as salt plains that range in

size from less than an acre to as much as 60 square miles.



The rocks exposed at the surface in the vicinity of the salt
springs are permeable enough to allow the infiltration of some
precipitation. Under certain geologic and hydrologic conditions
ground water percolates down and through salt-bearing rocks where
it dissolves the salt., Hydrostatic pressure of ground water at
higher elevations forces the salt water to emerge as salt springs

at lower elevations.



INTRODUCT ION
PURPOSE AND SCOPE OF THE INVESTIGAT ION

The U.S. Public Health Service initiated the Arkansas-Red
River basins water quality conservation project on July 1, 1957,
under the Water Pollution Act, Public Law 660 (84th Congress).

The objectives of the project were to locate and measure the
sources, establish the importance and type of pollutants enter-
ing the Arkansas and Red Rivers, and to devise practical means

of controlling them. It was recognized soon after the project

was started that damaging quantities of chlorides are contributed
by natural salt springs and plains along some of the tributaries
of the Arkansas and Red Rivers. As a consequence, the Public Health
Service, in November 1957, contracted with the Ground Water Branch
of the U.S. Geological Survey to participate in the study. The
field studies by the Survey were begun in the spring of 1958 when
the author was assigned to the project. In December 1959 the U.S.
Corps of Engineers was authorized to participate in the project
and in Janaury 1960 they began a study to devise means and methods
for control or improvement of the water quality in the two river
basins.

The chief objective of the Survey's investigation is to deter-
mine on a regional basis the source and occurrence of natural salt
pollution of the Arkansas and Red Rivers, and to study the general

geologic and hydrologic conditions pertinent to the understanding



of that pollution. The results of the study presented will furnish
the reader a general understanding of the sources of datural salt
pollution in the Arkansas and Red River basins.

The investigation was under the supervision of A. R. Leonard,
distric¢t geologist of the Ground Water Branch of the U.S. Geological

Survey in Oklahoma,

GENERAL FEATURES OF THE ARKANSAS AND RED RIVER BASINS

The Arkansas and Red River basins area constitutes more than
250 thousand square miles. The two rivers and their tributaries
drain approximately one-tenth of the Nation's land area including
all of QOklahoma and parts of Colorado, New Mexico, Kansas, Texas,
Missouri, Arkansas, and Louisiana. A map of the western part of
the basin is shown on figure 1. !

The Arkansas River and its upper tributaries originate in the
southern Rocky Mountains in Colorado and New Mexico where the
general mountain elevations are between 8,000 and 10,000 feet. The
main stem of the river and its tributaries fiow from the mountains
across a piedmont and plains belf that extends for 50 to 100 miles
from the mountain front. In the higher elevations the streams flow
through canyons and gorges but emerge onto the adjoining High Plains
as meandering rivers. The surface of the High Plains, from eastern
New Mexico to western Kansas and the eastern part of the Texas Pan-
handle is undulating and nearly unbroken. The elevation of the plair
diminishes gradually from 5,000 feet in the western part to less
than 2,500 feet at the eastern edge.

5
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The Red River rises in the High Plains in eastern New Mexico
where the streams have intermittent flows. The Red and the
Arkansas Rivers pass eastward from the High Plains into the more
dissected rolling plains area that extends to the ecastern part
of Xansas, Oklahoma, and Texas where the regional elevation is
less than 1,000 feet. Streamflow increases appreciably and

drainage coursaes become more numerous in that area. The water in

the rivers of the High Plains is of usable quality. However, the

water in many of the streams becomes pnor immediately east of the
High Plains, The deterioration of the water quality is caused by
the addition of chloride and sulfate to the water from natural

sources.,

-

In eastern Oklahoma and western Arkansas the Arkansas River
flows fram the plains area and traverses a region characterized by
rugged hills and narrew, deeply incised valleys. East of Little
Rock, Arkansas, the river flows for about 100 miles over a flat
coastal plain area in southeastern Arkansas before entering the
Mississippi River. The Red River leaves the plains area in south-
eastern Oklahoma and southwestern Arkansas to enter the coastal
plain, A few of its northern tributaries drain south from the
rugged hills area in Oklahoma and Arkansas to join the main stem
on the ceastal plain. From there the river meanders southeastward
and empties into the Mississippi River in northern Louisiana where

the elevation is less than 100 feet,



GENERAL FEATURES OF THE AREA INVESTIGATED

The area discussed in this report is restricted to that part
of the Arkansas and Red River basins where most of the natural
chloride pollution originates. That is in the area of rolling
dissected plains and includes parts of western QOklahoma and

ad jacent areas in Kansas and Texas. The northernmost locality

of significant natural pollution is along Rattlesnake Creek in
Stafford County in southwestern Xansas and the southernmost salt-
contributing area is along the South Wichita River in central
King County, Texas (fig. 1). The distance between the two areas
exceeds 300 miles. Red beds of Permian age, composed chiefly of
red shale, siltstone, sandstone, and gypsum are the bedrock in
that portion of the drainage basins containing the salt springs.
Regionally the area underlain by the Permian rocks is
characterized by low hills and rolling plains. The rivers for
the most part are incised more than 100 feet below the upland \
surface and in many places the valleys are bordered by stcep
bluffs. The alluvial plains of the major rivers commonly are
wide and the rivers typically are braided. Some reaches of the
rivers and many smaller tributaries flow intermittently. Bnoad
terraces of unconsolidated sand and gravel and expanses of sand

dunes parallel the major streams in many places.



PREVIOUS "YORK RELATED TO SALT SPRINGS

One of the earliest technical references to salt springs in
the Arkansas and Red River basins was a brief discussion of the
salt plains in Oklahoma by Gould (1901), Bailey (1902) in his
report on the mineral waters in Kansas made general reference
to the salt marshes in Stafford County and discussed the quality
of the mineral springs on Slate Creek near the Sumner-Cowley line.
Snider (1913) described the appearance of several salt-spring
areas in Oklahoma. Theis (1934) wrote a generzal prelininary
geologic report on the Great Salt Plain in Alfalfa County, Oklahoma.
A memorandum report by Bloesch (1942) discussed the possibility of
preventing the salt springs in Harmon County, Oklahoma, from pollut-
ing the Elm Fork Red River and recommended *hat additional studies
be made, Frye and Schoff (1942) theorized that deep circulation
of ground water through faulted saliferous rocks was responsible
for the salt springs in northwestern Oklahoma. 'Williams and Lohman
(1949), in their ground-water report of part of south-central Kansas,
included o short section on the poor quality of the water in the
Rattlesnake Creek area, A geology and ground-water report by Latta
(1950) contained a relatively detailed study of the Rattlesnake Creek
area, Other writings make general references to salt springs but

none of them were written specifically about salt springs.
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GEQLOGY
REGIONAL STRUCTURE

The major structural features in the area covered by this
report are shown in figure 2, The regional dip of the rocks of
Permian age is south and west but the structural features modify
and reverse the rock dip in several areas. The structure that has
the most influence on the attitude and lithology of the Permian
deposits is the Anadarko Basin. The basin is an elongate assym-
metric, northwestward-trending trough whose deepest part is adjacent
to the Wichita Mountains uplift (Adkinson, 1960). The Permian rocks
dip toward the axis of the basin and many formations thicken consider-
ably as the axis is approached. Other major structural features
influenced the beds of Permian age both during and after deposition.
Hnwéver, the occurrence of salt springs is apparently influenced ;
less by those structures than by topography and rock lithology. f
Local structure exerts an undetermined degree of control over the {

occurrence of some of the salt springs.
QUATERNARY SYSTEM

Because the deposits of Quaternary age are not related
directly to the occurrence of salt springs a study of them was not
undertaken. The general distribution of the Quaternary sediments

is shown on plate 1. They are composed mainly of alluvial gravel,



sand, silt, and clay, and dune sand. The thickness of the deposits
differs greatly from place to place, being thin along the smaller
streams and relatively thick along major rivers and in some of the
sand-dune areas, Notable areas of extensive dune development are
south of the Arkansas River in Kansas, along parts of the Cimarron
River in northwestern Oklahoma, along the Red River in Texas, and
in the central part of Cottle County, Texas. A test hole near the
Big Salt Plain in sec, 18, T, 27 N., R. 19 W., in Woods County,
Oklahoma, penetrated 72 feet of alluvial sand and silt before
entering bedrock. A test hole near the salt springs on sec. 21,
T. 18 N., R. 12 W., in Blaine County, Oklahoma, passed through 61

feet of terrace deposits that consist of sand, silt, and clay.

PERMIAN SYSTEM

The rocks of principal concern in this investigation are those
of Permian age. They are distributed widely in southwestern Xansas,
western Oklahoma and adjacent parts of Texas (pl. 1). Bedrock
around 21l the salt springs is of Permian age but at some of the
springs the bedrock is masked by unconsolidated deposits of
Quaternary age.

The Permian rocks are difficult to correlate over long distances
because they tend to grade locally, both laterally and vertically,
into equivalents of different character and texture, Nevertheless,

the rocks are remarkably similar in overall appearance from southern

13
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Table 2.--Des-ription ot Permian rocks cropping out in
Genlacical Survev (Conlori

(Cenlocics pames as vsed ~n the [0 ¢

western Qklahoma.

mar of NLlahoma, 1934)

L3-132

— A

Description

S ivision Approximate 3
Subdivi Mm.wﬁ ess Salt water
1CInes s General lithology Salt
(feet) = ) :
Quartermastcr | Southwestern Oklahoma Upper 120 feet is composed c~hierlv or reddish-brown, fine- . None known. None knowil.
formation (Beckham and Washita grained and medium-grained sandstone, and some ceoarse-
A . —~ .
Counties), 330. grained sandstone and discontinuous beds of siltstone. Jower
part consists of brouvnish-red shale and thin beds of siltstonce.

Cloud Chief Southwestern Oklahona Red, very fine-grained, gypsiferous sandstone and thin inter-| None known. May contain salt water in soms
tormation (Beckham and Washita bedded. silty shale. and thin. irregular beds or gypsum, localitiocs.

Counties), +430. anhydrite, and dolomite near the top anit bottonm.
wWhitehorse Northwestern Oklahoma Northwestern QOklahoma: nwu sandstone. siltstone, and shale, None known. Contains =alt water locally.
group (Harper County), 200, and thin irregular beds of gypsum and Jdelomite. Scuth-

Southwestern Oklahoma western Oklahoma: Jdominately pink and red, shaly, silty ! incH

(Beckham County), 390. grained sandstonz, and a few irregular thin beds of gypsum

) and dolomite.
|

Dog Creek Northwestern Oklahoma Dominately red, brown, and green siltv, Llocky shale and thin | Contains small amount or salt in parts ot south- ) Probahlv rontains salt water locally
shale (woodward County), 100. dolomite., Locally shale is dolomitic and sandy. the Panhandle.

Southwestern Oklahoma
(Beckham County), SO.

-

western Oklahoma and in

espeially where devplyv buried.

Blaine gypsum

Northwestern Oklahoma
(Woodward County), ©90.
Southwestern Oklahoma

Massive, white beds of gvpsum interbedded with red and gray
gypsiferous shale. Dolomite beds unierlie the gypsum beds
locally. In some localities gypsum makes up 7O percent of

Glaine County and parts of northwestern Oklahoma.

Contains salt water in several areas
Salt issu2 from the formatic
in southvyestern Beckham County and

springs

(Beckham County), 140. the total thickness. southern Jackson Countv.
Flowerpnt Northwestern Oklahoma Red, brown, and maroon, silty, blocky. gypsiterous shale Salt ocsurs in many places in northwestern and Salt water is widespread. Salt
shale (Woodward County), 200. characterized by intersecting veins of satin spar and selenits | southwestern Oklahoma including the Panhandle. Salt springs issue from the formation in
Southwestern Oklahoma crystals. is within 70 teet of the surface locally in Wooils several localities in northwyestern
(Beckham County), 160, County: within 100 feet in southern wWoods County, and southwestern Oklahoma.
: and within 200 feet in northern {larmon County,
Hennessey Central-northern Okla- Yellowish-gray, buff, and ‘red blocky shale and a few thin, Probably contains a small amount of salt locally in Probably contains salt water in part
shale ’ homa, 300-600. Central- fine-grained, calcareous sandstones. Includes the Cedar northyvestern Oklahoma.

western Oklahoma (Cana-
dian County), &50.

member

Hills sandstone,in northern Oklahoma which is composed of red,

fine-grained sandstone.

ot northwestern Oklahoma.

Garber sand-
stone

Central-northern Okla-
homa (Grant County?) and
southwestern Oklahoma
(Caddo County), 600.

Predominately reddish-brown shale, and red to brown and
light-gray siltstone, and very fine to fine-grained sand-
stone.

in central-wvestern
1s deeply buried.

Contains a small amount of salt
Oklahomi where it

Contains salt water in many places.

Wellington Northwestern Oklahoma Nerthwestern Oklahoma: light-gray anhydrite with gray shale in | Massive beds of salt occur in much of northwestern Salt water is found locally, and may

formation (Alfalfa County), 1,100, the lower part. The rocks become more shaly southward. Con- | Oklahoma. . ‘ be widespread. ‘ ’
tains thick beds of halite in the subsurface. !

Wichita Not determined but may Equivalent to the Garber sandstone and mewwsmﬁoz formation. The well logs studied showed stringers orf salt Contains salt water in many places.

formation exceed 1,500 feet Near the Wichita Mountains it includes the Post Oak con- locally. - : .

(southwestern | locally. glomerate member and other beds. Generally red-brown shale,

Oklahoma) i

siltstone, sandstone, impure limestone, and anhydrite,

/e



Table 3.--Description of Permian rocks cropping our =0 pacts of northwestern Texas and the Texas Panhandle.
(Geologic names as used on the U.S. T2~ Z:>zizz21 Survey Geolozic mop of Texas, 1237
D2z —intian
Subdivision Approximate Salt water
thicknass
(Jeet) General lithology Salt

Quartermaster Narthvestern Predominately red, thin sandstone and gvps:i- N knoewn to contain salt in areas May centain salt water in some localities.

formation Texas (Dickens, rerous shale. szudied. especialiv shere Surie!,
Hall, and Motlev
Counties?). 200-

RINISA

Cloud Chief Northwestern Red, fine-grained sandstone, with irregular Unknown but may contain <alt in Probably contains =alt water locallvy,

cypsum Texas (Hall beds of gypsum, thin dolomite, and red shale. th2 basal part. '
Countv), 3007

whitehorse sand- [Northwestern Red, fine-grained sandstone and irregular -2 Zs| Contains fhick beds of salt Contains salt wator in many arcas in north-

stone Texas (Hall of dolomite and gypsum. Contains thick beds locally, especially south and western Texas. Salt springs may issuce from.
County), 100? of halite locally. west of Cottle County and near the basc locally. \ .

probably in the Panhandle,.

Dog Creek shale [Northwestern Red and brown. silty, Upoow<. gypsiferous Contains salt locally in north- The occurrence of salt water probably is
Texas (Childress shale and irregular beds of Jolomite and western Texas and probablv in the wide mnnmmm Salt springs issue from the s
and Hardeman massive gypsum. Panhandle. formation in Cottle anA King Countics.
Counties), 280,

Blaine gypsum Not Jetermined, Red and brown gypsiferous silty shale, massive| Contains salt in parts of north- Contains salt water in manv lecalitics in -
but may be 250 beds of white and light-gray gypsum, and west Texas and it may be wide- northwvest Texas and the Texas Panhandle
feet in Hall several discontinuous impure beds of dolomit=. spread in the Panhandle. Salt water may seep irom the rocks lecally
County. in northwestern Texas. .

e

San Angelo sand- [Northwestern Rrown and red-brown, massive sandstone and May contain salt locallv in north—-| Salt water is present in the Panhandle and

stone Texas (Foard siltstone, silty shale, and conglomerate. western Texas. Salt is present in| occurs locallv in northwestern Tevas. -
County), 100-160. the Panhandle.

Clear Fork group

Northwestern
Texas (Childress
County), 1,200.

Red- s
sandstone,
and gypsum.

5ilty gypsiferous shale, fine-grained
and irregular thin beds of dolomite
Contains halite in many places.

Salt is widespread in the Pan-
handle and is present locally in
northwestern Texas.

OOSﬂwM:m salt water locally in many areas,

vichita group

Northwestern
Texas (Childress
County), 900;
iPanhandle (Cray
County), 700.

Panhandle (Gray County), anhydrite with
streaks of gray shale and shaly dolomite.

May contain a small amount of salt
in the Panhandle.

¢

Contains salt water where deeply buried.
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Kansas to northern Texas. The outcropping rocks are composad
chiefly of red and gray gypsiferous shale, siltstone, and fine-
grained sandstone containing massive beds of gypsum and anhydrite,
especially in the upper part. Thin impure beds of dolomite
characterize many of the formations. Subsurface equivalents of
most of the Permian rocks shown on plate 1 contain deposits of
rock salt (halite).

A presentation of the detailed stratigraphy and regional
correlations between widely separated areas or between states is
beyond the scope of this report. The geology is given in a2 manner
to show the relationship between rock units, salt deposits, and
salt springs on a regional basis.

The areal distribution of the Permian rocks is shown on the
geologic map (pl. 1). The map was prepared by joining maps adapted
from published geologic maps and reports. The Texas and Oklahoma
portions were taken from the respective state geologic maps. The
Kansas portion was modified from a map by Norton (1939). The
geologic names used by Norton have been changed slightly to conform
to usage in Kansas (Moore and others, 1951). Summary descriptions
of the units shown on the geologic map are given in tables 1, 2,
and 3. The tables are based on data from published and unpublished
reports and from surface and subsurface studies made during this
investigation.

The cross sections (pl. 2) are based on data from oil-well

logs and show the general position of salt-bearing rocks in the
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subsurface, The smaller cross sections drawn through individual
salt-spring areas (for example, fig. 17) are interpretative and
are based on surface observations and on data from one core hole
in each area except for the Big Salt Plain area in northwestern

Oklahoma (fig. 11) where several core holes were drilled.

Salt Deposits

Rock salt (halite) is present in the subsurface throughout the
region of salt springs in the Arkansas and Red River basins (pl. 3).
The salt occurs in some localities as nearly pure layers of halite
and in other areas it is intermixed with shale or siltstone. It is
found occasionally as crystals in anhydrite and gypsum, At places
the aggregate thickness of salt and salt-bearing rocks is many

hundreds of feet.

The Salt Map

Plate 3 shows the depth in feet to the top of the first
detectable trace of salt, The contours were based on the depth to
salt reported in individual wells, The configuration of land
surface between wells was not taken into account, For instance,
the depth to salt in a topographic low, such as a river valley,
may be less between control points than the map indicates. Also,
if a topographic high lies between control points of lower altitude,
the salt will be deeper beneath the higher area than indicated on

the map.
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The salt zones shown are not continuous; that is, a zone may

consist of an assemblage of salt lenses and patches, In order to
contour the top of the salt zones it was necessary in most places

to treat them as continuous beds. In a few areas the salt in an
individual salt zone is clearly isolated in extensive areas of
nonsalt-bearing rocks. In such cases no attempt was made to con-
nect the salt between areas and they are shown as patches. An
example is salt-~zone A in northwestern Oklahoma. The cross sections
(pl. 2), although generalized, portray the discontinuous lenticular
nature of the salt deposits.

Purpose.--The main purpose of plate 3 is to show the location
of salt and salt-bearing deposits and their relationship to salt
springs and plains which are the major source of natural pollution
of the Arkansas and Red Rivers. The salt deposits are the ultimate
source of the‘natural salt pollution to the rivers; consequently to
fully undé¥stand that pollution, some knowledge of the salt
deposits is necessary.

Methods of preparing the map,--Plate 3 was compiled from data

of several types obtained from several sources. The principal
source was oil companies and the principal type was lithologic
well logs. The salt is difficult to detect in samples from a well
drilled by the rotary method especially where it is mixed with
large amounts of other rock materials. The salt may be dissolved

from the drill cuttings by drilling fluids. It may also be
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dissolved when the cuttings are washed prior to examination. Salt
casts were common in shale cuttings and were used as a criterion
for denoting salt horizons where other avaiable data, such as
electric logs, also indicated salt.

Numerous electric logs were eXamined but only a few extended
near enough to land surface to log the upper salt zones. Also,
unless several log types were available from the same well salt
could not be noted with certainty. On these logs salt could not
readily be distinguished from anhydrite and gypsum. Salt was
particularly difficult to detect where it was intermixed with
large proportions of shale or gypsum and anhydrite.

Emphasis was placed on data from core holes where available.
Drillers® logs of wells drilled by the rotary method were of
little value, Drillers® logs of old wells drilled by the cable-
tool method were found to have a high degree of accuracy and were
used in some areas., To supplement the data available, core holes
were drilled by the U.S. Corps of Engineers at strategic sites near

seven of the spring areas.
Stratigraphic Position

All the salt mapped on plate 3 and referred to in this report
is of Permian age., Nearly all the Permian rocks shown on plate 1
contain salt at one or more localities in the area studied. (See
tables 1, 2, and 3.) Generalized cross sections of the salt-

bearing rocks are shown on plate 2.
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For mapping purposes the salt deposits were divided into three
units labeled as zones A, B, and C, Salt-zone C is stratigraphically
below the other two zones and is generally the deepest. In south-
western Kansas salt-zone C is confined to the salt named the
Hutchinson salt member of the Wellington formation. The salt in
the Wellington is widespread and the salt-bearing portion of the
formation attains a thickness of 700 feet or more in southwestern
Kansas (Kulstad, 1959). The salt in some places appears to be
solid beds of halite whereas in other places it interfingers with
beds of other composition. Salt in this zone does not cause high
salinity in any springs except possibly the few small ones near
the Sumner-Cowley County line 8 miles north of the Oklahoma State
line, 1In the extreme western part of Kansas the salt in zone C
pinches out. It is traceable south into Oklahoma where it dips
steeply southward into the Anadarko Basin. The percentage of
salt apparently diminishes as the basin is approached (Adkinson,
1960), The salt was found in many wells in the eastern part of
the Texas Panhandle but to the west it fingers out rapidly into a
thick section of anhydrite.

Salt-zone B in southwestern Kansas and much of western Oklahoma
is separated from the salt in the Wellington by shale whose
thickness ranges widely from place to place (pl.2, cross-section
B-B'). In Kansas salt-zone B is confined to the Ninnescah shale

and the overlying Stone Corral dolomite, the top of which marks
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the top of the zone, The Stone Corral can be traced for a short
distance into Oklahoma but farther south it was not identified

and criteria were not found by which the contact between zone B
and C could be identified with certainty. 1In the northeastern part
of the Texas Panhandle merging of salt zones prevented the division
of the salt into zones (pl. 2, cross section F-F')., Salt B in
Oklahoma is principally in the Garber sandstone but the upper part
of the salt probably is in the lower part of the Hennessey shale.

Salt~zone A is the youngest salt of Permian age in the region.
Due to its generally shallower depth it is the source of the salt in
all the salt springs and plains studied; consequently, it is the
salt of greatest interest and concern. The salt in this zone is not
continuous although it is widespread from southern Kansas through
western Oklahoma, and the Texas Panhandle to northern Texas., It is
of a lenticular nature and on a map, such as plate 3, it often
appears in patches. A more detailed study of this salt probably
would show that the discontinuous nature is widespread. The
nearest to the surface that salt was found was 70 feet in northwest
Oklahoma.

In Kansas salt-zone A is in the Nippewalla group as used by the
Kansas Geological Survey and ranges from as high in the section as
the Blaine formation to as low in the section as the Harper sandstone.
In Oklahoma salt was found at one or more localities in all rocks
extending from the Dog Creek shale downward through the Hennessey
shale. The youngest salt found in zone A in Texas is of Whitehorse

age.
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One of the most widespread and persistent salt horizons in this
zone is the Flowerpot shale aﬁd its equivalents Salt in the Flower-
pot shale is the source of salt dissolved in the salt springs in
Blaine, Beckham, and Harmon Counties, Oklahoma, and in the salt
springs and plains along the Cimarron River in northwestern Oklahoma.
It is thought to be the salt source for the spring at Estelline in
Hall County, Texas. The source of the salt dissolved in the springs
in Cottle and King Counties, Texas, is salt in zone A that is in the

Dog Creek shale and Blaine gypsum interval.
Origin

Halite or common table salt, gypsum, and anhydrite are the most
important sediments belonging to the group of sedimentary rocks
termed evaporites. Evaporites are deposits that are due largely to
evaporation of sea water in subsiding bays, lagoons, and shallow
inland seas, The climate at the time of deposition most likely was
arid. Great volumes of sea water had to be evaporated to produce the
immense volume of salt that occurs. Basins of accumulation probably
were fed continually with new sea water while evaporation and
precipitation of salt continued. The red shales and siltstones mixed
with the salt probably were deposited under fluviatile and deltaic
conditions by rivers and streams flowing from nearby regions. The
shale and siltstone grade laterally into the salt and other sediments

of different texture and lithologic characteristics, Frequent and
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continued small oscillations of sea level repeatedly created
numerous desiccation basins in which salt, gypsum, and anhydrite
formed. Such depositional conditions account, at least in part,

for the lenticular nature of many of the salt deposits,
Composition

The salt observed is crystalline and composed primarily of
sodium chloride with small amounts of sulfate, magnesium, and
calcium, Some of the salt is clear and almost free of impurities
but most of it contains shale inclusions and shale partings, and is
occasionally tinted reddish or orange with small quantities of iron.
A large proportion of the salt contains so much red clastic material
that the salt has a dull reddish-~brown appearance.

Salt from zone C is mined commercially at several localities
in the central part of Kansas. The composition of that salt, shown
in table 4, is believed to be representative of most of the salt in

the area studied.
Solution Features

The salt deposits of Permian age are the source of salt emerging
from the salt springs in the area covered by this investigation,
therefore features indicative of solution are evident in the salt
deposits and associated rocks. Some of the features are:

1., The eastern margin of the salt deposits are, in places,

too sharp and steep to be explained by any process of
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deposition. This indicates that salt has been removed
along its margin through solution,

The salt springs occur within a wide belt that trends
northeastward., The belt lies within the outcrop area

of rocks that contain salt in the subsurface to the

west and the springs lie very near the present eastern
limit of the salt deposits. Also, the springs are down-
slope relative to the ground-water gradient and the topo-
graphic slope which is regionally east and southeast, As
the‘salt is removed its margin probably shifts westward.
Differential removal through solution has left patches

of salt east of the main body of salt deposits. This is
especially noticeable in salt-zone A in northwestern
Oklahoma.,

Surficial solution and collapse features such as slumped
and contorted strata and sinkholes that occur especially
along the eastern margin of the salt deposits are due to
removal of salt and gypsum. These features are well
dembnstrated near spring areas in Woods County, Oklahoma,
and in Cottle, Hall, and King Counties, Texas., In central
Kansas a series of undrained depressions and sinks occur in
a line extending from central Sedgwick County to southern
McPherson County, Williams and Lohman (1949) state that
the depressions have been developed in recent times and
many of them are still subsiding owing to the removal of

salt by solution from the underlying Permian rocks. The
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depressions coincide closely with the present eastern
margin of the salt beds. A sink, probably resulting from
the removal of salt, developed in 1879 in Meade County,
Kansas, and filled with salt water to within 14 feet of the
surface,

Southwest of Wichita, Kansas (Sedgwick County), brine is
present in the Sumner group (Permian) in strata that contain
salt a short distance to the west. The brine is the result of
ground water dissolving salt from the Wellington formation.
Broken shale containing salt casts was observed in cores
near some of the salt springs. The shale has slumped and
become broken as a result of salt removal.

Equivalents of rocks that contain salt in the subsurface
contain salt casts and cubic voids in surface exposures
which are evidence of the former présence of salt., Salt

is missing from the rocks at the surface because of its

removal t<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>