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GEOLOGY AND MINERAL RESOURCES
(EXCLUSIVE OF PETROLEUM)
OF CUSTER COUNTY, OKLAHOMA

Abstract—The geologic section of Custer County, central western Oklahoma, consists of 750
feet of Upper Permian red beds, overlain by a veneer of Pleistocene deposits less than 100
feet thick, with small areas of slumped Lower Cretaceous rocks in the western part of the
County. The Permian beds dip from 10 to about 80 feet per mile southward, being on the
north flank of the Anadarko basin.

The oldest group of rocks represented at the surface in Custer County is the Whitehorse
Group, comprising the Marlow Formation and the overlying Rush Springs Formation. The Marlow
consists mostly of orange-brown fine-grained sandstone; the upper 50 feet crops out along the
Canadian River in the northeastern part of the County. In the subsurface the Marlow is about
85 to 140 feet thick, and the Relay Creek and Emanuel Beds of dolomite and gypsum are
discernible at the top. The overlying Rush Springs Formation, 300 feet thick in the northeastern
part of the County and 430 feet thick in the southeastern part, is mostly orange-brown fine-grained
sandstone, with the Old Crow Bed of gypsum and dolomite occurring about 120 feet below
the top in the northern part and the Weatherford Bed of gypsum and dolomite about 40 feet
below the top. .

Overlying the Whitehorse Group is the Foss Group (name new), comprising the Cloud Chief
Formation at the base (175 feet thick) and the Doxey Shale at the top (195 feet thick). The
Cloud Chief is mainly orange-brown shale and siltstone, and the Doxey is mainly red-brown
shale and siltstone. In southeastern Custer County, the lower 118 feet of the Cloud Chief
is gypsum. The Moccasin Creek Bed of gypsum and dolomite occurs at the base of the Cloud
Chief, overlain by the Kiger Member of shale and siltstone (about 50 feet thick), with the
Day Creek Bed above the Kiger. The Day Creek Dolomite occurs east of Clinton and northward
but appears to be absent in the southwestern part of the County. The overlying Big Basin
Member is mostly orange-brown shale and siltstone, with some sandstone. The base of the
Doxzey can be correlated with the Alibates Dolomite of the Texas Panhandle, and the Gua-
dalupean-Ochoan boundary is probably between the lower and upper dolomites of the Alibates.

The Elk City Sandstone, overlying the Foss Group, is about 50 feet thick in Custer County.
The top is eroded, and the formation occurs in the southwestern part of the County. The Sandstone
Creek Lentil (name new) occurs in northeastern Beckham County, a few miles west of Custer
County, and is a series of well-indurated coarse-grained sandstones with calcite cement, about
80 feet thick. Some of this coarse sandstone occurs in Custer County. The Elk City may be
younger than known Ochoan rocks in North America.

The Lower Cretaceous Kiowa Formation occurs as small slumped areas in Permian red
beds in the western part of Custer County. The Kiowa is mostly dark-gray and yellow-brown
shale, with Texigryphaea limestones, representing the lower 50 feet of the Kiowa farther north.
In southwestern Custer County, slumped blocks of brown to gray cross-bedded sandstone and
quartzite conglomerate rest upon the Doxey Shale and Elk City Sandstone. These blocks are
classed as part of the lower sandstone of the Lower Cretaceous Dakota Group, above the Kiowa
Formation.

The Pleistocene sediments are classed into three systems: (1) Canadian River, (2) Deer
Creek, and (3) Washita River. Each system has several sets of terrace levels, and stream piracy
in early Pleistocene time is indicated. The Deer Creek deposits contain volcanic ash (Pearlette)
and were probably deposited by the ancient Canadian River in Kansan time and earlier. The
main gravels of the Canadian River are on the northeast side, indicating that this river has
since shifted southwestward downdip since Kansan time. The Washita River gravels are mainly
north of the present-day stream, indicating that the Washita has shifted southward downdip
and laterally during Pleistocene time.

The main geologic products of Custer County are oil and gas, water, clay, gypsum, dolomite,
sand and gravel, volcanic ash, uranium and vanadium, and salt. Brick is produced by one
company at Clinton from clay and shale in the Cloud Chief Formation, which has possibly
been reworked. Clay reserves are ample for many years at the current production rate of 20
million bricks per year. The gypsum is 91 to 95 percent pure, with about 1.3 billion tons
of reserves. The associated anhydrite reserves are about 523 million tons. Several hundred
thousand tons of volcanic ash occurs in the Custer City area. Thin dolomites, 1 to 3 feet thick,
occur in the eastern part of the County, with estimated reserves of 1.4 million cubic yards.
Sandstones have been quarried locally for building purposes and ballast. Sand and gravel pits
have been opened in many areas, and the material has been used for road metal, railroad
ballast, and concrete. Several pure salt beds, 150 to 175 feet thick, occur 950 to 1,600 feet
underground near Custer City, with reserves estimated at about 3 billion tons. Uranium and
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Abstract

vanadium minerals have been found in the upper Cloud Chief Formation and the lower Doxzey
Shale near Clinton and Foss but have not been found commercial.

Ground water is the principal source of supply for municipal, industrial, irrigation, and
domestic water use in Custer County. The cities of Clinton and Weatherford are the largest
users of ground water for municipal supply. The development of large wells for irrigation
bas been primarily in the eastern third of the County and along the bottom lands of the
Washita River.

Most of the ground water in Custer County is derived from precipitation falling directly
on the area. Mean annual precipitation is about 25 inches; hence approximately 1,300 acre-feet
of water falls on each square mile each year.

Aquifers capable of supplying moderate to large quantities of water to wells are sandstones
of the Marlow and Rush Springs Formations (Whitehorse Group) in the eastern part of the
County and alluvium along the Washita River. Wells tapping bedrock aquifers in the western
part of the County generally produce sufficient water for domestic and stock needs, but extended
dry periods may reduce well yields. The water quality is generally poorer than in eastern
Custer County because of higher concentrations of dissolved solids, mainly sulfates.

Although no areas of serious overdevelopment of ground-water resources are known to
exist in Custer County, the area most likely to be so affected is east of Weatherford in the
vicinity of that city’s well field (T. 12 N., R. 14 W.). Otherwise, the Whitehorse aquifer (Marlow
and Rush Springs) should have the potential to supply water to a great many more wells
in eastern Custer County.
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Figure 1. Index map of Oklahoma showing location of Custer County.



PART I.—STRATIGRAPHY AND GENERAL GEOLOGY OF
CUSTER COUNTY

RoBERT O. Fay'

INTRODUCTION

Custer County, in west-central Oklaho-
ma, comprises an area of approximately
1,000 square miles (fig. 1). The county seat
is Arapaho, located centrally, with a popula-
tion of 700. Weatherford is the largest city
(8,800), and Clinton is next (8,600). Smaller
towns are Thomas (1,350), Custer City (450),
Butler (300), Moorewood, Stafford, Indian-
apolis, and Anthon. Hammon (650), in Roger
Mills County, is on the western border of
Custer County.

U.S. Highway 66 (Interstate 40) crosses
the southern part of the County from east
to west, and U.S. Highway 183 crosses the
center of the County from north to south.
State Highways 47 and 33 extend from east
to west through the northern and central
parts, and State Highways 34 and 54 extend
from north to south through the western
and eastern parts of the County, respec-
tively. Clinton is known as the “hub city”
because U.S. Highways 66 and 183 intersect
here, and the Chicago, Rock Island & Pacific
Railway, the St. Louis-San Francisco Rail-
way, and the Atchison, Topeka & Santa Fe
Railway pass through the city.

The principal raw products of the
County are cotton, wheat, cattle, and oil and
gas. Foss Reservoir State Park, in the south-
western part of the County, is a well-
equipped recreational area of about 30
square miles around Foss Lake, which was
created by a dam 3.5 miles long across the
Washita River (frontispiece). The reservoir
is to provide water for Clinton, for Bessie
and Cordell in Washita County, and for
Hobart in Kiowa County, and may be used
for irrigation of 10,000 acres of farm land,
in addition to affording protection from
floods.

'Geologist, Oklahoma Geological Survey.

Two rivers flow southeastward through
Custer County: the Canadian River in the
northeastern corner, and the Washita River
in the southwestern part. The elevation of
the Canadian River is about 1,500 feet above
sea level, and that of the Washita River is
1,700 feet near Hammon and 1,440 feet
southeast of Clinton (pl. 1, cross sections).
Deer Creek and Barnitz Creek flow south-
eastward into the Canadian and Washita
Rivers in the eastern and central parts of
the County, respectively, and have wide
valleys with Pleistocene gravels beneath and
along the sides, with Pearlette volcanic-ash
deposits along tributaries of Deer Creek.
Pleistocene deposits in several terrace levels
occur along the Canadian and Washita
Rivers, and scattered remnants may be found
over high areas (pl. 1). Quartermaster Creek,
a tributary to the Washita River in the
western part of the County, also has a wide
valley flanked by Pleistocene deposits and
may be an underfit stream similar to Barnitz
and Deer Creeks.

Custer County is in the Red-Bed Plains
region of the Great Plains, the highest parts
being about 2,040 feet in the southwest
corner and 1,820 to 1,860 feet in the eastern
buttes. The total relief in the County is about
600 feet. Most of the county is underlain
by red-brown to orange-brown sandstone
with much gypsum in the Clinton-Weather-
ford area and red-brown to orange-brown
shale in the southwestern part. Sandstone
is also present in the southwest corner of
the County, but it is stratigraphically higher
in the section than is the sandstone to the
north and east. In the northern and eastern
parts are many buttes and escarpments
formed by erosion of weakly resistant beds
adjacent to dolomites and gypsums. Some
of the prominent buttes near Thomas are
capped by dolomites; two have been named
Sugar Loaf Mound and Indian Hill (pl. 1,
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cross-section E-E’), these and others having
been used as markers along the Santa Fe
Trail by the Josiah Gregg expedition of
1839-40.

Structurally, Custer County is on the
north flank of the Anadarko syncline, with
a general south dip of 10 to 80 feet per mile
and a strike changing from northwest in
the eastern part of the County to west and
southwest in the western part. In the Putnam
(Dewey County) and Custer City areas, the
beds are almost flat, and the dip in the
northern part of the county is about 10 to
20 feet per mile (pl. 2). The dip increases
from 20 to about 80 feet per mile along an
area between Hammon and Weatherford,
with an irregular swale south of Butler. In
the southwestern part of the County the dip
is about 20 to 30 feet per mile to the south-
east. The irregular structures common over
large areas may not extend to depth and
may be caused by collapse of underlying beds
owing to solution of salt and gypsum. Many
erratic features may be unrelated to known
tectonic structures and should not be used
indiscriminately for exploration of oil and
gas.
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STRATIGRAPHY
INTRODUCTION

The geologic section of Custer County
consists of approximately 750 feet of Per-
mian red beds of the Custerian (Upper Per-
mian) Series, overlain by a veneer of Pleisto-
cene deposits generally less than 100 feet
thick, with small slumped areas of Creta-
ceous rocks in the western part of the County
(fig. 2).

THICKNESS

[ SYSTEM | SERIES | GROUP FORMATION (FeET)

Alluvium 0~132
Quaternary | Pleistocene Terrace deposits, including 0-100
Pearlette ash
Crefaceous | Comanchean R%‘ﬁ’u“ gﬁg‘l’ep Tlower sandsfone) 8:{8
Etk City Sondstone 50 ‘exposed
Doxey Shale 195

Upper

Permian Parmian Foss Cloud Chief shaie and gypsum, 175

with some dolomite

Rush Springs sandstone and
dolomite, with some shale
Marlow sandstone and
impure dolomite

247-310
Whitehorse

50 exposed

Figure 2. Nomenclatural diagram of named rock units in
Custer County.

The red beds are here classed under the
Custerian Series, because it is difficult to
correlate exact boundaries of Guadalupean
and Ochoan rocks from the type areas in
Texas and New Mexico. The Custerian Series
in Custer County consists of the Whitehorse
Group, the Foss Group (name new), and the
Elk City Sandstone at the top.

The Whitehorse Group is mainly sand-
stone, with the Marlow Formation at the
base, overlain by the Rush Springs Forma-
tion. Only the upper 50 feet of the Marlow
crops out along the Canadian River bluffs
in the northeastern part of the County. In
the subsurface, the Marlow is 90 to 140 feet
thick (pl. 2). Several thin, persistent impure
dolomites or gypsums occur in the upper part
of the Marlow, termed the Relay Creek Bed
and the Emanuel Bed (at top), and these
are used as markers for separation of the
Marlow from the Rush Springs. The Rush
Springs is 300 to 430 feet thick (surface),
with the Old Crow Bed about 120 feet below
the top and the Weatherford Bed about 40
feet below the top, occurring mostly in the
eastern and northern parts of the County.

The Foss Group is mainly shale, with
the Cloud Chief Formation at the base,
overlain by the Doxey Shale. The term
Quartermaster Formation is here rejected
because of a lack of grouping of the Doxey
Shale and Elk City Sandstone. Also, the
rocks exposed along Quartermaster Creek
are Rush Springs and Cloud Chief. The Cloud
Chief is about 175 feet thick, the lower 118
feet of which is gypsum in the southeastern
part of the County. Elsewhere, the basal part
of the Cloud Chief is a multiple gypsum
unit termed the Moccasin Creek Bed, with
about 50 feet of shale, siltstone, and sand-
stone of the Kiger Member above, overlain
in places by a dolomite termed the Day Creek
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Bed, with the Big Basin Member at top. The
Doxey Shale is about 195 feet thick and
occurs in the southwestern part of the
County. At the base is a greenish-gray calci-
tic or dolomitic siltstone, interbedded with
red-brown shale, resting upon orange-brown
shale of the Cloud Chief Formation.

The Elk City Sandstone occurs above
the Foss Group in the southwestern corner
of the County, and only the lower 50 feet
is preserved. No unconformities were noted
in the section.

The Cretaceous deposits consist of two
different lithologic facies: (1) the fossili-
ferous Texigryphaea limestones and dark-
gray to yellow-brown fossiliferous shales,
and (2) the brown to gray unfossiliferous
sandstones and conglomerates, commonly
cross-bedded and grading into quartzite. The
first facies is classed as the lower part of
the Kiowa Formation and is the common
Cretaceous rock seen in the western part
of the County. The Kiowa may be 30 feet
thick, and all exposures are limited to
slumped areas less than 1 acre in area. The
second facies (Kd on map, pl. 1) occurs as
blocks up to 8 feet thick in the southwestern
part of the County. The rocks rest upon the
Doxey Shale and the Elk City Sandstone
and are classed as the lower sandstone of
the Dakota Group.

The Pleistocene sediments may be
classed into three systems: (1) the Canadian
River deposits in the eastern part of the
County, (2) the Deer Creek deposits with
Pearlette volcanic ash along Deer Creek and
its tributaries east of a line from Custer
City to Weatherford, and (3) the Washita
River deposits, mainly north of the Washita
River. Each system has several sets of ter-
race levels, and the distribution of gravels
indicates that stream piracy operated in
early Pleistocene time.

PERMIAN SYSTEM

The Permian System is subdivided into
an Upper Permian Series and a Lower Per-
mian Series, according to Moore (1966, p.
xxix). The Upper Permian of Russia is
subdivided into the Tatarian (at top), Ka-
zanian, and Kungurian Stages, and the
Upper Permian of North America is subdi-
vided into the Ochoan (at top) and Gua-
dalupean Stages. It is also stated that the

Tatarian includes some Lower Triassic stra-
ta and is equivalent to upper Thuringian
(Zechstein) deposits of Germany, and that
the Kazanian is equivalent to lower Thurin-
gian (Zechstein) deposits. The stage units
are considered unfirm, being provincial in
application. Dunbar (1940, p. 263) used the
name Tartarian, and American geologists
have since followed this spelling. Marcou
(1858, p. 9-10) first recognized Permian rocks
in Oklahoma.

The type Guadalupean rocks of west
Texas contain marine fossils of little value
in correlation with nonmarine red beds. At
present the base of the Guadalupean is
correlated into north-central Texas at the
base of the San Angelo Formation, and this
unit is correlated into Oklahoma at the base
of the Chickasha Formation or upper Duncan
Sandstone, in the middle of the Flowerpot
Shale. Thus the Flowerpot Shale of Texas
is only upper Flowerpot, and the San Angelo
is middle Flowerpot.

The type Ochoan rocks of southeastern
New Mexico are mainly unfossiliferous
marine evaporites, containing much salt,
and almost pinch out eastward and north-
ward in the southern part of the Texas
Panhandle. The entire Ochoan appears to
correlate with the Doxey Shale, and the
Ochoan-Guadalupean boundary is probably
within the lower part of the Doxey. The Elk
City Sandstone would thus be considered
post-Ochoan.

Preliminary palynologic studies indi-
cate that the upper part of the Flowerpot
Shale may correlate with the lower Zechstein
Z, of Europe or the lower Kazanian of Russia
or the lower Guadalupean of Texas. Olson
(1962, p. 156) correlated the upper San
Angelo vertebrates as lower Guadalupean
and lower Kazanian at the top of Zone I
of the Russian section after detailed discus-
sion and comparison with many of the type-
Russian sections and study of Russian mate-
rial. Newell (1940, p. 277) studied White-
horse invertebrates and compared the fossils’
with the Guadalupean Capitan fauna and
the Russian Kazanian and Bakmuth dolo-
mite faunas. Thus the red beds of Custer
County would be upper Kazanian and lower
Tatarian, or upper Guadalupean, Ochoan,
and post-Ochoan.

The term Custerian Series was intro-
duced by Fay (1965, p. 39) for Permian red
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beds from the base of the Whitehorse Group
to the top of the Elk City Sandstone, in order
to eliminate questionable usage of series
designations from Texas into Oklahoma.
Also, if the Elk City is post-Ochoan, another
series name would be desirable to include
the Elk City. The Kansas Geological Survey
has adopted Custerian Stage (not series),
according to Zeller (1968, p. 52), but the
Texas Bureau of Economic Geology prefers
to wait until completion of current red-bed
studies before considering adoption of the
term Custerian, according to Dr. Virgil E.
Barnes (personal communication).

Custerian Series

The red beds of Oklahoma may be
classed into two units, considered Permian
in age. The Cimarronian (lower) Series in-
cludes beds from the base of the Wellington
Formation through the El Reno Group. This
isroughly Artinskian, Kungurian, and lower
Kazanian of Russia, or Leonardian and lower
Guadalupean of Texas.

The Custerian (upper) Series extends
from the base of the Whitehorse Group
through the Elk City Sandstone. This is
tentatively correlated as upper Kazanian
and lower Tatarian of Russia, or upper Gua-
dalupean, Ochoan, and post-Ochoan of
Texas.

This usage allows a natural division of
the Midcontinent Permian red beds. The
instability of boundaries and the theoretical
basis for establishment of the Permian were
discussed by Dunbar (1940), Moore (1940),
and Tomlinson and others (1940). An excel-
lent discussion is given by Gregory (1958)
in the San Angelo Geological Society’s
guidebook, The Base of the Permian—a Cen-
tury of Controversy. It is pointed out that
the type Ochoan is defined on a different
basis than the type Guadalupean and older
series, and that Russian geologists disagree
on the base of the Permian in Russia. A
chart is shown by Moore (1940, p. 304) in
which about 50 different authors placed the
Lower Permian boundary at 13 different
stratigraphic positions in Texas.

The Custerian red beds of Custer County
belong to a marginal basin facies, with
thicker sections southward and thinner sec-
tions northward, the region of breakover
with the northern platform being in northern

Dewey County and southern Major and
Woodward Counties, as shown by Fay (1965,
pl. 3) and on plate 2 herein. The Marlow
Formation averages about 100 feet in
thickness, being somewhat thicker (130-140
feet) nearer the axis of the Anadarko basin
southward. The overlying Rush Springs is
about 430 feet thick in southeastern Custer
County and is thinner northward (250-300
feet) and westward (200 feet), being about
87 feet thick near Quinlan, Woodward
County, and 80 feet thick near Borger, Hut-
chinson County, Texas, where more shale
is present. The Cloud Chief is about 175
feet thick in Custer County, being thinner
in Ellis County to the northwest, where it
is 124 feet thick, and in Hutchinson County,
Texas, where it is 104 feet thick. In south-
western Custer County, the Cloud Chief is
about 310 feet thick, and farther south in
Beckham County it is almost 430 feet thick,
according to Ham and Jordan (1961, p. 6).
The Doxey Shale is about 195 feet thick in
Custer County but is reported to be only
165 feet thick in eastern Beckham County,
to the south, by Ham and Jordan (1961, p.
6). It is quite possible that the unusual
thickness of the underlying Cloud Chief is
incorrect and that some of the Doxey is
included in the Cloud Chief. A gypsum 40
feet below the top of their Cloud Chief might
better serve as the base of the Doxey. The
top of the Elk City is everywhere eroded,
so little is known about basin-platform rela-
tionships of this formation.

WHITEHORSE GROUP

The term “Red Bluff beds” was first used
by Cragin (1896, p. 40) for the sequence of
rocks between the Dog Creek Shale below
and the Day Creek Dolomite above. The
sequence was named for Red Bluff post office
near Protection, Comanche County, Kansas.
The name was preoccupied, so Gould (1905,
p. 55) proposed that the sequence be named
Whitehorse Sandstone Member for White-
horse Springs, Woods County, Oklahoma.
Sawyer (1929, p. 11) changed the name to
Whitehorse Group, subdividing it into the
Marlow Formation below and the Rush
Springs Sandstone above, a usage followed
at present. The type section of the White-
horse Group is that on Moccasin Creek,
Woods County, which is also the type section
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for the Rush Springs Formation (Fay, 1965,
p. 40). The type section of the Marlow
Formation is that northwest of Greenfield,
Blaine County (Fay, 1962, p. 67), and this
is also the type section for the Emanuel and
Relay Creek Beds, used for separation of
the Marlow from the Rush Springs.

The Whitehorse Group, primarily red-
brown to orange-brown sandstone in Custer
County, is about 560 feet thick in the south-
eastern part of the County and 400 feet thick
in the northeastern part. Only the upper
50 feet of the Marlow is exposed in the
northeastern part of the County, so these
thicknesses include subsurface data where
differences from 85 to 140 feet can be ob-
served for total Marlow thicknesses. The
Rush Springs is about 430 feet thick in the
southeastern part of the County, 300 feet
thick in the northern part, and 200 feet thick
in the western part. At the type section in
Woods County, the Whitehorse is 194 feet
thick, and near Borger, Hutchinson County,
Texas, it is about 170 feet thick. Along the
Red River in Hall County, Texas, the White-
horse is about 270 feet thick. The Whitehorse
is reported to be 385 feet thick in eastern
Beckham County, according to Ham and
Jordan (1961, p. 8).

The base of the Whitehorse Group in
Oklahoma, Kansas, and Texas is a greenish-
gray to orange-brown sandstone, grading
into gypsum from mnorthern Woodward
County, Oklahoma, to Cave Creek, Co-
manche County, Kansas. The underlying
Dog Creek is primarily a red-brown shale,
and the contact is sharply delineated where
observed. A map showing the present struc-
ture at the base of the Whitehorse Group
in northwestern Oklahoma (including Cus-
ter County) and adjacent parts of Kansas
and Texas is included with a report on the
revision of the Whitehorse Group by Fay
(1965, pl. 3).

The upper boundary of the Whitehorse
Group was revised by Fay (1965, p. 40-41)
because (1) marker beds previously used for
mapping purposes were inconsistently used
from one county to another, (2) the White-
horse should be considered primarily a sand-
stone group, (3) gypsums and dolomites can
occur in the Whitehorse, and (4) the overly-
ing Cloud Chief Formation is primarily a
shale and siltstone body, grading into gyp-
sum in the Clinton-Weatherford-Eakly area,

and is not defined on the basis of the presence
of gypsums and dolomites.

The term Moccasin Creek Bed was
introduced by Fay (1965, p. 73) for a dolo-
mite, gypsum, or multiple zones at the base
of the Cloud Chief Formation, greenish-gray
where leached, resting upon Rush Springs
sandstone. A map resulting from the use
of this new concept would show a much
smaller outcrop area for the Cloud Chief
from Dewey County southward through
Custer County (where the Weatherford Bed
was previously used) and a somewhat larger
area of outcrop in the region north of Dewey
County (where the Day Creek Bed was pre-
viously used) than is shown on the geologic
map of Oklahoma by Miser and others
(1954). A structure-contour map of this hori-
zon in northwestern Oklahoma and adjacent
parts of Kansas and Texas will be presented
in a later paper. Essentially, the Moccasin
Creek is intermediate between the Weather-
ford Bed below and the Day Creek Bed above
and is persistent over a wider area than the
latter two. Preliminary regional correlations
are shown by Fay (1965, pl. 3).

MarLow FORMATION

Name.—The name Marlow Formation
was first used by Sawyer (1924, p. 313-315)
for 120 feet of sandstone and shale between
the Duncan Sandstone (now Chickasha)
below and the Whitehorse Sandstone of
Reeves (1921) (now Rush Springs) above. The
formation was named for Marlow, Stephens
County, Oklahoma. Evans (1931, p. 416)
proposed the name Relay Creek Dolomites
for the previously used name Greenfield
Limestones (preoccupied) of Stephenson
(1925, p. 629-630), and Fay (1962, p. 69)
named the upper dolomite the Emanuel Bed
and the lower dolomite the Relay Creek Bed,
with the type section northwest of Green-
field, Blaine County. The Emanuel Bed,
currently used as the marker for the top
of the Marlow Formation, is included in the
Marlow.

Type sections.—The type section for the
Marlow Formation is that designated by Fay
(1962, p. 67) in the Red Bluffs northwest
of Greenfield, Blaine County, in the NW/4
sec. 29, T. 15 N, R. 11 W., and the NEY4
sec. 25, T. 15 N., R. 12 W. The type section
for the Emanuel and Relay Creek Beds is
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that designated by Fay (1962, p. 70) in the
NEV4NEY4 sec. 25 and the SEV4SEY4 sec.
24, T. 15 N,, R. 12 W., northwest of Green-
field, Blaine County.

Description in Custer County.—The
Marlow Formation is exposed along the Ca-
nadian River bluffs of northeastern Custer
County, and only the upper 50 feet is exposed
to water level. It is mostly orange-brown
fine-grained quartzose sandstone, with a
1-inch maroon to light-gray thinly laminated
crinkly bedded Emanuel Bed of impure dolo-
mite at the top (fig. 3). The Relay Creek
Bed is maroon to dark-gray impure dolomite
about 1 inch thick, being about 18 feet below
the Emanuel Bed, and is described in mea-
sured section 3 (Appendix). In the subsur-
face, the Marlow ranges in thickness from
about 85 feet in the north to 140 feet in
the southwestern part of the County, with
apparent conformity upon the underlying
Dog Creek Shale. Isopach and structure
maps of the Blaine and the Dog Creek
indicate southward thickening of these
units, with thickening in the upper Dog
Creek being four times greater than in the
lower Dog Creek (pl. 2). On electric logs,
the basal Marlow contact is easily picked
by a flaring out above the pinched-in Dog
Creek (pl. 3). The Emanuel and Relay Creek
Beds also have high resistivity kicks where
anhydrite or dolomite is suitably thick, and
these kicks flare outward from the sandstone
kicks.

Figure 3. Emanue! Bed of
Marlow Formation, show-
ing crinkly bedded ledge
of dolomite and sandy
limestone. South side of
State Highway 33, looking
southeast, in
NWLNWYANEYs sec. 22,
T.15 N., R. 14 W_, Custer
County. Rush Springs
(above) and Marlow
(below) are composed of
fine-grained orange-brown
sandstone.

Description in  southeastern Dewey
County.—An important transition takes
place in the Relay Creek Bed just north of
Custer County. About 30 feet of upper Mar-
low is exposed along the Canadian River
in southeastern Dewey County in the NW/4
sec. 25, T. 16 N., R. 15 W. (mmeasured section
16). The Emanuel Bed is a 1-inch maroon
to light-pink impure dolomite. About 27 feet
below is the thin Relay Creek Bed, which
is gradational into a 1-foot white to pink
gypsum. Farther north the gypsum is almost
10 feet thick in the NWV/4 sec. 4 and the
NEVs sec. 5, T. 16 N,, R. 15 W., and in
the NWV4 sec. 6, T. 17 N, R. 15 W. (fig.
4). In the subsurface, the Marlow is estima-
ted to be about 80 to 100 feet thick in Dewey
County.

Age and correlation.—The Marlow is
here correlated with beds between the
Childress Dolomite below to the Eskota
Gypsum above, as mapped on the Lubbock
sheet of Texas by Barnes (1967). On the
Plainview Sheet (Barnes, 1968), the Marlow
is 135 feet thick. The lower and upper Eskota
correspond to the Relay Creek and Emanuel
Beds, respectively. In New Mexico, the Mar-
low is correlated with the Grayburg and
Artesia Formations, as revised by Ahlen and
others (1960) of the Roswell Geological Soci-
ety’s stratigraphic committee. It was men-
tioned that Lewis (1938, p. 1711) was one
of the first to suggest Whitehorse correla-
tions into New Mexico. DeFord and Lloyd
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(1940, p. 8) quoted a statement by Lewis
that the Marlow is correlated with the Gray-
burg, considered Guadalupean in age.

Beede (1907) first studied Whitehorse
fossils. Newell (1940, p. 271) compared the
Whitehorse fossils with those from the Capi-
tan of Texas and with the Kazanian and
Bakmuth faunas of Russia. The Marlow
fossils were collected from three different
lenses: (1) basal Doe Creek Lentil, White-
horse Springs, Woods County; (2) upper Doe
Creek Lentil, east of Woodward, Woodward
County; and (3) Verden Lentil, near Chicka-
sha, Grady County. The fauna comprises
Dozierella gouldii (1-3), Conocardium ok-
lahomense (1), Myalina sp. (1), Gryphellina
sellardsi (1), Schizodus oklahomensis (1),
Aviculopecten vanvleeti (1), Permophorus
albequus (1-3), P. a. longus (1), Spirorbis
sp. (1), Baylea capertoni (1), Cyclites depres-
sus (1), Naticopsis transversus (1), Girtys-
pira? alvaensis (1), Cyclobathmus haworthi
(1), Pakistania schucherti (1), Pseudodielas-
ma perplexa (1), Composita mexicana (1),
C. subcircularis (1), and Lioclema dozierense
(1-2).

Origin.—Traced northward from Custer
County, the Marlow contains much gypsum
and shale. The sand was probably derived
from the east or southeast. For instance, the
basal Marlow sandstone grades northwest-
ward into 27 feet of gypsum in Harper
County, and the upper Marlow sandstone
grades into shale in this area. In Beaver

County along the Cimarron River, the upper
Marlow is gypsum and shale. In Caddo
County the Marlow is mainly sandstone, but
farther south in northern Stephens County
much shale is in the Marlow, which suggests
an eastern rather than a southern origin
for the sand. Near Anadarko, Caddo County,
the Emanuel and Relay Creek Beds are
gypsums, but farther east and southeast they
are dolomites, probably toward land.

From the preceding information, I would
guess that the source of the Marlow sand
was east of the present outcrop in Canadian
and Grady Counties and that the breakover
with the northern platform was in northern
Woodward County. Custer County would be
near the middle of the basin.

RusH SprinGs ForRMATION

Name.—The name Rush Springs
Member was first used by Sawyer (1929,
p. 11) for the sandstone between the Marlow
Member below and a gypsum above. The
name is for Rush Springs, Grady County,
Oklahoma. The Weatherford dolomite, a 1-
foot dolomite bed about 40 feet below the
thick gypsum at the type section, was named
by Sawyer for the town of Weatherford,
Custer County, Oklahoma. This usage is
followed in the present report, the Weather-
ford being considered as a bed within the
upper part of the Rush Springs Formation.

The lower contact of the Rush Springs was

Figure 4. Relay Creek Bed
of Marlow Formation.- Mas-
sive 5-foot gypsum occurs
on east side of creek in
NEVaNEYs sec. 5, T. 16
N., R. 15 W. (measured
section 16), southeastern
Dewey County, and per-
sists for about 5 miles
southeastward along west
bank of Canadian River,
where gypsum grades into
thin maroon crinkly bed-
ded dolomite.
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not firmly defined by Sawyer, and Evans
(1931, p. 416) redefined the contact to be
that at the top of the upper Relay Creek
Dolomite (now Emanuel Bed), a usage now
followed. The term Rush Springs Formation
was used by Fay (1965, p. 56) for the Woods
County area of northern Oklahoma because
gypsum, dolomite, and shale are present in
the section, but the term Rush Springs
Sandstone is almost as appropriate because
the main lithology is fine-grained orange-
brown sandstone.

The upper boundary of the Rush Springs
Formation has been inconsistently defined
from one county to another in Oklahoma,
and various authors have used separate
terms for beds in order to define this bound-
ary locally for mapping purposes. To gain
uniformity of terminology, Fay (1965, p. 73)
proposed the name Moccasin Creek Bed for
a dolomite or gypsum, or multiple dolomites
and gypsums, at the base of the Cloud Chief
and marking the top of the Rush Springs.
The name is for Moccasin Creek, northwes-
tern Woods County, Oklahoma. The type
sections for the Whitehorse Group and the
Rush Springs Formation were also placed
together along Moccasin Creek, and this new
concept was treated in detail in various
counties in Oklahoma, Kansas, and the
Texas Panhandle so that no misunder-
standings of local usages would occur. A
resulting map would show a much larger
area of Rush Springs outcrops south of the
Canadian River, including Custer County,
and slightly smaller areas of outcrops north
of the river, as compared with the present
geologic map of Oklahoma (Miser and others,
1954).

The old terminology for the defined top
of the Whitehorse starts with Gould (1905,
p. 55), who used the name Day Creek Dolo-
mite for the bed at the upper boundary and
included the Day Creek in the Cloud Chief
in Woods, Woodward, and Harper Counties.
As presently defined, the Day Creek is a
bed in the Cloud Chief about 30 feet or more
above the top of the Whitehorse.

Sawyer (1929, p. 11) used the name
Weatherford dolomite for a bed in Dewey,
Custer, and Washita Counties, occurring
about 25 to 40 feet below the base of the
Cloud Chief Formation, within the Rush
Springs Formation. This usage is now fol-
lowed, but in the past the Weatherford was

the marker bed at the top of the Rush
Springs, as used on the geologic map of
Oklahoma by Miser and others (1954); and
where the Weatherford was slumped, miss-
ing, or confused with the overlying Moccasin
Creek Bed, the Moccasin Creek was used
(but not then named).

Clapp (1920) named a 2- to 80-foot gyp-
sum in the Cyril-Cement area of Caddo
County the Cyril Gypsum, and Reeves (1921,
p- 48-50) stated that the Cyril is two beds,
an upper gypsum 0 to 85 feet thick and a
lower gypsum 1 to 40 feet thick, with 15
to 20 feet of sandy shale between. The lower
gypsum has a 1-foot dolomite at the base,
a bed correlated with the Weatherford Bed
and thus a member of the Rush Springs
Formation. In the past, any gypsum in this
area was used as a marker for the base of
the Cloud Chief, and, where the lower gyp-
sum was missing, the upper gypsum (Mocca-
sin Creek) was used. As now defined, only
the upper gypsum can be used as a marker
at the base of the Cloud Chief in this area,
the lower gypsum being included in the Rush
Springs Formation. In Custer County the
Weatherford and Moccasin Creek Beds are
gypsums in similar areas, having the same
relationships as the lower and uoper Cyril
beds.

Gould (1924, p. 337) defined the Cloud
Chief Formation from outcrops in Washita
County but considered the dolomite (now
Weatherford) to be the defined base and
correlated this as the Day Creek Bed. Thus
by original definition of the Cloud Chief,
the Weatherford Bed was used as marker
for the top of the Rush Springs. This is now
altered so that the base of the Cloud Chief
is at the base of the Moccasin Creek Bed,
recognizing that the Day Creek is about 60
feet or more above the Weatherford Bed.

In southeastern Dewey County, two thin
gypsum units occur about 30 and 120 feet
below the top of the Rush Springs; these
were named One Horse Gypsum and Old Crow
Gypsum, respectively, by Cragin (1897, p.
363) for indian crossings of the Canadian
River, the upper one being named One Horse
crossing. The Old Crow Bed occurs in adja-
cent parts of Custer County and extends into
northwestern Dewey County. It probably
extends westward and southwestward into
the Texas Panhandle, in the subsurface. The
One Horse is here correlated with the
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Weatherford Bed, and the name One Horse
is suppressed in favor of the name Weather-
ford because of popular usage of the latter
term.

Type locality.—The type locality for the
Rush Springs is the area of Rush Springs,
Grady County, Oklahoma. The top part is
eroded, so Davis (1955, p. 68) selected a type
locality in sec. 36, T. 7 N., R. 10 W., south
of Anadarko, Caddo County. Here the
Emanuel Bed is a gypsum near the base
of the cliff, overlain by 280 feet of sandstone,
with a few inches of Weatherford gypsum
and dolomite on top, according to O’Brien
(1963, p. 27, 29). Thus this section is incom-
plete, so Fay (1965, p. 57) selected the area
of Moccasin Creek for a type section in Woods
County, being the type Whitehorse section
also. The type Weatherford area is the region
south of Weatherford, Custer County, and
the type locality for the Old Crow and One
Horse Beds is the area west of Butte (now
a ghost town), southeastern Dewey County.

Type section.—The type section for the
Rush Springs Formation is in the SEV4 sec.
8, T.28 N.,, R. 18 W., Woods County, Oklaho-
ma, along West Moccasin Creek. Here the
Rush Springs is 77 feet thick and is an
orange-brown fine-grained sandstone with
interbedded red-brown shale and a massive
sandstone near the top. The overlying
Moccasin Creek is a 3-foot bed of dolomites
and greenish-gray to orange-brown silt-
stones and sandstones, eroding into an
escarpment. The base of the Rush Springs
is marked by the Emanuel Bed, which is
a white to greenish-gray calcitic sandstone.
The underlying Marlow is 117 feet thick,
and the total type-Whitehorse thickness is
194 feet.

The type section for the Weatherford
Bed is in the SEY/4SEV4 sec. 18 and the
SWVsSW¥/ssec. 17, T. 12N., R. 14 W., about
1 mile south of Weatherford, Custer County.
Here the Weatherford is a 1-foot pink dolo-
mite bed, about 38 feet below the base of
the Cloud Chief gypsum, with much siltstone
and sandstone above (measured section 1).

The type section for the One Horse Bed
is in the SEV4 sec. 22, T. 16 N., R. 15 W,
where the bed is about 4 feet thick (measured
section 16). The type Old Crow Bed is in
the SWV4NEV4NEV4 sec. 22, T. 16 N., R.
15 W., southeastern Dewey County. Here
the Old Crow is a 2.5-foot pink to white

gypsum with a 4-foot pink to orange-brown
gypsum and sandstone below, the top being
about 88 feet below the top of the One Horse
Bed (now Weatherford).

Description in Custer County.—The
Rush Springs Formation is primarily an
orange-brown fine-grained quartzose sand-
stone, ranging in thickness from 430 feet
in the southeastern part of the County to
300 feet in the northeastern part and 200
feet in the western part (pls. 2, 3). In many
places the sandstone is cross-bedded (fig. 5)
and erodes into badlands with many ever-
greens and cactus plants. In places the sand-
stone weathers into small sand balls, the
cementing material being calcite and locally
clay. Mostly the sandstone is friable, with
hematite-stained sand grains, but where it
is well indurated the cementing material is
commonly gypsum or calcite.

The Old Crow Bed is primarily a 0.5-
to 10-foot gypsum ranging from 120 to 178
feet below the top of the Rush Springs. In
the Clinton area, in the subsurface, the bed
is about 10 feet thick and about 178 feet
below the top (measured section 6). In the
Thomas area, a 0.1-foot bed of impure dolo-
mite is tentatively identified as the Old
Crow, about 139 feet below the top (measured
section 3). Northwest of Thomas, the Old
Crow is a 1- to 2.5-foot gypsum underlain
by a gypsiferous sandstone, eroding into a
mappable escarpment about 120 feet below
the top of the Rush Springs (figs. 6-8). In
northwestern Custer County, in the subsur-
face, a 2.0-foot gypsum occurs about 110 feet
below the top of the Rush Springs and is
here identified as the Old Crow (measured
section 8). The bed is absent in southeastern
Custer County.

The Weatherford Bed is a gypsum or
a dolomite as much as 8 feet thick, occurring
24 to 42 feet below the top of the Rush
Springs, with sandstone and some siltstone
and shale above. In the type region south
of Weatherford, the bed is a dolomite about
1 foot thick, occurring about 38 feet below
the top of the Rush Springs, eroding into
a prominent mappable escarpment (fig. 9).
In this same area, in the NEV4ANW/4SEY/,
sec. 18, T. 12 N,, R. 14 W., the bed is 3.25
feet thick and grades into gypsum in the
lower part (fig. 10). This section is now being
filled in by the Weatherford city dump.

In the eastern part of Custer County,
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Figure 5. Rush Springs
Formation. View, looking
northeast, of cross-bedded
sandstone about 120 feet
below Weatherford Bed in
SWYV/4SEY/4SEY4 sec. 23, T.
12 N., R. 14 W, south-
eastern Custer County.

Figure 6. Old Crow Bed of Rush Springs Formation. View,
looking northeast, at type section east of road in
SWV/aNEV4NEVy sec. 22, T. 16 N, R. 15 W., southeastern
Dewey County (measured section 16). Upper gypsum is
2.5 feet thick (dashed line at base) and grades into 4 feet
of gypsiferous sandstone below.

Figure 7. Type locality of One Horse Gypsum Bed (high
knobs) and Old Crow Bed (rounded knobs in middle of
picture, about 90 feet below One Horse) of Rush Springs
Formation. View, looking south, in NEV4 sec. 27, NW%¥4
sec. 26, SE¥4 sec. 22, and SWV4 sec. 23, T. 16 N., R.
15 W., southeastern Dewey County (measured section 16).

the Weatherford is primarily a dolomite. In
the Thomas area to the northeast, the
Weatherford dolomite occurs in four mounds.
In Sugar Loaf Mound, about 3 miles south
of Thomas, the bed is 1.5 feet thick and
occurs about 24 feet below the top of the
Rush Springs. The first mound north of
Thomas, named Indian Hill, is capped by
the Weatherford, which is about 1 foot thick.
Two higher hills occur father northwest,
each capped by the Moccasin Creek dolomite,
with 42 feet of sandstone below to the
Weatherford, which is about 1.5 feet thick
(fig. 11). Two smaller hills of slumped
Weatherford dolomite occur in this region
but are not as prominent as the three
mounds. In the 1830’s, Josiah Gregg men-
tioned these landmarks on his expedition
to Santa Fe, New Mexico, from Fort Smith,
Arkansas. In the East Clinton core, the
Weatherford is a 5.8-foot pink to white
dolomite, with 33 feet of sandstone above
to the Moccasin Creek dolomite. A few miles
north, in the Dripping Springs Boy Scout
Camp area (abandoned), the Weatherford is
a dolomite at least 2 feet thick (fig. 12) and
grades into gypsum between this area and
the East Clinton site (fig. 13). In southeast-
ern Custer County, in the NEV4SW/ sec.
36, T. 12 N., R. 14 W., the Weatherford
dolomite caps a butte, with several impure
dolomites occurring in the next underlying
50 feet (fig. 14). This is one of the western-

“most “Caddo County Buttes,” indicating that

the Weatherford caps all of these buttes to
the east. If this is true, these isolated areas
should be mapped as Rush Springs.

In the West Eakly core of east-central
Washita County, the Weatherford is a 0.7-
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Figure 9. Weatherford Bed (dolomite) of Rush Springs
Formation. View, looking west, at type section 1 mile south
of Weatherford on west side of road in SEVaSEV4 sec. 14,
T. 12 N, R. 14 W, southeastern Custer County. About
38 feet of sandstone and siltstone occurs above this bed
to base of Cloud Chief gypsum (measured section 7).

Figure 10. Weatherford Bed of Rush Springs Formation.
View, looking southwest, of 3.25-foot bed of gypsum (G)
and dolomite (D), at south end of Weatherford city dump
southwest of road in NEV4aNWY4SEYs sec. 18, T. 12 N.,
R. 14 W., southeastern Custer County. This is evidence
to show that gypsum north of this area grades into dolomite
south of this region and that dolomite occurs at top of
gypsum.

Figure 8. Old Crow Bed of
Rush Springs Formation.
View, looking northeast, of
1-foot gypsum resting upon
gypsiferous sandstone,
eroding into escarpment,
in NEVaSWY/4 sec. 3, T. 15
N., R. 15 W., northeastern
Custer County. Base of
gypsum indicated by
dashed line.

Figure 11. Weatherford Bed (dolomite) of Rush Springs
Formation. View, looking northeast, on west side of second
butte north of Thomas, in SEV4NEY4 sec. 24, T. 15 N.,
R. 15 W., northeastern Custer County (measured section
3). This bed caps Indian Hill directly to south and is near
base of hill to north.

foot maroon to pink and greenish-gray dolo-
mite that is fine to medium grained, thinly
laminated, crinkly bedded, and well in-
durated, with about 44 feet of sandstone
above to the thick Cloud Chief gypsum
(measured section 14). In most of eastern
Washita County, the Weatherford is a dolo-
mite.

In western Custer County and most of
Dewey County, the Weatherford is a gypsum
as thick as 8 feet, eroding into a prominent
mappable escarpment (figs. 15, 16). The
Weatherford is apparently absent in the
western tier of Custer County townships (R.
20 W.).

The interval between the Weatherford
Bed and the Moccasin Creek Bed (base of
the Cloud Chief Formation) is 24 to 42 feet,
the rocks consisting mainly of orange-brown
quartzose sandstone and siltstone with some
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Figure 12. Weatherford
Bed (dolomite) of Rush
Springs Formation. View,
looking northeast, of dolo-
mite on sandstone just
north of old Dripping
Springs Boy Scout Camp in
NEVaNEV/4NEYs sec. 28, T.
13 N., R. 16 W., central
Custer County. A few
hundred yards southward,
this bed grades into

gypsum.

Figure 13. Weatherford
Bed (gypsum) of Rush
Springs Formation. View,
looking east, along raifroad
tracks in SW1/SW1/aNW/4
sec. 8, T. 12 N, R. 16 W,,
south-central Custer
County. This bed is typi-
cally gypsum in this area.

Figure 14. Butte capped by Weatherford Bed (dolomite)
of Rush Springs Formation. Two beds of calcitic sandstone
and impure dolomite occur 24 and 47 feet below top,
in NEVaSWV4 sec. 36, T. 12 N., R. 14 W., southeastern
Custer County. View, looking eastward, of typical butte
country, termed Caddo County Buttes farther east.

Figure 15. Escarpment capped by Weatherford Bed (gyp-
sum) of Rush Springs Formation. View, looking southwest,
on East Barnitz Creek, in W1/2NW%Ys sec. 1, T. 13 N,,
R. 18 W., central Custer County. This is typical escarpment
in western two-thirds of County, and almost everywhere
it is slumped.
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red-brown shale. In the Weatherford area,
the interval is about 25 feet, with a stray
gypsum near the middle (fig. 17). In many
places it is possible to distinguish the
Weatherford from the overlying Moccasin
Creek, even where both are gypsums, such
as the area west of State Highway 54 in
the SEV4 sec. 13, T. 12 N., R. 15 W., where
about 40 feet of sandstone occurs between
the two beds (fig. 18). Where the Moceasin
Creek is thinner the bed consists typically
of multiple gypsum units, whereas the
Weatherford is a single gypsum bed. And
the Moccasin Creek is a double dolomite at
some localities, such as that of the East

Clinton core, with 33 feet of sandstone below
to a single bed of Weatherford dolomite. On
the outcrop, the Weatherford at some locali-
ties is a single dolomite and the Moccasin
Creek a single dolomite, with as much as
42 feet of sandstone in between, as seen in
the buttes north of Thomas (figs. 19, 20).
At Sugar Loaf Mound, south of Thomas, the
interval is 24 feet, being mostly siltstone
with some sandstone, but the Moccasin
Creek and Weatherford are single dolomite
beds eroding into mappable escarpments and
correlated into the main outcrop on the basis
of elevation and dip (fig. 21). At some places
where the gypsum is leached, the Weather-

Figure 16. One Horse Bed
(now Weatherford) of Rush
Springs Formation (gyp-
sum). View at type locality.
Closeup, looking east, in
SWYVSSEY/aSEY/4 sec. 22, T.
16 N., R. 15 W., south-
eastern Dewey County.
This bed caps buttes and
knobs in this area (mea-
sured section 16).

Figure 17. Interval be-
tween Weatherford Bed
(gypsum, W) of Rush
Springs Formation (at base)
and Moccasin Creek Bed
(gypsum, M) at base of
Cloud Chief Formation (at
top), with stray gypsum (G)
about 11 feet below
Moccasin Creek Bed and
13 feet above Weatherford
Bed. View, looking south,
of orange-brown gypsif-
erous siltstone, in
NWV4NWV4 sec. 8, T. 12
N., R. 15 W., southeastern
Custer County.
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Figure 18. Interval of 40
feet of Rush Springs sand-
stone between Weather-
ford Bed (gypsum) in mid-
dle of picture and Mocca-
sin Creek Bed (gypsum;
basal Cloud Chief) at top
of hill. View, looking
northwest, on west side of
State Highway 54, in SEV4
sec. 13, T. 12 N.,, R. 15 W,,
southeastern Custer
County.

Figure 19. Buttes north of Thomas, capped by Moccasin
Creek Bed (dolomite) of basal Cloud Chief Formation. View,
looking west, of northern two buttes north of Indian Hiil
in NEVs sec. 24, T. 15 N., R. 15 W, northeastern Custer
County.

Figure 20. Butte north of Indian Hill, capped by Moccasin
Creek Bed (dolomite) of basal Cloud Chief Formation, with
Weatherford Bed (dolomite) of Rush Springs Formation in
center of photograph. View, looking east, on west side
of butte, in SEY/4NEY4 sec. 24, T. 15 N, R. 15 W,
northeastern Custer County (measured section 3).

Figure 21. Sugar Loaf Mound, south of Thomas. View
looking south, with Weatherford Bed (dolomite, W) of Rush
Springs Formation at base, Moccasin Creek Bed (dolomite,
M) of basal Cloud Chief Formation in middle, and Day
Creek Bed (dolomite, D) of Cloud Chief Formation at top,
in NEV4 sec. 7, T. 14 N., R. 14 W., northeastern Custer
County (measured section 2).

ford is missing, and a dashed line is placed
on the map to represent this bed. This area
is mainly north and just west of Weather-
ford, where some colluvial wash probably
also covers the outcrop. At other places where
the gypsum is leached, a greenish-gray zone
can be distinguished, especially at the
Moccasin Creek boundary. In general, in a
region where one dolomite, gypsum, or
greenish-gray leached zone occurs, if much
shale is present above the zone, the bed is
the Moccasin Creek; but if much sandstone
is above the zone, the bed is the Weatherford.
Sandstone occurs below both beds, so one
must look above the bed in order to determine
its correct position.
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Description in Dewey County.—In
Dewey County, the Rush Springs Formation
is about 280 feet thick in the southern part
and 186 feet in the northern part, the main
lithology being orange-brown fine-grained
quartzose sandstone. As many as 5 stray
gypsum beds are in the upper 188 feet of
the Rush Springs.

In southeastern Dewey County, the Old
Crow Bed is a gypsum bed about 2.5 feet
thick, eroding into a mappable escarpment,
about 120 feet below the top of the Rush
Springs (figs. 6, 7; measured section 16). In
central Dewey County, south of Taloga, the
0ld Crow is a 3-foot gypsum and occurs about
120 feet below the top of the Rush Springs,
with several stray gypsums in the underly-
ing 65 feet of section. In northwestern Dewey
County near Camargo, the Old Crow is a
1-foot gypsum and occurs about 103 feet
below the top of the Rush Springs. In this
region the Old Crow was locally mapped and
used as the basis for distinguishing the
Marlow from the Rush Springs on the geo-
logic map of Oklahoma (Miser and others,
1954). This interpretation was incorrect, the
top of the Marlow being about 90 to 120
feet below the Old Crow, well below the
bottom of the Canadian River. North of this
region the Old Crow is absent. In the area
south of Seiling the Old Crow is absent, the
Rush Springs consisting of 186 feet of sand-
stone without dolomites or gypsums. In
northwestern Blaine County, in sec. 6, T.
17 N., R. 13 W., the Rush Springs is about
247 feet thick, and the Old Crow is tenta-
tively identified as a 9-inch dolomite 102
feet below the Moccasin Creek dolomite, with
a stray 9-inch dolomite about 67 feet below
the Moccasin Creek. The Old Crow is absent
north of this area. Thus it is evident that
the Old Crow is mostly confined to Dewey
and Custer Counties but may extend west-
ward into the subsurface of Texas.

The Weatherford Bed is mainly gypsum,
about 24 to 32 feet below the top of the
Rush Springs. In southeastern Dewey
County, in the SEV4 sec. 22, T. 16 N., R.
15 W., the bed was named the One Horse
Gypsum by Cragin (1897, p. 363) and is 4
feet thick, with 32 feet of sandstone above
to the Moccasin Creek dolomite (fig. 16;
measured section 16). The bed caps many
buttes and knobs and is persistent for many
miles west of the Canadian River. In north-

western Dewey County near Camargo, the
Weatherford is a 2.5-foot gypsum bed, with
25 feet of sandstone above to the Moccasin
Creek double gypsum bed. North of this area,
the Weatherford is absent. I have been un-
able to find this bed in the section south
of Seiling, the northernmost occurrence
being that north of Taloga. Thus the Weath-
erford is confined to Dewey County and the
region southward into Custer and Washita
Counties. In the subsurface of southwestern
Dewey County, in the West Leedey core, the
Weatherford is identified as a 1.1-foot white
gypsum bed, with about 24 feet of orange-
brown sandstone and siltstone above to the
base of the Moccasin Creek gypsum. A few
miles south, in the South Leedey core of
Custer County, the Weatherford is absent
in the subsurface, and I have been unable
to find it at the surface of northwestern
Custer County. Thus this bed is apparently
local to Dewey, Custer, and Washita Coun-
ties, with isolated buttes in Caddo County,
and one would not expect to be able to
correlate this bed into Texas. Its distribution
is shown by Fay (1965, pl. 3).

Description in Roger Mills County.—In
central Roger Mills County, the Rush
Springs Formation is about 250 feet thick
(subsurface). In the North Cheyenne core
(measured section 15), the upper 54 feet of
Rush Springs was cored at the bottom of
the well and is a fine-grained orange-brown
quartzose sandstone. The Moccasin Creek
Bed is 4.5 feet thick, consisting of a triple
gypsum sequence at the top of the Rush
Springs, and crops out on the north side of
the Washita River. The Weatherford Bed
is absent. Thus the Rush Springs extends
westward along the Washita River valley
from Hammon, near the Custer County line,
to Strong City and Cheyenne, Roger Mills
County, contrary to the geologic map of
Oklahoma (Miser and others, 1954), which
shows only Cloud Chief in this region.

In northwestern Roger Mills County
along the south side of the Canadian River
and extending into Hemphill County, Texas,
the Rush Springs occurs below a multiple
gypsum or dolomite. The exposed sandstone
is 10 to 20 feet thick, and the overlying
gypsums are here identified as the Moccasin
Creek, with red-brown shale of the Cloud
Chief above. On the geologic map of Oklaho-
ma (Miser and others, 1954) this region is
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mapped as alluvium and dune sand next to
the Ogallala outcrop.

Many other counties will have to be
remapped, using the new boundary at the
top of the Rush Springs. For instance, the
Rush Springs extends as far west as south-
eastern Texas County, but only the Cloud
Chief is shown on the geologic map of Gk-
lahoma.

Age and correlation.—The Rush Springs
is here correlated with the Queen Sandstone
of New Mexico, considered to be Gua-
dalupean in age, following DeFord and Lloyd
(1940, p. 8), the Roswell Geological Society
(Ahlen and others, 1960), and Fay (1965,
pl. 3). The Rush Springs is also considered
to be the equivalent of the upper part of
the Goat Seep Limestone and the Cherry
Canyon Formation.

The preceding is based in part on
unpublished material, especially from cores
and surface work around Sanford Dam,
northwest of Borger, Hutchinson County,
Texas. Near Sanford, the Whitehorse Group
is about 330 feet thick and rests upon red-
brown shale of the Dog Creek Shale. The
Rush Springs is about 195 feet thick below
the Moccasin Creek Bed (previously termed
the Saddlehorse Gypsum Lentil by Gould,
1907, p. 16), with a gypsum (0Old Crow?)
occurring about 70 feet below the top of the
Rush Springs. In southeastern Moore
County, Texas, along Plum Creek and on
the old George Leaverton Ranch, the Rush
Springs is about 190 feet thick, consisting
of orange-brown sandstone and some red-
brown shale with a gypsum (Old Crow?)
about 50 feet below the Moccasin Creek. The
Old Crow (?) is a persistent gypsum in this
region and can be correlated eastward into
central Hemphill County, Texas, and south-
eastern Ellis County, Oklahoma, as shown
by Fay (1965, pl. 3). The Emanuel-Relay
Creek zone consists mainly of gypsums or
one gypsum bed that is correlated through-
out the Texas Panhandle at the base of the
Rush Springs. In the Plum Creek and Lea-
verton Ranch areas, a 14-foot massive gyp-
sum crops out at the base of the Rush
Springs, and in the Sanford Dam cores this
bed is a 4-inch dolomite. This bed is tenta-
tively identified as the Emanuel Bed, and
it is 135 feet above the Dog Creek Shale.

The Dozier Lentil of Collingsworth and
Hall Counties, Texas, is 3 to 20 feet thick,

occurring 140 to 310 feet above the base
of the Marlow Formation (thicker section
southward), and is here classed in the Rush
Springs Formation. In northern Collings-
worth County, near Dozier and Shamrock,
the lentils are near the base of the Rush
Springs. In Hall County, the Rush Springs
is 132 feet thick, and the Dozier consists
of sandstone and sandy limestone 110 to 130
feet above the Eskota Gypsum and 240 to
260 feet below the Claytonville (Alibates)
Dolomite. Thus the Dozier, as recently
mapped by Barnes (1967, 1968) on the Lub-
bock and Plainview sheets, is near the top
of the Rush Springs in Hall County. Newell
(1940, p. 270) listed the following fossils from
the Dozier Lentil of Collingsworth {c), Hall
(h), and Motley (m) Counties, Texas: Ed-
mondia rotunda (c, h), Dozierella gouldii (c,
h, m), Myalina sp. (c), Parallelodon sp. (c),
Gryphellina sellardsi (c, h), Schizodus ok-
lahomensis (¢, h), Aviculopecten vanuvleeii
{c, h), Pernopecten symmetricus (c, h), Pseu-
damusium? sp. {(c), Allorisma? albequus (c,
h), A. rothi (c, h), Permophorus albequus (c,
h, m), P. a. longus (¢, h), Spirorbis sp. (c,
h), Lepetopsis? haworthi (c, h), Bellerophon
sp. (h), Baylea capertoni (c, h), Worthenia
beedei (h), Murchisonia gouldii (c, h), Taosia
dozierensis (c, h), Naticopsis transversus (c,
h), Streptacis permiana {(c, h), Cyclobathmus
haworthi (c, h), Plagioglypta girtyi (c, h),
Pakistania schucherti (c), Pseudodielasma
perplexa (c, h), Composita mexicana (c, h),
C. subcircularis (h), and Lioclema dozierense
(¢, h, m). These are compared with the
Capitan fauna from Texas and the Kazanian
and Bakmuth faunas of Russia.
Origin.—The Rush Springs sandstone
grades northward from Custer County into
shale and is about four times thinner north-
ward. Westward in Texas, the Rush Springs
contains much shale and gypsum and is
about half as thick as in Custer County.
The source of the sand was probably to the
east or southeast of Custer County. It is
possible that the Ouachita Mountains and
Ozarks were source areas and that several
streams supplied the sand. It is possible that
the present-day streams in Oklahoma that
flow eastward follow old channels of Per-
mian streams that once flowed westward.
During El Reno time the coarse clastics
originated from a southeastern land source,
with a river flowing northwestward toward
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Grady County, Oklahoma, as shown by Fay
(1964, p. 68-70). Mostly fine mud and silt
were carried. It is possible that with renewed
uplift during Whitehorse time the Ouachitas
sheared over the Arbuckles south of the
Atoka area and supplied much sand to the
Whitehorse sea. Also, the Ozarks may have
been uplifted. Thus there may be a tectonic
reason for separation of the Cimarronian
Series from the Custerian Series at the El
Reno-Whitehorse boundary, in addition to
changes in clay minerals and spores and
pollen.

FOSS GROUP

Name.—The Foss Group, here proposed
to include the Cloud Chief Formation below
and the Doxey Shale above, is named for
the town of Foss, northwestern Washita
County, Oklahoma.

Type locality.—The type locality for the
Foss Group is southwestern Custer County,
around the Foss Reservoir between Clinton
and Hammon, especially on the south side
of the reservoir (frontispiece). In the area
northwest of Clinton, the Cloud Chief can
be examined, where it is 177 feet thick in
the Red Hills area in the SEY4 sec. 11, the
NEYs sec. 14, and the SE%4 sec. 12, T. 12
N., R. 18 W., and the SW%4 sec. 8 and the
NEV4 sec. 4, T. 12 N, R. 17 W. (measured
section 6). The Doxey portion is about 195
feet thick in the NEVi sec. 1, T. 12 N,, R.
21 W., and the NWv4 sec. 31, T. 13 N,, R.
20 W. (measured section 12). The Foss Dam
cores contain subsurface information on the
Cloud Chief-Rush Springs section (mea-
sured sections 9, 10).

Discussion.—The name Quartermaster
Group or Formation is here rejected, because
the Elk City Sandstone cannot be grouped
with the Doxey Shale into a natural tectonic
or sedimentologic unit. In fact, it is difficult
to distinguish the Doxzey from the Cloud
Chief except for the orange-brown color of
the Cloud Chief and the red-brown color of
the Doxey, with a greenish-gray indurated
silty, gypsiferous, or carbonate zone at the
base of the Doxey. Thus, it is natural to
include the Doxey with the Cloud Chief
because both units are primarily shale bodies
with much siltstone. Also, the rocks exposed
along Quartermaster Creek are mostly Rush
Springs and Cloud Chief and do not belong
to the Quartermaster Formation.

The term Quartermaster division was
proposed by Gould (1902, p. 57) for about
300 feet of red-brown shales and orange-
brown sandstones above the Greer division.
The name was for Quartermaster Creek in
Roger Mills and Custer Counties. The terms
Quartermaster Formation and Quartermas-
ter Dolomite were used by Evans (1928, p.
708) for 150 feet of beds directly above the
massive gypsum of the Cloud Chief Forma-
tion, with the dolomite at the base supposed-
ly truncating 150 feet or more of beds below
into the top of the Whitehorse. Griley (1933)
proposed the terms Bessie, Doxey, and Elk
City for members of the Quartermaster
Formation, with the Bessie consisting of the
shales and siltstones of the Cloud Chief
above the massive gypsum, but these terms
were never defined. Green (1936, p. 1473)
subdivided the Quartermaster Formation
into the Cloud Chief, Doxey, and Elk City
Members and seems to have been the first
person to define lithologies and boundaries
for these units, showing the lenticularity of
the basal massive Cloud Chief gypsum and
possible equivalence of dolomites with the
gypsum. Green (1937, p. 1528) classed the
Doxey and Elk City as formations of the
Quartermaster Group. Miser and others
(1954) used the terms Doxey and Elk City
as members of the Quartermaster Formation
for units above the Cloud Chief Formation.
Fay (1965, p. 37) discarded the term Quar-
termaster, reserving evidence to be present-
ed in the Custer County publication.

The term Bessie is dropped because it
was never defined originally and because
it is the clastic phase of the Cloud Chief
Formation above the massive Cloud Chief
gypsum and is in part equivalent to the
gypsum. It is obvious that Evans (1928) saw
stray dolomites, such as the Weatherford,
Moccasin Creek, and Day Creek, in different
areas and correlated these dolomites as the
same bed. Green (1936) generally used the
Weatherford Bed for his base of the Cloud
Chief, whereas the Moccasin Creek is used
herein, so Green’s Cloud Chief thicknesses
are slightly greater than those used in this
report. The Greer division included the thick
Cloud Chief gypsum, and the Quartermaster
division included the clastic Cloud Chief
above the gypsum to the top of the Permian
red-bed sequence. The term Greer was fur-
ther confused with the Blaine of south-


















































































































































































































