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Geology and Gypsum Resources of the
Carter Area, Oklahoma

BY

Georce L. Scort, JrR. AND WiLLiam E. Ham

Abstract

As mapped for this report, the Carter area includes 166 square miles
along North Fork of Red River in semiarid southwestern Oklahoma, most-
ly in the southeastern part of Beckham County. All the exposed bedrock
is in the Guadalupe and Leonard series of Middle Permian age. The strata
consist principally of red shales, sandstones, and beds of gypsum, and
have an aggregate thickness of 650 feet.

Most of the outcropping rocks are in the El Reno group, which is
fully represented and consists in ascending order of the Duncan sandstone,
Flowerpot shale, Blaine formation, and Dog Creek shale. Strata of this
group have a total thickness of 400 feet.

Underlying the El Reno group is Hennessey shale, the oldest exposed
rock, the upper beds of which crop out in the southern part of the map
area. The youngest rocks overlie the El Reno group and consist of red
sandstones in the Whitehorse group.

The Blaine formation in southwestern Oklahoma is here redefined as
extending from the base of the Haystack gypsum member to the top of the
Van Vacter gypsum member. Both boundaries are new. The thin Chaney
and Kiser gypsum members are excluded from the Blaine and are placed
with similar gypsiferous beds in the underlying Flowerpot shale; and a
previously unrecognized thick gypsum, here called Van Vacter, is added
at the top. The Van Vacter gypsum member lies directly upon the Man-
gum dolomite. In earlier work by Gould the top of the Blaine was placed
at the top of the Mangum.

As here redefined, the Blaine formation in the Carter area is 130-140
feet thick, of which approximately 90 feet or 70 percent is massive-bedded

gypsum.

The four gypsum beds in the Blaine formation are nearly flat-lying
and contain large-tonnage reserves of high-purity white gypsum. Although
these beds have not been worked, they are suitable for making plasters,
wallboard, tile, retarder for portland cement, and for agricultural soil con-
ditioner. Estimated reserves are 375,000,000 short tons, distributed as fol-
lows: Collingsworth member, 180 million tons; Cedartop and Haystack
members, 120 million tons; and Van Vacter member, 75 million tons. The
workable area of gypsum covers more than 7,500 acres or 12 square miles,
wherein the beds have an average workable thickness of 13 feet and a range

of 10 to 35 feet,



The gypsum ledges crop out as stair-step benches in an escarpment
and as gently rolling plains above the escarpment, and they could be
worked in open cuts after removal of shale-soil overburden one to 30 feet
thick. Theoretical gypsum content of seven analyzed channel outcrop sam-
ples ranges from 95.39 to 97.83 percent and averages 96.86 percent. Anhy-
drite, calcite, halite, and magnesite, together with silt and clay, make up the
remaining percentage.

Even greater reserves of high-purity anhydrite are inferred from out-
crop observations and from past experience in working the Blaine gyp-
sums elsewhere. To a depth of 130 feet, anhydrite reserves in the Carter
area are estimated to be 1,140,000,000 short tons, which could be worked
partly by underground room-and-pillar methods or entirely in open-face
quarries. This anhydrite offers a potentially new integrated industry manu-
facturing sulfuric acid or ammonium sulfate fertilizers and portland
cement.

Structurally the Carter area is characterized as a homoclinal gently
north-dipping element on the south limb of the Anadarko basin. A north-
west-trending flexure zone marked by small surface faults and by local
dips as steep as 9° is probably the southeastern extension of the Beckham
County fault described by Gouin. It probably overlies a subsurface belt of
strongly deformed early Paleozoic rocks at the edge of a wave-cut platform
cut on granitic rocks of the Wichita Mountain system.



Introduction

General statement. As here mapped and described, the Carter area in-
cludes 166 square miles along North Fork of Red River in southwestern
Oklahoma, in the southeastern part of Beckham County and in adjoining
small parts of Greer, Kiowa, and Washita Counties (Figure 1). The larg-
est town is Carter, population 545, from which the name of the mapped
area is taken.

The critical position of this area, in terms of its stratigraphic and eco-
nomic geology, was recognized by Dr. Ham during reconnaissance work
in 1949. It was then realized that large reserves of high-purity gypsum in
the Blaine formation, Middle Permian in age, were accessible to rail
transportation and could be worked as a source of plasters, wall board, and
cement retarder. The rocks previously had not been mapped in detail and
the stratigraphic classification had not been thoroughly investigated, but
the Blaine formation and certain related rocks are so completely exposed
in the bluffs along North Fork that opportunities for direct observation are
excellent. Of stratigraphic interest is the occurrence within the Carter area
of a change in lithologic facies whereby gypsum beds grade eastward into
shales and other clastic sediments of the Permian delta in the southeastern
part of the Anadarko basin. The need for new and comprehensive informa-
tion in this strategically located area has resulted in a program of map-
ping and evaluation on which the present report is bhased. '

Mapping with aerial photographs, scale 1:20,000 (approximately 3
inches per mile), was begun by Scott in 1953 and completed in 1955. This
field investigation, undertaken as a Master of Science thesis in the Univer-
sity of Oklahoma (Scott, 1955), was supervised by Ham as a project for
the Geological Survey. During the course of field work, in addition to the
geological mapping and measurement of stratigraphic sections, channel
samples from representative beds of gypsum, anhydrite, and shale were cut
and analyzed for quality control of potentially economic deposits.

Assistance in various forms has made the final report possible and is
eratefully acknowledged. Roy D. Davis of the Geological Survey drafted
Plates I and IT and most of the line drawings in the text; Dr. T. W. Ams-
den took the photographs in Plates IV and V B; Robert O. Fay took the
photographs in Plates III, V A, VI, VII A, and VIII A; and T. E. Hamm,
A. L. Burwell, and R. O. Slate made the chemical analyses in Table 1.

The field work was greatly facilitated by helpful cooperation of farm
and ranch owners, particularly the owners of the Van Vacter ranch in the
central part of the area, for which a newly recognized rock unit is named.
Finally, the writing of Scott’s thesis was under the direction of Dr. P. A.
Chenoweth, Associate Professor of Geology in the University of Oklahoma.

Geographical setting. The Carter area is part of the semiarid redbed
plains of western Oklahoma. It lies roughly midway between the High
Plains to the northwest and the Wichita Mountains to the south and east.
Cutting through the area along a southeasterly course is North Fork of Red
River, on the north side of which is one of the most prominent escarpments
in the region.
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TOPOGRAPHY AND CLIMATE

Above the escarpment is a dissected hill country of low relief, 1,850-
1,000 feet above sea level between Carter and Retrop. The hills are devel-
oped on red sandstone of the Whitehorse group. The escarpment itself is
100-200 feet high and follows a sinuous band 1-1.5 miles wide. It is sup-
ported by massive gypsum beds and thin dolomites of the Blaine formation,

Southward from the Blaine escarpment are the plains that border
North Fork. They descend from an elevation of about 1,800 feet near Carter
to 1,650 feet in the southeastern part of the area, where the river bed has
an elevation of 1,575 feet. The largest plain is south of the river and con-
sists of alluvium and terrace deposits that have been locally excavated by
wind into elongated blow-outs and the sand piled into low sand dunes.
North of the river, between it and the escarpment, are sparsely vegetated
plains and badlands cut predominantly on red shales of the Flowerpot,
Duncan, and Hennessey formations.

Warm dry climate characterizes the Carter area and governs both the
native vegetation and the kinds of agricultural crops grown. According to
records of the U. S. Weather Bureau at Elk City, the nearest large town,
the mean annual temperature is 60.3° ., divided between a mean tempera-
ture of 73.4° in summer and 47.3° in winter. The highest temperature ever

recorded was 113° and the lowest was —11°. Average annual precipitation
is 21.95 inches.

Under this semiarid climate mesquite trees, short mesquite grass,
bunch grass, and prickly pear cactus grow on the shale plains, the grass
supporting a small beef cattle industry. Elm, cottonwood, tamarisk, and
willow grow in the alluvium of North Fork and its tributaries; and scat-

tered “cedars” (Juniperus) grow locally on gypsum and dolomite outcrops
of the Blaine escarpment.

The upland plain and the plain in the eastern part of the area are
largely in cultivation. Cotton, wheat, and sorghum are the chief crops.



Stratigraphy

Except for a broad band of surficial sediments in the central part of
the area that was deposited by North Fork in Pleistocene and Recent time,
all the rocks of the Carter area are clastic sediments and evaporites of Mid-
dle Permian age. It is with these Permian rocks that the present report
is concerned..

PERMIAN SYSTEM

- All the exposed bedrock of the Carter area is of the Guadalupe and
Leonard series of Middle Permian age. It consists principally of red shales,
sandstone, and beds of gypsum, and has an aggregate thickness of 650 feet.

Most of the outcropping rocks are in the El Reno group, which is
fully represented and consists in ascending order of the Duncan sandstone,
Flowerpot shale, Blaine formation, and Dog Creek shale. Rocks of this
group have a total thickness of 400 feet. The Blaine formation is of par-
ticular interest because of the vast reserves of potentially valuable gypsum
that it contains,

Overlying the El Reno group are red sandstones of the Whitehorse
group, middle Guadalupean in age, which are poorly exposed in: the north-
ern part of the area. They consist of undifferentiated Marlow sandstone
and Rush Springs sandstone. The oldest exposed rocks are Hennessey shale,
of probable late Leonardian age, the uppermost part of which crops out
below the Duncan sandstone in the southern part of the mapped area.

These Permian rocks are part of a thick sequence of evaporites and
‘red clastic sediments, generally unfossiliferous, that maintains rather sim-
ilar characteristics from north Texas through western Oklahoma into
southwestern Kansas (see Figure 2). The most pronounced facies change
is in rocks of the El Reno group. Where strata of the El Reno group crop
out around the southeastern margin of the Anadarko basin, east of the
Carter area in Caddo, Comanche, Stephens, and Grady Counties, they show
a marked facies change into a sandstone complex that contains virtually no
evaporites. This is the up-dip or shoreward phase, present only in the
eastern outcrop area of the basin where downfolding has preserved these
clastic rocks from erosion. Evaporites in the Blaine reappear on the ou-
crop )in Blaine County and extend northwestward well into Kansas (Fig-
ure 1).

The disappearance of evaporites around the up-dip part of the Ana-
darko basin separates the gypsum outcrops into two principal areas and
thereby makes difficult the correlation of individual members,

10



HENNESSEY SHALE
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Figure 2. Strotigraphic diagram of oulcropping middle Permian strata in north Texas and western
Oklahoma.

HENNESSEY SHALE

History of nomenclature. Rocks currently assigned to the Hennessey
shale were originally placed by Gould (1905, p. 39) within the Enid for-
mation, which included all strata from the base of the Permian to the base
of the Blaine formation. The term Hennessey shale was first used by Aurin,
Officer, and Gould (1926, p. 786-799) in central Oklahoma when they
gave group standing to the Enid formation, and subdivided this new
group into the Chickasha, Duncan, Hennessey, Garber, Wellington, and
Stillwater formations. Anderson (1927, p. 10) traced the Hennessey across
McClain County toward the apex of the Anadarko basin.

Sawyer (1929, p. 9) assigned the rocks above the Wellington and be-
low the Duncan sandstone in Kiowa County a Garber-Hennessey age. Later
reports by Becker (1930, p. 47), Green (1936, p. 1465), and Brown (1937,
p- 1546) refer to the presence of and to the character of the Hennessey
shale in this area.

According to present usage (Miser, 1954) the Hennessey shale in
southwestern Oklahoma is underlain by the Wichita formation and is over-
lain by the Duncan sandstone, or by the Flowerpot shale where the Dun-
can is absent. In the Carter area the upper part of the Hennessey crops out
in the southern sections of the mapped area, and the Duncan sandstone is
everywhere present at the top.

Character and thickness. The Hennessey is 300-600 feet thick in cen-
tral Oklahoma, but only the uppermost 40 to 50 feet is exposed in the
Carter area. Here it is predominantly yellowish gray to buff unfossiliferous
shale. A few thin gray, gray-blue, or buff silty fine-grained calcareous
sandstone stringers occur in the section, as do thin beds of bright red,
brown, maroon, orange, yellow, and blue shales. Selenite crystals as much
as one inch in diameter weather out of the shale. Red, rusty, and yellowish
rounded concretions up to two inches in diameter occur in the thin beds of

11



EL RENO GROUP

red, maroon, orange, and yellow shale. The thin sandstone beds and the
buff shale closely resemble both in color and character the sandstone and
shale in the overlying Duncan formation. '

The Hennessey formation is easily eroded, typically into rounded low
hills which slope back to the escarpment of the overlying Duncan sand-
stone.

Stratigraphic relations. The rusty concretions and the yellow and red-
dish shale streaks may represent zones of oxidation and weathering on a
temporarily emergent suriace. Further possible evidence of emergent con-
ditions and of a regional disconformity at the Hennessey-Duncan contact
is available from a study of the Duncan sandstone and will be discussed
under that heading,

EL Reno Groupr

The name El Reno formation was proposed by Becker (1930, p. 55)
for those strata above the Hennessey shale and below the base of the
Whitehorse group. Schweer (1937, p. 1553) suggested that “El Reno for-
mation” be changed to El Reno group, and this classification has been fol-
lowed in subsequent work.

The outcrop pattern of this group shown on the Geologic Map of
Oklahoma (Miser, 1954) is a large “V”’ with the apex in Stephens County.
One limb passes along the north side of the Wichita Mountains, including
the Carter area, and the other limb swings northwestward through west-
central Oklahoma and thence into Kansas. This outcrop. pattern results from
synclinal folding of the Anadarke basin, first noted in 1924 when both
Sawyer (1924, p. 319) and Gould (1924, p. 323) published papers de-
scribing it.

~ Within the apex or southeastern margin of the Anadarko basin is a
pronounced change in facies that has led to the recognition of numerous
stratigraphic problems and to much discussion by geologists (Wegemann,
1915; Greene, 1920; Sawyer, 1924; Gould, 1924; Gould and Willis, 1927;
Sawyer, 1929; Becker, 1930; Evans, 1931; Green, 1936; Brown, 1937:
Schweer, 1937; and Davis, 1955). It is now generally believed that the
Chickasha-Duncan sandstone complex in this apex region is the near-shore
coarse-clastic equivalent of the shale-gypsum-anhydrite-dolomite strata com-
prising the El Reno group on both sides of the basin to the north and west.
The fact that the two evaporite areas are separated by non-evaporite sedi-
ments has resulted in the establishment of a dual nomenclature, one set of
names being applied to the gypsum members of the Blaine in the north-
western belt, and another set in the Carter area and elsewhere in south-
western Oklahoma. :

 The present work in the Carter area has resulted in revision of the
older stratigraphic concept of the Blaine formation, extending the upper
boundary to include a thick bed of gypsum, hitherto unrecognized in print,
which is here called the Van Vacter member. This bed lies next above the
Mangum dolomite, at the top of which the upper boundary of the Blaine
was placed by earlier workers.

12



DUNCAN SANDSTONE

An unconformity with local truncation separates the rocks of the El
Reno group from those of the overlying Whitehorse group, and a possible
disconformity is present at the base of the group, between the Duncan
sandstone and underlying Hennessey shale.

In the Carter area strata comprising the El Reno group are divided,
in ascending order, into the Duncan sandstone, ¥lowerpot shale, Blaine
formation, and Dog Creek shale. Composite thickness of these strata in the
central part of the area is 400 feet.

DUNCAN SANDSTONE

History of nomenclature. The first reference to the Duncan sandstone
was by Wegemann (1915, p. 43-50) who referred to it as an escarpment-
forming sandstone which could be traced from the vicinity of Duncan to
the north flank of the Wichita Mountains,

The formation was named by Gould (1924, p. 325) and the type lo-
cality designated as Duncan, the county seat of Stephens County, Okla-
homa (Gould, 1925, p. 89). Gould gave a thickness of 250 feet for the for-
mation. Traced north and northwestward along the south flank of the basin,
the Duncan thins and the escarpment generally becomes less noticeable.

Gould, Gouin, Sawyer, Becker, and Green have referred to the pres-
ence of the Duncan sandstone in the area of this report.

Distribution. The Duncan sandstone forms a prominent escarpment
above the Hennessey shale across T. 7 N., R. 20 W. Owing to its resistance
to erosion and to its low northward dip, it forms a gentle south-facing
cuesta across all the central part of the township. The Duncan-Hennessey
contact enters the map area across the southeast corner and trends north-
westward to Crooked Creek where it swings back to the southwest near the
North Fork of Red River. From this point the contact extends northward
in bluffs along the river, then turns northwest and passes under terrace
sand and flood plain alluvium. Across North Fork the Duncan is exposed
in three small inliers. The Duncan-Flowerpot contact extends northwest-
ward across the north half of T. 7., R. 20 W.

Character and thickness. The Duncan is a grayish-brown to buff, in-
durated, highly cross-bedded, ripple-marked, silty to very fine-grained,
dolomitic sandstone with much interbedded buff to gray silty and non-
silty shale. Neither the sandstones nor the shales are fossiliferous. Blue-
green malachite-impregnated sandstone nodules are widely disseminated
throughout the formation. A thickness of 28 feet was measured in the
NEY4 sec. 24, T. 7 N., R. 21 W. At this locality, there are four ledge-
forming cross-bedded sandstones and siltstones aggregating 10 feet; the
other 18 feet is composed of less indurated buff-silty sandstone, silty shale,
and shale. Sawyer (1929, p. 9) gives an approximate thickness of 40 feet
for the Duncan over most of Kiowa County.

An interesting conglomeratic siltstone bed is exposed in the bluff along
North Fork of Red River in the NEX4 sec. 13, T. 7 N., R. 21 W., two feet
above the base of the formation. It is cross-bedded and has a gray, knobby,
irregular surface at the outcrop. The matrix and dominant constituent is
gray calcareous quartzose silt. Scattered irregularly throughout the silt are
rounded flattened granules and pebbles of green shale which range from

13



DUNCAN SANDSTONE
1 to 7 millimeters in long dimension. Two pieces of angular quariz, 1.5
millimeters in diameter, were found in a hand sample. Many small, irregu-
lar, soft, highly-weathered gray, rusty, and yellowish pebbles of uncertain
original composition also occur. Most of the shale pebbles are oriented
parallel to bedding.

Ripple marks are common on the upper surfaces of sandstone beds
beneath thin beds of shale. The ripple crests are rounded and the slopes are
asymmetrical, indicating that they are current ripple marks (Twenhofel,
1950, p. 570).

Cross-bedding is well displayed in the Duncan across all the area cov-
ered by this report. In general, the cross-bedding falls into two categories.
Cross-bedding placed in the first category is inclined at angles ranging
from 8 to 20 degrees and is in beds 1 to 5 feet thick, which are concave
upward. The horizontal extent of these beds ranges from several feet to 40
feet. The individual laminae within such beds thin and feather out down-
ward. At the thin terminus the dip is nearly horizontal, and as a result these
beds display a general foreset and bottomset arrangement. This category
is well displayed in the bluff in the NE14 sec. 13, T. 7 N., R. 21 W., and
can be seen at many localities along the Duncan outcrop. The cross-bed-
ding dips in many directions, but northwestward dip appears to pre-
dominate.

Cross-bedding of the second category is characterized by thin laminae
ranging from 1 to 5 inches long, and dipping 10° to 40°. Each lamina thins
and decreases in dip near its lower end. Flat or gently inclined bedding
planes, many current-rippled, cut across the top of these laminae, and
other such planes, which may or may not be parallel with the first, pass
under the laminae. Inclined laminae such as these, called foresets, are pro-
duced by current rippling. According to Twenhofel, 1932, p. 623, “The
laminations are made on the lee sides of the asymmetrical ripples and their
upper ends are truncated with ripple advance. The direction of cross lami-
nation made in ripples records the directions of the currents, the inclina-
tions in all cases except those of antidunes and rapid deposition being in
the directions of current movement.”

At virtually every outcrop, several different directions of dip are dis-
played by different sets of these inclined foresets. A statistical study would
probably reveal predominating dip directions and thus reveal the principal
current directions of Duncan time.

Stratigraphic relations. The Duncan sandstone is believed to have a
gradational or interfingering contact with the overlying Flowerpot shale,
and may be separated from the underlying Hennessey shale by a regional
disconformity. Physical evidence of unconformity in the Carter area is
meager, consisting chiefly of the occurrence of clay gall conglomerate in
the lower part of the Duncan, and the presence in the upper Hennessey of
rusty-yellow weathered-appearing concretions.

Any unconformity which may exist at the base of the Duncan probably
has its greatest magnitude in the southern apex of the Anadarko basin, near
Duncan and elsewhere in Stephens County where the sandstone attains its
maximum thickness of approximately 250 feet. From this thickness it
grades northwestward to only 40 feet in the Carter area; and southwest-
ward from the Carter area the Duncan is hardly recognizable as a sand-
stone, so that an unconformity, if present, would lie wholly within shale
strata.

14



FLOWERPOT SHALE

History of nomenclature. The name Flowerpot shale was first used by
Cragin (1896, p. 1-48) in Kansas. The following year he stated that the
Flowerpot shale is a member of the Glass Mountain formation in north-
western Oklghoma (p. 351-363). Gould (1924, p. 325, 329-330) named
the beds above the Duncan sandstone and below the Blaine formation the
Chickasha formation. Sawyer (1929, p. 9) preferred the name Flowerpot
shale over Chickasha formation for western and northwestern Oklahoma.
Becker (1930, p. 55) agreed with Sawyer. Since that time, Green, Schweer,
and King have used “Flowerpot shale” in preference to “Chickasha for-
mation” in papers pertaining to western and northwestern Oklahoma; and
in current nomenclature the Flowerpot shale is recognized as overlying the
Duncan sandstone, where it is present, and underlying the Blaine for-
mation.

Distribution. The Flowerpot shale extends diagonally across the area,
entering the mapped area in T. 7 N., R. 20 W. and trending northwest-
ward across T. 8 N., R. 21 W. and T. 8 N,, R. 22 W. It is also exposed in
the southwest corner of T. 8 N., R. 22 W., and parts of the adjoining
townships.

Character and thickness. As described by Sawyer (1929, p. 9) the
Flowerpot shale in this area consists of 150 feet of red shales, together
with minor amounts of gray shale, and has no sharp boundary with the
underlying Duncan sandstone. In reasonable accord with Sawyer’s thick-
ness is the 165 feet measured for the present investigation in sec. 2, T. 7
N., R. 21 W., and the 162 feet measured by McLaughlin (1955) farther
west in the vicinity of Haystack Butte, sec. 23, T. 7 N., R. 23 W. Normal
thickness of the Flowerpot shale in this region thus is 160 feet. Three
measured sections are shown graphically in Plate II and are described in

the appendix (Measured Sections II, VIII, and IX).

The Flowerpot consists mainly of red, brown, and maroon blocky
shales with much intersiratified green and light gray shale, thin impure
gypsum beds, and thin brown fine-grained dolomites. Satin spar gypsum
extends vertically and horizontally throughout the section, especially along
joint planes. Most of the gypsum and dolomite beds are persistent, as is
shown in Plate II.

Lenticular gray to brown, current-rippled, cross-bedded, fine-grained,
very silty, dolomitic sandstone occurs in the Flowerpot, about 50 feet above
the base in the NEj sec. 2, T. 7 N., R. 21 W. The interbedded grayish
buff shales, current-rippling, cross-bedding, color, and worm burrows all
resemble similar features in the Duncan sandstone. It is believed, in view
of the eastward gradation of the Flowerpot into the Duncan-Chickasha
facies, that the above sandstone-buff shale sequence thickens eastward and
gradually merges with the Duncan sandstone. This part of the Flowerpot
is covered in T. 7 N., R. 20 W. and the rate of thickening cannot be deter-
mined. Small poorly preserved gray-brown fossil fragments, possibly of
pelecypod valves, were found in a dolomitic phase of this sandstone.

Two persistent gypsum members occur in the upper part of the
Flowerpot shale. The lower bed, the Chaney member, generally 42 to 50
feet below the top of the Flowerpot formation, is typically a gray to
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BLAINE FORMATION

white massive gypsum 1 to 3 feet thick. At some localities it is gray to
greenish and is shaly, ,

The upper gypsum bed is called the Kiser member and is about 25
feet below the top of the Flowerpot. Across the area covered by this re-
port it ranges in thickness from 2 to 5 feet, and in lithology it is greenish
to reddish very shaly well-bedded gypsum.

These members were named by Gould (1902, p. 42) and included in
his Greer formation (western area), the base of which was placed at the
base of the Chaney. When the Greer (western area) was renamed, these
members became a part of the Blaine formation (Gould, 1924, p. 325-334).
For reasons that are discussed later in this report under Blaine formation,
both the Kiser and Chaney are here classified with the Flowerpot shale
rather than with the Blaine.

The Chaney derives its name from the Chaney Salt Plain on Elm Fork
of Red River, four miles east of the Texas line, and the Kiser is named
from the Kiser Salt Plain on Elm Fork, Greer County, where it is well
exposed - (Gould, 1902, p. 55).

Stratigraphic relations. The Flowerpot shale lies conformably upon
the Duncan sandstone and is overlain conformably by the Blaine for-
‘mation,

BrLAaINE ForMmATION

The Blaine formation in the Carter area consists of four massive
white gypsum beds with three interstratified well-defined units of red and
green shale, together with several thin beds of gray medium-grained dolo-
mite or dolomitic limestone. It lies conformably upon the Flowerpot shale
and is conformably overlain by the Dog Creek shale. Average thickness of
the formation is consistently about 130-140 feet across T. 8 N., Rs. 21 and
22 W., where the strata are well exposed in bluffs, but in the eastern part
of the area where exposures are poor the thickness could not be accurately
determined. In the eastern area the gypsum beds are much thinmer as a
result of gradation into shales, but the formation itself apparently main-
tains a nearly constant thickness. Eastward from the mapped area the gyp-
sum beds of the Blaine formation become very thin and disappear.

History of nomenclature. In early reconnaissance work on gypsum-
bearing Middle Permian rocks of western Oklahoma, it was generally be-
lieved that there were two stratigraphic sequences—the Blaine formation
in the northwestern district, and the younger Greer formation in the south-
western district (Gould, 1902, 1905). A nomenclature was erected for beds
of the Blaine formation in the northwestern counties, using excellent out-
crops. in Blaine County for the type section, and bringing such names as
Shimer and Medicine Lodge into Oklahoma from Kansas. At the same
time prominent beds in the Greer formation were named for southwestern
localities. The persistent gypsum beds in the Carter area and southwest-
ward therefrom were placed in the western area of the Greer formation,
and the little understood but thick gypsums of Washita and Custer Coun.
ties were placed in the eastern area of the Greer. '
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Figure 3. Classification of the Blaine formation in southwestern
Oklahoma. Minor dolomite beds not shown.
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BLAINE CLASSIFICATION

It was not unti] western Oklahoma had been mapped in some detail
that accurate stratigraphic relations were established. The two keys to the
new interpretation were (a) the recognition of a large northwest-plunging
syncline, called the Anadarko syncline (Gould, 1924, p. 323), and (b) the
recognition of important changes in facies whereby thick gypsum se-
quences graded into coarse clastics on a major scale, Under the new con-
cept it was shown that the “eastern area of the Greer formation” was in
the trough of the syncline and contained the youngest of all gypsum-bear-
ing Permian strata in Oklahoma. This formation was named Cloud Chief.

Of even greater stratigraphic importance was the demonstration by
surface mapping that the gypsum of the Blaine formation of northwestern
counties is essentially equivalent to gypsum beds in the “western area of
the Greer formation,” the two being on opposite flanks of the Anadarko
basin and being separated along the outcrop by a wedge of non-gypsiferous
sediments between them. The term “Greer formation” was dropped and
the Blaine formation was extended, with slight modification, throughout
western Oklahoma from Kansas to Texas. Because the northwestern and
southwestern districts of the Blaine gypsum are separated for 100 miles
along the outcrop by a complex of sandstones and shales without gypsum,
thus dividing the Blaine into two separate regions between which indi-
vidual beds can not be directly correlated, the dual nomenclature estab-
lished by Gould in 1902 has been retained to the present time.

In the standard section given by Gould for southwestern Oklahoma
the Blaine formation was defined as extending from the base of the Chaney
gypsum to the top of the Mangum dolomite, and including within it the
Kiser, Haystack, Cedartop, and Collingsworth gypsums.

From results of the present work, including the discovery of a new
thick gypsum bed above the Mangum, it can be shown that the boundaries
given above are illogical and that a reclassification is needed. Accordingly
the Blaine formation in the Carter area and elsewhere in southwestern
Oklahoma is here redefined as extending from the base of the Haystack
gypsum member to the top of the Van Vacter gypsum member. Both boun-
daries are new. The thin Chaney and Kiser gypsnms are excluded from the
Blaine and are placed with similar gypsiferous beds in the underlying
Flowerpot shale; and a previously unrecognized thick gypsum, here called
Van Vacter, is added at the top.

As thus redefined, the Blaine formation includes all strata, character-
ized by thick beds of gypsum, that lie above the Flowerpot shale and be-
low the Dog Creek shale. In the new classification (Fig. 3) the Blaine for-
mation consists in ascending order of the Haystack gypsum member,
Cedartop gypsum member, Collingsworth gypsum member, Mangum dolo-
mite member, and Van Vacter gypsum member. The three intervening beds
of shale are unnamed. In the Carter area the formation is 130-140 feet
thick, of which approximately 90 feet or 70 percent is massive gypsum.

Correlation with the type section. Under a new program by the Okla-
homa Geological Survey of mapping gypsum beds in western Oklahoma,
much attention is currently being given to details of the Blaine formation
in the northwestern district, particularly in Harper County, which has
been mapped by Arthur J. Myers, and in Blaine County, which is being
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BLAINE CORRELATION

mapped by Robert O. Fay. Discussions with these men regarding their re-
spective areas, a trip to Blaine County with Mr. Fay, and a trip by Fay to
the Carter area, all have strengthened the opinion that certain correlations
can be made with confidence. These correlations are shown in Figure 4.

In central Blaine County, the type locality, three persistent gypsum
members are present and a fourth gypsum bed occurs as a thin northward-
disappearing tongue. Using a number of control beds in the Dog Creek,
Blaine, and Flowerpot formations, Fay was able to trace the persistent gyp-
sum beds of the Blaine into Kansas and thus establish the. basal bed as
Medicine Lodge, the top bed as Shimer, and the middle bed as Nescatunga.
This classification will now replace the older nomenclature, which was
based on early miscorrelations as well as on an incomplete knowledge of the
gypsum beds themselves. The thin gypsum tongue between the Medicine
Lodge and Nescatunga has been called “Alabaster” (Green, 1936, p. 1468)
but it has been neither formally described nor given a type locality.

On the interregional correlation chart shown in Figure 4, great em-
phasis is here placed on the lithology, thickness, fossil content, and strati-
graphic position of dolomite beds. First, it has been established that dolo-
mites of the Dog Creek formation are unlike those of the Blaine, and this
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Figure 4. Correlction of the Blaine formation from the Carter area to the type locality in

central Blaine County.
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BLAINE CORRELATION

distinction serves to mark the approximate boundary between them. Dog
Creek dolomites typically are grayish green, laminated, and uniformly silt-
sized. They are 1 inch to as much as 4 feet thick, and they weather into thin
plates or slabs. Thus far fossils have been observed at only one locality. In
many places they contain impressions of hopper-shaped crystals of halite
or common salt (Plate VIII, B), a fact which demonstrates the saline en-
vironment of deposition of the dolomites and explains why invertebrate
fossils are so rare.

By contrast, the Blaine dolomites that occur at the base of the upper
two gypsum beds are commonly oolitic and fossiliferous; and, except for
one locality, they have not been found to contain salt casts. Fossils in the
Blaine dolomites are well known and consist almost exclusively of pelecy-
pods of the genus Schizodus. In the outcrop area connecting Blaine County
with Beckham County the gypsum members thin and disappear before
reaching the southeastern extremity of the Anadarko basin (Figure 1), but
the dolomites continue well beyond the gypsum facies. Strikingly persistent
are the Mangum dolomite at the base of the Van Vacter gypsum, and the
dolomite at the base of the Shimer gypsum (Altona of Gould, 1902, p. 48-
49). Each is 1-2 feet thick. Because of their lithologic and faunal simi-
larity, their stratigraphic position as the highest oolitic dolomite bed of
- the Blaine, and their great lateral persistence, these beds are correlated
and are used as the datum for Figure 4. On this basis the Shimer gypsum
is shown to be equivalent to the lower part of the Van Vacter gypsum;
and the top of the Van Vacter or top of Blaine is shown to be straiigraphic-
ally higher than the top of the Blaine in the type locality.

The lower oolitic dolomite of the Blaine underlies the Collingsworth
gypsum in Beckham County and the Nescatunga gypsum in Blaine Ceunty.
That these two dolomite beds are correlative is again strongly indicated
by their- oolitic character, presence of pelecypods, constant thickness of
about 1 foot, and a constant interval of 40 feet below the Mangum. From
these data it is clear that the Collingsworth and Nescatunga gypsum beds
are equivalent. In Blaine County the dolomite below the Nescatunga (“Medi-
cine Lodge” of Gould) was called the Magpie dolomite in the earliest pub-
lications (Gould, 1902, p. 48) ; and in Jackson County what may be the
same bed was called Creta by Suffel (1930, p. 32). Until a clearer con-
cept of the Creta is available the term should not be adopted and it is not
used in the Carter area.

Correlation of the Haystack and Cedartop gypsums with gypsums of
the type area of the Blaine is less secure, but from Figure 4 it is believed
and here suggested that Haystack is equivalent to Medicine Lodge, and that
Cedartop is equivalent to “Alabaster.” It is not clear whether the base of
the Haystack is precisely the same as the base of the Medicine Lodge or is
stratigraphically lower, but for practical classification each marks the
base of the Blaine in its respective area.

Distribution. The Blaine formation crops out in a south-facing es-
carpment across the area of this report. The outcrop has a west-northwest
trend in the western half of the area where the escarpment is near North
Fork and attains its greatest height, and a generally eastward trend in the
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Blaine Escarpment

A. Escarpment 200 feet high capped by lower three gypsum members of
Blaine formation and by Mangum dolomite (upper left). View east-
southeast across nearly dry channel of North Fork Red River into
southern part of T. 8 N, R. 21 W,

B. Detail of Flowerpot shale in face of the dissected escarpment, showing
upper shale and siltstone strata and the Kiser and Chaney gypsum
members, Caprock is Haystack gypsum at base of Blaine formation.
Xiew southwest toward Cedartop Butte, NE}4 NE see. 2, T. 7 N,,
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HAYSTACK GYPSUM

eastern half where the escarpment gradually diminishes and grades into
a plains country interrupted by low dolomite-capped cuestas. Average
width of the Blaine outcrop is about 134 miles (Plate I).

Thickness. Normal thickness of the Blaine formation across the Carter
area is 140 feet. It maintains approximately a constant thickness across
T. 8 N, Rs. 21 and 22 W. (Plate II). Eastward from these townships the
gypsum members thin and the shales thicken, and the thickness of the
formation is difficult to measure because the upper gypsum member is
generally covered and the Blaine-Dog Creek contact is not exposed.

Southwest of the mapped area, in sec. 29, T. 7 N,, R. 24 W., the
formation is 125 feet thick.

Members. One dolomite bed and four gypsum beds are named mem-
bers and are mapped for this report (Plate I). In ascending order they
are Haystack gypsum member, Cedartop gypsum member, Collingsworth
gypsum member, Mangum dolomite member, and Van Vacter gypsum
inember (new). Three unnamed beds of shale separate the gypsum mem-

ers.

Haystack gypsum member. Gould (1905, p. 69) described the Hay-
stack member as follows: “The upper part of the Greer (Blaine) forma-
tion consists of three layers of massive gypsum and one of dolomite, inter-
stratified between beds of red clay shale. The lowermost of the three
thicker layers, the third gypsum member from the bottom of the forma-
ton, consists of the typically massive gypsum, almost pure white or occa-
sionally grayish in places, with a few thin bands of gypsiferous sandstome.
This ledge is often cut by joints which separate the rocks into rectangular
blocks. These blocks frequently weather out and roll down the slope and
in places render it conspicuously white for miles. The Haystack varies
locally from 18 to 25 feet in thickness, and so far as known is the thickest
gypsum member in the western area of Greer. It is exposed along all the
bluffs on North Fork and Elm Fork and is particularly conspicuous on
Haystack Creek and in the vicinity of Haystack Butte, whence the name.”

The type locality at Haystack Butte, in sec. 23, T. 7 N., R. 23W., is
about 6 miles southwest of Moravia and hence just outside the mapped
area.

The Haystack crops out in a steep bluff where the Blaine is in close
proximity to North Fork of Red River. Commonly the entire thickness of
the Haystack is exposed as a vertical ledge. As the outcrop swings away
from the river eastward into Washita County, the escarpment becomes
much less pronounced. In Kiowa County the Haystack outcrop is covered
and its areal distribution is largely inferred.

The thickness of the Haystack ranges from 17 to 24 feet across the
two townships in Beckham County. Plate II shows thicknesses measured
at various localities. From the east side of sec. 31, T. 8 N.,, R. 20 W.,
Washita County, to the east edge of the map, the base of the Haystack is
not exposed.

From the west side of the map area to the vicinity of Cedartop
Butte, a distance of approximately 12 miles, the Haystack gypsum. mem-
ber is uniform in thickness and character. A band of gray to dark gray
shaly gypsum about one foot thick occurs at the base. A thin dolomite
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CEDARTOP GYPSUM

bed 1 to 5 inches thick and approximately 7 feet above the base can be
identified at most localities. The gypsum is white to gray, somewhat lami-
nated in the lower 8 feet, compact, massive, and aphanitic to fine-
crystalline.

In the SWi4 sec. 36, T. 8 N., R. 21 W., 4 feet of green shale lies
2.5 feet below the top of the Haystack. Eastward about 150 yards a gray
slabby medinm-grained gypsiferous dolomite, 1-1%% feet thick, appears
in the middle of this shale. The dolomite is absent across secs. 31 and 32,
T. 8 N., R. 20 W., but is correlated with a similar dolomite which crops
out across the NEV4 NE4 sec. 10, T. 7N, R. 20 W.

No gypsum is exposed in the Haystack member as mapped across
T. 7 N., R. 20 W. Its ouicrop across this portion of the mapped area is
inferred by the presence of the dolomite referred to above and by its
proximity to the other members of the Blaine formation.

Measured section 2, Plate II, is at Haystack Butte, the type locality
of this member. The correlations clearly indicate that the Haystack of the
type locality and the Haystack as used in this repori are the same. Field
work in the vicinity of measured sections 1 and 2 (type locality) con-
vinced the writers that these sections were properly correlated with the
measured sections in the area of this report.

The Haystack gypsum ledge can be mapped with ease from the west
side of the area of this report to the vicinity of measured section 9 (Plate
II) near Cedartop Butte. This butte is capped by the Haystack gypsum
(Plate III, B). Cedartop Butte was given as the type locality of the Cedar-
top gypsum member by Gould (1902, p. 56). It is therefore concluded
that the names “Haystack” and “Cedartop” as originally used at their
type localities refer to the same gypsum ledge. A new type locality for the
Cedartop gypsum is assigned elsewhere in this report.

Cedartop gypsum member. Concerning this member Gould (1902, p.
56) stated: *““The Cedartop is a massive white gypsum, very similar in ap-
pearance to the Haystack. It has a constant thickness of 18 to 20 feet
throughout the region of outcrop. It is very conspicuous on North Fork,
Haystack, and Elm Fork, and forms the caps of a number of buttes and
bluffs throughout the region. It is called “Cedartop,” from a prominent
butte on the North Fork of Red River, in the exireme southeastern corner
of Roger Mills County (now Beckham County). This rock forms the upper
ledge of this butte, and may be seen from a great distance up and down
the ri:rer and even from Headquarters Mountain at Granite, 15 miles
away.’

As previously shown, the Haystack gypsum caps Cedartop Butte, and
since all rocks younger than Haystack have been eroded away, this butte
can not be the type locality for what is here called Cedartop gypsum. The
writers have therefore changed Gould’s type locality of the Cedartop gyp-
sum, placing it in the excellent bluff exposures about 250 yards north of
Cedartop Butte, in the SEZ4 SE14 sec. 35, T. 8 N.,, R. 21 W., where the
member is 10.5 feet thick (Plate V, A). At the newly selected type locality,
the Cedartop gypsum member is separated from the underlying Haystack
gypsum member by 12.5 feet of red and gray-green shale, and from the
overlying Collingsworth gypsum member by 13.5 feet of shale. A thin
yellowish to brown, platy, medium-crystalline limestone occurs at the base

of the Cedartop.
22



CIRCULAR 42, PLATE IV

OKLAHOMA GEOLOGICAL SURVEY

owrjsie
mo[aq [[em £3(7ea Ul posodxsd Jequow wnsdAF xosry pus d[BYS JodIsmol] 'mdla Jo qno ‘edors dip uo unwﬁw.ﬁmommw
Jo >oeq Ino sdoao surefg jo dol 3 wnsd43 1930BA UrA "3ye] 13ddn je esowr 9y} Surddeso ejlwofop WNIUBEY
91} pue ‘o1eys £q pojeiedss ‘sisquiewr wnsdAS yjromsIul[[o) pue ‘dojaeps)) ‘yorisAel sy} jo sadpey Surddoxojno
3umoys “Mm 2z Y “N 8 'L ‘FT 098 HES PuB g7 '09s H N ‘Boie I931e)) Jo 1IBd [BIJUSI-JSOM UL MIIA

uoeuLIo ] eurelq oyl o doron 1eotdA g,

"WNSJAD NOVLSAVH

‘WNSAAD d0L¥VA3D

ANSdAD HLIYOMSSNITTIO0O

J1IKOT00 WNONVW



CEDARTOP GYPSUM

The outcrop of this member closely parallels that of the Haystack.
It can be traced from the west side of T. 8 N., R. 22 W. into Washita
County where good outcrops disappear about one mile west of the Crooked
Creek fauli. Southeast of this fault, in Kiowa County, there are no out-
crops of this gypsum, and its contacts as shown on the map are inferred
from its relations to overlying and underlying members. It is possible that
in this area the gypsum has graded entirely into shale,

Plate II shows the correlation of the Cedartop through the area of
this report into southwestern Beckham County. The maximum thickness
is in T. 8 N., R. 22 W., where the member is 18 to 20 feet thick. The
minimum thickness of 7 feet is in T. 8 N., R. 20 W. As this gypsum thins
eastward the overlying shale thickens, indicating that the upper part
grades eastward into shale.

At the outcrop the Cedartop gypsum has a gray, highly weathered
surface. Fresh exposures reveal a white to .slightly pink, massive to. slightly
honeycombed, fine-crystalline gypsum. A yellowish to brown, slabby, fine-
crystalline dolomitic limestone 0.5 to 2 inches thick underlies the Cedar-
top, and at many localities a similar limestone occurs 2.5 feet up in the

gypsum.

An aphydrite bed 26 inches thick is exposed just above the middle
of the Cedartop gypsum along the steep escarpment in the NEI4 sec. 23,
T. 8 N, R. 22 W. (Plate V, B). It is gray, laminated, compact, coarse-
crystalline, exhibits a pitted, ragged surface, and breaks away from the
ledge in large rectangular blocks. Owing to greater resistance of these
blocks to chemical and mechanical erosion, they constitute a large per-
centage of the talus at the foot of the escarpment. This anhydrite bed has
an outcrop length not exceeding 2.5 miles, disappearing both eastward
and westward, probably by gradation into gypsum. Two such localities are
in the SEZ4 SEY4 sec. 16, T. 8 N., R. 22 W. and at the NE cor. sec. 28,
T.8 N, R. 21 W. :

Collingsworth gypsum member. Gould’s (1902, p. 56) original de-
scription of this member is as follows: “This (Collingsworth) is the upper
gypsum ledge of the Greer formation, and it does not differ materially
in lithological appearance from the Haystack or Cedartop, Like them, it is
massive and white throughout, and like them, also, it is cut by a series of
master joints into rectangular blocks. Where exposed, the thickness varies
from 18 to 20 feet, being approximately that of the Cedartop and not
so great as the Haystack. As it is the upper gypsum member it has often
been eroded, and for that reason does not always appear in a section. Near
the heads of the various creeks, however, it is the prominent ledge, and it
is also exposed on a number of the conspicuous bluffs, as along North
Fork. It is named from Collingsworth County, Texas, just west of Greer
County, Oklahoma, where the gypsum is well exposed.”

Since publication of the original description, the formation name has
been changed from Greer to Blaine, and the Van Vacter gypsum member
has been added at the top, so that the Collingsworth is now the second

gypsum below the top of the Blaine formation rather than the uppermost
member.
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COLLINGSWORTH GYPSUM

The Collingsworth gypsum member can be traced along the escarp-
ment north of North Fork from the west side of T. 8 N., R. 22 W., east
and southeast to the fault along Crooked Creek (Plate I). Where the over-
lying Mangum dolomite and Van Vacter members have been stripped away
the Collingsworth caps the escarpment. At several localities this gypsum
is either covered or is removed by erosion or solution. At such places the
Collingsworth horizon is recognized by the dolomite at its base, which
thickens eastward and resembles the overlying Mangum dolomite at many
localities. This dolomite is picked up on the downthrown side of the
Crooked Creek fault and is traced eastward to the edge of the mapped
area, Over most of this distance it forms a small ledge along the face of
the larger escarpment capped by the Mangum dolomite.

From Crooked Creek eastward, no gypsum crops out above this dolo-
mite. Near a road cut along the east side of sec. 21, T. 7 N,, R. 20 W,, a
50-foot sequence from the dolomite up to the Mangum dolomite was
measured (measured section 13, Plate 1I). Only red and greenish shales
are present in this interval; no gypsum is exposed. Three explanations are
offered for the absence of the gypsum. First, the gypsum was not de-
posited this far east. The second is that it was removed at the outcrop by
solution accompanied by contemporaneous shale filling of solution cavities.
The presence of several solution cavities along Crooked Creek that are
completely filled with shale supports this possibility. Inasmuch as most of
the shale in sec. 13 is not well-bedded this possibility may have consider-
able merit, A third possibility is that the gypsum is actually present near
the outcrop but is covered by shale slumping down from the overlying
Mangum escarpment.

The Collingsworth gypsum member thins westward toward south-
western Beckham County. Across the North Fork area, however, the thick-
ness is rather constant, ranging from 18 to 22 feet.

The Collingsworth has a dirty gray caliche-like appearance at the
weathered outcrop. Like the Cedartop, however, it is white to slightly pink
on fresh surfaces. Some gray and brown discoloration accompanied by
small irregular cavities and vugs attests to the dissolving effect of surface
water. The gypsum is generally fine-grained and soft. At many localities,
however, it is highly crystalline and consists of closely packed and inter-
grown selenite crystals up to 1 inch in diameter, giving the outcrop a
rough, ragged appearance. At one locality, SW14 NWi4s NEI4 sec. 17,
T. 8 N., R. 21 W., the Collingsworth is made up of massive coarsely crystal-
line anhydrite.

The dolomite at the base of the Collingsworth across the eastern half
of the area is about one foot thick, Its texture and color vary consider-
ably. In general it can be described as gray to gray-brown, massive to
slabby, honeycombed in part, compact to soft, fine- to coarse-crystalline,
locally oolitic, locally fossiliferous, and calcareous. In color, composition,
and texture it is similar to the Mangum dolomite and is described under

that heading.
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Cedartop Gypsum

A. Type locality of Cedartop gypsum, SE% SE% sec. 35, T. 8 N., R. 21
W., looking north from Cedartop Butte. Caprock on skyline is dolo-
mite at base of Collingsworth gypsum, all of which has been eroded
away.

B. Anhydrite bed 26 inches thick in middle of Cedartop gypsum, NE%4
NW sec. 23, T, 8 N, R. 22 W. Hammer handle rests at base of
banded anhydrite.



MANGUM DOLOMITE

The possibility exists that this unnamed dolomite can be correlated
with the Creta dolomite in Jackson and southern Greer Counties. A sec-
tion measured by Snider near Mangum, Oklahoma (Suffel, 1930, p. 32),
shows the Creta dolomite as one foot thick and to be separated from the
overlying Mangum dolomite by 26 feet of shale. On the basis of the strati-
graphic interval a tentative correlation could be made.

Mangum dolomite member. Gould’s (1905, p. 71) description is as
follows: “Above the Collingsworth and separated from it by about 20 feet
of red clay shale is a very persistent 3-foot bed of more or less dolomitic
limestone. In places it is true dolomite; while at others it contains only
a small per cent of magnesia and is a magnesian limestone. The character
of the rock varies considerably. In places it is arenaceous and soft, in other
localities cavernous or honeycombed. Often, however, it is firm and solid
and forms an excellent building stone. Its color is white, drab, or some-
times yellowish. The underlying clays have often been eroded and the rock
frequently covers slopes at a considerable distance below its original posi-
tion. While the thickness averages three feet, it varies from one foot to
five feet. This member is exposed on the hills north of North Fork, in
Roger Mills County (later Beckham), and on practically all the divides of
Elm Fork and Haystack, Bull, and Fish Creeks in Greer County. The name
of Mangum is that of the county seat of Greer County, near which the
dolomite is well exposed.” :

With the exception of three miles along Crooked Creek, near the
southwestern and southeastern boundaries of Beckham and Washita Coun-
ties respectively, the Mangum is well exposed as the upper ledge of the
Blaine escarpment (Plate IV). Elsewhere, the Mangum outerop is easily
traced on the aerial photographs, as the underlying 15 to 20 feet of red
shale forms a small escarpment which is darker in tone than the under-
lying gypsum escarpment. The Van Vacter gypsum member overlies the
Mangum across the area of this report. Near the front of the steep Flower-
pot-Blaine escarpment the Van Vacter gypsum has been stripped away by
erosion and solution, and when viewed from near the base of the escarp-
ment it appears that no gypsum occurs above the Mangum. The Mangum
is about 1.5 feet thick across all the area.

The appearance and texture of the Mangum vary along the outcrop.
ere the overlying gypsum has been stripped away, exposing the dolo-
mite to prolonged weathering, it is thoroughly honeycombed with solution
channels and vugs and has a gray to brown sandy-appearing surface
(Plate VII, A}. At such localities it is composed of dense, fine- to medium-
crystalline limestone with irregular small patches of ellipsoidal medium-
grained oolites. Red to pinkish, compact, dense calcite veins cut the rock
along joint planes. These veins are more resistant to erosion than is the
rock they cut across, producing at some localities a pitted cross-hatched
appearance where the softer limestones and dolomite are eroded below the
surface of the veins, _ ,

The appearance and texture of the Mangum is considerably different
where it is not so highly weathered. It is massive, light gray to gray, and
is much softer than the weathered variety. Ripple marks with an ampli-
tude of one-third inch and a wave length of 3 to 4 inches are present at
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many localities. They are poorly preserved and appear to be oscillation
ripples. A hand lens reveals fine- to medium-grained, rounded, spherical
to elongated oolites, many of which are hollowed out, apparently in the
process of being dissolved (Plate VII, B). Small rusty brown spots are
widely scattered. Pelecypod molds and casts are common. A few thin, deli-
cate fragments of the original valves are present. The unweathered Man-
gum is found beneath the Van Vacter gypsum along the small creeks
which cut across the Blaine formation,

The Mangum is similar in many respects to the dolomite at the base
of the Collingsworth gypsum. The Mangum is but a little thicker; and
both weather gray-brown at the outcrop. Both have the red calcite vein-
ing, and the lower dolomite is at many places massive like the Mangum.
" Both are gray, soft, oolitic, and fossiliferous in fresh exposures. There are
exposures of these dolomites where portions of the soft unweathered oolitic
dolomite is enclosed in darker, gray, dense, medium-crystalline, vugey
limestone. It appears that both dolomites were originally deposited as
oolitic calcitic dolomite, and later altered to a crystalline dolomitic lime-
stone, The pink dense calcite which filled fracture planes is probably a
still later feature deposited by surface waters. The alteration of these dolo-
mites is discussed at length by Suffel (1930, p. 64).

It is difficult if not impossible to distinguish between the two dolo-
mites on the basis of lithology alone. Of more use in the field is the slight
difference in thickness and the difference in weathering at the outcrop.
The Mangum weathers out in honeycombed blocks, whereas the lower
dolomite commonly weathers into slabby layers.

Var Vacter gypsum member (new). The top of the Blaine formation
in southwestern Oklahoma as previously defined by Gould (1924, p. 332)
was at the top of the Mangum dolomite member. The present investiga-
tion has shown that above the Mangum dolomite, rather than shale which
was classified by Gould as Dog Creek, occurs a thick sequence that con-
sists principally of gypsum. Some shale is present in this sequence, and
the shale appears to thicken eastward at the expense of the gypsum. Green
(1937, p. 1522) has noted the presence of these beds.

The original purpose in establishing the Blaine formation was to
classify into one stratigraphic unit all thick beds of closely related gyp-
sum. This usage has been uniformly followed, as is shown by the frequent
use in speech and in print of the term “Blaine gypsum” instead of “Blaine
formation.” Clearly the presence of a thick gypsum bed immediately above
the Mangum dolomite would place this gypsum in the same category with
the Haystack, Cedartop, and Collingsworth gypsums, thus making all of
them logical members of the Blaine formation. Accordingly this upper bed
is here named the Van Vacter gypsum and is made the top member of the
Blaine formation in the Carter area. It has a maximum thickness of 50 feet
and thus it is the thickest gypsum member of the Blaine formation as
newly defined, including the outcrops in all paris of southwestern, west-
central, and northwestern Oklahoma.
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Contrasting Outerops of Gypsum

A.. Bold face of Haystack gypsum, produced by jointing in caprock
on east side of Cedartop Butte, NE¥4 NE% sec. 2, T. 7 N.
R. 21 W. Banded gypsum above hammer handle rests on
gypsiferous shale of the Flowerpot formation.

B. Dissected plain developed on Van Vacter gypsum in type area,
NEl SE% sec. 10, T. 8 N., R. 22 W. Gypsum is poorly ex-
posed as a result of surface solution and irregular soil cover.



VAN VACTER GYPSUM

The name Van Vacter is taken from a well known local ranch along
North Fork in T. 8 N., Rs. 21 and 22 W. The entire thickness of this mem-
ber can not be found on the ranch, but can be seen in reasonably good
exposures to the north along Boggy Creek, especially its western branch,
and along the two unnamed creeks three miles farther east.

The type area is here designated as the outcrops along the west branch
of Boggy Creek, cen. E4 sec. 10 and cen. W14 sec. 11, T. 8 N., R. 22 W,
about 2 miles northwest of the Van Vacter ranch house (Plate I}. In the
type area the Van Vacter member is 36.5 feet thick and consists of a
lower and upper division of massive white and pink granular gypsum,
respectively 14 and 18 feet thick, separated by 4 feet of red shale. A dolo-
mite bed approximately 0.5 foot thick lies above the middle shale at the
base of the upper gypsum (measured section V). The Van Vacter member
is underlain by the Mangum dolomite and is overlain by the Dog Creek
shale.

Outcrops of this gypsum can be found above the Mangum dolomite
from the west side of T. 8 N, R. 22 W. to the vicinity of the fork in the
road between secs. 21 and 22, T. 8 N., R, 21 W. Eastward in Washita and
Kiowa Counties no outcrops occur and the top and bottomn of the member
are largely inferred. Its presence across most of this area, however, is indi-
cated by many small sink holes. A large depression, the origin of which
is attributed to solution of this member, and possibly of underlying gyp-
sums as well, is in secs. 3 and 4, T. 7 N, R. 20 W. A large block of gyp-
sum has been plowed up in the vicinity of the depression.

Without detailed investigations the presence of the Van Vacter could
easily be overlooked across the two townships of Beckham County includ-
ed in this report. Looking northward along the top edge of the steep
Blaine escarpment, it appears to an observer that the beds of the Blaine
are horizontal and that only a residual soil covers the Mangum dolomite.
Actually, the Mangum dips beneath the overlying Van Vacter gypsum,
the top surface of which has been leveled by erosion and is mostly cov-
ered. Down dip the Van Vacter thickens beneath an irregular soil cover;
and only near the Dog Creek contact is the gypsum well exposed along
intermittent subsequent creeks. Although reasonably good exposures are
available north of the Van Vacter ranch, the member’s true thickness is
difficult to measure as it is mostly dissolved and slumped. The Dog Creek-
Van Vacter contact is well exposed at only one locality in the area of this
report and there a dip change occurs, accompanied by small faults (Plate
I). At other localities, especially in T. 8 N., Rs. 21 and 22 W., the con-
tact appears to be along a zone of flexure.

The four beds that make up the Van Vacter gypsum member are, in
ascending order (1) lower gypsum bed, (2) shale bed, (3) dolomite bed,
and (4) upper gypsum bed. The lower gypsum is 12 to 15 feet thick and
is white, massive, fine-crystalline gypsum. The shale is 3 to 4.5 feet thick,
red near the base and greenish near the top, and contains satin spar and
selenite. The dolomite bed ranges from 3 to 8 inches in thickness, is gray
to brown, medium-crystalline, and locally argillaceous and gypsiferous.
A thickness of 18 feet for the upper gypsum bed was measured near the
Junction of Boggy Creek with its western tributary. No Dog Creek shale
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is present here over the eroded gypsum bed so the section is incomplete.
No locality was found where the base of this bed and the base of the
overlying Dog Creek shale are close together and well exposed. It is there-
fore believed that the thickness of this upper bed across the area of this
report is at least 18 feet and may be as much as 25 feet. This upper bed
may contain layers of shale, as it does at section 1 (Plate II) in north-
western Greer County, but owing to slumping and poor exposures they are
not apparent, Thickness of the Van Vacter gypsum increases westward. In
measured section I (NE14 sec. 29, T. 7 N., R. 24 W.) the Van Vacter is
51 feet thick; and near the Texas line southwest of Erick, McLaughlin
(1955, personal communication) measured 80 feet of gypsum between the
Mangum dolomite and the Dog Creek shale.

Stratigraphic relations. The Blaine formation is conformable with
the underlying Flowerpot shale and with the overlying Dog Creek shale.
Plate II suggests that shale in the lower part of the Dog Creek grades
westward into gypsum, as discussed in more detail under the heading
Dog' Creek.

Doc CREEK SHALE

History of nomenclature. The Dog Creek shale was named and origi-
nally described by Cragin (1896, p. 39). The type locality is at Dog
Creek, in western Barber County, Kansas. Cragin described it as being
about 30 feet thick, consisting of dull red shales, laminated in the basal
part, and containing one or more dolomite beds in the upper part. He noted
that the coloring of the Dog Creek shales resembles more closely that of
the shales of the underlying strata than that of the overlying strata. Cragin
placed the Dog Creek stratigraphically below the Red Bluff (later White-
horse group) and above the Cave Creek gypsums (later Blaine formation).
Although originally named the “Dog Creek shales”, the plural form is no
longer used.

In the Carter area the beds comprising the Dog Creek shale were
originally placed in the lower part of the Quartermaster formation by Gould
(1902, p. 57) and described as follows: “In the lower part of the forma-
tion the rocks are chiefly shales, typically red, but sometimes containing
greenish bands and layers.” Sawyer (1924, p. 312) correlated this shale
unit with the Dog Creek of northwestern Oklahoma. Gould, Gouin, Saw-
yer, Becker, and Green lated used this classification,

As classified for this report, the Dog Creek shale overlies the Van
Vacter gypsum member of the Blaine formation and underlies the Mar-
low formation of the Whitehorse group.

Distribution. The Dog Creek crops out in a narrow band ranging in
width from 100 yards to half a mile, and strikes in a west to northwest-
ward direction (Plate I). It typically forms a valley between the Blaine
cuesta to the south and the Whitehorse cuesta to the north. Thin dolomites
locally form small cuestas and hogbacks along the Dog Creek outcrop
inT. 8 N,, R. 22 W. and in the western part of T. 8 N., R. 21 W. (Plate
VIII, A). From the central and eastern part of the latter township to the
Crooked Creek fault, bedrock exposures are poor and formation contacts
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B

Mangum Dolomite

A. Block of Mangum dolomite showing calcite vein-filling in joints which
on weathering typically produce boxwork pattern. SE% NE% sec.
12, T.8 N, R. 20 W,

B. Cut surface of Mangum dolomite, X20, showing oolitic texture.
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are partly inferred. By studying road cuts, soil composition, and vegeta-
tion, however, the Dog Creek-Whitehorse contact can be placed with a fair
degree of accuracy. Just east of the Crooked Creek fault the Dog Creek-
Whitehorse contact is well exposed, and lower in the section near the bridge
across Crooked Creek, good outcrops of the Dog Creek dolomite can be
seen. Eastward from this vicinity one of the dolomites forms a small es-
carpment which extends eastward to the edge of the map (Plate I).

Character and thickness. Gouin (1927, p. 8) reported a thickness of
90 feet for the Dog Creek in southeastern Beckham County. For the pres-
ent investigation a thickness of 80 feet was measured in the NW14 sec.
17, T. 8 N., R. 21 W. (Measured section VII). The Dog Creek is com-
posed of locally gypsiferous red, brown, and green blocky shales and
contains many thin interbedded light gray, dense to fine-crystalline dolo-
mites. Thin beds of gray silistone, fine-grained sandstone, and silty
dolomite occur locally. A zone of red, ellipsodial dolomitic concretions,
5 to 10 inches in diameter, occurs at several localities 40 feet above the
base of the formation.

Thin dolomite beds are the most conspicuous elements of the Dog
Creek shale. As many as 8 dolomite beds are present, ranging in thickness
from 1 inch to nearly 214 feet, but in most of the Carter area they are
not sufficiently thick nor are they well enough exposed for mapping ex-
cept in the southeastern corner, where a bed about 1 foot thick in the
lower part of the formation has been mapped (Pded of Plate I) for 3
miles. These beds are believed to be lenticular and therefore not to be
reliable for long-distance mapping. The fine-grained, even-bedded, gray
to greenish-gray character of the dolomite beds, however, is distinctive
of the Dog Creek, and this type of dolomite does not ordinarily occur in
the underlying Blaine formation.

Several of the dolomite beds exhibit unusual pyramidal forms (Plate
VIIL, B). Merritt (1936, p. 604-607) has termed such specimens “castel-
lated dolomites”, and has described similar forms from the Dog Creek in
Major County, Oklahoma. His description of these interesting features is
quoted as follows: “The castellated dolomites vary in size from one half
inch to five inches along an edge. They are gray on fresh surfaces and
a brown gray on weathered planes, the latter color being due to a slight
iron oxide coating. The forms are of three types, namely (1) single pyra-
midal-like forms; (2) pyramidal forms of the first type but aggregated
together in groups of two, three or four with the individuals meeting at
a common central point; and (3) cube-like forms, many of which exhibit
hopper-shaped depressions.” Concerning the origin of these structures
Merritt states: “The presence of NaCl in some of the specimens and the
cube-like forms with hopper depressions indicate that the original mineral
was halite. . . . The cube has six hoppers and the filling of these would
give rise to six nopper casts all meeting at a common center. By weath-
ering these could be separated into single forms or aggregates of two,
three, four or five casts.”
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Stratigraphic relations. The Dog Creek is conformable with the under-
lying Blaine formation. Correlations of measured sections shown in Plate
II indicate that the lower part of the Dog Creek grades westward into
gypsum. On the north side of the Anadarko basin Ivans (1931, p. 412-414)
found that gypsums in the Blaine formation thicken westward in the sub-
surface across Ellis County, as does gypsum in the Dog Creek shale. He
states: “In this connection it might be said that the Dog Creek forma-
tion is very closely allied with the Blaine and farther west may merge with
the Blaine to make a very considerable thickness of gypsum. As the Dog
Creek is supposed to lose its identity westward and southwestward from
northwestern Oklahoma, this seems a logical explanation of what happens

to the Dog Creek.”

A survey of the many sections of the Flowerpot-Blaine-Dog Creek
sequence makes the genera) lithologic differences between the formations
obvious, although it does not demonstrate that the defined contacts in
the several sections are synchronous. If the lower part of the Dog Creek
shale grades westward into gypsums, as suggested by the cross section
(Plate II), the Blaine-Dog Creek contact obviously lies at a high strati-
graphic level toward the west. Similarly, the base of the Blaine may be
stratigraphically low to the west of the Carter area if the Kiser and Chaney
gypsums increase notably in thickness.

A regional unconformity is believed to exist between the Dog Creek
and the overlying Whitehorse group. The principal local evidence of un-
conformity is the contrast in lithologies above and below the contact and
the presence of a thin shale-pebble or clay-gall conglomerate in the basal
Whitehorse sandstone.

WHITEHORSE GROUP, UNDIFFERENTIATED

History of nomenclature. Rocks now recognized as the Whitehorse
group were first described by Cragin (1896, p. 40) in western Kansas
and named the Red Bluff sandstone. As this name was preoccupied, Gould
(1905, p. 55) proposed the name Whitehorse sandstone, after Whitehorse
Springs in northwestern Woods County, Oklahoma, and gave it member
standing within his Woodward formation. Reeves (1921, p. 47) and
Clapp (1921, p. 156-164) described the Whitehorse in the Cement area
of Caddo County, Oklahoma. In 1924 Gould (p. 335-337) and Sawyer (p.
312-321) described the Whitehorse regionally, omitting the name Wood-
ward and regarding the Whitehorse as a formation.

Since 1924 there has been much discussion about stratigraphy and
nomenclature of the Whitehorse sandstone, as shown by the papers of
Gould, 1926, p. 152; Gould and Lewis, 1926, p. 9; Gould and Willis, 1927,
p. 431-442; Becker, 1927, p. 11; Sawyer, 1929, p. 11; Becker, 1930, p.
111; Evans, 1931, p. 405-439; Roth, 1937, p. 445-447; Green, 1937, p.
1525-1533 and Schweer, 1937, p. 1553. The present status is expressed
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Dog Creek Shale and Castellated Dolomite

A. Outerop of variegated shale and thin dolomite strata in upper part of
Dog Creek formation, SE¥% NE% see. 17, T.8 N, R. 21 W.

B. Castellated dolomite, showing casts of hopper-shaped salt (halite)

crystals. From upper dolomite bed illustrated in A, above, Scale is
in inches.



WHITEHORSE GROUP

by Davis (1955, p. 62), who used the term Whitehorse as a group name
“. . . applied to all Permian sirata above the El Reno group and below
the Cloud Chief formation. The group is divided into two formations:
the Marlow formation at the bottom and the Rush Springs sandstone at
the top.”

Trl)le boundaries of the Whitehorse as used in this report are the same
as those of Davis. Because of poor outcrops across most of the area, no
attempt was made to differentiate the Rush Springs and the Marlow for-
mations,

Distribution. The Whitehorse group is exposed across all the north
side of the area of this report, striking in a general west by northwest
direction. The best outcrops are along the creeks and gullies in the north-
western part of the area (Plate I). Elsewhere the outcrop is covered with
loose buff to red sandy soil.

Character and thickness. Despite the poor exposures and the small
area of outcrop, a section of the Whitehorse group was measured -across
parts of sec. 12, T. 8 N, R. 22 W. and sec. 6, T. 8N., R. 21 W., giving
a thickness of 387 feet (measured section XVIII). Dip and strike control
was not fully reliable and this measurement may be as much at 10 per-
cent in error.

The best outcrops occur in the lower part of the group, probably be-
cause it is better indurated and more gypsiferous than the overlying fri-
able sandstone. The lower 30 to 40 feet, above the gray basal sandstone,
is typically a red to pink, massive, very fine-grained, well sorted sand-
stone, silty and gypsiferous in part. The next 80 feet is composed of red
and pink, shaly, silty, very fine-grained sandstone. It contains many ir-
regular, lenticular indurated ledges of red sandstone with a tight dense
gypsiferous' cement. Many of these ledge exhibit highly contorted lam-
inae, which indicate penecontemporaneous slumping. Parts of this se-
quence consist of slabby, gypsiferous silty sandstones, with numerous satin
spar veins. This lower 120 feet probably correlates with the Marlow for-
mation, as in its type area in Stephens County the Marlow is quite gypsi-
ferous and even-bedded, and contains ledges of hard gypsiferous sandstone

The upper 267 feet is dominantly a pink, red, massive, quite friable,
shaly and silty in part, very fine- to fine-grained sandstone. Some cross.
bedding is present. Several hard red gypsiferous sandstone ledges occur
near the top, 40 fect beneath the massive white gypsum 5 to 10 feet thick
that marks the base of the Cloud Chief formation,

Just north of the area of this report a brownish oolitic dolomite ap-
proximately four inches thick crops out near the section line in a road
cut along the east side of sec. 19, T. 8 N., R. 20 W. This dolomite lies
within the Whitehorse group, but its exact stratigraphic position and lat-
eral extent are undetermined,

The base of the Whitehorse is characterized by two or more feet
of light gray, well sorted, very fine-grained, porous, poorly indurated
quariz sandstone consisting of subrounded and frosted grains. A few very
fine, frosted, well-rounded red quartz grains are scattered throughout.
Scattered black sand-sized particles occur and are considered to be small
iron concretions.
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A thin, irregular, sandy, red shale pebble conglomerate is present
above the: gray basal sandstone along the east bank of the easternmost
creek in sec. 17, T. 8 N., R. 21 W. Above the conglomerate are several
thin streaks of orange shale associated with interbedded sandstone exhib-
iting small ripple marks and cross-bedding.

Stratigraphic relations. The Whitehorse lies unconformably upon the
Dog Creek shale. At the head of the Anadarko basin it onlaps the Chick-
asha formation, cutting out the upper part of the El Reno group.

QUATERNARY SYSTEM

Terrace deposits and alluvium cover the Permian sediments in much
of the area south of North Fork of Red River, and occur as scattered de-
posits in the area north of the river. The alluvium is silt, sand, and clay
that is being transported and deposited by North Fork and by its larger
tributaries.

South of North Fork, and near it on the north side, the terrace deposits
are composed by light-colored unconsolidated sand, locally containing
quariz and quartzite gravels. Near Cedartop Butte these deposits are some-
what consolidated and are slightly cemented by calcium carbonate.

The terrace deposits along Crooked Creek and capping the ridge in
sec. 35 and 36, T. 8 N., R. 20 W. are gray, loamy, and fine-grained, and
probably originated by reworking of the Whitehorse sandstone.

Several terrace levels appear as faint remnants partly obscured by
wind-blown sand. The top of the highest level is at least 100 feet above the
present stream bed. The various levels probably represent stages of river
flow during the Pleistocene epoch.
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REGIONAL SETTING

A few miles south of the area of this report the Precambrian granitic
rocks of the Wichita Moutains rise above the surrounding Permian red
beds. The mountain system trends north approximately 50° west and
passes into the Texas panhandle where it is covered by Permian sediments.

On the northeast flank of the mountains in southwestern Oklahoma,
the surface of the granite is buried at comparatively shallow depths in a
belt about 9 miles wide. According to Tanner (1954, p. 6) this buried
granite surface is marked by at least two rather flat wave-cut erosion
surfaces, one above the other. The lower surface is in the northern part
of the belt and is about 500 feet above sea level, whereas the upper sur-
face is near the mountains and is about 1,000 feet above sea level. Elevation
of the surface Permian rocks is about 1,750 feet.

These surfaces, cut by late Pennsylvanian and early Permian seas,
are covered with Pontotoc “granite wash” and Permian shales and evap-
orites. Permian strata which overlie the granite platform dip northward
at angles generally less than one degree, and at many places they appear
to be virtually horizontal.

Paralleling the buried and exposed portions of the Wichita Mou-.
tains on the north is a large syncline, named the Anadarko basin by Gould
(1924, p. 324). As a result of deep drilling and seismic exploration, it
is known that this basin is bounded on the south, near the deepest part,
by high angle faults and possibly by thrust faults (Tulsa Geol. Society,
1937, p. 339). Along the uplifted south side of the faults the Paleozoic
rocks have been stripped away, exposing the Precambrian granite. North
of the fault zone the granite basement may be as deep as 30,000 feet.

The Beckham County fault, described by Gouin (1927, p. 11-12) as a
normal fault trending about 14° north of west, has its eastern terminus
near the bend of North Fork in sec. 12, T. 8 N., R. 23 W. The north
side is downthrown, with a displacement of 300 to 500 feet. Possibly this
fault coincides with the flexure zone in the Carter area described below.

LocaL STRUCTURAL FEATURES

Northeast Moravia dome. A study of formation tops in drilled wells
reveals a domal structure northeast of Moravia, the apex of which appears
to be near sec. 25, T. 8 N, R. 22 W., and sec. 30, T.8 N., R. 21 W. On
the surface this feature is suggested by strike and dip changes in the
Blaine formation, which crops out along the north flank of the structure.

Inliers along Crooked Creek. Two small inliers which expose the shale
beneath the basal Collingsworth dolomite are in secs. 31 and 32, T. 8 N.,
R. 20 W. (Plate I). About 400 yards southeast of the inliers the Cedar-
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top gypsum dips eastward at a greater angle than the creek gradient.
There is a possibility that west of these inliers, under the soil cover, the
Blaine dips slightly west of north. If this is true a small northwestward-
plunging anticline trends through these inliers.

Flexure zone. A rather narrow belt, in which the strata are charac-
terized by steeper dips than those in adjoining areas, as well as by local
faulting, extends across the Carter area and is referred to as a “flexure
zone”. Across T. 8 N., Rs. 21 and 22 W., this zone follows the Dog Creek
outcrop (Plate I). In the NET4 T. 7 N., R. 20 W., the flexure is marked
by the Mangum dolomite cuesta. Small step faults with about one foot
displacement are exposed in the NW14 sec. 17, T. 8 N,, R. 21 W. A dis-
placement of at least 30 feet is indicated in the SE14 sec. 17. Small faulis
probably occur across sec. 11, T. 8 N., R. 22 W. The possibility that this
zone of steeper dips and faulting results from extensive solution and col-
lapse in the underlying Blaine gypsum is considered and rejected as un-
likely.

A study of granite tops reported from oil wells in this area indicates
“that this flexure zone may lie along the edge of the granite “platform™.
In the SW14 sec. 12, T. 8 N., R. 22 W., near the flexure zone, granite was
reached at 2,628 feet. Less than two miles to the north a well reached a
depth of 10,500 feet in the Viola limestone. If the flexure zone does over-
lie the edge of the granite, then it overlies a complex fault zone, north
of which the sediments of the Anadarko basin subsided, while to the south
Precambrian granites were uplifted.

Any movement along this buried fault system should cause some fold-
ing and faulting in the Permian above the fault zone. Differential com-
paction between the basin sediments and the solid granite should add to
the dip along the flexure zone. It is quite possible that this zone links
up with the Beckham County fault which Gouin (1927, p. 11) projected
to sec. 12, T. 8 N., R. 23 W.

Crooked Creek fault. The Crooked Creek fault is named after the
creek of the same name which flows along the fault trace in sec. 4, T. 7
N., R. 20 W. This fault strikes northward, cutting obliquely across and
offsetting the Flowerpot, Blaine, and Dog Creek formations and the White-
horse group. Displacement is estimated to be about 100 to 200 feet.

Jointing. The following joint directions predominate: north 42° east,
north 45° west, and north-south. Less prominent directions are due east-
west, and north 13° west. These are averaged directions, observed on
aerial photographs and in the field.
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Economic Geology

Mineral resources of the Carter area include petroleum and natural
gas, ground water, sand and gravel, shale, and gypsum. Petroleum is pro-
duced in small quantities and ground-water is used locally, but the other
mineral resources are undeveloped. The outstanding resource for potential
development is high-purity gypsum, available in enormous quantities
from four thick beds in the Blaine formation. This gypsum offers promise
of establishing a major industry in the region.

GypsuM

From general considerations of the Blaine gypsum in the Carter area,
as discussed in preceding sections of this report, it appeared probable that
large reserves of gypsum are available for commercial exploitation. In
this chapter the economic aspects are investigated through chemical analy-
ses, physical properties, topographic expression, facility of quarrying,
and probable character underground. As a result of these investigations
it is here concluded that the gypsum beds, having a gross total thickness
of 88 feet, could be worked by open pit quarry methods over at least
7,500 acres or about 12 square miles. Average composition is 96.86 per-
cent theoretically pure gypsum, CaS0.2H50. The gypsum beds are white
and sufficiently pure to be used for the manufacture of gypsum products
such as plasters, wallboard, and tile. The deposits are accessible to the
Missouri, Kansas and Texas Railroad, which crosses the belt of outcrop
in the western part of the area.

~ The four gypsum beds of the Blaine formation lie virtually flat and
range in thickness from 10 to 35 feet. They are separated by shales 7 to
19 feet thick, so that the beds could be worked in open cuts or in stair-
step benches after removal of shale overburden. Average workable thick-
ness of each of the four beds is about 13 feet, and workable reserves of

easily accessible gypsum in the Carter area are calculated to be approxi-
mately 375,000,000 tons.

As there are no quarries in the area and no drill-hole information
is available, these estimates are based on outcrop observations and on
the general relation, established elsewhere, that the Blaine gypsum beds
grade into anhydrite where covered by more than 30 feet of shale over-
burden. Anhydrite reserves to a depth of 130 feet, calculated on this gen-
eral relation, are estimated to be 1,140,000,000 tons, or three times great-
er than the gypsum reserves given above.

Chemical composition. Seven chemical analyses show the gypsum beds
in the Blaine formation of the Carter area to be essentially the same in
chemical composition. They are uniformly of high purity and are fully
suitable for calcining to make plasters, wallboard, and tile, and for use
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GYPSUM ANALYSES

as a soil conditioner or as a retarder in manufacturing portland cement.
The color is generally white or light gray, so that the calcined products
likewise would be white and therefore competitive with the best grades of
commercial gypsum products.

Chemical analyses were made from channel samples cut with a pick
from each of the four gypsum beds at localities of completely exposed
outcrop. Each inch of the full thickness of an outcropping bed was taken
and made into a composite sample, fully representative of the gypsum
at the sampled locality. A geographic spread was obtained by sampling
in the western part of the area, near the Van Vacter ranch house, and
by sampling in the eastern part, near Cedartop Butte (Plate I). Chemical
analyses of these samples shown in Table I include two each of the Hay-
stack, Cedartop, and Van Vacier gypsums, and one of the Collingsworth

gypsum. _

The theoretical gypsum content in the seven analyzed samples ranges
from 95.39 to 97.83 percent and averages 96.86 percent. The remaining
percentage consists of anhydrite, calcite, halite, and magnesite, together
with Si0y and Al;Og that are present in the form of silt and clay. In the
amounts shown these impurities are not deleterious in gypsum-manufac-
turing processes.

Anhydrite is the most abundant impurity in most samples analyzed,
ranging from 0.58 to 2.35 percent and averaging 1.46 percent. Except at
two localities in the mapped area, anhydrite is so inconspicuous and so
disseminated in the gypsum beds that it cannot be observed even with
a hand lens. This anhydrite probably represents the last traces remaining
from original anhydrite beds that, through hydration, have been converted
into gypsum.

Calcite, CaCOs, is the next most abundant impurity. It is absent in
one sample but in all others analyzed it ranges from 0.21 to 1.59 percent
and averages 0.67 percent. Magnesite, MgCOj, averages 0.03 percent in
the Haystack, Cedartop, and Collingsworth gypsums, and 0.50 percent in
the Van Vacter gypsum.

Water-soluble common salt, the mineral halite, averages 0.27 percent
in the seven samples analyzed. It is a common constituent in evaporite
beds such as gypsum and anhydrite, having been introduced from sea
water in the original site of deposition.

All the gypsum beds of the Blaine formation in the Carter area are
low in clay and silt impurities. Alumina (Al,03) and silica (SiO:) to-
gether range from 0.18 to 0.78 and average 0.52 percent. Separation
of the gypsum deposits from underlying and overlving shale beds is
sharply defined, and thus little shaly material is present in the gypsum.
The low content of clastic impurities is indeed remarkable, and contrib-
utes notably to the chemical purity of the gypsum beds.

Reserves. Areal distribution of workable gypsum beds in the Carter
area is shown in Figure 5. These beds lie in a northwestward-trending
belt that extends for 12 miles through T. 8 N., Rs. 21 and 22 W., south-
eastern Beckham County. Eastward from the area of Figure 5 the gyp-
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