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A sand dune in Little Sahara Staie Recreation Area, just west of U. S. Highway

281, south of Waynoka, Woods County, Oklahoma. Ancient sands of the Pleistocene

Epoch were deposited in this area and prevailing southwesterly winds have stripped
away vegetation, blowing the loose sand into dunes.

(Photograph by Bob Taylor, Cordell, Oklahoma)
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GEOLOGY AND MINERAL RESOURCES OF
Woons County, OKLAHOMA

Rosert O. Fay

ABSTRACT

Woods County, comprising 1,271 square miles in northwestern
Oklahoma adjacent to Kansas, is in the Great Plains, ranging in
elevation from 2,110 feet in the northwest to 1,250 feet in the east
and southeast. The major drainage ways are the Cimarron River along
the southern edge of the county and Salt Fork in the northeastern
part. The southern part of the area and the areas northeast of the
main rivers are covered with Pleistocene deposits.

The geologic column of Woods County consists of approximately
850 feet of Permian redbeds of the Cimarronian and Custerian Series,
overlain by 0-140 feet of Lower Cretaceous beds in the northwestern
part of the county, and these in turn overlain by 0-100 feet of Plio-
.cene (Ogallala) beds. The Pleistocene deposits, oceurring in several
terrace levels on either side of the main rivers, form a thin veneer of
clay and silt on the southwestern sides of the rivers and sand and
gravel deposits, 10 to 100 feet thick, on the northeastern sides of the
rivers. The higher Pleistocene levels are below the base of the
‘Ogallala Formation, and locally the Pearlette ash oecurs in one level
near the Salt Fork.

In ascending order, the Permian rocks consist of the upper part
of the Bison Member of the Hennessey Shale Formation (10 feet),
overlain by the Cedar Hills Sandstone Member of the Hennessey
Shale (180 feet); the Flowerpot Shale (220-380 feet), Blaine For-
mation (50-85 feet), and Dog Creek Shale (45-70 feet) of the El
Reno Group; the Marlow Formation (100 feet) and Rush Springs
Sandstone (90 feet) of the Whitehorse Group; and the Cloud Chief
Formation (50 feet, top eroded). The Cimarronian Series comprises
all of the redbeds up to the base of the Whitehorse Group, and the
Custerian Series extends from the base of the Whitehorse Group
through the Elk City Sandstone.

The Bison Member is a reddish-brown, micaceous clay shale with
many thin, greenish-gray siltstone and sandstone bands. The Cedar
Hills Member occurs in the northeastern part of the county along
Driftwood Creek and the Salt Fork, and the upper part occurs along
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Eagle Chief Creek in the eastern part of the county. The Cedar Hills
is an orange-brown, fine-grained sandstone with some interbedded
shale and much siltstone to the north, gradational into red-brown
shale and siltstone with some sandstone to the south in Major County.
The Cedar Hills is subdivided into six mappable units, each being a
prominent sandstone ledge with greenish-gray beds. The upper unit
contains gypsum nodules locally. A middle unit, about 100 feet down,
is named the Peace Treaty Bed and is about 10 feet thick.

The Flowerpot Shale is a red-brown, gypsiferous, silty shale, 220
feet thick in the northern part of the county and 380 feet thick in the
southern part. It is subdivided into seven mappable units, each con-
sisting of 1 to 5 feet of orange-brown and greenish-gray siltstone and
sandstone, the bottom two of which contain much gypsum. The thick-
ness of the sandstones decreases southward, where the sandstones are
gradational into shale.

The Blaine Formation is an alternating series of three gypsum
units, each with dolomite at the base of the gypsum and separated
from each other by 7 to 10 or more feet of red-brown shale. The named
units (ascending) are Cedar Springs Dolomite (1-2 feet thick), Medi-
cine Lodge Gypsum (25 feet), shale (10 feet), Magpie Dolomite (1
foot), Nescatunga Gypsum (10 feet), shale (10 feet), Altona Dolomite
(1-3 feet), and Shimer Gypsum (10-15 feet). About 10 miles north of
Woods County, the Nescatunga thins rapidly to 2 feet and is missing
farther northward. The Blaine is eroded into high escarpments in the
northwestern part of the county.

The Dog Creek Shale is a red-brown, silty shale with three named
units, increasing in thickness southward. The Haskew Gypsum Bed
is about 5 feet thick in the western part of the county, occurring
about 5 feet above the base. Elsewhere in the county it is absent.
The Watonga Bed is a greenish-gray, dolomitic or calcitic siltstone,
about 3 inches thick, a few feet above the Haskew Bed or 6 to
10 feet above the base. A prominent orange-brown sandstone and silt-
stone, 5 to 10 feet thick, occurs in the middle of the Dog Creek. The
Southard Dolomite Bed is about 4 inches thick, being a fine-
grained, light-gray dolomite, occurring about 5 feet below the top
to the north and almost 30 feet or more below the top to the south.
It is eroded into a prominent light-colored zone and resistant ledge.

The Marlow Formation, a fine-grained, orange-brown sandstone,
is eroded into an escarpment above the Dog Creek Shale. The Doe
Creek Lentil is a series of disconnected hills of coarse-grained sand-
stone and sandy limestone with some reworked conglomerate, occurring
within the Marlow at various levels from 0 to 78 feet above the base.
The outerop of the Doe Creek is less than a mile wide and about 15
miles long, extending in a southwesterly direction from about the
center of the county. The Relay Creek Dolomite Bed is about 3
inches thick, occurring about 15 feet below the top of the Marlow,
with red-brown shale above. Locally the Relay Creek is gypsum. The
top of the Marlow is marked at the Emanuel Bed, which is a fine-
grained, greenish-gray, calcitic sandstone. The top of the Doe Creek
i1s below the Relay Creek Bed.
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The Rush Springs Formation is a series of orange-brown sand-
stones and reddish-brown shales, restricted to the northwestern part
of the county. A massive sandstone, about 30 feet thick, occurs at the
top.

The Cloud Chief Formation is a red-brown shale, with a 5-foot,
greenish-gray, calcitic sandstone and dolomite or double dolomite at
the base, named Moccasin Creek Bed. The Day Creek Dolomite Bed
is about 2 feet thick, occurring about 25 feet above the Moccasin
Creek Bed and is eroded into a prominent escarpment similar to that
of the Moccasin Creek. The beds below the Day Creek, excluding the
Moeccasin Creek, belong to the Kiger Member. The Big Basin Member
ineludes the beds above the Day Creek, which are mainly red-brown
shale. The exposed thickness of the Cloud Chief is 50 feet.

The Kiowa Shale (Lower Cretaceous, Comanchean) is a dark-
gray to yellow-brown shale with some interbedded sandstone at the
base and yellow-brown limestone beds in the middle and top. It is
subdivided into several units in Woods County. The lower unit is a 0.5-
to 5-foot coarse-grained sandstone, about 10 to 15 feet above the base,
and the upper unit is a Cyprimeria limestone, about 40 feet above the
base. Higher units occur a few miles north of the county, in Avilla
Hill.

The Ogallala Formation (Plioeene) is a variegated sandstone and
siltstone unit, with some voleanic ash and mortar beds, containing
fossil vertebrates. Some gray clay and caliche are present. The
Ogallala and Kiowa are unconformable upon the redbeds below and
form low hills on a high ridge in the northwestern part of the county.

The Permian formations are conformable upon each other, and
structurally they dip about 4 to 10 feet per mile to the southwest.
In the Whitehorse Springs area is an anticlinal feature and in the
F'reedom area is a structural sag, probably due to solution of salt in
the Flowerpot Shale and lower units. In the Edith area and northwest
along the Cimarron River, a 57-foot bed of rock salt oceurs in the
Flowerpot Shale about 150 feet below the top of the formation, just
below the river bed and is probably the source of salt for the Big
Salt Plain and Little Salt Plain.
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INTRODUCTION

Woods County is in northwestern Oklahoma adjacent to Kan-
sas and is approximately 1,271 square miles in area (fig. 1). The
county seat, Alva, in the east-central part, has a population of 6,258.
Smaller towns are Avard (56), Capron (102), Dacoma (219),
Freedom (268), and Waynoka (1,794). Unincorporated or smaller
communities are Brace, Brink, Camp Houston, Cora, Edith, Fair-
valley, Farry, Galena, Heman, Hopeton, Lookout, McKinley, Noel,
O’Connor, Plainview, Tegarden, and Whitchorse. Some old ghost
towns or tent post offices are in the northwestern part of the county,
such as Abbie (NE% sec. 32, T. 29 N, R. 17 W.), Coy (SW¥ sec.
25, T.29 N, R. 20 W.), old Farry (near center west line sec. 28, T.
28 N., R. 17 W.), Faulkner (SW%% sec. 4, T. 28 N, R. 16 W.), old
Freedom (near center north line sec. 11, T. 27 N., R. 18 W.), Irene
(NW'4 SE% sec. 35, T. 29 N,, R. 18 W.), Kingman (NE% sec.
15, T. 29 N, R. 17 W.), Saratoga (NW4 sec, 25, T. 28 N, R. 20
W.), old Whitehorse (SW4 sec. 5, T. 27 N,, R. 16 W.), and Win-
chester (SW74 sec. 26, T. 29 N., R. 15 W.). In the castern part of the
county are Clymer (SW% sec. 17, T. 24 N,, R. 13 W.), Lake (NE4
sec. 33, T. 24 N, R. 13 W.), Wisby (NE% sec. 29, T. 23 N, R. 13
W.), and Zula (NW% sec. 32, T. 26 N., R. 13 W.). Dacoma was
previously known as Kintz and Capron was Virgel. In older geolog-
ical survey reports, some geological features are discussed with
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Figure 1. Index map of Oklahoma showing location of Woods County,
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respect to some of these old towns, thus making it important to
record these places. U. S. Highway 64 and State Highways 45 and
11 extend east-west through the county, and U. S. Highway 281 and
State Highways 50 and 14 extend north-south. The Atchison, To-
peka and Santa Fe Railway operates through Alva, Waynoka, and
Freedom, and the St. Louis-San Francisco Railway extends to Avard
from the east. The Chicago Rock Island and Pacific Railroad con-
nects eastward from Alva.

Areas of interest in the county are the sand dunes south of
Waynoka in Little Sahara State Park; Kelsey Field, northeast of
Waynoka, where first transcontinental flights landed; the Little
and Big Salt Plains of the Cimarron River near Edith, reportedly
visited by Coronado in 1541; Whitehorse Mounds and Wildcat
Buttes near the center of the county; and the Cleveland Hills north-
west of Whitehorse Mounds. |

Economically the county is known for its wheat, cattle, gas, and
oil. Salt has long been used by Indians and settlers from the salt
plains and is still in limited production by Ezra Blackmon. In the
1930’s the Day Creek Dolomite was used in construction of Fort
Supply dam. Sand and gravel are used locally for road metal and
concrete, and caliche is used locally for road metal. Ground water
is produced from the southern sand-dune area for Waynoka and
Alva, and many springs, such as Fairvalley Springs, flow from the
Pleistocene deposits. The Doe Creek Sandstone is also a source of
spring water, such as Whitehorse Springs, and the Doe Creek could
be used as a source of rock wool, A gypsum plant was located in
Alva in 1913, but the quarry was in the Medicine Lodge Gypsum
in Woodward County (sec. 10, T. 23 N., R. 17 W.); otherwise
gypsum was used locally for homemade cement. Gypsum could be
quarried and used in the northwestern part of the county. A vol-
canic-ash deposit occurs in SE% sec. 32, T. 29 N, R. 15 W., and
could be used locally as an abrasive. In 1913, Z. W. Cox operated a
brick plant in Alva, producing about 10,000 bricks a day from a local
pit in the lower part of the Flowerpot Shale.

Two rivers flow southeastward through Woods County: the
Cimarron River along the southwest border and the Salt Fork in the
northeastern part of the county. The average gradient of the Cim-
arron is 6 feet per mile and that of the Salt Fork is 8 feet per mile,
both streams leaving the county at an elevation of approximately
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1,250 feet. The highest part of the county is Avilla Hill in the north-
western section, rising to 2,110 feet above sea level just north of the
state line on the Kansas side. This hill is a part of a high southeast-
ward-trending ridge in the northwestern part of the county, under-
lain predominantly by Permian redbeds above the Blaine Formation.
Small streams, such as Keno, Day, Sand, Moccasin, Anderson,
Houston, Wildcat, Redhorse, Whitehorse, Dog, and Eagle Chief
Creeks, flow southward from this ridge into the Cimarron River.
Yellowstone, Greenwood, Turkey, and Driftwood Creeks flow
eastward from this ridge into the Salt Fork. Most of the streams
are perennial. The Gypsum Hills terminate the above-mentioned
ridge in a series of eastward-facing escarpments on the northeast
side and southward-facing escarpments on the southwest side. The
Medicine Lodge Gypsum, the lowest member of the Blaine For-
mation, is the primary ledge-forming unit. The Cedar Hills Sand-
stone underlies a low ridge along the Salt Fork of the Arkansas.
The Pleistocene sand and gravel deposits may be divided into
three areas, termed Cimarron River, Salt Fork, and Arkansas River.
These deposits are less than 100 feet thick and occur in terrace levels,
the highest level the oldest. The Cimarron River area has thick sand
and gravel on the northeastern side and a veneer of silt and clay on
bedrock on the southwestern side. An extension from the Gypsum
Hills southeastward to Alfalfa County, paralle]l to the Cimarron,
separates the Cimarron area from the Salt Fork area. The Salt Fork
area may be subdivided into two regions: the old Salt Fork system
from Alva southward and the present Salt Fork system along both
sides of the Salt Fork. The old system, consisting of a thick deposit
to the east and south, thins westward against the base of the Gypsum
Hills. The present system, consisting of thick deposits northeast of
the Salt Fork and a veneer west of the river, contains the Pearlette
ash in SEY sec. 32, T. 29 N,, R. 15 W. At Alva the Salt Fork bends
abruptly eastward and appears to crosscut the Cedar Hills ridge
with the Pleistocene beds on top of the ridge. Thus it is suspected
that the old and present systems once were connected in this region.
This would mean that an ancient Salt Fork once flowed southward
and, in the area of Aline, Alfalfa County, probably connected with:
the older Cimarron River where the ridge extending from the
Gypsum Hills terminates. The valley of Eagle Chief Creek probably

follows this ancient river, and this creek is probably an underfit
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stream. The present Salt Fork was probably a small stream working
headward (westward) from the Arkansas River and pirated the old
river in the Alva region, perhaps during late Kansan time. The
Arkansas River area, the low, wide, flat region northeast of the
Cedar Hills escarpment, extends through Alfalfa County and in-
cludes the Great Salt Plain. Most of these deposits are a veneer of
silt and clay with some sand and gravel on bedrock. These are
termed Arkansas River Pleistocene beds because they probably were
once part of this river system, extending southeastward from Dodge
City, Kansas, along the Medicine Lodge River to the Salt Fork,
thence eastward to the present Arkansas River, near Ponca City,
Oklahoma.
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STRATIGRAPHY
INTRODUCTION

The geologic section of Woods County consists of 850 feet of
Permian redbeds of the Cimarronian and Custerian Series, overlain
by Kiowa Shale (Lower Cretaceous) up to 140 feet thick in the
northwestern part of the county, and these in turn are overlain by
Ogallala beds (Pliocene) up to 100 feet thick. The Pleistocene
deposits occur at various levels below the base of the Ogallala and
have been discussed previously, the separate areas being shown on
the geologic map (pl. I) by different patterns. The redbeds dip from
4 to 10 feet per mile southwestward, with an anticline in the White-
horse Springs area and a structural sag in the Freedom area, prob-
ably owing to solution of underlying salt and gypsum (pl. II).

The Cimarronian Series includes the redbeds up to the base of
the Whitehorse Group, and the Custerian Series extends from the
base of the Whitehorse to the top of the Permian redbed sequence.
This usage is a new combination based upon studies by O’Connor
(1963, p. 1875) and Roth (1932, p. 689), and modified herein. The
type Cimarronian area is the region along the Cimarron River and
its tributaries in Oklahoma, and the type area of the Custerian is
Custer County, Oklahoma, and adjacent areas. The Whitehorse
Group is redefined with respect to the upper boundary, and 2 map
has been prepared with cross sections to show the structural attitude
of the base of the Whitehorse and the stratigraphic relationships of
the Whitehorse Group and the Cloud Chief and Doxey Formations
in northwestern Oklahoma, Texas Panhandle, and adjacent parts of
Kansas (pl. III). The lower contact of the Cloud Chicf Formation
is different from that shown on the geologic map of Oklahoma,
and in west-central Oklahoma the mapped areal extent of the Cloud
Chief is greatly reduced.

The lowest and oldest formation exposed in Woods County is
the Bison Member of the Hennessey Shale Formation (upper 10
feet present), overlain by the Cedar Hills Sandstone Member of the
Hennessey Shale (180 feet thick), occurring in the northeastern
part of the county. Next above the Cedar Hills is the El Reno
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Group, consisting of the Flowerpot Shale (220-380 feet thick),
Blaine Formation (50-85 feet), and Dog Creek Shale (45-70 feet).
The Hennessey Formation and El Reno Group belong to the Cimar-
ronian Series, the Hennessey and Flowerpot underlying part of
the Redbed Plains, and the Blaine eroded into the Gypsum Hills in
northwestern Woods County. The El Reno Group 15 thicker south-
ward, with less sandstone in the sequence in Major County (pl. IV).
The Whitehorse Group is above the El Reno Group, comprising
the Marlow Formation at the base (100 feet) and the Rush Springs
Formation above (90 feet). The Marlow is primarily sandstone and
the Rush Springs is sandstone and shale, classed as forming part of
the Western Sandstone Hills by Curtis and Ham (1957). The Cloud
Chief Formation, mostly shale with several dolomite beds, overlies
the Whitehorse Group at an elevation of about 1,950 feet in north-
western Woods County. The top is eroded and only the lower 50
feet is exposed. The Whitehorse and Cloud Chief belong to the
Custerian Series. The redbeds are conformable upon cach other.

The Kiowa Shale (Lower Cretaceous, Comanchean) is a dark-
gray to yellow-brown shale with some interbedded sandstone near
the base and yellow-brown limestone beds in the middle and near
the top. It is subdivided into several units in Woods County, where
the lower 45 feet is gray shale. Unit 1 is a 0.5- to 5-foot coarse-
grained sandstone, about 10 to 15 feet above the base, and Unit 2
is the Cyprimeriz limestone, less than 1 foot thick, about 40 feet
above the base. Higher units occur a few miles north of the county,
in Avilla Hill, where the formation is 140 feet thick. Here other
zones are present such as that of Gryphaea corrugata 47 feet above
the base, Oxytropidoceras 92 feet above the base, and Gryphaca
zones higher in the section.

The Ogallala Formation (Pliocene) is a variegated sandstone
and siltstone unit, with some volcanic-ash and mortar beds, contain-
ing fossil vertebrates. Some gray clay and caliche are present. The
Ogallala and Kiowa are unconformable with the redbeds below and
form the highest area of the northwestern part of the county.
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PERMIAN SYSTEM

CIMARRONIAN SERIES

The terms Leonardian and Guadalupean Series are not used in
this region because of offset correlations of these series with the red-
bed sequence. For instance, the Leonardian-Guadalupean bounda-
ry is approximately in the middle of the Flowerpot Shale, and the
Guadalupean-Ochoan boundary has nowhere been satisfactorily
established in Oklahoma. Thus it is advisable to establish a nomen-
clature that applies to Kansas, Oklahoma, and Texas as distinct from
the Southwest Texas-New Mexico region. The area of redbed
exposures along the Cimarron River and tributaries in Oklahoma 1s
selected as the type area for the Cimarronian Series (Cragin, 1896,
p. 3), but the upper boundary of this series 1is here redefined from
that on the state geologic map of Kansas (Jewett and others, 1964).
The top of the Dog Creek Shale of the El Reno Group marks the
top of the Cimarronian Series according to O’Connor (1963, p-
1875), or the base of the Marlow Formation and top of the Chick-
asha Formation of south-central Oklahoma marks the same bound-
ary. Plate I1I is a structure map at this horizon.

The Cimarronian Series includes the Wellington, Garber, and
Hennessey Formations and the El Reno Group. The Hennessey and
El Reno are exposed in Woods County, in part of the Redbed
Plains of the Great Plains in the eastern part of the county. The
Blaine Formation of the El Reno Group is eroded into the Gypsum
Hills, above the Redbed Plains.

Hennessey Shale Formation

The type region for the Hennessey Shale is the area just west of
Hennessey, in north-central Kingfisher County, Oklahoma (mea-
sured section 16). The Hennessey was first named by Aurin and
others (1926, p. 790). Schweer (1939, p. 41) gave a total thickness
of 865 feet for the Hennessey in the Guthrie-Kingfisher area of
Kingfisher and Logan Counties. This formation is primarily a red-
brown shale, with interbedded greenish-gray siltstone and orange-
brown sandstone and siltstone beds, the proportion of sandstone
increasing northward in the top 180 feet of the formation. The
Hennessey is subdivided into three members, termed Fairmont
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Shale Member, Bison Member, and Cedar Hills Sandstone Member
(ascending).

The Fairmont Shale Member, named by Aurin and others
(1926, p. 796) for the town of Fairmont in central Garfield County,
is about 250 feet thick and is composed of red-brown clay shale with
some thin, greenish-gray siltstone or shale streaks, few more than
a few inches thick. It rests upon an upper sandstone member of the
Garber Sandstone.

The Bison Member was first named Bison Banded Member by
Aurin and others (1926, p. 796) for the town of Bison in south-
western Garfield County. This unit is about 150 feet thick and is
primarily a red-brown shale with many greenish-gray siltstone and
sandstone beds up to four feet thick (measured section 16).

The Cedar Hills Sandstone Member was first named by Cragin
(1896, p. 24) for sandstone beds below the Flowerpot Shale and
above the Salt Plains Siltstone, in the area of Cedar Hills, east-
central Barber County, Kansas. Cragin used the term Cedar Hills
Sandstone as a formation name and referred to the beds below as
the Salt Plain Measures. The term Salt Plains Siltstone was intro-
duced by Jewett (1959), and probably the upper 150 feet is the
equivalent of the Bison Member. The Cedar Hills is an orange-
brown, fine-grained sandstone with some interbedded siltstone and
shale, gradational southward into red-brown shale in Kingfisher
County. It is 180 to 200 feet thick.

The base of the Hennessey in Kansas is close to the base of the
Stone Corral Dolomite, which corresponds with the top of the
Garber Sandstone in Oklahoma. If the Runnymede Siltstone of
Kansas is the equivalent of the Hayward Sandstone Member of the
Garber Sandstone Formation in Oklahoma, then the Stone Corral
would be the basal member of the Hennessey Shale. The interval
from the Stone Corral to the top of the Cedar Hills is about 600
feet in Kansas (Jewett, 1959). In Oklahoma, the interval from the
top of the Garber to the top of the Cedar Hills is about 600 feet in
Garfield County (Aurin and others, 1926, p- 796) and 865 feet in
Logan and Kingfisher Counties (Schweer, 1939, p. 41). The Cedar
Hills is 180 to 200 feet thick from Canadian County, Oklahoma, to
Cedar Hills, Kansas, so the southward thickening of the Hennessey
must be within the Bison and Fairmont Members,
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BISON MEMBER
In Woods County the upper ten feet of the Bison Member 1is

present in the valley sides of Driftwood Creek and south side of Salt
Fork, near the Alfalfa County line (measured section 14). It is
covered in Woods County but is exposed a few yards east of the
county line in the south bank of Driftwood Creek in NWii NWl
sec. 18, T. 28 N., R. 12 W. Here the basal greenish-gray sandstone of
the Cedar Hills rests upon red-brown clay shale of the Bison
Member, eroding into a low rounded escarpment.

In Garfield County, about 4 miles west of Bison, east of Turkey
Creck along the road in NE% sec. 20, T. 20 N, R. 7 W., the type
Bison consists of 50 feet or more of red-brown shale with many
greenish-gray siltstone beds up to 3 feet thick and some orange-
brown sandstone beds up to 6 feet thick. The top of the exposed
section is about 20 feet below the base of the Cedar Hills. In this
general region the basal Cedar Hills is a 3-foot, greenish-gray sand-
stone. The 13-foot, orange-brown sandstone beneath the town of
Bison is Unit 2 of the Cedar Hills, and the underlying 40 feet of
beds is Cedar Hills.

In Kingfisher County, just west of Hennessey in SE%4 sec. 23,
T.19 N., R. 7 W, the type Hennessey consists of the basal greenish-

Figure 2. C
in SW14 NE4 sec. 13, T. 27 N, R. 13 W, south of Salt Fork.
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gray sandstone of the Cedar Hills and about 65 feet of the Bison
Member. The Bison here is a red-brown shale with many greenish-
gray siltstone beds 1 to 2 or more feet thick (measured section 16).

In northeastern Barber County, Kansas, 2 miles north of Sharon
in NW4 sec. 9, T. 32 S, R. 10 W, the Bison is a red-brown shale
and orange-brown siltstone with some greenish-gray siltstone beds.
The upper 55 feet is exposed below the basal 2-foot, greenish-gray
sandstone of the Cedar Hills (measured section 6).

CEDAR HILLS SANDSTONE MEMBER

In Woods County, the Cedar Hills is an alternating series of
fine-grained, orange-brown sandstones and red-brown shales, with
some greenish-gray beds in the sandstones. It is about 180 feet thick,
with six mappable units of sandstone designated from bottom to
top as Units 1 and 2, Peace Treaty Bed, and Units 3, 4, and 5 (pl.
IV) (measured sections 9, 10, 14, 15). Unit 1 is the basal greenish-
gray sandstone gradational into orange-brown sandstone, eroding
into.an escarpment (fig. 2). Unit 2 is a resistant, orange-brown
sandstone, locally with a thin, greenish-gray band in the middle,
ranging in thickness from 10 to 20 feet, eroding into a prominent
escarpment (fig. 3). The Peace Treaty Bed is a 10- to 15-foot

Figure 3. Basal half of Unit 2 of Cedar Hills Sandstone, resting upon shale; view
toward the northwest on north side of road in NW14 sec. 23, T. 2T N, R. 13 W.
Note greenish-gray sandstone at base, above the reddish-brown shale (r).
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Figure 4. Cedar Hills Member in badlands, with Peace Treaty Sandstone (P),
and sandsione Units 3, 4, and 5 eroded into escarpments, with reddish-brown shale

beneath each; view toward the north in SW% NW4 sec. 8, T. 27 N, R. 13 W.

. £ 3 ) o 5

Figure 5. Flowerpot Shale (I') on Cedar Hills Sandstone {C), with about 10 feet
of Pleistocene beds at top, west of Alva football field; view toward the southwest in
SEY, NEY, SE% sec. 22, T. 27 N, R. 14 W.
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resistant sandstone similar to Unit 2, with a greenish-gray band in
the middle, occurring about 105 feet below the top. The Peace
Treaty was first mentioned by Norton (1939, p. 1789), and the type
area is the state park 2 miles east of Medicine Lodge, Kansas, where
this bed forms a natural amphitheater in which a peace treaty was
signed with the Indians in 1867. Units 3 and 4 are greenish-gray
sandstone beds, and Unit 5 is a greenish-gray sandstone at the top
of the Cedar Hills (fig. 4). Unit 5 locally contains gypsum nodules,
eroding into a prominent escarpment below the red-brown shale of
the Flowerpot (fig. 5), and extends up Eagle Chicf Creek to a point
a few miles west of Hopeton (pl. I).

In Blaine County, the upper 105 feet of the Cedar Hills is
exposed, and five mappable units were designated on the Blaine
County map (Fay, 1962, p. 18), all of which are above the Peace
Treaty Bed. These units seem to be offset with the higher units in
Woods County, except for bed 5. In Blaine County the Cedar Hills
is mostly a red-brown shale with a few feet of greenish-gray or
orange-brown siltstones. North of the Cimarron in Major County
are thicker sandstone units, and south of the river are more shales
in the same interval, the change in facies taking place on either side
of the river.

In Canadian County the Cedar Hills is about 190 feet thick and
is red-brown shale with some thin, greenish-gray siltstone beds and
a 5- to 8-foot orange-brown and greenish-gray sandstone at the top
and another at the base. The basal sandstone was named the Reeding
Sandstone by Schweer (1939, p- 40) for exposures west of Reeding,
Kingfisher County, and the upper unit was named Piedmont Sand-
stone by Schweer (1937, p. 1553) for beds west of Piedmont, Cana-
dian County. The name Piedmont is preoccupted and is discarded,
but the name Reeding is valid and may be used. The Duncan Sand-
stone occurs about 30 feet above the top of the Cedar Hills in
Canadian County, showing that the Cedar Hills is not the same as
the Duncan. The Duncan is a southern tongue of the Flowerpot
Shale (Fay, 1962, p. 19).

No type section has been given for the Cedar Hills in Kansas,
so the strata of the following region are here designated as the type:
SE% sec. 21, NE% sec. 28, and SW24 sec. 24,'T.33 S, R. 12 W,,
several miles west of Gerlane, Barber County, Kansas. A detailed
measured section is given in the appendix as measured section 7.
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The total thickness is 179 feet and all named members are present
(pl. IV). This section is primarily sandstone and siltstone, with
some shale, and is mostly orange brown with some greenish-gray
bands. The Cedar Hills area has good exposures of the middle part
of the member, but the upper contact is lacking and the lower
contact is covered. In the region southwest of Medicine Lodge,
Kansas, the upper half of the Cedar Hills is well exposed, but the
lower part is not exposed (measured section 6). In the Little Mule
Creek area of southern Barber County, Kansas, is a slight increase
in the amount of shale (measured section 9), and the Cedar Hills
is 183 feet thick.

EL RENO GROUP

The El Reno Group comprises the Flowerpot Shale, Blaine
Formation, and Dog Creek Shale (ascending). In Barber and Com-
anche Counties, Kansas, this group is 250 to 275 feet thick (measured
sections 3-6), increasing in thickness southward to 340 feet in the
Yellowstone Creek area of northern Woods County (pl. IV) (mea-
sured section 9). In the Alva area of central Woods County, the
El Reno is about 390 feet thick (measured sections 13, 14), increas-
ing to 470 feet in the Avard-Hopeton area of southern Woods
County (measured section 15) and 560 feet in central Major County
(measured section 16).

In Blaine County the group is 650 to 750 feet thick, and farther
south the El Reno is gradational into the Duncan Sandstone below
(lower 100 feet) and the Chickasha Formation above. In northern
Stephens County the El Reno is only 200 feet thick but is inter-
preted to represent the full thickness to the north, owing to thinning
along a southern ancient marginal landmass (Fay, 1964, p. 73).
The thinner portion of the EI Reno in Kansas is termed the northern
platform facies, and the thick portion in Blaine County is termed the
central basin facies; thus Woods County is in the southern part of
the northern platform facies (Fay, 1964, p. 10).

The name El Reno formation, for the town of El Reno, Cana-
dian County, Oklahoma, was first used by Becker (1930, p. 55) for
strata between the Hennessey Shale below and the Whitehorse
Group above. Schweer (1937, p. 1553) changed the name to El Reno
Group, 2 usage followed by subsequent workers.
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Flowerpot Shale Formation

Name.—Cragin (189, p. 24) used the name “Flower-pot
shales” for the 180 feet of shale between the Medicine Lodge Gyp-
sum above and the Cedar Hills Sandstone below, in Flower-pot
Mound, Barber County, Kansas. Norton (1939, p- 1792) reported
the Flowerpot to be 173 to 190 feet thick in the type area and used
the term “Flowerpot shales” for the beds between the dolomite at
the base of the Medicine Lodge Gypsum (Cedar Springs Dolomite)
and the greenish-gray sandstone at the top of the Cedar Hills
Sandstone. The form of the name was changed to Flowerpot Shale
by Swineford (1955, p. 64) and Moore and others (1951, p. 39).

Type locality—The type locality for the Flowerpot Shale is
Flower-pot Mound near C SW¥4 sec. 26, T. 32 S., R. 13 W, about
8 miles southwest of Medicine Lodge, Barber County, Kansas.

Type section—The type section for the Flowerpot Shale is
here designated as that along the road and the area adjacent from
NW¥% NW¥ sec. 29, T. 32 S, R. 12 W., in northeast face of hill,
to NW¥% sec. 20, T. 32 S., R. 12 W., about 5 miles southwest of
Medicine Lodge, Kansas. There the Flowerpot is 190 feet thick and

contains many sandstone units 05 to 7 feet thick, some of which

2
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Figure 6. Gypsiferous siltstone Unit 1 of F lowerpot Shale, with large gypsum nodules
at top; view toward the north on north side of road, south of Greenwood Creek, in

SWi4 SWY sec. 9, T. 28 N., R. 15 W.
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are numbered Units 1, 2, 3, 34, 4, 5, and 6 (measured section 6).
The Flowerpot is primarily a red-brown shale with many orange-
brown and greenish-gray, fine-grained sandstone and coarse-grained
siltstone units in Kansas. The above numbered units may be traced
southward into Oklahoma, where they form mappable ledges. Some
ledges contain gypsum cement or gypsum nodules.

Description in Woods County—In Woods County the Flower-
pot Shale is 220 to 380 feet thick, with less sandstone in the section
southward, but with mappable Units 1, 2, 3, 3-4, 4, 5, and 6 traceable
over the entire county (pls. I, IV). Northward in the Yellowstone
and Greenwood Creek areas, the Flowerpot is 222 to 228 feet thick,
and Units 1-6 are 50, 68, 90, 125, 154, 174, and 211 feet above the
base, respectively, in the Yellowstone Creck section (measured
section 9). The numbered units are primarily greenish-gray and
orange-brown siltstone beds, less than 3 feet thick, the lower two
of which contain much gypsum. Unit 1 is characterized by having
gypsum nodules up to one foot in diameter (fig. 6). Unit 2 1s
eroded into a prominent escarpment of light-colored rocks, forming
one of the more prominent mappable units in the county (fig. 7),
containing much gypsum cement. Unit 3 is also a gypsiferous silt-

Figure 7. Gypsiferous siltstone Unit 2 of Flowerpot Shale (slt); view toward the
east on north side of road, in SE%4 SW4 sec. 10, T. 28 N.,, R. 15 W.
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Figure 8. Gypsiferous siltstone Unit 3 of Flowerpot Shale, on reddish-brown shale;

view loward the east in SW4 SW14 SW% sec. 30, T. 20 N, R. 15 W.

Figure 9. Escarpment of Unit 3 of Flowefpot Shale in badlands country; view
toward the south in SEY SEY SE¥4 sec. 25, T. 29 N, R. 16 W.
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stone, eroded into a prominent escarpment in badlands country
(figs. 8, 9), locally with a thin dolomite at the top. Units 3-4, 4, 5
and 6 contain relatively small amounts of gysum but are eroded into
prominent bands in the red-brown shale of the Flowerpot (fig. 10).
In southern Woods County near Avard and eastward along Eagle
Chief Creek, Units 1-6 are 57, 89, 133, 207, 250, 288, and 340 fect
above the base, respectively, and the total thickness of the Flowerpot
is 356 feet (measured section 15). The units are lithologically about
the same as the section to the north, but Unit 6 is slightly thicker,
and the intervals between units are thicker, showing increased
thickness southward within all parts of the Flowerpot Shale. A
greenish-gray shale occurs above Unit 6, and a thin, gray dolomite
occurs above the shale (fig. 10), traceable southward into the Glass
Mountains of Major County. In southern Major County the dolo-
mite contains salt casts and occurs about 20 feet below the top of the
Flowerpot, thinning out into shale in northern Blaine County (pl.
IV) (measured section 16).

In the Edith area along the Cimarron River, a 57-foot bed of
rock salt occurs beneath the river bed, according to Ward (1961b,

3 SR Cakoh b

Figure 10. Cedar Springs Dolomite (DOL) above upper part of Flowerpot Shale,

with 6-foot, tan siltstone Unit 6 (slt) about 20 feet below top and 6-foot, greenish-

gray shale (g) about 10 feet below top of Flowerpot Shale; view toward the east,
east of Toad, in SW14 NWi4 sec. 23, T. 25 N, R. 15 W.
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p- 275). The exposed portion of the Flowerpot Shale in SE¥% sec.
24, T.27 N, R. 20 W, in Harper County along the Cimarron River
is 72 feet (Fay, 1964, p. 140). The upper 100 feet of Flowerpot is
exposed between Edith and Freedom in NW% sec. 28, T. 27 N,
R. 18 W., along the river (measured section 11). Edith is about
halfway between these areas, and so the top of the river bed would
be about 85 feet below the top of the Flowerpot and the top of the
salt would occur 30 to 138 feet below the surface of the alluvium,
or 115 to 221 feet below the top of the Flowerpot. The alluvium is
about 15 feet thick and the channel is about 55 feet deep, so that
part of the salt deposit north of the river is actually above the base
of the channel by about 30 feet. The deep channel is about half a
mile north of the present river, and the shallowest part of the salt
is about half a mile north of the center of this old channel. The total
thickness of salt or salty shale in the Flowerpot in this area is less
than 200 feet, according to Jordan and Vosburg (1963, p. 62), and
the total thickness of the Flowerpot is about 300 feet, so that the
salt sequence is in the lower two-thirds of the Flowerpot. The 57-
foot bed is about 20 percent shale and 80 percent halite, and the top
1s about 150 feet below the top of the Flowerpot, which would be
between Units 2 and 3-4 of the measured sections. A I-inch, greenish-
gray zone with salt casts occurs between Units 1 and 2 in NW4
SWi NWY% sec. 4, T. 25 N, R. 14 W., about 3 miles west of
Hopeton, showing that salt was present in this part of the Flower-
pot 1n eastern Woods County (measured section 15).

Blaine Formation

Name.—The name “Blaine division” was first used by Gould
(1902, p. 47) for gypsums and shales beneath the Dog Creck Shale
and above the Flowerpot Shale. The name was changed to Blaine
Formation by Gould (1905, p. 44). The name Cave Creck Formation
was used by Cragin (1896, p- 27) for the same sequence, but a
series of miscorrelations led Gould to believe that the Blaine of
Oklahoma included some of the Flowerpot of Kansas, and he used
the name Blaine. The details of the miscorrelations are discussed
by Fay (1962, p. 31, 35; 1964, p- 28, 30, 32). The name Blaine For-



28 BLAINE FORMATION

mation has been extensively used and the term Cave Creek has
fallen into disuse.

Type locality—The type locality for the Blaine Formation is
the region around Roman Nose Canyon and Salt Creek Canyon
of Blaine County. The type locality for the Cave Creek Formation
is Cave Creek, at Comanche Cave, NE% sec. 2, T. 34 S., R. 17 W,,
Comanche County, Kansas.

Type section.~The type section for the Blaine Formation is the
exposure along State Highway 33 about 7 miles east of Watonga in
secs. 19, 30, and SW4 sec. 20, T. 16 N, R. 10 W., Blaine County
(Fay, 1962, p. 33). The type section for the Cave Creek is that at
Comanche Cave in NE% sec. 2, T. 34 S, R. 17 W., Comanche
County, Kansas (Fay, 1964, p. 46, 110) (measured section 4).

Description in Woods County—In Woods County, the Blaine
is approximately 50 to 75 feet thick and consists of three gypsum
members with dolomites at the base of each, separated by two shales
about 7 to 10 feet or more thick (measured sections 9-15). The dolo-
mites and gypsums erode into prominent escarpments in the north-
western part of the county, extending into a ridge southeastward
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Figure 11. Butte of Flowerpot Shale capped by Medicine Lodge Gypsum; view
toward the south, south of Greenwood Creek, in NE¥4 SE sec. 13, T. 28 N, R. 16
W. The hill is about I8¢ feet high.
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from Avard. The early settlers termed this region the Gypsum Hills
(fig. 11).

The named units of the Blaine are (ascending) Cedar Springs
Dolomite Bed, Medicine Lodge Gypsum Member, Magpie Dolomite
Bed, Nescatunga Gypsum Member, Altona Dolomite Bed, and
Shimer Gypsum Member; shale beds between the Medicine Lodge
and Magpie and between the Nescatunga and Altona are unnamed.

CEDAR SPRINGS DOLOMITE BED
Name—The name Cedar Springs Dolomite Bed, for the town

of Cedar Springs, southern Major County, was first used by Fay
(1962, p. 34) for the dolomite at the base of the Blaine Formation.

Type section—The section exposed in the bluff of Sand Creck
in NW74 sec. 20, T. 20 N, R. 12 W, southern Major County, was
designated the type section.

Description in Woods County—In Woods County the Cedar
Springs is a light-gray to light-brown, fine-grained, dense to oélitic
dolomite 0.25 to 2.5 feet thick (measured sections 9-15). The thicker
portion 1s in the Avard area (measured section 15), where the basal
1.5 feet is a greenish-gray, dolomitic shale. The Cedar Springs forms
a prominent escarpment in the region east of Waynoka and accounts
for the high ridge separating the Salt Fork Pleistocene deposits from
the Cimarron River deposits. The average elevation along this
ridge is about 1,700 feet, whereas the rivers are 1,250 to 1,300 feet
above sea level.

MEDICINE LODGE GYPSUM MEMBER

Name—~—The name Medicine Lodge Gypsum, for the town and
river of Medicine Lodge, Barber County, Kansas, was first used
by Cragin (1896, p. 28) for the basal gypsum of the Blaine Forma-
tion. The basal dolomite was included with this unit.

Type section—The type section for the Medicine Lodge Gyp-
sum Member is that at Comanche Cave on Cave Creek in NEY
sec. 2, 'T. 34 8., R. 17 W., Comanche County, Kansas (Fay, 1964,
p- 34, 110). The Medicine Lodge is 27 feet thick there and contains
some anhydrite lenses in the middle (measured section 4).

Description in Woods County—The Medicine Lodge is about
15 feet thick east of Waynoka in southern Woods County and is 22
to 31 feet thick in northwestern Woods County (measured sections
9-15). It is a fine- to medium-grained, white to gray gypsum, with
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Figure 12. Blaine Formation; view toward the northeast, north of iron bridge, in
SW1, sec. 5, T. 28 N, R. 16 W. The three gypsum members are present in this
region, with the Medicine Lodge (M) at base, the Nescatunga (N) in middle, and
Shimer (S) at top, with reddish-brown shale between, totaling 64 feet in thickness.

Figure 13. ‘Blaine Formation on West Moccasin Creek; view toward the east, in
NE1 NW4 sec. 7, T. 27 N., R. 18 W_ The three gypsum members, Medicine Lodge
(M), Nescatunga (N), and Shimer (S), are present in this area.
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many coarse selenite crystals, and forms the cap rock for most of
the Gypsum Hills (fig. 11). It is well developed in the Yellowstone
Creck and Mocassin Creek areas (figs. 12, 13).

The overlying shale is a red-brown, gypsiferous clay shale with
some greenish-gray streaks, 7 to 12 feet thick, the thicker section
being southward.,

MAGPIE DOLOMITE BED

Name—Gould (1902, p. 48) first applied the name Magpie
Dolomite to the 1-foot dolomite at the base of the Nescatunga
Gypsum, named after the camp of the Arapahoe chief, Magpie,
on Bitter Creck in Roman Nose State Park, Blaine County. Because
of miscorrelations Gould called the overlying gypsum the Medicine
Lodge in this area.

Type section—The type section for the Magpie 1s that on State
Highway 33, in secs. 19, 30, T. 16 N., R. 10 W., Blaine County
(Fay, 1962, p. 39).

Description in Woods County —The Magpie Bed is a 0.2- to
0.75-foot, tan to greenish-gray siltstone in the northwestern part of
Woods County and is a 1-foot, tan to light-gray dolomite in southern
Woods County, east of Waynoka (measured sections 9-15). It does
not form a prominent escarpment and is found at few places.

NESCATUNGA GYPSUM MEMBER

Name—Norton (1939, p. 1794-1795) first used the term Nes-
catunga Gypsum for the 3- to 9foot gypsum bed between the
Medicine Lodge and Shimer Gypsum beds along Nescatunga River
(Salt Fork), Comanche County, Kansas. The basal Magpie dolomite
was included with this unit, but this has now been separated (Fay,
1962, p. 41).

Type section~The type section for the Nescatunga Gypsum is
that at Comanche Cave on Cave Creek, in NE% sec. 2, T.34 S, R.
17 W., Comanche County, Kansas, where the gypsum is 2 feet
thick (Fay, 1964, p. 40, 110, 112). The basal Magpie Bed is missing
(measured section 4).

Description in Woods County—In northwestern Woods
County, the Nescatunga is 10 to 11 feet thick and is a white, fine-
grained gypsum. It is absent in most places but is present where the
overlying Shimer is thick and in the V-shaped valleys at the heads
of streams (figs. 12, 13). It is absent in southern Woods County
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owing to erosion and solution, but the underlying dolomite is present
(measured sections 9-15). Northward in Kansas the bed is only 2
feet thick, and north of Cave Creek it is absent or unrecognizable
(measured sections 3-5).

The overlying shale is a red-brown clay shale with some gyp-
sum crystals, ranging in thickness from 7.5 to 17 feet, the thicker
portion to the south. A greenish-gray shale occurs at the top, just
below the Altona Dolomite.

ALTONA DOLOMITE BED

Name—Gould (1902, p. 48) used the name Altona Dolomite,
for Altona, southwestern Kingfisher County, for the bed at the base
of the Shimer Gypsum.

Type section—The type section for the Altona Dolomite Bed
is that on State Highway 33, in secs. 19, 30, T. 16 N, R. 10 W, 7
miles east of Watonga, Blaine County. Here the dolomite is light
gray to yellow gray, odlitic to fine grained, with fossils, and about
1 foot thick (Fay, 1962, p. 44).

Description in Woods County—In Woods County, the Altona
is 03 to 1 foot thick and is a light-gray to tan, fine-grained to

Figure 14. Dog Creek Shale above Shimer Gypsum; view toward the southeast, in

SEY SW1 sec. 21, T. 28 N., R. 16 W. The Southard Dolomite (s) caps the ridge,

with about 12 feet of reddish-brown shale (r) below. The middle orange-brown sand-

stone (ss) is about 6 feet thick, and the Watonga Bed of calcitic' siltstone {(w) is
about 5 feet above the top of the Shimer.
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odlitic dolomite, weathering into boxworks. It is thicker to the south
and is eroded into a prominent escarpment, commonly marking the
top of the Blaine Formation. In places fossils occur in the Altona
but they are not common (measured sections 9-15).

SHIMER GYPSUM MEMBER
Name—The name Shimer Gypsum, for Shimer Township,

Comanche County, Kansas, was first used by Cragin (1896, p. 27)
for the uppermost gypsum member of the Blaine Formation. Evans
(1931, p. 410-411) used the name Lovedale gypsum for what he
considered a higher unit in the Blaine in Harper County, but work
by Myers (1959, p. 30-32) showed that the Lovedale is the same as
the Shimer.

Type section—The type section for the Shimer Gypsum is that
at Comanche Cave on Cave Creek, in NEY sec. 2, T. 34 S., R. 17
W., Comanche County, Kansas, where it is a white, fine-grained
gypsum, 14 feet thick (Fay, 1964, p. 46, 111) (measured section 4).

Description in Woods County—The Shimer is an 11- to 19-
foot, white, fine-grained gypsum, eroding into a prominent escarp-
ment in northwestern Woods County. Although absent in most
places, i1t occurs at many places where the Dog Creek is thick, such
as the headwaters of Yellowstone and Greenwood Creeks or along
Mocassin Creek (figs. 12-14). The Shimer marks the top of the
Blaine Formation in Woods County and is conformable with beds
above and below (measured sections 9-15).

Dog Creek Shale Formation

Name~—Cragin (1896, p. 39-40) first used the term Dog Creck
shales, for Dog Creek, northwestern Barber County, Kansas, for
the beds between the Cave Creek (Blaine) Formation below and
the Red Bluff beds (now Whitehorse) above. The lower boundary
was raised from the Medicine Lodge Gypsum to the Altona Dolo-
mite in this area by Fay (1964, p. 53), and the revised total thickness
is 30 feet (measured section 5).

Type section—The type section (measured section 5) for the
Dog Creek Shale is that on State Highway 160, in N, sec. 9, T.
328, R. 14 W., Barber County, Kansas (Fay, 1962, p. 51).

Description in Woods County—In Woods County, the Dog
Creek is primarily a red-brown, silty shale 48 to 62 feet thick, with
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a gypsum and a siltstone unit in the lower 10 feet, termed Haskew
Gypsum Bed and Watonga Bed, with an orange-brown sandstone
about 10 feet above, and an upper dolomite termed Southard Dolo-
mite Bed about 5 to 20 feet or more below the top (measured sections
9:13). Several thin dolomites occur above the Southard but are
unnamed (figs. 14-19). The named units and dolomites form local
escarpments, the most prominent being the Southard Bed with its
underlying greenish-gray shale that is commeonly found slumped
over much of the outcrop area of northwestern Woods County.
HASKEW GYPSUM BED

Name—The name Haskew Gypsum was applied by Evans
(1931, p. 411) to a 4-foot gypsum unit about 4 feet above the top
of the Shimer Gypsum. It was named for Haskew township and
Haskew store in northwestern Woodward County. In Harper and
Woodward Counties it is used as the upper boundary of the Blaine
Formation, but in Major and Woods Counties it is included in the
Dog Creek Shale because it occurs only in the western parts of those
counties (measured sections 11, 16).

Type section—The type section for the Haskew is in SW%
SW%4 sec. 6, T. 25 N, R. 18 W, east of State Highway 50 in a creek

Ton Sl Y

Figure 15. Watonga Bed; closeup view in SEY4 SW4 sec. 21, T. 28 N, R. 16 W.
The Watonga (w) is a greenish-gray, ripple-marked, calcitic siltstone, about 2 inches
thick, resting upon reddish-brown shale (r), and is exposed in few places.
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bank, northwestern Woodward County (Fay, 1962, p- 54; 1964, p.
55-57).

Description in Woods County—The Haskew occurs in north-
western Woods County from West Moccasin Creek westward and is
divisible into three units. The lower 2.75 feet is a white, fine-
grained, massive gypsum, occurring 4.5 feet above the top of the
Shimer. This basal gypsum is overlain by 1.2 feet of red-brown
gypsiferous shale, and this in turn is overlain by 1.3 feet of red-
brown and greenish-gray gypsum and siltstone. The Watonga Bed
occurs about 11 feet above the Haskew, the intervening section
being red-brown shale with some greenish-gray gypsum and shale
(measured section 11). The Haskew has not been identified in
Kansas and should not be included in generalized sections for that
state.

WATONGA BED
Name—The name Watonga Dolomite Bed, for the town of

Watonga, was first applied by Fay (1962, p. 56) to a 3- to 7-foot

Figure 16. Middle part of Dog Creek Iormation: view toward the north along a

west branch of West Moccasin Creek, in SE¥ SW% NW14 sec. 31, T, 28 N, R. 18 W.

At the base is the even-bedded, orange-brown sandstone and siltstone (Q), about 6

feet thick, overlain by about 8 feet of reddish-brown shale (r}, and 2 feet of greenish-

gray silistone (g). The Southard Dolomite (s) and a stray dolomite (DOL) cap the
hill. The hill on the left is probably slumped Marlow Sandstone.
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dolomite and siltstone occurring about 25 to 40 feet above the top
of the Shimer Gypsum in Blaine County.

Type section~The type section for the Watonga Bed is that
on State Highway 33, about 7 miles east of Watonga, Blaine County,
in SW %4 sec. 19, T. 16 N, R. 10 W., and SE'4 sec. 24, T. 16 N,, R.
11 W. (Fay, 1962, p. 56).

Description in Woods County.—The Watonga 1s a greenish-
gray, calcitic, ripple-marked siltstone, 0.1 to 0.8 foot thick, occurring
from 3 to 6 feet above the Shimer, or about 21 feet above the Shimer
where the Haskew is present (figs. 14, 15). It is overlain by red-
brown, silty shale with some greenish-gray siltstones and sandstones,
3 to 17 feet thick, above which is a 5- to 9-foot, orange-brown and
greenish-gray sandstone and siltstone bed (fig. 16). In a region
where the overlying Marlow Formation is slumped, the lithology of
this sandstone bed is almost identical with that of the Marlow, and
one might conclude that the Marlow is almost resting upon the
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Figure 17. Marlow Formation (M) on Dog Creek Shale (D) ; view toward the south-
west, on a west branch of West Moccasin Creek, in SE14 NE%4 NE4 sec. 36, T. 28
N., R. 19 W. The Marlow is an orange-brown, fine-grained sandstone (O), with a
basal 1-foot, greenish-gray sandstone (g ss), probably conformable upon the reddish-
brown shale (r) of the Dog Creek. The Southard Dolomite (s) is about 5 inches
thick, above a 2-foot, greenish-gray shale and silistone (g) in creek bottom. The unit
between the Southard Bed and Marlow base is reddish-brown shale (r) with inter-
bedded, fine-grained dolomite {DOL), greenish-gray siltstone (g slt), and orange-
brown to greenish-gray siltstone (o, g slt).
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Shimer in places, thus postulating a major unconformity in the
region.

The middle sandstone ledge is overlain by 9 to 12 feet of red-
brown shale with some greenish-gray beds, the upper 1 to 3 feet
a greenish-gray siltstone and shale immediately beneath the South-
ard Dolomite Bed. Locally a few thin dolomites occur in this upper
shale, forming a light-colored zone and prominent marker bed
near the middle and top of the Dog Creek (measured sections 9-13).

SOUTHARD DOLOMITE BED

Name.—The name Southard Dolomite Bed was first used by
Fay (1962, p. 58) for a 3- to 4-inch light-gray, dense dolomite that
occurs about 80 feet above the base of the Dog Creek Shale in Blaine
County, about 1 mile south of Southard.

Type section—The type section for the Southard is that along
State Highway 51A in SW% sec. 10, T. 18 N., R. 12 W., 1 mile
south of Southard, Blaine County (Fay, 1962, p-59).

Description in Woods County—In Woods County, the South-
ard is a light-gray, dense, fine-grained dolomite, ranging in thick-

Figure 18. Marlow-Dog Creek contact (at hammer head) in east side of hill; view

toward the west, in NW NW%4 SW14 sec. 11, T. 27 N, R. 16 W. A 1.5-foot Jentil

of orange-brown, coarse-grained Doe Creek Sandstone (D) is interbedded with fine-

grained, orange-brown Marlow Sandstone (Q). The basal Marlow is a 0.5-1.5-foot,

greenish-gray sandstone (g), resting upon tllg.e reddish-brown shale (r) of the Dog
Creek.
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ness from 0.1 to 0.4 feet, eroding into a prominent ledge (figs. 16, 17,
19). Locally it contains salt casts, thus showing that salt was present
in this part of the Dog Creek Shale in Woods County.

The overlying section is principally red-brown shale with several
thin dolomites, ranging in thickness from 5 to 24 feet, the thicker
section southward (figs. 17-19). The Dog Creck appears to be con-
formable with the overlying Marlow Formation, taking into account
the regional thinning northward of the Dog Creek Shale and the
peculiar occurrence of the Doe Creek Sandstone Lentil of the Mar-
low, which locally rests upon the Dog Creek in the Whitehorse
Springs area (measured sections 9-13). A structure contour map
based upon points taken at the top of the Dog Creek Shale or base
of the Marlow Formation shows no major unconformity at the
base of the Marlow in Oklahoma, Texas Panhandle, or Kansas in
the subsurface (pl. III). Instead a facies change, occurring westward
at the base of the Marlow from fine-grained sandstone to the east

Figure 19. Doe Creek Lentil and Marlow Formation on Dog Creek Shale; view
toward the west, on east side of hill, in NW11 NW4 SW4 sec. 11, T. 27 N, R. 16 W.
The Doe Creek (D) is a resistant, orange-brown, calcitic sandstone and conglomerate
with much sparry calcite, eroded into a 19-4oot cap above 28 feet of orange-brown,
fine-grained Marlow Sandstone (O), with a 1.5-foot Ientil near the base of the Marlow.
The Dog Creek is a reddish-brown shale (r) with orange-brown and greenish-gray
siltstones and fine-grained dolomites in the middle. The Southard Dolomite (s) is
about 25 feet below the top.
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to gypsum and dolomite to the west, shows that the Dog Creek and
Marlow were once marginal marine sediments in a sinking basin.
The Dog Creek and Blaine Formations are almost inseparable in
the subsurface because the Dog Creek contains more gypsum units
similar to the Blaine units, but the Dog Creek-Blaine interval re-
mains constant below the Marlow, taking into account regional
thickening southward into the Anadarko basin and solution work
on salt and gypsum.

CUSTERIAN SERIES

The Custerian Series was named by Roth (1932, p. 689) for the
redbeds above the El Reno Group to the top of the redbed sequence.
Roth thought that this part of the column was Triassic, but fossils
in the Whitehorse Group at the base are Permian in age. The type
region for the Custerian Series is Custer County and adjacent areas.
The series includes the Whitchorse Group, overlain by the Cloud
Chief Formation, Doxey Shale, and Elk City Sandstone. The term
Quartermaster Formation or Group is here discarded because of a
lack of grouping of the Doxey and Elk City into a natural unit,
based upon work in Custer County. In Oklahoma the Custerian
Series is approximately 1,155 feet thick in eastern Beckham County
near the axis of the Anadarko basin, the Whitehorse 385 feet thick,
the Cloud Chief 430 feet, Doxey 165 feet, and exposed Elk City 185
feet (Ham and Jordan, 1961, p. 6-7). Farther north in Custer County,
the Whitehorse is 360 to 410 feet thick, the Cloud Chief 175 feet, the
Doxey 190 feet, and the exposed lower part of the Elk City 30 feet,
or a total of 805 feet. In western Dewey County, the Whitehorse is
310 feet thick, the Cloud Chief 175 feet, and the exposed lower part
of the Doxey about 80 feet, or a total of 565 feet. In Woods County,
the Whitehorse is about 200 feet thick, and the exposed lower part
of the Cloud Chief 50 feet, or a total of 250 feet (measured sections
8, 10, 11). In Ellis County the Whitehorse is 310 feet thick, the
Cloud Chief 125 feet, and the exposed lower Doxey 25 feet, or a
total of 460 feet. In the Texas Panhandle near Borger, the White-
horse is about 165 feet thick, the Cloud Chief 105 feet, and the
exposed lower part of the Doxey about 45 feet, or a total of 315
feet. In southwestern Beaver County, the Whitehorse is about 240
feet thick, the Cloud Chief 150 feet, and the exposed lower part of
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the Doxey about 40 feet, or a total of 430 feet (pl. III). It is obvious
that the Whitehorse and Cloud Chief are thinner northward and
westward from the Custer County area, thinning by as much as

50 to 75 percent.

WHITEHORSE GROUP

The name Whitehorse sandstone member for Whitehorse
Springs, Woods County, was first proposed by Gould (1905, p. 55)
for beds between the Dog Creek Shale below and the Day Creek
Dolomite above (measured section 13). Sawyer (1929, p. 11)
changed the wording to Whitehorse Group, subdividing it into the
Marlow Formation below and the Rush Springs Sandstone above,
and this usage is followed at present. Cragin (1896, p. 40) previously
used the term “Red Bluff beds” for the same sequence as the White-
horse, named after Red Bluff post office near Protection, Comanche
County, Kansas (measured section 1). The name was preoccupied,
so Gould proposed a new name, Whitehorse, for this sequence.

The base of the Whitehorse is easily recognizable in Kansas,
Texas, and Oklahoma and can be easily picked in the subsurface.
The upper boundary is different in different areas, and with con-
tinued study in Woods and Custer Counties and areas westward 1n
Texas, it was deemed necessary to revise the basic definition of the
upper boundary and to propose a new boundary that would be
consistent over the three states. As a result, a major study of the
Whitehorse and Cloud Chief was undertaken during the past few
years, and some of the results are shown in plate III.

The type section for the Whitehorse Group is here proposed
to be that along the headwaters of West Moccasin Creek in SE%
sec. 8 and NEY4 sec. 19, T. 28 N., R. 18 W, western Woods County
(measured section 11). Here the Whitehorse, 194 feet thick, is sub-
divided into the Marlow Formation below (117 feet) and the Rush
Springs Formation above (77 feet). The lower boundary is the top
of the Dog Creek Shale, and the upper boundary is the base of the
Moccasin Creek Bed of the Cloud Chief Formation. The Day Creek
Dolomite is 36 feet above the base of the Cloud Chief. The Moccasin
Creek is a pink to white dolomite and greenish-gray to orange-
brown, calcitic sandstone and siltstone, about 3 feet thick. Else-
where the basal zone is a dolomite so that the Moccasin Creek may
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be described as a double dolomite. In Dewey County and westward
to Texas and in Beaver County, the Moccasin Creek is a double,
triple, or quadruple gypsum sequence, from 9 to 24 feet thick. In
Custer and Washita Counties, the Moccasin Creek is gradational into
a gypsum up to 120 feet thick, and is about 60 feet thick farther west
in the subsurface. In these areas it may not be advisable to use the
term Moccasin Creek but instead to use the name Cloud Chief
Gypsum.

In Dewey County and the area southward, the Weatherford
Dolomite or its equivalent gypsum (One Horse Gypsum) has been
used as an upper boundary of the Whitehorse Group (Miser, 1954).
In this region, the Moccasin Creek is a thin gypsum, or greenish-gray
zone where the gypsum is leached, with shale above and sandstone
below. The Weatherford is 25 feet below the Moccasin Creek, within
the Rush Springs Sandstone, as seen in the bluff a mile northeast
of Camargo, Dewey County. There the Moccasin Creek is a double
gypsum 9 feet thick with a 1-foot, red-brown siltstone in the middle,
and the Weatherford is a gypsum 2.5 feet thick occurring about 25
feet below the base of the Moccasin Creek. In the Seiling area, in
the high hill a few miles south of town, the Day Creek Dolomite
caps the hill and the Moccasin Creek double dolomite occurs about
31 feet below, resting upon Rush Springs Sandstone, with a red-
brown shale above to the Day Creek (measured section 16). Thus
in the Seiling-Camargo area of northern Dewey County, the
Weatherford is about 56 feet below the Day Creek and the Moccasin
Creek is recognized in both areas. The Moccasin Creek should be
used for mapping purposes to mark the Whitehorse-Cloud Chief
boundary in Oklahoma because the previously used marker beds
(Day Creek and Weatherford) are not the same and occur only
locally. The Day Creek is found at few places south of the Cana-
dian River, and the Weatherford is barely present north of the river,
but the Moccasin Creek occurs from Kansas to Texas throughout
Oklahoma and can be found in the subsurface where a change
occurs from sandstone below to shale above.

Marlow Formation

Name.—The name Marlow Formation was first used by Saw-
yer (1924, p. 313-315) for 120 feet of sandstone and shale overlying
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the Duncan Sandstone (now Chickasha) and underlying the
Whitehorse Sandstone of Reeves (1921) (now Rush Springs). It
was named for the town of Marlow, northern Stephens County.

Type section—The type section for the Marlow is that in the
Red Bluffs, in NW'% sec. 29, T. 15 N,, R. 11 W., and NE% sec.
25, T. 15 N, R. 12 W, central Blaine County (Fay, 1962, p. 67).
There the Marlow is 114 feet thick, consisting mainly of fine-grain-
ed orange-brown sandstone, with a 9-inch dolomite at the top
termed Emanuel Bed and a 4-foot dolomite 28 feet below termed
Relay Creek Bed. A stray dolomite up to 1.3 feet thick is locally
present about 5 feet below the Relay Creek. The base of the Marlow
is marked by a greenish-gray sandstone, overlain by 20 feet of
reddish-brown shale, siltstone, and sandstone. The Dog Creek Shale
is well exposed in the bluff face below the Marlow.

Description in Woods County.—In Woods County, the Marlow
is a fine-grained, orange-brown sandstone, from 99 to 117 feet
thick, with 12 to 20 fect of red-brown shale in the upper part
separating the Emanuel Bed from the Relay Creeck Bed (measured
sections 8, 10, 11). The Emanuel is a greenish-gray, calcitic sand-
stone at the top of the Marlow, and the Relay Creek is a 1- to 3-inch,
tan to maroon dolomite. The Doe Creek Sandstone Lentil is a
coarse-grained sandstone and conglomerate with algae and other
fossils, occurring in separate areas at various intervals from the base
of the Marlow to 15 feet or less below the Relay Creck Bed. The
base of the Marlow is a greenish-gray sandstone, resting conform-
ably upon the red-brown shale of the Dog Creek (figs. 17-19). A
I-foot, stray gypsum occurs about 15 feet below the Relay Creek
Bed in SEY4 SW¥4 sec. 20, T. 28 N., R. 18 W., and is within a mile
or so of that spot. Evans (1931, p. 420) thought that this gypsum
was part of the Cloud Chief Formation. In the area just east of
old Coy, in SEY4 SE% sec. 25, T. 29 N., R. 20 W, salt casts were
found in a 3-inch, pink shale 12 feet below the top of the Marlow,
this being the first reported occurrence of salt in the Marlow at the
surface in Oklahoma (measured section 8). The Relay Creek is a
gypsum bed along the road in SW% NW% sec. 10, T. 28 N, R. 17
W., but is dolomite just a few yards west and south along the road.

Description in Kansas—In Kansas, the basal 5 feet of the Mar-
low is gypsum (Cave Creek, measured section 4), gradational east-
ward into fine-grained, orange-brown sandstone. The upper half
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of the Marlow is interbedded red-brown shale and orange-brown
sandstone with many greenish-gray sandstone beds (measured sec-
tion 1). The Emanuel is a 3-foot greenish-gray sandstone, and the
Relay Creek is a 1.5-foot greenish-gray sandstone with a calcitic zone
at top gradational southward into a l-inch, pink dolomite near the
Oklahoma border. The Emanuel is about 12 feet above the Relay
Creek Bed (measured section 1, type Red Bluff). The lower half
of the Marlow is a fine-grained orange-brown massive sandstone,
and the total thickness of the Marlow is 99 feet (pl. IV).
Description in Harper County.—In Harper County, the Marlow
15 103 to 107 feet thick and contains more gypsum southwestward.
In the Sleeping Bear Creck area, in NEY% sec. 18, T. 25 N, R. 20 W.,
and along State Highway 34 in E sec. 17 and NE% sec. 20, T. 25
N., R. 20 W., the basal 36 feet of the Marlow contains much impure
gypsum and a few ledges of white to orange-brown gypsum lenses
up to 2 feet thick or more. The overlying 40 feet is a fine-grained
silty orange-brown sandstone, overlain by a 2-inch bed of pink and
white Relay Creek Dolomite. The Relay Creek forms a ledge and
marker bed in the region and is overlain by 26 feet of red-brown
shale and orange-brown sandstone. The Emanuel Bed is a 4-inch,
light-pink dolomite, immediately above a 2foot orange-brown,
fine- to medium-grained sandstone, marking the top of the Marlow.
South of Buffalo, in NEY sec. 13 and SE% sec. 12, T. 26 N, R.
23 W., NE% sec. 25, T. 27 N., R. 23 W., and NW¥% sec. 5, T. 26
N, R. 22 W., the basal 1 foot of the Marlow is a greenish-gray
sandstone, surmounted by 28 feet of gypsum and interbedded sand-
stone, the upper 9 feet pure gypsum. This unit is overlain by 50
feet of orange-brown, fine-grained sandstone, with a l-inch, pink
and white Relay Creck Dolomite on top, and 24 feet of red-brown
shale and orange-brown siltstone above the Relay Creek. A 2foot
gypsiferous cross-bedded sandstone overlies the shale and siltstone,
with the Emanuel Bed on top, consisting of white and pink gypsum,
1 foot thick. About 6 miles westward, the Relay Creek is a double
gypsum about 3 or more feet thick, surmounted by 18 feet of red-
brown shale, and the Emanuel Bed is a 1.5-foot bed of gypsum,
each eroding into prominent mappable ledges in NE% sec. 13, T.
26 N, R. 24 W. Evans (1931, p. 421) published a photograph of this
section and classed these beds as part of the Cloud Chief Formation,
correlating the double Relay Creck Gypsum Bed with the double
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Moccasin Creek Gypsum Bed, at Camargo in Dewey County. This
valley should be mapped as Marlow, with the Rush Springs Sand-
stone above the Emanuel Bed.

In the area west and northwest of Buffalo, in EY sec. 26 and
NE% sec. 35, T. 28 N, R. 24 W, and NE% sec. 16, T. 27 N., R. 23
W., the basal Marlow is a 13-foot gypsum, surmounted by 68 feet
of orange-brown, fine-grained sandstone and 1 foot of red-brown
shale, overlain by a l-inch bed of pink Relay Creek Dolomite.
Above the Relay Creek is 20 feet of red-brown shale and orange-
brown siltstone, surmounted by 5 feet of fine-grained orange-brown
sandstone, with a 2-inch maroon to pink Emanuel Dolomite at top.

Description in Woodward County—In Woodward County, the
Marlow 15 104 to 110 feet thick from Chimney Creek in northeastern
Woodward County to Quinlan in the southeastern part. In the
Chimney Creek area, the Doe Creek Sandstone is 15 to 60 feet thick,
occurring 12 feet above the top of the Dog Creek Shale and immed-
ately beneath the Relay Creek Dolomite in sec. 17, T. 24 N., R. 18
W., along the road 1 mile north, and NW% sec. 35, T. 25 N, R.
18 W. (measured section 15). The Doe Creek is a cross-bedded
coarse-grained sandstone and conglomerate, with calcite cement,
occurring 4 miles east of Woodward and striking northeastward
through Doe triangulation station to Whitehorse Springs in Woods
County. It contains Permian fossils, is not wider than 1,000 yards,
and may be a submarine channel or a series of unrelated channels.
Riley (1961) studied the problem of the Doe Creek in Woodward
and Woods Counties, concluding that it was a channel sand with
current directions northeastward.

The basal 1 foot of the Marlow is a greenish-gray sandstone,
surmounted by 68 feet of orange-brown fine-grained sandstone out-
side the Doe Creek area. In the Haskew region, the basal 5 feet is
gypsum. The Relay Creek rests upon this 68-foot sandstone and is
a l-inch maroon to pink dolomite, eroding into a ledge. Above the
Relay Creek is 36 feet of red-brown shale and orange-brown silt-
stone and sandstone, with a l-inch maroon to light-pink Emanuel
Dolomite Bed at top.

In the Quinlan area, the lower 75 feet of the Marlow is an
orange-brown, fine-grained sandstone, with a 2-inch light-pink to
maroon Relay Creek Dolomite on top. On top of the Relay Creek
is 34 feet of orange-brown sandstone and siltstone, with a l-inch
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white to pink and maroon Emaunel Dolomite at top. It is obvious
that southward a facies change from shale to sandstone has occurred
in the Relay Creek-Emanuel interval.

Description in Major County—In western Major County,
north of Chester in NE% sec, 8, NW¥%4 sec. 9, NW%4 sec. 10, T. 21
N., R. 16 W, along Griever Creek, the Marlow is 109 feet thick
(measured section 16). The basal 6 inches is a greenish-gray sand-
stone, with 80 feet of overlying orange-brown fine-grained sandstone.
This sandstone has a 2.5-foot gypsum bed 35 feet above the base
and a 5-foot gypsum and gypsiferous sandstone bed 66 feet above
the base, with impure gypsiferous sandstones between to within 20
feet of the base. The Relay Creek rests upon this 80-foot bed and
is a 1-foot, white gypsum, with 27 feet of gypsiferous sandstone above.
The Emanuel is poorly developed here, being a 1-foot light-brown
sandstone, eroding into an even-bedded ledge.

Description in Dewey County~In Dewey County, only the
upper part of the Marlow is exposed, along the Canadian River in
the eastern part of the county. Here the Relay Creck is a gypsum
up to 8 feet thick, and the Emanuel Bed is a 1-inch maroon to pink
dolomite, with the interval between being 27 feet of orange-brown
fine-grained sandstone. Good exposures occur in NW4% sec. 25 and
SW¥ sec. 24, NEY sec. 5, T. 16 N, R. 15 W., N1 sec. 18 and
NW4 sec. 6, T. 17 N, R. 15 W, and SE% sec. 36, T. 18 N., R.
16 W. The exposures of Marlow outlined on the geologic map of
Oklahoma (Miser, 1954) in the Lenora and Camargo arcas of
northwestern Dewey County are not Marlow but belong higher
in the section in the Rush Springs. The 1-foot gypsum bed in this
area, upon which the Marlow interpretation is based, is the Old
Crow Gypsum bed of the Rush Springs Sandstone and occurs about
108 feet above the Emanuel Bed.

Description in the Taxas Panhandle—~The Marlow is primarily
a 75- to 110-foot, orange-brown, fine-grained sandstone, with inter-
bedded gypsums, in the subsurface of the Texas Panhandle. In the
Borger-Amarillo area of Hutchinson and Carson Counties, the
formation is gypsum and dolomite, with some sandstone, and
farther westward salt appears in the section. The structure map of
the base of the Marlow (pl. III) shows the axis of the Anadarko
basin to leave Oklahoma just south of the Beckham-Roger Mills
county line, curving in a gentle arc northwestward through central
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Roberts and ecastern Hansford Counties, Texas, to south-central
Texas County, Oklahoma. The axis of the buried Amarillo mount-
ains parallels this basin but is about 25 miles farther southwest or
west. The change from sand to the east and north, to gypsum and
dolomite southwestward, takes place southwest of the Amarillo axis.

DOE CREEK SANDSTONE LENTIL

Name—The Doe Creek Sandstone was named by Evans (1954,
p. 196) for a 0- to 78-foot, lenticular, coarse-grained, cross-bedded
sandstone in the Marlow Formation, occurring in the region east
of Woodward, Woodward County, and extending in a linear north-
eastern direction to the region of Whitehorse Springs, Woods
County (measured sections 10, 13, 15). It is no wider than 1,000
yards, is fossiliferous with marine algal fossils, and contains a high
percentage of calcite cement, being described as a sandy limestone by
Riley (1961). The nomenclature was changed to Doe Creek Lentil
by Fay (1964, p. 75) because the lithology differs from one area to
another, and the isolated outcrops occur at different intervals above
the base, but sandstone is the main constituent and so the term Doe
Creek Sandstone Lentil is used herein. The type area for the Doe
Creek is the creek of the same name just north of Doe triangulation
station in northeastern Woodward County. In this area the upper
part of the section is eroded so that it is impossible to determine the
exact stratigraphic relationships above the Doe Creek. The Relay
Creek occurs above the Doe Creek southwest of there, but, because
the base of the Doe Creek is not well exposed with relation to the
Dog Creek Shale, a composite section from the area of Doe trian-
gulation station to sec. 17, T. 24 N, R. 18 W, 1s herein selected as
the type section.

Type section.—The type section for the lower part of the Doe
Creek Sandstone Lentil is that east of the road in NW% sec. 35, T.
25N, R. 18 W.

There the Doe Creek is about 60 feet thick and the base occurs
about 12 feet above the top of the Dog Creek Shale, with normal
fine-grained, orange-brown sandstone and a basal one-foot, greenish-
gray sandstone of the Marlow Formation below the Doe Creek. The
upper contact is best seen in NW% sec. 8, T. 24 N, R. 18 W., where
15 feet or more of Doe Creek occurs beneath the maroon Relay
Creck Dolomite. A complete section just on the margin of the above
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sections, showing a mixture of normal Marlow sandstone with Doe
Creek sandstone, is that in center sec. 17, T. 24 N., R. 18 W., north-
eastern Woodward County (measured section 15). The total thick-
ness of the Marlow is 104 feet and the section exposed below the
Relay Creek is 68 feet thick, so the total thickness of the Doe Creek
1s probably not more than 60 feet.

Description in Woods County—In Woods County are three
separate areas of isolated exposures of Doe Creek Sandstone, termed
Wildcat Buttes, Whitehorse Springs (measured section 13), and
Cleveland Hills (measured section 10). Within those areas are small
mounds or hills, each isolated from the other, with the upper part
of the Marlow removed so that the upper boundary is indeterminable
except in the Cleveland Hills area. The Wildcat and Whitehorse
areas are aligned in a northeasterly direction, being less than 1,000
yards wide, with the base of the Doe Creek 0 to 16 feet above the
Dog Creek Shale (figs. 18-20). In the Cleveland Hills area the
basal Doe Creek is 42 to 56 feet above the base of the Marlow, with
no preferred direction, the outcrops being tabular in nature.

The Wildcat Buttes are five isolated mounds (fig. 20) in sec.
14, T. 26 N., R. 17 W. The three gypsum units of the Blaine

Figure 20. Wildcat Buttes; view toward the southeast, showing typical escarpment
of the Doe Creek Lentil, in sec. 14, T. 26 N., R. 17 W, taken from NW14 sec. 33, T.
25 N.,,R. 17 W.
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Formation and about 50 feet of Dog Creck Shale are below the
mounds, with a good contact of basal Marlow on the south side of
the northernmost mound. The Watonga and Southard Beds are also
well exposed within the Dog Creek, so that the entire Dog Creek
is represented. The base of the Marlow is a greenish-gray sandstone,
occurring at an elevation of 1,784 feet, with about 10 feet of fine-
grained, orange-brown Marlow sandstone above. This unit is over-
lain by about 35 feet of cross-bedded, coarse-grained Doe Creek
Sandstone, with fossils. The cross-bedding dips northward to north-
eastward. In places fossil algae are present, but most fossils are
clams and snails, with some bryozoans.

The Whitehorse Springs area contains 13 isolated exposures in
the center of T. 27 N., R. 16 W, in parts of secs. 3, 9, 10, 11, 15, 16,
20, 21, and 29, the two main bodies being in secs. 10 and 21. White-
horse Springs is near the center of NW%4 sec. 21, and the type
Whitehorse was named for the Doe Creek exposures in this area
and its extension into section 20 to the southwest. In the north-
central part of sec. 29 the Blaine Formation is present up through
the Altona Dolomite, but the Shimer Gypsum is missing, probably

Figure 21. Photomicrograph of basal Marlow Sandstone (Doe Creek Lentil), x125,

in SW14 NW14 sec. 10, T. 27 N., R. 17 W. Note the large rounded quartz grains
and the sparry calcite matrix.
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owing to solution by ground water. The Dog Creek Shale is 62 feet
thick, with the Watonga and Southard Beds present, so the Dog
Creek is not eroded (measured section 13). The Doe Creek rests
upon the Dog Creek at an elevation of 1,832 feet, so the base of the
Doe Creek is about 38 feet higher than the base at Wildcat Buttes.
The Doe Creek is 2 to 3 feet thick in sec. 29, increasing to 40 feet
or more just north of Whitehorse Springs. In places the basal Mar-
low is a coarse-grained sandstone outside the Whitehorse area, and
it is possible to use the term Doe Creek for this bed (fig. 21). In
the west-central part of sec. 11 are excellent exposures of the Dog
Creek, Marlow, and Doe Creek in the east face of a small butte
(figs. 18, 19). There the Doe Creek is a 19-foot bed of sandstone
conglomerate, with many calcite veins, resting upon 28 feet of
orange-brown, fine-grained Marlow sandstone, but with a 1.5-foot
bed of Doe Creek Sandstone forming a lentil in the Marlow near
the base. The basal Marlow is a 1-foot bed of greenish-gray sand-
stone, resting upon red-brown Dog Creek Shale, with the Southard
Dolomite and a normal Dog Creek section below. The Doe Creek
is a coarse-grained sandstone, but the large blocks are recemented
by calcite and at all angles of repose, giving the appearance of being
moved and recemented much later, after the sandstone was con-
solidated and eroded. In SW¥4 sec. 10 and NW4 sec. 15, the Doe
Creek is 63 feet thick, with 16 feet of Marlow below, resting upon
Dog Creek Shale (fig. 22). In NW¥ sec. 16, the Doe Creck is
about 2 to 10 feet thick, but the base is about 42 feet above the base
of the Marlow. Fossils are found in most of these exposures, with
a large concentration of cabbage-head algae in the southwestern-
most outcrop. The algal blocks are as large as 1 foot in diameter and
weigh 50 pounds or more, being a new species of Permian blue-
green algae, according to L. R. Wilson (personal communication).
A section through the basal part of one of these specimens shows
the initial growth stages as isolated odlites, later enclosed by larger
odlitic growths, ending in incrusting layers. The direction of dip
of the cross-bedding is toward the north and northeast.

The Cleveland Hills area is composed of 18 isolated exposures,
grouped into three areas within T. 28 N.,, R. 16 W. The first area
contains four hills in SW4 sec. 26 and along the south line sec. 27,
where the Doe Creek is about 5 to 10 feet thick, cross-bedded to the
north-northwest, with the base 42 to 50 feet above the base of the
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Marlow. The base of the Marlow is about 1,810 feet above sea level,
so the base of the Doe Creek is 1,852 to 1,860 feet in elevation, or
about 20 to 28 feet higher than the base in the southern part of the
Whitehorse Springs area. The hills are aligned east-west and are
composed of many recemented sandstone blocks, with many calcite
veins. Apparently no direct relationship exists with the Doe Creek
of the Whitehorse area. The main area of Doe Creek, just east of the
Cleveland Hills proper (SW¥4 sec. 30), in secs. 28-33, 1s composed of
nine isolated exposures, one of which covers about 1 square mile. A
measured section taken in NW?¥4 sec. 28 and SE4 sec. 30 (measured
section 10) reveals 56 feet of Marlow sandstone above the Dog Creek
Shale, surmounted by about 20 feet of Doe Creck, with 15 feet of
Marlow sandstone above the Doe Creek up to the Relay Creek
Dolomite (fig. 23). The Relay Creek is a 2-inch, maroon, crinkly
bedded dolomite, with a 1-inch, light greenish-gray dolomite about
3 feet above, surmounted by 17 feet of red-brown shale and orange-
brown siltstone and sandstone. The Emanuel Bed is a 1-inch, light-
greenish-gray, calcitic sandstone, above a 1.2-foot, orange-brown,
medium-grained sandstone. The upper part of the section was

Figure 22. Doe Creek Lentil on south side of road; view toward the southeast, in
NWi4i NE1L NW14 sec. 15, T. 27 N., R. 16 W. Note cross-bedded, lenticular nature
of this conglomerate, sandstone, and sandy limestone.
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measured in NE% sec. 25, T. 28 N, R. 17 W. (fig. 24), and the total
thickness of the Marlow is 111 feet. In NW%%4 sec. 28, the base of
the Marlow occurs at an elevation of 1,820 feet, so the base of the
Doe Creek is 1,876 feet, or 16 to 24 feet higher than the base in
the hills to the east, 44 feet higher than in the Whitehorse area, and
82 feet higher than basal Doe Creek in Wildcat Buttes. The Doe
Creek 1s fossiliferous in the Cleveland Hills exposures, and the
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Figure 23. Upper part of Marlow Formation, including
Doe Creek Lentil; view toward the southeast, on east side
of Cleveland Hills, near C SEY4 SE4 sec. 30, T. 28 N., R.
16 W. The Emanuel Bed (E) is a resistant, greenish-gray,
calcitic sandstone about 1 inch thick, at the top of the
Marlow, with about 22 feet of reddish-brown shale (r)
below. The Relay Creek Bed (R) is a maroon, calcitic
dolomite about 2 inches thick, above the orange-brown,
coarse-grained, cross-bedded, calcitic sandstone of the Doe
Creek (D). The Doe Creek is about 15 feet thick, resting
upon orange-brown, fine-grained sandstone (Q) of the
Marlow Formation.
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relationships with the Relay Creek Bed can be observed in NE%
SW14 sec. 32 and SE¥% sec. 30, where the total thickness of the Doe
Creek is well exposed. The cross-bedding is toward the north and
northwest. The third area of Doe Creek Sandstone is that in NW4
sec. 8 and SE% sec. 6, where five isolated exposures, each about 5
feet thick, occur about 50 feet above the base of the Marlow. The
base of the Marlow is about 1,815 feet in elevation, so the base of the
Doe Creek is at about 1,865 feet, or almost the same as that of the
exposures 3 miles to the south. The Doe Creek does not extend
north of these exposures and is absent on the west side of the
Cleveland Hills. Eastward, a small block in NW%4 sec. 36, T. 28
N., R. 16 W., almost rests upon Altona Dolomite, so evidently
the Doe Creek is confined to T. 28 N., R. 16 W., and the region
southward to Wildcat Buttes, in Woods County.

The interpretation of the depositional environment of the Doe
Creek depends somewhat on how one connects these 37 isolated
exposures in Woods County and the dozen or more in Woodward
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Figure 24. Upper part of Marlow Formation from Relay Creek Bed (R) to Emanuel

Bed (E); view toward the northeast, in SEY4 SE% NE4 sec. 25, T. 28 N, R. 17 W,

on western side of the Cleveland Hills. The interval between the Emanuel and Relay

Creek Beds is mainly reddish-brown shale, about 20 feet thick, with a 1-foot, orange-

brown sandstone immediately below the Emanuel, and a 4.5-foot, orange-brown sand-

stone in the middle. The Rush Springs is reddish-brown shale and sandstone, above
the Emanuel Bed.
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County. It is possible that there never was a connection and that
each exposure represents an isolated submarine channel. If a cross
section is drawn from the Woodward area to the Cleveland Hills,
it is obvious that the Doe Creek occurs entirely within the Marlow
Sandstone, below the Relay Creek Bed, and the lowest stratigraphic
position of the Doe Creck base is in the Whitehorse area, the base
being higher from there both northward and southward. The great-
est concentration of algal fossils is near the base, and this area was
interpreted as a possible fringing reef by Fay (1964, p. 80-84), but
it now seems more likely that the Doe Creek represents submarine
channels which had strong northeastward and northward currents.
The fine debris was removed, leaving the larger sand grains in these
channels and allowing animals and plants to flourish. The algae
could have lived on the bottom and did not have to live at or near
wave base. The Doe Creek strikes into the basin for almost 40 miles,
so the interpretation of this lentil as an offshore bar is not reasonable.

EMANUEL BED AND RELAY CREEK DOLOMITE BED
Names~—The name Greenfield limestone was used by Steph—
enson (1925, p. 629) for the dolomites capping the hill northwest of

Figure 25. Upper part of Marlow Formation from Relay Creek Bed (R) to Emanuel
Bed (E), with ahout 20 feet of reddish-brown shale between, and a 4-foot orange-
brown sandstone (0O) in middle; view toward the northeast, in NEi4 SWi NE4
sec. 9, T. 28 N, R. 17 W. Note the 3-foot, greenish-gray sandstone immediately below
the Emanuel Bed, into which it is gradational as a calcitic sandstone, appearing as a
white marker bed in the region. The Relay Creek is a 2-inch, fine-grained, calcitic
dolomite, gradational into a pink and white gypsum on the opposite side of the hill.
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Greenfield, Blaine County. The name was preoccupied, so Evans
(1931, p. 416) applied the name Relay Creek dolomites to these beds
using the terms Upper Relay Creek dolomite and Lower Relay Creek
dolomite for the two prominent beds 28 feet apart, recognizing a
stray dolomite about 1 foot thick, about 5 to 7 feet below the Lower
Relay Creek dolomite. The Upper Relay was changed to Emanuel
Bed and the Lower Relay to Relay Creek Bed by Fay (1962, p. 66,
69). Cragin (1897, p. 360-363) termed the dolomite capping the hill
in that area as Day Creek, naming the Taloga formation as that
above this dolomite, so the name Taloga must be discarded. The
Emanuel Bed marks the top of the Marlow, and the type section
for the Marlow is that in the same hill as the type section for the
Relay Creek and Emanuel Beds. The Marlow is 114 feet thick
there.

Type section—The type section for the Emanuel and Relay
Creek Beds is NE¥4 NE4 sec. 25 and SE¥4 SEY% sec. 24, T. 15 N,,
R. 12 W, south of Relay Creek and about 5 miles east of Emanuel,
Blaine County (Fay, 1962, p. 70).

Description in Woods County—In Woods County, the Relay
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Figure 26. Relay Creek Bed (R); view toward the south in road ditch in SW14
SWi NW4 see. 10, T. 28 N., R. 17 W, The pink and white gypsum is about 4

inches thick and is gradational into dolomite on the opposite side of the road.
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Figure 27. Emanuel Bed (E) of well-indurated, calcitic sandstone, resting upon 3

feet of greenish-gray, cross-bedded sandstone, which in turn rests upon reddish-brown

shale; view toward the east in NE%4 SW314 NE% sec. 9, T. 28 N., R. 17 W. Note
reddish-brown shale of Rush Springs Formation resting upon the Emanuel Bed.

Figure 28. Emanuel Bed (E) with reddish-brown shale (r) above and greenish-

gray, cross-bedded sandstone (ss) below; closeup view toward the northeast, in NE14

SW14 NE% sec. 9, T. 28 N., R. 17 W. The Emanuel is a well-indurated, calcitic
sandstone abdut 4 inches thick.
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Creek is a 1- to 3-inch, tan to light-gray to maroon dolomite, fine-
grained and dense, eroding into a ledge (measured sections 8, 10,
11). Tt overlies 80 to 90 fect of fine-grained, orange-brown Marlow
sandstone and is overlain by 12 to 20 feet of red-brown shale with
some interbedded orange-brown sandstone and siltstone (figs. 23-
25). In NW¥ sec. 10, T. 28 N, R. 17 W,, east of the road, the
Relay Creek is a gypsum about 4 inches thlck

The Emanuel Bed is a 1- to 6-inch greenish-gray calcitic sand-
stone, resting upon a 1- to 3-foot, greenish-gray and orange-brown,
medium-grained sandstone, eroding into a ledge (figs. 23-25, 27-
28) (measured sections 8, 10, 11). The surface weathers into sand
balls about 0.25 inch in diameter, and the underlying sandstone is
commonly cross-bedded and friable, forming a white ribbonlike
pattern on the ground, easily seen on aerial photographs. The
Emanuel and Relay Creck Beds maintain their identity and inter-
val in southern Comanche County, Kansas (S sec. 9, T. 35 S, R.
16 W.; NW4 sec. 3, T. 35 S., R. 19 W.), but farther northward they
are greenish-gray sandstones (measured section 1). The Emanuel
marks the top of the Marlow Formation in Oklahoma and Kansas.

| Rush Springs Formation

Name—Sawyer (1929, p. 11) used the name Rush Springs
member for the sandstone between the Marlow member below and
a gypsum above, named for Rush Springs, Grady County. Sawyer
named the Weatherford Dolomite, a 1-foot dolomite occurring about
40 feet below the gypsum, for the town of Weatherford, Custer
County. Evans (1931, p. 416) placed the lower contact of the Rush
Springs at the top of the Upper Relay Creek dolomite (now Eman-
uel Bed), a usage now followed. Miser (1954) changed the rank to
Rush Springs Sandstone (Formation) of the Whitehorse Group,
but the term Rush Springs Formation is used herein because shale,
gypsum, and dolomite are present in the Rush Springs.

The upper boundary of the Rush Springs was not the same
horizon in different parts of Oklahoma, and different authors have
used separate terms for beds in order to define this boundary. For
instance, Gould (1905, p. 55) defined the top at the base of the Day
Creck Dolomite of Woods County, when he defined the top of the
Whitehorse. Sawyer (1929, p. 11) used a gypsum 40 feet above the
Weatherford Dolomite as a marker bed at the top of the Rush
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Springs in his original definition. Miser (1954) used the Day Creek
Dolomite north of the Canadian River and mostly the Weatherford
Dolomite and Cloud Chief Gypsum south of the river as the upper
boundary. Clapp (1920, p. 34-35) defined a 2- to 80-foot gypsum bed
in the Cyril-Cement area of Caddo County as the Cyril Gypsum,
and this has been used as a marker for the top of the Rush Springs.
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 bed at the base, a bed correlated with the Weath-
erford Dolomite. Where the lower gypsum was missing, the upper
gypsum was used as the boundary. Gould (1924, p. 337) defined the
Cloud Chief Formation, with the dolomite at Weatherford at the
base.

In the area of Rush Springs, Grady County, the top of the
Rush Springs is eroded, so a type locality was selected by Davis
(1955, p. 68) as that in sec. 36, T. 7 N, R. 10 W, Caddo County.
There the Emanuel and Relay Creek Beds are gypsums near the
base of the cliffs, surmounted by 280 feet of Rush Springs Sandstone,
with a few inches of Weatherford Dolomite and gypsum on top
(O’Brien, 1963, p. 27, 29). With redefinition of the top of the type
Whitehorse at the base of the Moccasin Creek Bed in Woods County,
it seems best to select a type section for the Rush Springs in the
same region as the type Whitehorse and type Moccasin Creek. The
area of Cloud Chief, Washita County, is undesirable for a type
section because of lack of a good base, and the Weatherford region
is poor because the Emanuel Bed is about 10 miles away from the
Weatherford outcrops.

Type section.—The type section for the Rush Springs Formation
is herein selected as that in SEY sec. 8, T. 28 N., R. 18 W., at the
headwaters of West Moccasin Creek, which includes the type
section for the Whitehorse Group and the Moccasin Creek Bed,
Woods County. Here the Rush Springs is 77 feet thick, with the
greenish-gray Emanuel Bed (sandstone) below and the 3-foot
dolomite and greenish-gray to orange-brown siltstone and sandstone
of the Moccasin Creek Bed above. The Rush Springs i1s an orange-
brown, fine-grained sandstone with interbedded red-brown shale,
with a massive sandstone near the top. The Day Creek Dolomite is
about 2 feet thick, with 31 feet of red-brown shale between it and
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the Moccasin Creek Bed, termed the Kiger Member of the Cloud
Chief Formation. The Moccasin Creek is the lowest bed of the
Cloud Chief Formation, the base of which rests upon the Rush
Springs (measured section 11).

Description in Woods County—In northwestern Woods
County, the Rush Springs is primarily an orange-brown, fine-
grained sandstone and siltstone, with some interbedded, red-brown
shale. It is 77 feet thick in the type region along West Moccasin
Creek, 89 feet near Coy, and 96 fect in the Cleveland Hills (fig. 29)
(measured sections 8, 10, 11). The Cleveland Hills, primarily con-
fined to the SW¥% sec. 30, T. 28 N., R. 16 W., is composed mainly
of Rush Springs Sandstone with the Moccasin Creek Bed and
Kiger Member of the Cloud Chief Formation above, and one small
area of slumped Day Creek Dolomite on top. A veneer of Ogallala
gravel with fossil oyster shells covers the top, and contains some
slumped blocks of Day Creek at an elevation of about 2,010 feet.
Steep-sided canyons cut into the Rush Springs, exposing nearly
vertical sections of the upper 30-foot sandstone at places. The over-
lying Moccasin Creek is eroded into a mappable ledge, with a

Figure 26. Rush Springs Formation, southeast part of Cleveland Hills; view toward
the south, near C SW¥4 SE1; sec. 30, T. 28 N., R. 16 W. The cliffs are orange-brown,
resistant sandstones, and the slopes are reddish-brown shales with interbedded,
nonresistant, orange-brown siltstones and sandstones, totaling about 90 feet in thickness.
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gentle shale slope above (figs. 30, 31). The base of the Rush Springs
1s a red-brown shale, gradational southward into orange-brown
siltstone.

Description in Kansas.—Norton (1939, p. 1805) used the term
“even-bedded member” of the Whitehorse for the Rush Springs.
It 1s 98 feet thick in the type Red Bluff region of eastern Clark
County, where more shale and more greenish-gray sandstone beds
occur than in Woods County (measured section 1). Norton men-
tioned that it was possible to correlate several beds within this
sequence from Clark County to Comanche County. About six
orange-brown to greenish-gray, fine-grained sandstone beds, separ-
ated by red-brown shale, are in the Rush Springs, with an 8-foot,
orange-brown sandstone at top, overlain by a 2.5-foot bed of greenish-
gray calcitic sandstone of the Moccasin Creek.

Description in Beaver County—In northwestern Beaver County
along the Cimarron River, in NW% sec. 33, T. 6 N., R. 28 ECM.,

Figure 30. Moccasin Creek Bed, type section; view toward the northeast, near C
SEY SE%4 sec. 8, T. 28 N., R. 18 W. The Moccasin Creek is composed of three parts:
an upper greenish-gray, quartzose limestone (U) about 4 inches thick, a middie
reddish-brown, argillaceous siltstone (r) about 1 foot thick, and a lower greenish-
gray to orange-brown, thinly laminated calcitic sandstone (L) with much illite and
some chlorite, gypsum, and montmorillonite, about 1.5 feet thick. Beneath the Moc-
casin Creek is a 5-foot, fine-grained, orange-brown, dolomitic and illitic sandstone
(0), with some chlorite and montmorillonite, comprising the uppermost part of the
Rush Springs Formation.
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a 2-foot, white gypsum occurs at water level with eastward dip.
Westward a few yards, a 0.5-foot gypsum occurs about 8 feet below,
and about 15 feet of shale occurs below: the latter bed, with 2 fect
of orange-brown sandstone exposed at the base. The upper gypsum
is tentatively identified as the Emanuel Bed, at the base of the Rush
Springs Formation, with 94 feet of red-brown shale and orange-
brown sandstone above, capped by a caliche bed. A 10-foot sandstone
immediately overlies the 2-foot gypsum, with 12.5 feet of red-brown
shale above, and an 8.5-foot sandstone bed above the shale. A 14-foot,
red-brown shale overlying the 8.5foot bed has been correlated a few
miles to the southeast in Harper County in SE% sec. 1, T. 28 N, R.
26 W., at the base of the northwest side of a high hill. In this area,
the Moccasin Creek and Day Creek are exposed, with 60 feet of beds
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Figure 31. Day Creek Dolomite escarpment and Cloud Chief-Rush Springs contact;
view toward the east, at head of Moccasin Creek, in NW%4 SEl4 SE14 sec. 8, T. 28 N,
R. 18 W. The Cloud Chief comprises an upper 15-foot, reddish-brown shale and
siltstone (1) with much dolomite, calcite, aragonite, quartz, montmorillonite, and minor
amounts of illite; the 2-foot, white, compact Day Creek Dolomite (D) {type section)
eroded into a prominent escarpment; a 3l-foot section of reddish-brown shale with
interbedded, greenish-gray and orange-brown siltstones and sandstones (r), similar in
composition as beds above (type Kiger); and the 3-foot Moccasin Creek Bed (M)
(type section) at the base, composed of greenish-gray to orange-brown, illitic and
calcitic siltstone and sandstone with some montmorillonite; resting upen orange-
brown (0) and greenish-gray (g), fine-grained sandstones with some interbedded,
reddish-brown shale of the Rusk Springs Formation. This is also the type section for
the Rush Springs” Formation and Whitehorse Group.
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above the 14-foot shale to the base of the Moccasin Creek. There the
Moccasin Creek is a double dolomite, each about 8 inches thick,
with 10 inches of red-brown, silty shale between. The Kiger is 31
feet of red-brown shale and orange-brown sandstone, overlain by
9 inches of maroon and greenish-gray dolomite and sandstone of
the Day Creek, with about 45 feet of shale and orange-brown sand-
stone to the top. Thus the total thickness of the Rush Springs in
this area is about 105 feet, and the top of the section in Beaver
County is about 11 feet below the top of the Rush Springs.

In central Beaver County along Clear Creek, in sec. 11, T. 3 N,
R. 24 ECM., about 25 feet of orange-brown, fine-grained sandstone
is exposed in a cliff face on the east side of the creek, with four
massive gypsum ledges separated by red-brown shale above, totaling
25 feet in thickness. These ledges are here correlated as the Moccasin
Creek bed, and were classed by Gould and Lonsdale (1926, p. 19)
as part of the Cloud Chief Formation. The underlying sandstone is
classed as Rush Springs. Above the gypsums is 14 feet of orange-
brown sandstone, surmounted by 4 feet of red-brown shale, 0.5 foot
of gypsum, 6.5 feet of sandstone, 5 feet of shale, and 1 foot of white
gypsum. This latter gypsum is tentatively correlated with the Day
Creek Bed, but no true Day Creek Dolomite is present. Overlying
the gypsum is 22 feet of red-brown shale, 5 feet of orange-brown
siltstone, 27 feet of red-brown shale, a 3-inch, pink dolomite grada-
tional into gypsum, 9 feet of red-brown shale, and 10 feet of orange-
brown sandstone. Locally in the East Mocane core hole, in NW74
NW¥ SW%4 sec. 13, T. 5 N., R. 25 ECM,, at elevation 2,560 feet,
the base of the Whitehorse occurs 690 feet down, with the top of
the Relay Creek Gypsum (5 feet) at 615 feet, the top of the Emanuel
Gypsum (10 feet) at 590 feet, and the top of the Rush Springs at
500 feet, or a total of 190 feet for the Whitehorse and 90 feet for
the Rush Springs. The top of a 10-foot gypsum occurs at 440 feet
and the bed may be the Day Creek equivalent. This is overlain by
55 feet of shale and siltstone, with a 10-foot, orange-brown sandstone
at the top. The top of the Cloud Chief is tentatively placed at the
top of this 10-foot bed, which is correlated with the sandstone at the
top of the measured section along Clear Creek. In the Mocane core
this bed is overlain by 20 feet of red-brown shale, 8 feet of orange-
brown sandstone, 37 feet of red-brown siltstone and shale, and 45
feet of red-brown shale of the Doxey Formation. Thus the Cloud
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Chief is about 125 feet thick, and the lower portion of the Doxey
1s 110 feet thick,

Description in Harper County—In north-central Harper
County, in EY sec. 26, T. 28 N,, R. 24 W., the Rush Springs is 91
feet thick, with a 19foot, orange-brown sandstone at top, overlain
by a 0.6-foot, greenish-gray sandstone, 1.9-foot, red-brown shale,
and a l-inch, pink and white dolomite of the Moccasin Creek Bed.
This is overlain by 30 feet of red-brown shale, with some orange-
brown and greenish-gray sandstone, up to the Day Creek Dolomite.
The Day Creek is in two ledges: a basal pink and white dolomite
1.6 feet thick and an upper 9-inch, pink and greenish-gray dolomite,
with 2.5 feet of red-brown and greenish-gray sandstone between.
Above the Day Creek is 31 feet of red-brown shale, with orange-
brown and greenish-gray siltstone and sandstone beds. The Rush
Springs is a series of alternating red-brown shales and orange-
brown sandstones and siltstones, with 12 feet of shale at the base
resting upon the 2-inch, maroon to pink dolomite and gypsum of the
Emanuel Bed.

In southwestern Harper County, in NE¥ sec. 13, T. 26 N., R.
24 W., the Rush Springs is 95 feet thick, with 58 feet of red-brown
shale and orange-brown, fine-grained sandstone at the base above the
15foot gypsum of the Emanuel Bed, surmounted by 37 feet of
orange-brown sandstone at top. The Moccasin Creek is a 3-inch,
greenish-gray dolomite and sandstone, with 37 feet of red-brown
shale and orange-brown sandstone above, capped by 05 to 1 foot
of Day Creek Dolomite.

In central Harper County, in NE4 sec. 13, T. 26 N, R. 23 W,
the Rush Springs is 95 feet thick, with 31 feet of orange-brown
sandstone at top and 16 feet of red-brown shale at the base, resting
upon the Emanuel Gypsum (1 foot thick). The middle portion is an
alternating series of red-brown shales and fine-grained, orange-
brown sandstones and siltstones. The Moccasin Creck is 4.2 feet
thick, consisting of a basal 2-inch, greenish-gray sandstone and
dolomite, surmounted by 3.7 feet of orange-brown siltstone and
sandstone, with a 2-inch, pink and greenish-gray dolomite at top.
The Kiger is 32 feet of red-brown shale and some orange-brown
sandstone, with 2 feet of Day Creck Dolomite capping the hill.

In southeastern Harper County, in N5 sec. 18, T. 25 N., R. 20
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W., the Rush Springs is 116 feet thick, with a 27-foot, orange-brown
sandstone eroded into steep-sided canyons about 27.feet below the
top, and a 5-foot, red-brown shale at the base resting upon a Y%-inch,
pink dolomite classed as the Emanuel Bed. The sequence is mostly
red-brown shale and orange-brown sandstone, with the overlying
Moccasin Creek a double dolomite 3.25 feet thick. The basal dolo-
mite is 0.5 feet thick and is pink with a l-inch, maroon shale at
the base, surmounted by 1.75 feet of red-brown shale, and the upper
dolomite 1s white to light pink, and 1 inch thick. The Kiger is 35
feet of red-brown shale and orange-brown sandstone, capped by
1.75 feet of Day Creck Dolomite.

Description in Woodward County.—In northern Woodward
County, in C sec. 17, T. 24 N,, R. 18 W, the Rush Springs is 93 feet
thick, with a 40-foot, orange-brown sandstone and siltstone at top
and 53 feet of red-brown shale and orange-brown sandstone below,
resting upon a l-inch, maroon to light-pink dolomite, classed as the
Emanuel Bed. The Moccasin Creek is 4.6 feet thick, with a 3.5-foot
greenish-gray, calcitic sandstone at the base, surmounted by 1 foot
of orange-brown siltstone, and a l-inch, pink to white dolomite at
top. The overlying Kiger is 24 feet of red-brown shale and orange-
brown siltstone with some greenish-gray sandstone beds, and the
Day Creek is a 1.7-foot, white to pink dolomite. The Big Basin
Member of the Cloud Chief, about 50 fect thick, is composed of
red-brown shale and light greenish-gray sandstones, with several
thin dolomites in the upper 8 feet (measured section 15).

In central Woodward County, in EY sec. 6, T. 22 N,, R. 19
W., the Rush Springs is 125 feet thick, with about 28 feet of sand-
stone at top above an alternating sequence of red-brown shales and
orange-brown sandstones, the underlying Emaunel Bed being a
1/8-inch, maroon, calcitic zone at the top of a 1-foot light-brown
medium-grained cross-bedded sandstone. The Moccasin Creek, 1.5
feet thick, is composed of two 3-inch, white to maroon dolomites,
with red-brown shale between. The Kiger is 22 feet of orange-
brown siltstone and red-brown shale, and the Day Creek is 1.75
feet of white to light-gray dolomite.

In southeastern Woodward County near Quinlan, in SW% sec.
19, T. 23 N,, R. 17 W, some loose blocks of Day Creek Dolomite are
slumped down on about 10 feet of the Kiger Shale at the top of the
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section. The Rush Springs is 86 feet thick, with a 43-foot, orange-
brown sandstone at top, and an alternating sequence of orange-
brown sandstones, siltstones, and shales below, resting upon the
Emanuel Bed, which is a 1-inch, pink and white to maroon dolomite.
The Moccasin Creek is a purple platy sequence of cross-bedded,
calcitic sandstones, 18.5 feet thick, with a 6-foot, pink to purple
dolomite and dolomitic sandstone at top, and a 1.5-foot, pink and
white dolomite and dolomitic sandstone at the base, resting upon the
Rush Springs.

In southern Woodward County, in the area northeast of Sharon
in SW% sec. 14, T. 21 N., R. 20 W., the upper 20 to 30 feet of the
Rush Springs is an orange-brown, fine-grained sandstone, overlain
by 35 feet of shale with the double Moccasin Creek Dolomite in the
basal few feet, and the Day Creck Dolomite at top.

Description in  Dewey County—In north-central Dewey
County, in SE¥% sec. 23 to NW¥% sec. 11, T. 19 N, R. 16 W, south-
cast of Seiling, the Rush Springs is about 186 feet thick and is
almost all fine-grained, orange-brown sandstone. The Moccasin
Creek is a double dolomite zone, 2.4 feet thick, with a 2-inch, pink
to white dolomite at the base, surmounted by 2 feet of red-brown
shale, and a 2-inch, pink to maroon dolomite at the top. The Kiger
is 28 feet of red-brown to orange-brown siltstone and shale, with
some orange-brown sandstone, overlain by the Day Creek Dolomite,
which is about 1 foot thick at elevation 1,991 feet (measured section
16).

In northwestern Dewey County, in the Vici-Camargo area, the
upper 60 feet of Cloud Chief shales and orange-brown to greenish-
gray sandstones is exposed in NE% sec. 20, T. 18 N, R. 19 W,
resting upon a double gypsum ledge 9 feet thick. This gypsum is the
Moccasin Creek, with a 1-foot, red-brown siltstone in the middle
5 feet above the base, eroded into a prominent ledge in SW¥%4 sec.
18, T. 18 N, R. 19 W, at elevation 2,132 feet. At this locality, a
2.5foot gypsum, occurring 25 feet below, was correlated as the
Weatherford Bed by Evans (1931, p. 439), which seems correct. A
2-inch gypsum occurs 45 feet lower in the section, and 29 feet still
lower is a 1-foot gypsum, resting upon 10 feet of orange-brown
sandstone. This lower 1-foot bed is the Old Crow Gypsum of
Cragin (1897, p. 363) and is about 115 feet above the Emanuel Bed,
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so what has incorrectly been mapped as Marlow in this region
should be mapped as Rush Springs. The Old Crow is eroded into
a ledge in the valley sides within about 20 or more feet above the
Canadian River. The Day Creek was not found in this region.

In southwestern Dewey County in the U. S. Army Corps of
Engineers West Leedy core in NW%4 SE%4 SW'4 SE%A sec. 7, 'T.
16 N., R. 20 W.,, is 226 feet of beds referred to the Cloud Chief
Formation (upper 134 feet) and the Rush Springs Formation
(lower 92 feet).* The Cloud Chief portion is red-brown shale and
orange-brown siltstones and sandstones with some greenish-gray
sandstone beds. Exposed at the surface just northwest of the well
site is about 37 feet of the upper part of the Cloud Chief Formation,
consisting of orange-brown shales and siltstones, up to the base of
the Doxey Shale. In SE¥4 SW¥% sec. 6, T. 16 N,, R. 20 W,, is
approximately 75 feet of red-brown Doxey Shale with interbedded,
tan, dolomitic siltstones in the basal 40 feet. In the core, a 3-foot
white gypsum occurs 42 to 45 feet above the base of the Cloud Chief,
and is tentatively correlated with the Day Creek Bed. The basal 13
feet of the Cloud Chief, classed as the Moccasin Creck Bed, consists
of a basal 2-foot gypsum, surmounted by 3 feet of orange-brown to
red-brown siltstone, an 8-inch gypsum, 4.5 feet of red-brown shale,
and 3 feet of gypsum at top. A l-foot gypsum, identified as the
Weatherford, occurs about 25 feet below the base of the Moccasin
Creek, with orange-brown siltstone and sandstone of the Rush
Springs up to the Moccasin Creek. About 65 feet of siltstone and
sandstone occurs below the Weatherford to the bottom of the core.
Local wells in the region show the Rush Springs to be 180 to 225
feet thick, with the Old Crow about 95 feet below the top, and
several gypsums 40 to 65 feet below the Old Crow, the main lith-
ology being orange-brown sandstone and siltstone.

In central Dewey County, along the south side of the Canadian
River bluffs in NE% sec. 34 and NE% sec. 33, T. 18 N,, R. 17 W,
the Rush Springs is exposed for 188 feet to river level, with about
39 feet of beds above. The Moccasin Creek is about 2.2 feet thick,
with a 2-inch, pink to maroon dolomite at the base, overlain by 2
feet of red-brown shale, with a %-inch, greenish-gray calcitic shale

* The core is on deposit at The University of Oklahoma, School of Geology, Core
Library.
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at top. The remainder of he Cloud Chief is red-brown shale with
some orange-brown and greenish-gray sandstones, with a Y5-inch,
greenish-gray dolomite and shale about 5 feet below the top. This
latter bed may be the Day Creek at elevation 1,904 feet. The upper
116 feet of the Rush Springs is an orange-brown sandstone, with a
5-inch, greenish-gray to pink dolomite 16 feet below the top. The
next lower 40 feet is an alternating series of six gypsum ledges with
orange-brown sandstone, in beds 1 to 4.5 feet thick, and the lowest
32 feet 1s gypsiferous sandstone to river level. The Old Crow is tenta-
tively identified as a 3-foot, orange to white gypsum, 65 feet above
river level, or about 123 feet below the top of the Rush Springs, and
the Rush Springs 1s about 200 feet thick in this region.

In eastern Dewey County, northwest of Eagle City, Blaine
County, in SE¥ sec. 1, T. 17 N., R. 14 W., four dolomites occur in
a sandstone sequence, the top dolomite being 4 feet thick (elevation
1,930 feet) and occurring 280 feet above the Emanuel Bed, with a
3-foot dolomite 26 feet below the top bed, and a 9-inch dolomite
67 feet below the latter, with a stray 9-inch dolomite 35 feet below
the 9-inch bed. The second bed above the bottom was tentatively
identified as the Weatherford? by Fay (1962, p. 77), but further
work indicates that this bed may be about 30 feet below the Weather-
ford. The Rush Springs-Cloud Chief boundary was placed at this
horizon. The Eagle City outcrops may be correlated with those
south of Seiling, and the upper dolomite is correlated with the
Day Creek, the next one down with Moccasin Creek, and the
bottom two considered as strays. With this interpretation, the Rush
Springs would be 247 feet thick, with two stray dolomites in the
middle, the basal one of which may be the equivalent of the Old
Crow, or slightly above the Old Crow horizon.

In southeastern Dewey County, in the type One Horse and Old
Crow region, in NW%¥% sec. 27, SEY4 and NE¥ sec. 22, to SE¥%
sec. 15 and NW7%4 sec. 25, T. 16 N,, R. 15 W, the Rush Spring is
270 feet thick, being orange-brown, fine-grained sandstone with
several gypsums. The upper gypsum is 4 feet thick, occurring about
32 feet below the 0.5-foot Moccasin Creek Dolomite (elevation 1,820
feet) in NW%4 sec. 27, and is the type One Horse Gypsum of Cragin
(1897, p. 363). This bed can be traced to the Weatherford area and
is the equivalent of the Weatherford Dolomite. Although the name
One Horse has priority, the name Weatherford has been used
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extensively, so it is here suggested that the name One Horse be
suppressed. About 90 feet below the type One Horse is the top of
the type Old Crow Gypsum, which is about 3 feet thick, with 17 feet
of gypsum and sandstone below included in the bed. The base of the
Old Crow is about 94 feet above the Emanuel Bed, which is a 1-inch,
pink to maroon dolomite in NW¥4 sec. 25. About 27 feet of orange-
brown sandstone occurs below the Emanuel, resting on a 1-{foot,
white to pink gypsum, correlated as the Relay Creek Bed, just above
the Canadian River. The One Horse and Old Crow Gypsums erode
into prominent buttes and escarpments, and have been mapped
throughout parts of Dewey and Custer Counties.

Description in Custer County—In southeastern Custer County,
in the Weatherford district, in SEY% sec. 18, the type Weatherford
Dolomite is about 1 foot thick, occurring about 37 feet below an
8-foot, massive, white gypsum (Moccasin Creek), with orange-
brown siltstone and sandstone between the two beds. About 270
feet of orange-brown, fine-grained, cross-bedded sandstone occurs
below the Weatherford Bed, as measured in a core taken by the
U. S. Army Corps of Engineers at the Weatherford site (NW¥% sec.
2, T. 12 N,, R. 14 W.), where the Emanuel Bed was penetrated and
extrapolated to the outcrop.* Thus the Rush Springs is about 310
feet thick, and the Weatherford Dolomite is a bed in the Rush
Springs about 40 feet below the top. The Moccasin Creek may be
as much as 120 feet thick in northern Washita County and 70 feet
thick in the Weatherford area. Where the gypsum is this thick, it
may be advisable to use the term Cloud Chief Gypsum for this unit.

About 5 miles or more west and northwest of Weatherford, the
Moccasin Creek is less than 10 feet thick, and in a core taken by the
U. S. Army Corps of Engineers at the East Clinton site (C sec. 9,
T. 12 N,, R. 16 W.), the Moccasin Creek is a double dolomite 9.5
feet thick, with 4 feet of orange-brown shale and siltstone in the
middle, the base occurring at an elevation of 1,547 feet.* The dolo-
mite is pink and white, the basal one 2.5 feet thick and the upper
one 2 feet thick. About 32 feet of sandstone occurs below the Moc-
casin Creek, with 6 feet of Weatherford Dolomite below, and 31 feet
of sandstone below the Weatherford to the bottom of the core.
About 50 feet of orange-brown shale, sandstone, and siltstone occurs

* Eil;)e core is on deposit at The University of Oklahoma, School of Geology, Core
rary.
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above the Moccasin Creek, with several thin dolomites in the upper
6 feet, surmounted by 3.7 feet of pink and white dolomite, here
correlated with the Day Creek Bed. About 96 feet of shale and silt-
stone is present above the Day Creek to the top.

In northeastern Custer County, a high hill, termed Sugar Loaf,
is present south of Thomas, in NE%4 sec. 7, T. 14 N, R. 14 W. Sever-
al thin dolomites cap the hill, and are here correlated with the Day
Creek, at an elevation of 1,880 feet. A white to pink dolomite about
2 feet thick occurs about 40 feet below the upper dolomites and is
here correlated with the Moccasin Creek Bed. A lower dolomite
about 1.5 feet thick occurs another 24 feet down and is here correlat-
ed with the Weatherford Bed. The beds between and below are
mostly orange-brown, fine-grained sandstone with some siltstone
toward the top, and the Rush Springs is about 260 feet thick from
the Emanuel Bed to the base of the Moccasin Creek.

North of Thomas are three dolomite-capped hills, the southern-
most mound termed Dead Woman Mound and capped by one
dolomite (Weatherford), and the other two capped by two dolo-
mites, about 42 feet apart. The upper dolomite is about 1 foot thick
and is correlated with the Moccasin Creek Bed, and the lower one
is correlated with the Weatherford Bed. Shale and siltstone with
some orange-brown sandstone occurs between, and orange-brown,
fine-grained sandstone occurs below to the Emanuel Bed in NW%
sec. 22, T. 15 N, R. 14 W. The Rush Springs is 247 feet thick, with
two l-inch, pink and white dolomites 105 and 137 feet below the
top in NW¥%4 sec. 19, T. 15 N,, R. 14 W,

Description in Caddo and eastern Washita Countics—In eastern
Washita County, a core taken by the U. S. Army Corps of Engineers
at the West Eakly site (NEY4 NW% sec. 3, T. 9 N, R. 14 W_;
elevation 1,605 feet), contains 70 feet of gypsum and anhydrite
at the top, with a 2-inch dolomite below.* Below the dolomite is
44 feet of orange-brown, fine-grained sandstone, resting upon a 1-
foot bed of greenish-gray, pink, and maroon dolomite, here corre-
lated with the Weatherford Bed. The remaining 110 feet below
the Weatherford is also sandstone. The Rush Springs is about 300
feet thick in this area, up to the base of the thick gypsum.

In the Cement-Cyril area, Reeves (1921, p. 48-50) stated that

* The core is on deposit at The University of Oklahoma, School of Geology, Core
Library.



DESCRIPTION IN TEXAS PANHANDLE 69

there are two gypsums, an upper one from 0 to 85 feet thick,
resting upon 15 to 20 fect of sandy shale, and a lower one 1 to 40 feet
thick, with a 1-foot dolomite at the base, resting upon sandstone
These were named Cyril gypsum by Clapp (1920, p. 34-35), but
it is here recommended that the lower unit be called Weatherford
and the upper unit Moccasin Creek or simply Cloud Chief Gypsum
where 50 feet or more thick. The sandstone below the Weatherford
is 280 feet thick down to the Emanuel Bed in sec. 36, T. 7 N,, R.
10 W., so the total thickness of the Rush Springs would be 300 feet
or more, depending upon the thickness of the Weatherford Bed.

Description in Texas Panhandle—In Hemphill County, Texas,
along the Canadian River and extending into Roger Mills County,
a series of gypsums or dolomites occur about 25 feet above orange-
brown, fine-grained sandstone of the Rush Springs. These are col-
lectively designated as the Moccasin Creek Bed, with interbedded
shale between ledges, and overlain by shale and orange-brown
siltstone of the Cloud Chief Formation. The Day Creek is absent.
One of the best exposures is that north of the Oscar Forgey ranch-
house, in sec. 128, H. & T. C. R. R. Co. Survey, Blk. 41, where three
gypsum units occur above 10 feet of Rush Springs Sandstone. The
basal gypsum is 3.5 feet thick, surmounted by 1.5 feet of red-brown
shale, then 3.5 feet of gypsum, 5 feet of shale, and 1 foot of gypsum
at top, or 145 feet for the total thickness of the Moccasin Creek
Bed at the base of the Cloud Chief Formation. About 25 feet of
orange-brown shale is above the gypsums, with 10 feet of sandstone
and siltstone at top. Laterally the gypsums are gradational into dolo-
mites or greenish-gray beds. A stratigraphic test taken about 1 mile
southeast of the gypsum outcrop (3,800 feet N, 2,520 feet W of
SE cor. sec. 111, Blk. 41, elevation 2,267 feet), shows that the base
of the Moccasin Creek is at 2,072 feet, and the Whitehorse i1s 236
feet thick, with the Rush Springs portion being 125 feet thick, but
fully represented.

In central Hutchinson County, in the Borger-Sanford area, is
about 61 feet of orange-brown sandstone and red-brown shale of the
Rush Springs below a 21.5-foot bed of Moccasin Creek gypsum and
shale. The Moccasin Creek is composed of three gypsums, separated
by red-brown shale, the sequence from bottom to top being 5 feet
gypsum, 4 feet shale, 5.5 feet gypsum, 2 feet shale, and 5 feet gyp-
sum. The Moccasin Creek is overlain by 70 feet of shale, 8 feet of
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orange-brown sandstone, and 4.5 feet of red-brown shale, or a total
thickness of 104 feet for the Cloud Chief. The Alibates Dolomite
occurs above the Cloud Chief and is 14 to 19 feet thick, being com-
posed of two dolomite beds separated by 5 feet of orange-brown
shale and siltstone. The basal dolomite is 7 to 9 feet thick, and the
upper one is 2 to 5 feet thick. The Alibates is here considered to be
part of the basal Doxey Shale and is overlain by 35 feet or more of
red-brown shales and orange-brown siltstones. Good exposures of
these units occur about 2 miles east of Borger, along State Highway
152 and local highway 2171, and about 1 mile east of Sanford,
south of local highway 2196. In the Phillips 73 Whittenburg well,
about 3 miles north-northeast of Borger, the Rush Springs is about
100 feet thick, consisting of sandstone and shale, with a 25-foot
gypsum bed in the middle, here correlated with the Old Crow Bed.
The total thickness of the Whitehorse is 165 feet, and the Cloud
Chief thickness is the same as that measured at the surface; thus
the Cloud Chief and Rush Springs normally thin westward from
Custer County, Oklahoma, to Hutchinson County, Texas. Westward
to New Mexico, the Whitehorse averages about 200 feet in thickness,
with the lithology remaining about the same.

POST-WHITEHORSE ROCKS

Cloud Chief Formation

Name~The name Cloud Chief was first used by Gould (1924,
p- 337) for beds above the dolomite now termed Weatherford or,
where this bed is missing, for beds above the Whitehorse sandstone,
to the base of the Quartermaster Formation. The name Taloga
formation of Cragin (1897, p. 362) was abandoned by O’Conner
(1963, p. 1875-1877). Cragin thought the Relay Creek dolomite near
Greenfield, Blaine County, was the Day Creek and named the
Taloga for the beds above this (Relay Creek) dolomite.

Type section.—In the Cloud Chief region, the base of the Cloud
Chief is exposed south of town, but the top is eroded, so rocks of
this area are inappropriate for a type section. The rocks of the area
on the south flank of the Anadarko basin are poorly exposed, so
the section should be on the north flank of the basin. The closest
section that is nearly complete is that northwest of Clinton, in the
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Red Hills, Custer County, but there a part of the middle is covered
for a short distance, and slumped areas are common. A composite
thickness is 175 feet in this region. In the north Cheyenne area of
Roger Mills County, the Cloud Chief is about 190 feet thick, with
a good base and top exposed, but the middle portion is slumped in
many places. In the Strong City-Hammon area is much slump, and
in the area south of Harmon, Ellis County, where 125 feet was
measured below the Doxey, the lower part is not well exposed. After
consideration of the many areas available, the best information
obtainable is that in the U. S. Army Corps of Engineers West Leedey
core*, which was spudded in 37 feet below the base of the Doxey
and penetrated the Day Creek, Moccasin Creek, and Weatherford
Beds, with about 65 feet of sandstone below the Weatherford. The
Cloud Chief is about 170 feet thick from the Doxey base to the base
of the Moccasin Creek Bed, and the upper part is well exposed to
the west and northwest of the core site (SW4 SE%4 sec. 7, T.
16 N., R. 20 W.; elevation 2,090 feet; elevation on base Moccasin
Creek 1,955 feet). The Weatherford is a 1-foot, white gypsum,
about 25 feet below the base of the Moccasin Creek, with orange-
brown sandstone and siltstone above and below. The Moc-
casin Creek is a triple gypsum sequence about 14 feet thick, with
red-brown shale and siltstone between: basal gypsum 2 feet thick,
with 8-inch, dolomitic gypsum at base, siltstone 3 feet, gypsum 1
foot, shale 5 feet, gypsum 3 feet. The Kiger Member of the Cloud
Chief is 29 feet of red-brown shale and orange-brown siltstone, with
a 7-inch gypsum 18 feet above the top of the Moccasin Creek. The
Day Creek is a 3-foot, white to light-orange, massive gypsum. The
Big Basin Member is 125 feet of red-brown shale, orange-brown
siltstone, and greenish-gray sandstone and siltstone, predominantly
shale in the basal 45 feet and orange-brown siltstone and sandstone
in the upper part. Tentatively the West Leedey site will be con-
sidered the type section until better information is available. The
upper contact and 75 feet of the lower Doxey are exposed just
northwest, especially in SEY4 SW%4 sec. 6, T. 16 N, R. 20 W,,
where the lower 32 feet of Doxey contains tan, dolomitic siltstones
in red-brown shale, resting upon orange-brown sandstone and shale

of the Cloud Chief.

* NW14 SEY SWi4 SEY sec. 7, T. 16 N, R. 20 W., southwestern Dewey County.
Core is deposited at The University of Oklahoma, School of Geology, Core Library,
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Subdivisions of the Cloud Chief Formation.—The Cloud Chief
Formation has never been subdivided, but in Kansas terms such as
Day Creek, Kiger, and Big Basin have been used by O’Connor
(1963, p. 1877), and in Oklahoma the terms Weatherford, Cyril,
Day Creek, One Horse, and now Moccasin Creek have been used as
names for markers of certain boundaries. It is here proposed that
the Cloud Chief Formation be recognized in Kansas, Texas, and
Oklahoma, with two beds and two members, where it is possible
to recognize marker beds. The base is placed at the base of the
Moccasin Creek Bed. The Moccasin Creek is surmounted by red-
brown shale of the Kiger Member, then Day Creek Bed, with the
Big Basin Member at top, and base of the Doxey Shale marking
the top of the Cloud Chief. All four units are present in Woods
County although the upper part of the Big Basin has been eroded
away so that only the lower 10 feet of this unit remains. The
Moccasin Creek is 3 to 5 feet thick, being mostly a double dolomite
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Figure 32. Day Creek Dolomite (DOL) (type section) and associate beds of the
Cloud Chief Formation; closeup view toward the northeast, in N'W14 SEY4 SE% sec.
8, T. 28 N, R. 18 W. The Day Creek is about 2 feet thick and is overlain by a
2-foot, greenish-gray shale (g sh) containing much quartz, calcite, and montmorillonite,
Above the shale are rcddish-brown siltstones (r slt) and shales (r sh) of similar
composition, with some dolomite and illite. The section below the Day Creek is
greenish-gray siltstone (g slt) about 2 feet thick, underlain by a I-foot, orange-brown
siltstone (o slt), and a 2-foot, greenish-gray sandstone (g ss).
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and greenish-gray sandstone, with red-brown shale between the 1-
to 2-inch dolomites (fig. 30). The Kiger is about 25 feet or more
of red-brown shale (fig. 31). The Day Creek is a dolomite about 2
feet thick, with a greenish-gray siltstone or shale at the base and
immediately above (fig. 32). The Big Basin is a red-brown shale
and siltstone, with a greenish-gray shale at the base (measured
sections 1, 8, 10, 11, 15, 16).
MOCCASIN CREEK BED

Name—~The name Moccasin Creck Bed is here proposed for
the bed at the base of the Cloud Chief Formation, named for West
Moccasin Creek, Woods County, where it is well exposed. This is
the same as the “purple-platy” beds of Evans (1931, p. 424) and the
lower part of the “upper shale member” of Norton (1939, p. 1806).
It correlates with the upper part of the Cyril Gypsum of Reeves
(1921, p. 48-50) and the base of the thick Cloud Chief Gypsum
of the Weatherford-Clinton-Cloud Chief area, and is the same as
the double gypsum near Camargo, Dewey County, mentioned by
Evans (1931, p. 420). Griley (1931, p. 433-434) recognized this zone
in Roger Mills and Dewey Counties, with sandstone below and
shale above, and mentioned the persistence of this horizon over a
much wider area. In the original definition of the top of the Rush
Springs Sandstone, Sawyer (1929, p. 11) used this gypsum for his
upper boundary of the Whitehorse Group. Gould (1924, p. 337)
used the Weatherford Dolomite to mark the lower boundary of the
Cloud Chief when he named the Cloud Chief Formation, but this
bed is now relegated to the upper part of the Rush Springs Forma-
tion, about 40 feet below the top. The Weatherford was named by
Sawyer (1929, p. 11) and is the same as the One Horse Gypsum of
Cragin (1897, p. 363) in Dewey County.

- Type section—The type section for the Moccasin Creek Bed is
that in SE¥4 SE% sec. 8, T. 28 N, R. 18 W., Woods County, along
the headwaters of West Moccasin Creek (fig. 30) (measured
section 11). There the Moccasin Creek is divided into three parts:
(1) an upper 4-inch, greenish-gray, quartzose limestone or dolomite,
(2) a middle 1-foot, red-brown siltstone and shale, and (3) a lower
1.5-foot, greenish-gray, calcitic sandstone. The lower unit rests
upon fine-grained, orange-brown sandstone of the Rush Springs
Formation, and the upper unit is overlain by red-brown shale of the
Kiger Member.
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Description in Woods County—In the Cleveland Hills, in
NWY SWi4 sec. 30, T. 28 N., R. 16 W., the Moccasin Creek is a
4-foot, orange-brown, calcitic sandstone, eroded into a prominent
ledge, with shale and some sandstone above and massive, orange-
brown sandstone below (measured section 10). In the Coy area,
in SE% sec. 6, T. 28 N., R. 19 W., the Moccasin Creck is 4 feet thick
and consists of a 0.5-foot, pink and white dolomite at top, with a
2.5-foot, red-brown shale below and a 1-foot, pink and white dolo-
mite at the base, resting upon red-brown siltstone of the Rush
Springs. The upper dolomite is overlain by red-brown shale of the
Kiger Member (measured section 8).

The description of the Moccasin Creek in Kansas, Oklahoma,
and the Texas Panhandle is given under discussion of the Rush
Springs Formation. Essentially it is a greenish-gray, calcitic sand-
stone in Kansas; a single or double dolomite zone with associated
greenish-gray sandstone in Woods, Harper, Woodward, and parts
of Dewey Counties; a single or double gypsum in Caddo, Washita,
Custer, Dewey, Beckham, Roger Mills, and Ellis Counties, where
dolomites are gradational into the gypsums; a triple gypsum se-
quence 14 to 21 feet thick in the Texas Panhandle; and a quadruple
gypsum sequence in Beaver County, where it is almost 24 feet thick.
It is recognized in subsurface cores and samples by the change from
shale above to sandstone below, with associated gypsum and/or
dolomite at the boundary.

KIGER MEMBER
Name—~The name Kiger division, for Kiger Creck, Clark
County, Kansas, was first used by Cragin (1896, p. 39) for the beds
above the Blaine Formation (Cave Creek). It is here restricted to
the shale member between the top of the Moccasin Creek Bed and
the base of the Day Creek Dolomite, as redefined by O’Connor
(1963, p. 1877), but here placed in the Cloud Chief Formation.
Type section—A type section for the Kiger Member has not
been proposed, so the section at the headwaters of Moccasin Creek,
in SE%4 SE% sec. 8, T. 28 N, R. 18 W., Woods County, is here
selected as the type section. There the Kiger is 31 feet thick and con-
sists of red-brown shale, with interbedded, greenish-gray siltstones
and sandstones in the upper half, overlain by the Day Creck Dolo-
mite (fig. 31) (measured section 11).
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-~ Description in Woods County~In the Cleveland Hills, in
NW4 SW4 sec. 30, T. 28 N, R. 16 W, the Kiger is 32 feet thick
and is red-brown shale, with a 10-foot, orange-brown sandstone at
the top, beneath a slumped, 1-foot bed of Day Creek Dolomite
(measured section 10). In the Coy area, in SE%4 sec. 6, T. 28 N, R.
19 W., the Kiger is 26 feet thick and is red-brown shale, with some
greenish-gray sandstones and siltstones in the upper part (measured
section 8).

Description in Clark County, Kansas—The Kiger is well ex-
posed in NW¥4 sec. 2, T. 32 S, R. 22 W., in the Mt. Jesus area,
where it is 24 feet thick and consists of red-brown shale, with a
3-foot, greenish-gray siltstone at the top and a 4-foot, orange-brown
sandstone about 7 feet below the top. Kiger Creek is in western
Clark County, and the section from the Day Creek Dolomite into
the upper 50 feet of the Rush Springs is exposed in SW% sec. 3,
T. 33 8., R. 24 W. Swineford (1955, p. 82-83) gave a detailed meas-
ured section in NE% sec. 27, T. 31 S, R. 22 W., where the Kiger
is about 35 feet thick, consisting of red-brown clay shale and some
interbedded, red-brown siltstones, with a 3-foot, white sandstone
at top. The Moccasin Creek is a 1.2-foot, greenish-gray siltstone
(bed 7).

Description in Oklahoma—In Woods, Harper, Woodward,
and northern Dewey Counties, the Kiger is 25 to 35 feet thick and
consists of red-brown shale, with some greenish-gray siltstones and
sandstones near the top and some orange-brown siltstones near the
middle and top (measured sections 8, 10, 11, 15, 16). From northern
Dewey County to Custer County, in the eastern parts, there is
gradation from shale to orange-brown, fine-grained sandstone, and
in the Weatherford district, the Day Creek is equivalent to the
muddle or upper parts of the thick gypsum at the base of the Cloud
Chief, so the Kiger equivalent would be gypsum. Farther west in
the Clinton district, the gypsum is absent, and the Kiger is about
50 feet thick and consists of orange-brown siltstone and sandstone,
with some shale, with 3 feet of Day Creck Dolomite above and a
double dolomite and shale 9 feet thick below (Moccasin Creek).
Farther west in Custer County, and in Roger Mills, Beckham, and
Ellis Counties, the Day Creek is apparently absent, being repre-
sented in places by a greenish-gray shale and siltstone zone about
40 to 60 feet above the Moccasin Creck Bed. In these areas, the
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Kiger is red-brown shale and orange-brown siltstone, with some
sandstone, and many greenish-gray siltstone layers near the top.
In southwestern Dewey County, at the West Leedey core site, the
Kiger is about 28 feet of orange-brown siltstone and red-brown
shale, beneath a 3-foot bed of gypsum (Day Creek) and above a
14-foot, triple gypsum and shale sequence (Moccasin Creek). This
is about as far southwest in Oklahoma that a bed can be identified
as Day Creek.

In central Beaver County, a 1-foot gypsum, here tentatively
identified as Day Creek, occurs about 30 feet above the top of the
quadruple gypsums of the Moccasin Creek, with the Kiger being
represented by red-brown shale and orange-brown sandstone. It is
possible that this 1-foot gypsum is too high and that the Day Creek
is absent. In the subsurface farther west in Texas and Cimarron
Counties, a gypsum or two can be found at this general stratigraphic
level or 30 feet higher, where more gypsums and dolomites occur,
and these have been identified on logs as Day Creek. Where the
gypsum or dolomite is 70 to 90 feet thick or more and the top is
another 30 to 60 feet higher, the term Alibates Dolomite, or Bed, has
been applied. In the Clear Creek area another gypsum and dolomite
bed about 3 inches thick occurs another 54 feet above the Day Creek,
and this is correlated with the prominent 3-foot gypsum in the Sand
Creek area of southwestern Beaver County, which is about 21 feet
below the base of the Doxey Shale in NEY sec. 6, T. 1 N, R. 20
ECM. The Alibates Dolomite of the central Panhandle of Texas is
in the basal Doxey, and so, by correlation, this stray gypsum in south-
western Beaver County would be 21 feet below the Alibates horizon
and at Jeast 54 feet or more above the Day Creek horizon. Thus
positive identification of Day Creek in Beaver, Texas, and Cimarron
Counties is questionable, and use of the term Kiger is also question-
able, Further details are given under discussion of the Rush Springs
Formation.

DAY CREEK BED

Nagme—The name Day Creek Dolomite was first used by
Cragin (1896, p. 3) for the prominent 2-foot dolomite capping buttes
and hills north of Sitka and Ashland, Kansas. The dolomite was
named for Day Creek, Clark County, Kansas. It overlies the Red
Bluff (Whitehorse) beds of Cragin and Gould, but is here included
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in the Cloud Chief Formation, occurring 25 feet or more above the
top of the Rush Springs Formation. Evans (1931, p. 425) recognized
a 3-inch, dolomitic zone about 3 feet above the massive Day Creek
in parts of Harper, Woods, and Woodward Counties, and sub-
divided the Day Creek into an upper and a lower Day Creek. A
description of this zone is included in the discussion under the Rush
Springs Formation, north-central Harper County, where it is simply
included with the Day Creek Bed as an upper unit. The southern-
most exposure of Day Creek, as a dolomite, in conjunction with
Moccasin Creek and Kiger, similar to the type area, is that in the
high hill south of Seiling, northern Dewey County. From this
region eastward, southward, and westward, the Day Creek 1is
identified by correlation of beds in individual buttes or cores and
may be represented by greenish-gray shale and siltstone or gypsum.
Cragin (1896, p. 45) correlated the Day Creek with a dolomite cap-
ping Centennial Mound (formerly Sentine] Mound) in old Wood-
ward County, naming the bed Centennial Mound dolomite. The
mound is possibly the one in SE% sec. 6, T. 28 N., R. 19 W., Woods
County.

Type section.—No type section for the Day Creek Bed exists,
so the area at the headwaters of Moccasin Creek, in SE¥4 SEY
sec. 8, T. 28 N., R. 18 W., Woods County, is here selected as the
type section, which is also the type for Kiger, Moccasin Creek, Rush
Springs, and Whitehorse. There the Day Creek is about 2 feet thick,
overlain by a 2-foot bed of greenish-gray shale and underlain by 2
feet of greenish-gray siltstone, occurring as a single bed (fig. 32).
The Kiger is 31 feet thick, and the Moccasin Creek is 3 feet thick,
so the Day Creek occurs 34 feet above the base of the Cloud Chief,
with 15 feet of red-brown shale and siltstone of the Big Basin
Member above the Day Creek (measured section 11).

Description in Woods County—In the type section, the Day
Creek is a 2-foot, white to light-gray, compact, thin-bedded, well-
indurated, crinkly bedded dolomite with many black to orange-
brown, limonite concretions and with layers and filled vugs of
chalcedony and opaline quartz, eroding into a prominent escarp-
ment. In the Cleveland Hills it is about 1 foot thick and is slumped
(measured section 11). In the Coy area it is about 2 feet thick,
capping the hills (measured section 8). From Coy to the Cleveland
Hills, the Day Creek is eroded into a prominent, south-facing
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escarpment, occurring at an elevation of 1,980 feet or higher. In
northern Woods County and adjacent parts of Comanche County,
Kansas, in secs. 14-16, T. 29 N, R. 19 W., and secs. 13-15, T. 35 S.,
R. 18 W, small outliers of Day Creek occur.

Description in Clark County, Kansas—In NW sec. 2, T. 32
S., R. 22 W., the Day Creek is a 2foot, light-pink to white, fine-
grained, compact dolomite, well-indurated and crinkly bedded,
eroding into a prominent escarpment, above 24 feet of Kiger shale.
The Day Creek immediately overlies a 3-foot bed of light greenish-
gray siltstone and is overlain by a 1-foot bed of red-brown shale, as
measured in SW4 sec. 14, T. 32 S, R. 23 W., north of Ashland
(measured section 1). A detailed description was given by Swineford
(1955, p. 83-85), who stated that the bed is 2 to 3 feet thick in
Kansas, and that the chert may be original or derived from post-
Permian rocks owing to solution work.

Description in Oklahoma—The detailed description of the Day
Creek is given under discussion of the Rush Springs Formation and
Kiger Member, with respect to stratigraphic position of the bed. In
general, the Day Creek is a dolomite from Seiling, Dewey County,
northward into Clark County, Kansas, and is 1 to 3 feet thick
(measured sections 1, 8, 10, 11, 15, 16). At places in Harper County
it is a double dolomite. In northwestern Blaine County, in isolated
buttes in southeastern Dewey County, and in northeastern Custer
County, it is 2 dolomite occurring about 25 to 40 feet above the
Rush Springs Formation. In the Weatherford district, it is equivalent
to the middle or upper part of the 50- to 70-foot gypsum at the base
of the Cloud Chief. In the Clinton area, it is a 2- to 3-foot bed of
dolomite and occurs about 50 to 60 feet above the Rush Springs
but is represented by a greenish-gray shale and siltstone farther west.
In the Leedey area of southwestern Dewey County, the Day Creek
is a 3-foot gypsum, occurring about 42 feet above the top of the
Rush Springs. In Beckham, Roger Mills, and Ellis Counties, it has
not been identified. In Beaver County, it has not been identified
but is here correlated with a 1-foot gypsum occurring about 54 feet
above the top of the Rush Springs in the Clear Creck area, where
the Moccasin Creek is a 24-foot bed of quadruple gypsums and
shales. Actually the Day Creek should occur lower than this 1-foot
bed. In Texas and Cimarron Counties, in the subsurface, several
gypsums and dolomites occur from 60 to 120 feet or more above the
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top of the Rush Springs, and the lower units may correlate with the
Day Creek, whereas the upper units correlate with the Alibates
Dolomite.

The Alibates Bed is dolomite and gypsum in the subsurface of
central Texas County and all of Cimarron County and is 15 to 35
feet thick to the east and 100 feet thick or more to the west, occur-
ring 150 to 200 feet above the top of the Rush Springs in the east and
50 to 100 feet above the Rush Springs to the west. It is apparent that
lower parts to the west may correlate with the Day Creek, but in
the absence of direct correlation across Beaver County, it is deemed
advisable to use the term Alibates for these subsurface units. In the
type Alibates region of northwestern Potter County, Texas, at the
headwaters of Alibates Creek, the Alibates is a double dolomite,
with 5 feet of orange-brown shale between, totaling about 19 feet
in thickness and occurring about 105 feet or more above the top of
the Rush Springs, in the basal part of the Doxey Shale. The bed is
eroded into a prominent escarpment in Potter, Moore, and Hutch-
inson Counties, Texas, and is easily identified in cores westward
and northward to Oklahoma. For this reason, it is here suggested
that the term Alibates be applied to the 15- to 100-foot dolomite or
gypsum in the subsurface of Texas and Cimarron Counties and be
used to mark the base of the Doxey Shale. The Alibates has not
been identified east of the southwest corner of Roberts County,
Texas, and east of central Texas County, Oklahoma, as shown on
plate III. Thus little opportunity exists for overlap of the Day Creek
and Weatherford Beds with the Alibates, but the Moccasin Creek
Bed occurs in all these areas.

BIG BASIN MEMBER

Name—The name Big Basin Sandstone was first used by
Cragin (1896, p. 46) for the 2- to 12-foot, greenish-gray sandstone
and mudstone conglomerate about 40 feet above the Day Creek
Dolomite. The sandstone was named for the depression of the same
name in Clark County, Kansas. The shales below were termed
Hackberry, but this name is preoccupied, so the name for all of the
beds above the Day Creck were termed Big Basin formation by
Norton (1939, p. 1813), O’Connor (1963, p. 1877), and Jewett
(1964). The name is here changed to Big Basin Member of the
Cloud Chief Formation, with the lower limit placed at the top of
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the Day Creek Dolomite and the upper limit placed at the base of
the Doxey Shale or base of the Alibates Dolomite.

Type section.—No type section has been proposed for the Big
Basin Member, but the West Leedey core site* (SE% sec. 7, T. 16
N., R. 20 W, southwestern Dewey County) is the most suitable,
because the top and base are present there as well as in the area to
west and northwest. This is the tentative type section for the Cloud
Chief Formation, and the details are given under discussion of that
section. The Big Basin is 125 feet thick, with red-brown shale in the
basal 45 feet and orange-brown siltstone and greenish-gray sand-
stones and siltstones, with some orange-brown sandstone, in the
upper 80 feet. The Doxey is a red-brown shale, with tan, dolomitic
siltstones in the lower 40 feet and is easily identified by the color
change from the orange-brown sandstones of the upper Cloud
Chief.

Description in Woods County—In Woods County, along the
headwaters of West Moccasin Creek in SE% sec. 8, T. 28 N., R. 18
W., and adjacent region, the maximum observed thickness of the
Big Basin is 15 feet, being mostly red-brown shale and siltstone, with
much aragonite, with the upper part eroded below the Ogallala
gravels (fig. 32) (measured section 11).

Description in Clark County, Kansas—In SW% sec. 14, T. 32
S., R. 23 W., north of Ashland, the Big Basin is exposed for 52 feet,
with a 1-foot, red-brown shale at the base, surmounted by 3 fect of
greenish-gray shale, 36 feet of red-brown shale, and 2 feet of green-
ish-gray to red-brown sandstone and calcitic siltstone and mudstone
conglomerate (original true Big Basin), overlain by 10 feet of red-
brown shale, truncated by Cretaceous beds (measured section 1).

Description in Woodward County—In C sec. 17, T. 24 N,, R.
18 W., the Big Basin is exposed for 50 feet. The basal 1.75 feet is a
greenish-gray shale, surmounted by 3.5 feet of red-brown shale, with
a 3-inch, maroon to greenish-gray dolomite on the shale, not
included in the Day Creek. This is overlain by 34 feet of red-brown
shale, with three greenish-gray sandstones 1 to 4 feet thick in the
upper part. A 3-inch, light greenish-gray dolomite overlies the 34-
foot unit, with 5 feet of red-brown shale above, then 1.5 feet of

* U. S. Army Corps of Engineers core on deposit at the University of Oklahoma,
School of Geology, Core Library.
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orange-brown sandstone, capped by 1.5 feet of light greenish-gray
to light-gray dolomite (measured section 15).

Description in Beaver County—The Big Basin is about 80 feet
thick in the Clear Creek region of central Beaver County, if corre-
lation of the Day Creek equivalent is correct. It is mostly red-brown
shale, with some interbedded, orange-brown sandstones near the
middle and at the top and a prominent gypsum about 25 feet below
the top. This upper gypsum is about 3 feet thick in southwestern
Beaver County, in the Sand Creek area, and is about 21 feet below
the Doxey Shale. The beds above the gypsum are mostly orange-
brown shale, siltstone, and sandstone, and the 44 feet of beds below
are red-brown shale and some orange-brown siltstone, with a 3-
inch, pink to greenish-gray dolomite near the base (SW¥4 sec. 19,
T.2 N, R. 20 ECM.). This lower dolomite may be the Day Creek,
but a core taken nearby indicates that this zone is at least 90 feet
above the top of the Rush Springs or 60 feet above the top of the
Moccasin Creek gypsums, and the Day Creek should occur only
about 30 feet above the top of the Moccasin Creek. The Doxey is
about 44 feet of red-brown shale and tan siltstone, overlain by 10
feet or more of pink conglomerate and sandstone of the Triassic
Santa Rosa Conglomerate (Dockum Group).

Description in Custer County.—In the Clinton area, northwest
of the town in the Red Hills region, the Cloud Chief is 175 feet
thick, the lower 52 feet mostly red-brown shale and siltstone, and
the Day Creek a 2-foot, greenish-gray and orange-brown sandstone.
The upper 121 feet, classed as Big Basin, consists of orange-brown,
fine-grained shales, sandstones, and siltstones, with a 25-foot ledge
of sandstone near the base, a 7-foot ledge about 10 feet above, and a
5-foot, greenish-gray siltstone ledge about 10 feet below the top,
with satin spar below. The base of the Doxey is a 2-foot, greenish-
gray, calcitic, ripple-marked siltstone, overlain by 23 feet of red-
brown shale and capped by 11 feet of red-brown siltstone, eroding
into badlands country. In the East Clinton core (C sec. 9, T. 12 N.,
R. 16 W.), a prominent 13-foot sandstone occurs about 70 feet above
the Day Creek, capping the hills, and this bed was mapped as Doxey
on the geologic map of Oklahoma (Miser, 1954) but belongs in
the middle of the Big Basin Member of the Cloud Chief Forma-
tion. The greenish-gray, calcitic siltstone in the base of the Doxey
correlates with the Alibates Dolomite of Texas, so the Day Creek
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would be about 121 feet below the Alibates horizon in this area.
For detailed description in other areas, please refer to the section
on the Rush Springs Formation.

CRETACEOUS SYSTEM
COMANCHEAN SERIES
Kiowa Shale Formation

Name.—The name Kiowa Shale was first proposed by Cragin
(1894, p. 49) for a fossiliferous shale sequence above the Cheyenne
Sandstone, with the top eroded, in Kiowa County, Kansas. In 189
(p. 361, 368) he gave the name Champion shell bed to a gypsiferous
1.5-foot bed at the base. South of Kiowa County, the Cheyenne
pinches out, and the Champion Bed is missing, so the Kiowa rests
directly upon redbeds, mostly above the Day Creek Dolomite.

Type section—No type section has been proposed, but one of
the more complete sections is that in the northwest side of Avilla
Hill, in southern Comanche County, Kansas (measured section 2).
There the Kiowa is 140 feet thick, resting upon the Rush Springs
Formation, with Ogallala gravels above. Avilla Hill is a high area
extending across the Oklahoma-Kansas border in secs. 18, 19, T. 29
N., R. 19 W, and secs. 13, 24, T. 29 N,, R. 20 W., north of the Coy
schoolhouse.

Description in Comanche County, Kansas—In SW¥% sec. 36,
T. 34 S., R. 19 W,, on the northwest side of Avilla Hill, the Kiowa
is subdivided into six zones or units, used as marker beds (measured
section 2). The basal 5 feet is a greenish-gray to yellow-brown silt-
stone and shale, with some interbedded white sandstone at top,
surmounted by 6 feet of dark-gray, fossiliferous shale with white,
selenite crystals. This is surmounted by 0.6 foot of white sandstone,
which at other places is 5 or more feet thick and contains fossils.
This is mapped as Unit Kk; on the Woods County map. This is
overlain by 29 feet of dark-gray shale with selenite crystals, capped
by a 0.8-foot tan limestone, containing Cyprimeria, Gryphaea, and
Turritella, termed the Cyprimeria zone, and mapped as Unit Kk,
in Woods County. The Cyprimeria zone is overlain by a 7.8-foot,
dark-gray shale, with a 0.8-foot, tan limestone and sandstone above,
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containing purple-tinted Gryphaca corrugata, the basis for the name
Gryphaca corrugata zone. This unit is overlain by 21 feet of dark-
gray shale, with a 1-foot, gray sandstone 8 feet above the base,
gradational at top into yellow-brown shale and sandstone. The next
23 feet is yellow-brown shale, with a 0.2-foot, tan limestone at top
containing many ammonites and named the Oxy#ropidoceras zone.
Above this zone is 3 feet of yellow-brown shale, with a 0.2-foot,
yellow-brown, coquinoid limestone, termed Gryphaea  zone
(lower), overlain by 37 feet of yellow-brown and some dark-gray
shale, with some yellow-brown limestones and sandstones. Above
this is a 0.5-foot, yellow-brown limestore, named Gryphaea zone
(upper), surmounted by 3 feet of yellow-brown shale at the top,
covered by Ogallala gravels.

In NEY4 SEY% sec. 14, T. 35 S., R. 18 W., the lower 45 feet of
the Kiowa is exposed, the top of the section being above the Kk,
and Gryphaea corrugata zone, and the base resting upon beds just
above the Day Creek Dolomite (fig. 33). This is typical of the

s

Figure 33. Kiowa Shale; view toward the east, in NEY SEY sec. 14, T. 35 S., R.
18 W., Comanche County, Kansas, about 14 mile north of NW%4 NE%4 NW14 sec.
15, T. 20 N, R. 19 W., Woods County, Oklahoma. A 1-foot, tan sandstone (Kk;)
about 5 feet above the base is shown in the foreground, with about 30 feet of dark-
gray to black shale (bl) above. At the top of the black shale is the 1-foot zone of
thinly laminated, tan limestone, containing Cyprimeria (Kk.). The upper part of the
section is interbedded gray and yellow-brown shales (br) with Gryphaea and other
Cretaceous fossils.
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section in Woods County, where the lower 45 feet is preserved, and
is typical of the outliers in Harper, Woodward, Dewey, Roger Mills,
Custer, and Washita Counties, where dark-gray shale and limestone
containing Gryphaea corrugata are common. The Kk, sandstone
is not the Cheyenne Sandstone because the Cheyenne pinches out
before reaching Oklahoma and the Cheyenne contains plant fossils,
whereas the Kk, sandstone contains marine fossils.

Description in Woods County—The Kk, sandstone is exposed
on the east and west sides of Avilla Hill, is 5 feet or more thick,
and contains marine fossils in SE%4 sec. 18, T. 35 S, R. 18 W, just
a few yards north of the county in Kansas. The Kk, and Gryphaea
corrugata zones are exposed on the west side of Avilla Hill, extend-
ing around the southern end, but were truncated by erosion before
the Ogallala gravels were deposited on the eastern side. Approxi-
mately 15 feet or more of dark-gray shale is exposed above the Kk,
zone on the west side, up to the base of the Ogallala. The Kiowa
rests upon upper Rush Springs, Moccasin Creek, or Day Creek in
the vicinity of Avilla Hill.

TERTIARY SYSTEM

PLIOCENE SERIES
Ogallala Formation

Name—The name Ogallala Formation was proposed by Dar-
ton (1899, p. 734) for 150 to 300 feet of gravels, sands, clays, and
limestones of late Tertiary age, east of the Rocky Mountains,
extending from Wyoming to Texas and from central Nebraska
to western Oklahoma. The formation was named for Ogallala
station, western Nebraska. Lugn (1939, p. 1260-1263) subdivided
the Ogallala Group into four formations (ascending): Valentine,
Ash Hollow, Sidney, and Kimball. The Sidney is regarded as a
basal gravel lentil of the Kimball in Kansas, according to Moore
and others (1951, p. 20), and the Ogallala is recognized as of
formational rank.

Type section.—The type section for the Ogallala is that expo-
sure about 2 miles east of Ogallala, Nebraska, at the Feldt ranch
in SEY4 sec. 33, T. 14 N, R. 38 W, as proposed by Elias (1931) and
Hesse (1935).



OGALLALA FORMATION 85

Figure 34. Ogallala Formation; view toward the north, in SEY, NWi4 sec. 16, T.

28 N., R. 17 W. The section is composed of about 30 feet of tan sand and gravel,

with 5 or more feet of mortar beds near the base, resting upon the reddish-brown
sandstone of the Rush Springs Formation (r).

Figure 35. Volcanic ash and caliche of the Ogallala Formation; view toward the
east, in NE¥% SW24 sec. 28, T. 29 N,, R. 18 W. The ash is interbedded with gray
clay above and tan sand below.
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Description in Woods County.—The Ogallala caps the high
ridge in northwestern Woods County, extending from Avilla Hill
in the northwest to the Cleveland Hills to the east, the base of which
1s generally above the Day Creek Dolomite at an elevation of 1,980
to 2,000 feet or higher, and the eroded top is about 2,116 feet high
at the top of Avilla Hill. There the top of the Cretaceous is at an
elevation of about 2,030 feet, so the maximum thickness would be
86 feet for the Ogallala, but close by the base is at 1,980 feet above
sea level, and a thickness of 150 feet is indicated. The average thick-
ness in this area is therefore probably close to 100 feet. The basal 10
or more feet is composed of black pebbles, fossil oyster shells
(reworked), and pebbles and larger pieces of quartzite from the
Rocky Mountains, in many places cemented into mortar beds
(tig. 34). This basal part is surmounted by tan to gray shales, sands,
and silts, with some interbedded gravel, and tan to white caliche
beds that appear to be formed from altered volcanic ash (fig. 35).
Fossil bones and teeth are common in places in the gravels, and
some fossil plants were found in NE% NE% sec. 18, T. 29 N., R.
18 W, in a basal limestone. The above description fits that of the
Ash Hollow Member and tentatively these beds will be considered
as Ash Hollow. The exposures in the Cleveland Hills are the east-
ernmost recognized beds of the Ogallala Formation in Oklahoma,
none baving been recognized east of sec. 32, T. 28 N., R. 16 W.

QUATERNARY SYSTEM
PLEISTOCENE SERIES

Three separate areas of Pleistocene deposits exist in Woods
County, each having a separate origin from the others, and each
occurring in a separate geomorphologic province, all below the base
of the Ogallala Formation. These areas are termed the Cimarron,
Salt Fork, and Arkansas River areas, each mapped separately on the
geologic map (pl. I). The high ridge extending from Avilla Hill
(elevation 2,116 feet) southeastward to the Cleveland Hills (ele-
vation 2,010 feet), to Whitchorse Mounds (elevation 1,870 feet),
to the area east of Waynoka capped by the Blaine Formation
(elevation 1,730 feet) forms a barrier between the Cimarron River
deposits to the southwest and south and the ancient Salt Fork
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deposits to the northeast and north. In the Alva area, the upper
sandstones of the Cedar Hills are resistant and form a ridge east-
ward and northwestward from Alva, capped by the ancient Salt
Fork Pleistocene deposits. East and north of this ridge is a veneer
of clays and silts, about 100 feet lower, that belong to another ancient
river system, here interpreted to be the ancient Arkansas River
which flowed from the Dodge City, Kansas, area to the Great Salt
Plains of Alfaifa County. The Medicine Lodge River now follows
this old valley, and the clays and silts in Woods County are con-
sidered to be part of the old flood-plain deposits of this river. The
present Salt Fork is late Pleistocene in origin, and the deposits in
the valley that breaches the Alva ridge are Illinoian and younger.
Extensive stream piracy must have taken place in late Kansan time
to account for the distribution of these deposits and to account for
the bends in the Salt Fork and the Arkansas River in the Alva and
Dodge City areas. The Great Salt Plains may be an underfit lake,
formed on the flood plain of an underfit stream, cut off by stream
piracy. Various Pleistocene and Recent deposits are shown in figures
36-40.

Cimarron River Deposz'zs

The Cimarron River deposits consist of 100 feet or more of
gravels, sands, silts, and clays in three or more terrace levels on the
northeast side of the river, and a veneer of clay and silt on the
southwest side. These have been discussed in the Blaine County
area by Fay (1962, p. 96-99), where it may be shown that all parts
of the Pleistocene are represented and that the Pearlette ash occurs
in the higher gravel deposits but not in the highest.

The oldest deposits are those at the higher elevations to the
northeast, with successively younger deposits to the southwest. The
gravels in these areas represent former positions of the stream chan-
nel, and, with the absence of gravels on the southwest’ side of the
river, they indicate a progressive lateral shift of the stream channel
toward the southwest down the dip of the bedrock throughout the
Pleistocene. The flood-plain deposits are on the southwest side of
the river, in corresponding terraces of the successive Pleistocene
epochs. The sand is much thicker on the northeast side owing to
southwesterly winds blowing dust and sand from the river flood
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plain, and in places active dunes are formed (fig. 39). The present
flood plain is about a mile wide, with a gradient of about 6 feet
per mile, entering at an elevation of about 1,700 feet and leaving
Woods County about 1,250 feet above sea level. The sand and gravel
deposits, 30 to 50 feet thick, below the plain show that the present-
day river has been building up its flood plain since early Wisconsin-
an time. In the Edith area, the river has cut through a 57-foot bed
of rock salt in the Flowerpot Shale. Solution of this salt and its
subsequent precipitation through evaporation of the water have
created the Big Salt Plain (fig. 40). Farther north the Little Salt
Plain is formed in a similar manner, probably from salt a little
higher in the section.

Salt Fork Deposits

In eastern Woods County, east and north of the Blaine escarp-
ment, a veneer of gravel, sand, silt, and clay occurs south and west
of the Salt Fork, and a thick deposit of gravel and sand occurs
north and east of the river, 50 to 100 feet or higher above the river
(fig. 36). The deposit does not follow the present Salt Fork but

Figure 36. Pleistocene sand and gravel of Salt Fork system, view toward the east
in gravel pit, in SWY4 SE% sec. 35, T. 28 N, R. 14 W, The deposits are tan to gray
and contain some fossil bones and black pebbles.
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extends southward from Alva and then gradually southeastward
toward Aline, southwestern Alfalfa County, following in a direction
parallel to Eagle Chief Creck. This is termed the ancient Salt Fork
region, In NE% SW% sec. 32, T. 29 N, R. 15 W, is 11 feet of
Pearlette ash on the Flowerpot Shale, interbedded with yellow-
brown silt and gravel (figs. 37-38). This may be used as a marker
to date the deposits as at least late Kansan in age; thus higher
gravels would probably be Nebraskan. The thicker deposits are
farther east, east of the present-day river, probably because the
ancient channel was in this position and the sand was blown in
that direction.

In the Aline-Cleo Springs area of southwestern Alfalfa and
northern Major Counties, where Eagle Chief Creek empties into
the Cimarron River, the Blaine-Flowerpot escarpment gradually
is lower in elevation, and the ancient Salt Fork deposits connect
with the higher Cimarron River deposits. Here the valley of Eagle
Chief Creek is several miles wide, with gravel and sand as much
as 50 feet thick or more extending for 5 miles or more on either
side. Obviously, the Nebraskan-late Kansan Salt Fork was a trib-
utary to the Cimarron River, flowing southward into the Cimarron

Figure 37. Pearlette ash on Flowerpot Shale; view toward the southeast, in NE%4
SW4 sec. 32, T. 29 N., R. 15 W. The bed is about 11 feet thick, interbedded with
vellow-brown silt and gravel, with 2 feet of gray clay above.
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Figure 38. Pearlette ash on Flowerpot Shale; closeup view in NE14 SWi4 sec. 32,
T. 20 N., R, 15 W. In previous publications this is the “Alva” locality erroneously
reported to be southeast of Alva in one publication.

P R e
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Figure 39. Sand dunes in Little Sahara State Recreation Area, about 3 miles south
of Waynoka on west side of U. S. Highway 281, in SW14 SE sec. 23, T. 24 N., R.
16 W. The original sand is probably older Pleistocene river sand of the Cimarron
River system, whereas the dunes were probably formed much later by the prevailing
southwesterly winds.
(Photograph courtesy of Oklahoma Planning and Resources Board)
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Figure 40. Big Salt Plain of Cimarron River; view toward the south, in S sec.
21 and in sec. 28, T. 27 N, R. 19 W. The prominent escarpment is formed by
Medicine Lodge Gypsum above 85 feet of Flowerpot Shale. A 57-foot bed of rock
salt is reported to be present just below the river bottom, in the Flowerpot Shale.

near Aline. Then, probably in late Kansan time, after the Pearlette
ash was deposited, a small westward-heading strecam in the Alva
region pirated the ancient Salt Fork, becoming the present-day
stream. The Salt Fork then shifted its course eastward, leaving the
ancient channel high and almost dry, to become the present Eagle
Chief Creek, which is an underfit stream.

The immediate sharp terrace levels along the Salt Fork would
then be post-Kansan in age, or Illinoian-Wisconsinan, and the breach
in the Cedar Hills ridge east of Alva would be explained by piracy
from an eastern stream working headward to capture the ancient
Salt Fork. The present river has a gradient of about 8 feet per mile,
entering Woods County at an elevation of about 1,500 feet and
leaving at about 1,250 feet.

Arkansas River Deposits

In northeastern Woods County, along Driftwood Creeck and its
tributaries, is a veneer of silt, sand, and clay, the top of which is



92 ARKANSAS RIVER DEPOSITS

50 to 100 feet or more below the base of the Salt Fork deposits to
the west and south. This area is the western part of a large plain
that extends eastward for 40 miles or more and is a remnant of
deposits of an old river system. In Noble County, north of Perry,
are high-level quartzite gravels termed Black Bear gravels locally
and probably derived from the Rocky Mountains. These seem to
connect with the deposits farther northwest in the Great Salt Plains
area of Alfalfa County and extend northward into Kansas, follow-
ing the Medicine Lodge River, striking toward Dodge City, Kansas.
The entire system of gravels, sands, silts, and clays at various levels,
extending from the Ponca City-Black Bear Creek area, Oklahoma,
to the Dodge City region, Kansas, is here termed the ancient Ar-
kansas River system. The Salt Fork ecast of Alva and the Medicine
Lodge River follow this ancient stream, and are here considered
underfit streams, filling in the valley of the old Arkansas River.

The point of convergence of the Medicine Lodge River with
the Salt Fork is in central Alfalfa County, where the Great Salt
Plains were formed. It seems that this lake became a dried-up rem-
nant or underfit lake when stream piracy near Dodge City, Kansas,
took place and the Arkansas River shifted its channel northeast-
ward, giving rise to the great bend of the Arkansas. Norton (1939,
p- 1798), Latta (1948, p. 105), and Frye and Leonard (1952, p. 192,
194, 199) gave evidence for an ancestral Arkansas River and farther
west an ancestral Salt Fork connecting with those previously post-
ulated for Oklahoma.

Probably a small tributary to the ancestral Arkansas worked its
way westward from the Great Salt Plains area toward the Alva
region and pirated the ancestral Salt Fork in late Kansan time.
Then shortly afterwards, the ancestral Arkansas was probably pirated
near Dodge City, Kansas, by a southwestward-flowing stream, giv-
ing rise to the great bend in the Arkansas. Thus the Great Salt Plains
region was an area of convergence of two large river systems in
late Kansan time, and the alluvial outwash from both rivers prob-
ably formed a natural dam in this area. The salt was probably dis-
solved from the Flowerpot Shale and Cedar Hills Sandstone and
carried by streams to the region of the Great Salt Plains. Here the
salt was precipitated owing to evaporation of the stagnant water
trapped in the underfit lake after stream piracy of the headwaters.
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The natural resources of Woods County are little used at pres-
ent, and only a short summary of the economic geology is pre-
sented. Gypsum, salt, dolomite, shale, sandstone, sand and gravel,
volcanic ash, and ground water are the basic items of importance
that occur in the county.

The gypsum deposits are restricted to the Blaine Formation in
the northwestern part of the county, where mainly the lower 25-
to 30-foot member is present (Medicine Lodge Gypsum). In a few
areas, such as the headwaters of Yellowstone, Greenwood, and
West Moccasin Creeks, the Nescatunga and Shimer Gypsums are
present, cach about 10 to 15 feet thick, separated by about 7 to 10
feet of shale. The upper units are leached or eroded in most other
places, and in isolated areas, such as those east of Waynoka, only
dolomites can be found in the Blaine. The extent of anhydrite
beneath the surface with respect to amount of overburden is un-
known, so the estimated reserves of gypsum may include some
anhydrite. The estimates are based upon outcrop information where
the natural overburden is less than 30 feet, and gypsum is 140
pounds per cubic foot or 3,000 tons per acre-foot. The total amount
of estimated reserves is about 2.3 billion tons, with the best areas
for surface mining in T. 27 N, Rs. 17, 18 W.; T. 28 N,, Rs. 16, 17
W.;and T. 29 N, R. 17 W. The gypsum is of high purity, com-
parable to that mined by the U. S. Gypsum Company at Southard,
Blaine County.

Salt deposits occur along the flood plain of the Cimarron River
from Edith to the Kansas border, in two areas, designated as the
Little Salt Plain (E% of T.29 N, R.21 W, and T. 28 N, R. 21 W,
sec. 1) and Big Salt Plain (SY% of T. 27 N,, R. 19 W.). The Little
Salt Plain covers about 2,000 acres and the Big Salt Plain covers
about 4,100 acres, including 4 miles of Buffalo Creek. Ezra Black-
mon has a small operation in sec. 20 and part of sec. 29, about 3
miles west of Edith. The salt is produced by evaporation of the brine
water, and some of the salt contains sand. The source of the salt
appears to be a 57-foot bed of rock salt (halite, NaCl) that occurs
65 to 122 feet beneath the flood plain, and other stray salt layers
in shale that occur 30 to 138 feet below the surface of the flood plain,
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TaBLE 1.—ESTIMATED RESERVES OF G YPSUM IN BLAINE FORMATION OF
‘Woobs COUNTY

Workable Workable Reserves
Thickness Overburden  Area (1,000 Total Gypsum

Member T. R. (feet) (feet) (acres) short tons) (1,000 tons)

Shimer Gypsum
26N-1TW 8 20 50 1,200
2TN-16W 8 20 650 15,600
27TN-1TW 10 20 780 23,400
27TN-18W 10 30 420 12,600
2TN-19W 10 30 70 2,100
28N-16W 10 20 680 20,400
28N-1TW 10 20 800 24,000
28N-18W 10 30 400 12,000
28N-19W 10 30 600 18,000
28N-20W 10 30 460 13,800
29N-1TW 10 30 730 21,900
29N-20W 10 20 120 3,600

168,600
Nescatunga,
Gypsum

26N-15W 10 15 60 1,800
26N-16W 10 15 260 7,800
26N-1TW 10 20 140 4,200
27TN-16W 10 15 1,600 48,000
27TN-1TW 10 20 1,840 55,200
27N-18W 10 20 1,580 47,400
27N-19W 10 30 150 4,500
28N-15W 10 10 10 300
28N-16 W 10 30 1,950 58,500
28N-1TW 10 25 1,090 32,700
28N-18W 10 25 200 6,000
28N-19W 10 30 1,000 30,000

according to Ward (1961b, p. 275). The old river channel is about
half a mile north of the present channel, and the shallowest portion
of the salt occurs on the north edge of this old channel. Small springs
seep upward from ground water flowing into the river at depth,
and the shallow salt is dissolved, giving rise to salt springs. The top
of the 57-foot bed occurs about 150 feet below the base of the Blaine
Formation, in the Flowerpot Shale, and the highest salt occurs
about 115 feet below the base of the Blaine. The 57-foot bed is 20
percent shale and 80 percent halite, or about the equivalent of a
45-foot bed of pure rock salt. According to Ward (196la, p. 84)
the approximate flow of water in the Little Salt Plain is 0.2 cubic
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Workable Workable Reserves
Thickness Overburden  Area (1,000 Total Gypsum
Member T. R. (feet) = (feet) (acres) short tons) (1.000 tons)

28N-20W 10 25 960 28,800
20N-16W 10 20 580 17,400
29N-17TW 10 30 1,630 48,900
29N-20W 10 25 180 5,400

396,900

Medicine Lodge
Gypsum
25N-156W

(sec. 25) 10 20 10 300
25N-16W 10 20 150 4,500
26N-15W 10 20 150 4,600
26N-16W 10 20 1,360 40,800
26N-17TW 20 20 710 42 600
2TN-15W 20 20 180 10,800
2TN-16W 20 30 4,000 240,000
2TN-1TW 25 30 3,800 285,000
2TN-18W 25 30 2,100 157,500
27N-19W 2b 30 760 57,000
2TN-20W 25 15 10 750
28N-15W 25 15 130 9,750
28N-16W 25 40 4,200 315,000
28N-1TW 25 40 1,350 101,250
28N-19W 25 40 1,200 90,000
28N-20W 25 40 1,900 142,500
29N-16W 25 35 1,300 32,500
29N-1TW 25 40 2,340 175,500
29N-20W 25 30 280 21,000

1,731,250

Grand Total 2,296,750

feet per second, and 150 tons of salt per day is added in this area.
The Big Salt Plain receives water at the rate of 3.4 cubic feet per
second, and about 2,500 tons of salt per day is deposited or dis-
solved and carried away. The alluvium is about 10 feet thick beneath
the Big Salt Plain and Buffalo Creek but is 50 to 60 feet thick in the
channel to the north, and the top of the highest salt is about 30 feet
above the base of the channel. Based upon a value of 135 pounds
per cubic foot for rock salt, or 1.88 million short tons per square
mile-foot, a 50-foot bed over a 12-square-mile area of the Big Salt
Plain could supply at least 1,128,000,000 tons of salt. Jordan and
Vosburg (1963, pl. III) gave an average thickness of 200 feet of
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rock salt in this area in the Flowerpot Shale, so assuming a 20-
percent shale content, the total supply in the 12-square-mile area
would be about 4 billion tons. The Pleistocene terraces above the
Blaine escarpment are an excellent source of water, which would
flow toward the Cimarron River underground, dissolving the salt
in the Flowerpot, and then return to the surface under pressure,
appearing as a salt brine. The total reserves of salt in the Flowerpot
in Woods County from T. 27 N. to T. 29 N,, and R. 19 W.to R. 21
W., based upon a thickness of 200 feet, would be about 88 billion
tons over a 235-square-mile area. Appreciable amounts of Flowerpot
salt are not reported much farther east or south in Woods County,
but it is possible that much of the salt was dissolved in the past
from the outcrop. At the rate of 1 million tons of salt per year, the
time at which the supply will be dissolved away from the Cimarron
River area will be at least 4,000 years if just the 12-square-mile area
around the Big Salt Plain is considered as the only supply. If the
thicker sections farther west are considered, it will probably be
several hundred thousand years before the supply will be dissolved
by the Cimarron and its tributaries.

The Day Creck Dolomite was extensively quarried in secs. 2,
3,4, T.28 N., R. 19 W., and secs. 34,35, T. 29 N, R. 19 W., in the
1930’s and used in construction of the Fort Supply dam in Wood-
ward County. The dolomite is about 2 feet thick and has less than
5 feet of overburden, being used locally for foundations or retaining
walls. The Altona Dolomite of the Blaine Formation is about 1 foot
thick and has been used locally for foundations. The cement used
to hold the blocks together in places is the old gypsum cement, pre-
pared by breaking pieces of gypsum into a powder and throwing the
powder into a trench of burning logs, and then mixing the slaked
gypsum with water after cooling. One such foundation still stands
just west of Tegarden, on the north side of U. S. Highway 64, and
another is on the west side of the Cleveland Hills.

Snider (1911, p. 264) reported that 10,000 bricks per day were
made in Alva by Z. W. Cox, but this industry was discontinued
shortly thereafter. The lower part of the Flowerpot Shale was
quarried. A gypsum plant was also located in Alva in 1913, and the
quarry was in the Medicine Lodge Gypsum of Woodward County,
i sec. 10, T. 23 N., R. 17 W. An 11-foot bed of volcanic ash
(Pearlette) occurs over about 20 acres in SEY sec. 32, T. 29 N, R.
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15 W., locally termed the “Alva” deposits. The ash can be used as a
fine abrasive but has not been exploited. The Doe Creek Sandstone
of the Whitehorse Springs-Cleveland Hills area could be used for
rock wool, but the deposits are small. Sand and gravel have been
and are being used locally for road metal and concrete. One large
active pit is northeast of Alva in SE% sec. 1, T. 27 N, R. 14 W,,
and another is in SE% sec. 35, T. 28 N., R. 14 W. Abandoned pits
may be found in the Ogallala and Pleistocene areas, and smaller
active and abandoned pits may be scattered at random.

Ground-water studies have not been made in this area, but the
Cimarron Pleistocene gravels and sands are about 100 feet thick
and furnish an ample supply of good-quality water for Waynoka
and Alva. Fairvalley Springs originate in the Cimarron terrace
gravels, and Whitehorse Springs originate in the Doe Creek Sand-
stone. Most of the larger streams have water flowing all year, the
source being ground water from the Ogallala and Pleistocene de-
posits. The water is good quality and has been used locally for
drinking, for irrigation, and for cattle.

Of local interest are the sand dunes south of Waynoka, where
Little Sahara State Recreation Area is located. Here the Pleistocene
sand is blown by the wind from the southwest, and where blowouts
occur, the vegetation is stripped away. The loose sand then drifts
into dunes 30 to 50 feet high, creating a desert effect (frontispiece,
fig. 39). Dromedary camels and other animals are presently kept in
the park area and some recreational facilities are available.
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APPENDIX

MEASURED SECTIONS

The following sixteen measured sections are in part represented
on plate IV, as composite sections numbered I through VI. Many of
the mineralogic details that were omitted in Bulletin 98 (Fay, 1964)
are here included in the Marlow, Dog Creek, Blaine, and upper
Flowerpot portions. The extreme details were needed in this study
because it was possible to subdivide the Cedar Hills Member and
Flowerpot Shale into about six mappable zones each, and these are
expressed on the geologic map (pl.-I)- and clarified in the measured
sections. Also, the type sections for the Hennessey, Bison, Cedar Hills,
Flowerpot, members of the Blaine, Dog Creek, Doe Creek, White-
horse, Rush Springs, Moceasin Creek, Kiger Member, and Day Creek
units are included in these measured sections, making it necessary to
have basic data in extreme detail.

SECTION 1.
AsHLAND-PrROTECTION, CLARK AND ComancHE CouNTies, KANSAS

Beginning at top in Big Basin Member of Cloud Chief Formation
to Day Creek Dolomite, section measured in SWii and near C sec.
14,T. 32 8., R. 23 W., about 4.3 miles north and 0.5 mile west of the
west edge of Ashland, Clark County, Kansas. Section then exirapo-
lated to Mt. Jesus area, in NWij sec. 2, T. 32 8., R. 22 W, east of
road, for Day Creek Dolomite and wunderlying Kiger Member of
Cloud Chief Formation. The underlying Rush Springs Formation
to upper Marlow was measured in the high bluffs in SEYy sec. 17, T.
328,R. 21 W., to NWlj sec. 23, T. 32 8., R. 21 W., along a branch
of Bluff Creek, and is the type area for the Red Bluff Beds. The
Marlow Formation, from the Emanuel and Relay Creek Beds to the
Dog Creelk Shale, was measured in SWl4 sec. 34, T. 34 S, R. 19 W,
and near ¢ sec. 3, T. 35 8., B. 19 W., Comanche County, Kansas.

Thickness
(feet)
CUSTERIAN SERIES -
CLOUD CHIEF FORMATION (top not exposed; thickness 81 feet)
Big Basin Member: (top not exposed; thicioness 52 feet)
Shale, red-brown, silty, blocky, weakly indurated, with some 2- to
3-inch indurated siltstone beds and 1-inch calcite veins ......... 10.0+
Mudstone conglomerate and sandstone, greenish-gray, mottled red-
brown, thin-bedded, well-indurated, brecciated, calcareous;
gradational into siltstone and dolomite; eroding into an escarp-
IEETIE  corceecocieeceeieieeeresns s nnsereeseeeeeeaass s srrresarsaenasessns s e naassnnsassenes e nnnnsnnt e smsesessnen 2
Shale, red-brown, silty, blocky, weakly indurated; mottled with
0.5- to l-inch greenish-gray SDPOLS i e 36
Shale, greenish-gray, silty, blocky, weakly indurated .._................... 3.
Shale, red-brown, silty, blocky, weakly indurated ........................ 1
Day Oreek Dolomite Bed:
Dolomite, white to light-pink, very fine-grained, compact, well-in-
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Thickness
(feet)

durated, thinly laminated, crinkly bedded; eroding into a prom-

1D 002 KA =Y = < S 2.0
Liger Member: (total thickness, 24.5 feet)
Siltstone, light greenish-gray, arenaceous, quartzose, weakly indu-

o K =1 o S U S SoOSS UV 3.0
Shale, red-brown, silty, blocky, weakly indurated —.ccceeecvvevreren 3.75
Sandstone, orange-brown, very fine-grained, quartzose, weakly in-

durated; with a 3-inch greenish-gray zone at base .eveceeeeveerenes 4.5
Shale, red-brown; as above; with some 2- to 4-inch orange-brown

siltstone beds ..oocoeennee... eteeremeeeieaeeeemeeeeemmemesesseeessissstmmtessemmmseseeotomeemseisans 13.25

Moceasin Creek Bed:

Sandstone, greenish-gray and red-brown, very fine-grained, silty,
calcitic, thinly laminated: well indurated in top 1 foot; weakly
indurated below: eroding into a ledge at tOD ool 2.5

WHITEHORSE GROUP (total thickness, 197.6 feet)
RUSH SPRINGS FORMATION (total thickness, 98.5 feet)
Sandstone, orange-brown, very fine-grained, quartzose, weakly

. indurated; with a 1-inch greenish-gray siltstone at base w........ 7.75
(Section extrapolated to SHY sec. 17, T. 32 8., R. 21 W.)

Shale, red-brown, silty, blocky, weakly indurated ....ooooooommeeeenne. 0.8
Siltstone, red-brown, argillacous, blocky, thin-bedded, moderately

IAUTAEEA oot e e e e e enn e eenn 0.8
Shale, 1ed-DTOWIL; 88 @DOVE .oeeteeeeeeeeeeeeeeee et e e ee e eneenee 0.5
Silistone, red-brown, mottled greenish-gray, calcitic, well-indu-

YAted; A8 ADOVE ..o et nnan 0.26
Shale, red-DrOWN; 88 ADOVE ..o eesseses 1.5
Siltstome, red-brown, mottled greenish-gray, well-indurated; as

above; eroding into a 1€dZe .o 2.0
Shale, red-Drown; a8 ADOVE ..o 0.8
Slltstone red-brown, well-indurated; mottled greenish-gray in mid-

dle 2 inches; as above; erodmg into a ledge ..., 2.75
Shale, red- brown AS ADOVE L e 1.0
Shale, greenish- gray, blocky, weakly indurated; with some 9.5-inch

calmte VOIILS oo et en 0.25
Bandstone, orange-brown, very fine-grained, quartzose, silty, thinly

lammated weakly 1ndurated ................................................................ 2.0

Sandstone, red-brown, very fine-grained, quartzose, silty, well-
indurated ; With I-inch greenish-gray zone at base; eroding into

I T K= OO 2.75
Shale, red-brown; a8 ADOVE ..o 0.2
Sandstone, red-brown; as above; eroding into a ledge .oeeeeeneoo. 1.8
Shale, red-brown; as above; with a 3-inch greenish-gray zone at

top AN DASE e 2.5
Sandstone and siltstone, orange—browu to red-brown, very fine-

grained, quartzose, well-indurated; eroding into a ledge ........... 5.5
Shale, red-brown; as above: with some 1- to 2-inch greenish-gray

- o 2.5

Sandstone, orange-brown, fine-grained, quartzose, massive, moder-
ately to well-indurated; mottled with greenish-gray spots: erod-
Ing Into & Jed@e e e 7.0
Shale and siltstone, red-brown, platy, thin-bedded, moderately to
weakly indurated; with a 2- to 3-inch greemsh-gray zone at top

ATA DBSO oot 6.75
Sandstone, orange-brown, moderately mdurated as above; eroding

INEO 8 1@QZE oo 5.25
Sandstone, orange-brown, weakly indurated; as above ..., 2.75
Siltstone, greenish-gray, mottled red-brown, micaceous, thinly lam-

inated, well-indurated; eroding into a ledge ..., 1.8

Shale, red-bDrown; a8 abOVe e e 5.25
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Thickness
(feet)
Siltstone, red-brown, micaceous, blocky, well-indurated; eroding
B0 ¢ Lo I T = o = UV 3.0
Shale, Te€d-DTOWI; 48 ADOVE et eeee e e s eemeeaeaeeremsesasamnmneres 1.0
Sandstone, light greenish-gray, very fine-grained, silty, quartzose,
calcitic, thinly laminated, moderately indurated; with some
interbedded red-brown shale; mottled orange brown and well
indurated in middle 5 feet; eroding into several ledges ........o.--e- 10.5
Shale, Te@-DIOWIL, A8 ADOVE oottt et er e e et e .75
Sandstone, light greenish-gray, very fine-grained, thin-bedded,
moderately indurated ... re e e neen 1.0
Shale, TEA-DITOWD; 88 GDOVE .o eeem e aenamaenn 1.0
Sandstone, very fine-grained, quartzose, well-indurated; orange
brown above; greenish gray in basal 1 foot; eroding into a
D=4 =Y OTR P 2.8
Shale, red-brown; as above; with a 6-inch greenish-gray to red-
brown dolomitic siltstone and sandstone 1.5 feet below top;
well indurated in places; eroding into a ledge .......coooovivcceceiiean, 7.0
MARLOW FORMATION (total thickness, 100.5 feet)
Emanuel Bed:
Sandstone, very fine-grained, quartzose, moderately indurated:
greenish gray in top 1 foot; orange brown and greenish gray in
basal 6 inches; eroding into & 18AZe oo eeeee 3.0
Unnamed Units:
Shale, red-brown, silty, blocky, weakly indurated ......oocoooeoeeeeeeeees 1.25
Siltstone, greenish-gray and red-brown, blocky, weakly indurated 1.5
Shale, red-bTOWHN; a8 ADOVE ... eeeereee e e e ee e 0.5
Siltstone, orange-brown, blocky, weakly indurated ....cceooeeeee. 3.0
(Section )emtrapolated to NW sec. 23, T. 32 8., R. 21 W., east of
road
Shale, red-DTOWN; 48 ADOVE ottt ce e eeeeeeeaoee e e e e 5.75
Reloy Creelc Bed:
Sandstone, light greenish-gray, fine-grained, quartzose, weakly
indurated; with 0.25-inch indurated calecitic zone at top ............ 15
Unnamed Units:
Sandstone, orange-brown, very fine-grained, quartzose, silty, weakly
to moderately indurated ... 7.95
Shale, red-brown, weakly indurated; as above; with some 0.5-inch
greenish-gray calcitic siltstone beds ..o 1.0
Sandstone, orange-brown; as above; weakly indurated above; mot-
tled greenish gray in middle 3 feet; well indurated in basal 3
- PO 6.0
Shale and siltstone, red-brown; as above; with some ¢.5-inch
greenish-gray beds at top and a 2.5-foot well-indurated orange-
brown sandstone 1.5 feet below the tOD «oooooieeeeeeeeeeeee 13.04
{Section up to Relay Creel Bed extrapolated to creel in SWi4 sec.
34, T. 34 8B, R. 19 W., and adjacent part of sec. 3, T. 35 8., K.
19 W., Comanche County, Kansas)
Relay Creek Bed:
Dolomite and sandstone, pink to orange-brown, fine-grained, crinkly
bedded, well-indurated; eroding into a ledge; this is a transi-
tion zone from a carbonate bed in Oklahoma to a greenish-gray
calcitic sandstone in southern Kansas ...coienieieen.. 0.1
Unnamed Uwits:
Sandstone, orange-brown, very fine-grained, silty, quartzose, weakly
indurated, even-bedded; with some interbedded oramge-brown
SN E SN 0) 1 < OO . 830
Sandstone, light greenish-gray, fine-grained, quarizose, weakly
B LS A N 2 = OO 1.0
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Thickness
(feet)

CIMARRONIAN SERIES
EL RENO GROUP
DOG CREEK SHALE (base not exposed; measured thickness 18.2
feet)
Shale, red-brown, silty, blocky, weakly indurated ... 2.0
Southard Dolowmite Bed:
Dolomite, light greenish-gray, very fine-grained, silty, compact,

platy, well-indurated ... 0.2
Unnamed Units:
Shale, red-brown, SiltY, DIOCKY oo 8.5
Sandstone, very fine-grained, quartzose, weakly indurated; greenish

gray at top; orange brown DelowW e 3.0
Siltstone and sandstone, greenish-gray, silty, blocky, thinly lami-

nated, weakly indurated, mottled orange-brown _....... ... 2.5
Shale, red-brown, silty, blocky, weakly indurated ... 2.0+

SECTION 2.

AviLa Hinn, ComancHE CouNTy, KANSAS

Beginning at top in Cretaceous Kiowa Shale, section measured
SW1, sec. 36, T. 34 8., R. 19 W., on northwest side of Avilla Hill,
Comanche County, Kansas.

Thickness
(feet)
TERTIARY SYSTEM?
OGALLALA FORMATION?
Mortar beds, with gravel, moderately to well-indurated; capping +
AL oo ee e emmmmemmeeeesbmbemeeanesseeeeaneeefesereetoineessneeseennbenssneees 4.0

CRETACEOUS SYSTEM
COMANCHEAN SERIES
KIOWA SHALE (measured thickness, 139.55 feet)
Shale, vellow-brown and greenish-gray, blocky, weakly indurated;
top eroded; unconformable with beds above ... ... 3.0
Gryphace Zone (upper) :
Limestone, yellow-brown, weakly indurated; like a coquina; with
many white Gryphaea shells 1- to 2 inches in diameter ............... 0.5
Unnamed Zones:
Shale, light yellow-brown, blocky, weakly indurated; with some

1- to 2-inch yellow-brown sandstone ledges .oomerieiciiciiiiiiceeanne. 13.0
Limestone, yellow-brown, fine-grained, well-indurated, thinly lam-
inated; like a coquina; eroding into a ledge .....ccceicrriimiieveeeaeae 0.2

Shale, dark-gray and yellow-brown, platy, weakly indurated; with
a, 1-inch yellow-brown coquinoid limestone 4 feet above the basge 9.5
Sandstone, tan, very fine-grained, calcitic, well-indurated, thinly
laminated; fossiliferous at base; gradational into sandy lime-
stone; eroding into a 1eAge .. oo s 0.2
Shale, dark-gray and vellow-brown, platy, weakly indurated ....._..... 15.0
Gryphaea Zone (lower) :
Limestone, yellow-brown, coquinoid, fine-grained, thinly laminated,
well-indurated; with many Gryphaea fragments; eroding into

T - Yo = < S OO 0.2
Unnamed Zone:
Shale, yellow-brown, mottled dark-gray, platy, weakly indurated .... 3.0

Ozytropidoceras Zone:

Limestone, light-tan, fine-grained, arenaceocus, thinly laminated,
fossiliferous; with many clam shells and Oxytropidoceras;
gradational into sandstone; eroding into a ledge .ol 0.2
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Thickness
(feet)

Unnamed Zones:
Shale, yellow-brown, platy, weakly indurated; with some inter-
bedded Aark-gray SHAle .o ee e reeee e ssin e s eeece e s eenas 23.0
Shale, dark-gray to black, mottled yellow-brown, platy, weakly
indurated; with some 1- to 2-inch tan fossiliferous sandstone
) LY X2 125
Sandstone, gray to tan, fine-grained, micaceous, platy, well-indu-
rated, fossiliferous; with interbedded dark-gray to yellow-brown

shale; eroding into & 1edge e eeaeas 1.0
Shale, dark-gray to black, fissile, platy, fossiliferous, weakly indu-
rated; mottled with many limonitic streaks ......ccccoceeiviecerermncereees 8.0

Gryphaea corrugata Zone:

Limestone and sandstone, gray to tan, fine-grained, thinly lami-
nated, weakly indurated; interbedded with dark-gray shale;
with many 0.5-inch aragonite beds and large purple-tinted
Gryphaea; eroding into a 1edZe ... e 0.8

Unnamed Zone;

Shale, dark-gray to black, fissile, platy, weakly indurated, fossili-
=) of 0 10 £ O SO 7.8

Cyprimeria Zone: (Kks: on map)

Limestone, tan to gray, fine-grained, arenaceous, well-indurated,
thinly laminated, platy; with many 0.5-inch aragonite layers
and Cyprimeria, Gryphaea, and Turritella; eroding into a ledge 0.8

Unnamed Zone:

Shale, dark-gray to black, thinly laminated, platy, weakly indu-
rated, fossiliferous; with many white selenite erystals and some
1-inch gray sandstone Jayers ..o eeee e ceeeaaen 29.0

Unit Klcr on map:

Sandstone, white, mottled rusty-brown, coarse-grained, quartzose,
conglomeratic, moderately to well-indurated; with iron stains;
eroding into a prominent ledge; fossiliferous at other places ... 0.6

Unnamed Unils:

Shale, dark-gray to black, thinly laminated, platy, weakly indu-
rated, fossiliferous; mottled with thin limonite streaks, with
white selenite crystals, and with a 2-inch platy fine-grained
gray sandstone in mIddle ... e eees 6.0

Shale, greenish-gray and yellow-brown, silty, blocky, thinly lami-
nated, weakly indurated; with small selenite flakes, and with
some 1- to 2-inch white indurated sandstone lenses in top foot 4.26

Siltstone, yellow-brown and greenish-gray, arenaceous, quartzose,
thinly laminated, weakly indurated ............ccoooiiiieeeeeees 1.0

FERMIAN SYSTEM
CUSTERIAN SERIES
WHITEHORSE GROUP
RUSH SPRINGS FORMATION
Shale, red-brown, silty, blocky, weakly indurated; wunconformable
With beds aboVe .o 5.0-+

SecTION 8.

REDFORK CREEK, CoMANCHE COoUNTY, KANSAS

Beginming at top wn Marlow Formation, section measured along
road in SEly SEYy SEY sec. 30 ond SWi4 SWI4 SWY4 sec. 29, T.
34 8., B. 16 W., southern Comanche County, Kansas, proceeding
through the Dog Creek Shale to the Shimer Gypsum.
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Thickness
(feet)

PERMIAN SYSTEM

CUSTERIAN SERIES

WHITEHORSE GROUP

MARLOW FORMATION (top not exposed)

Sandstone, moderate reddish-brown to moderate reddish-orange,

fine-grained, weakly indurated; exposed to tOD .ecroicrcriieenne. 1001+
Gypsum, red-brown and white, fine-grained, well-indurated, thinly
JAIMITIAEEA e eeceeeeeeee e e e emmnseneeemes sasarasnmsramsacessaaceeemsnsseiasameeemmneeeren 0.75
Sandstone, red-brown, mottled greenish-gray, argillaceous, silty,
weakly indurated; parily covered ... 1.0
Sandstone, greenish-gray, argillaceous, silty, fime- gramed weakly
indurated, DlALY et earre e erevevereaneen 0.1
CIMARRONIAN SERIES
EL RENO GROUP

DOG CREEK SHALE (total thickness, 36.1 feet)
Shale, red-brown, blocky; conformable with beds above ...
Siltstone, greenish-gray, mottled red-brown, argillaceous, blocky -...
Shale, red-brown, BlOCKY ..ot ccneeacees
Sandstone, greenish-gray, fine-grained, s11ty, friable to Well -in-
durated; eroding into a IeQZe ..ccivemeem e oo
Siltstone, moderate reddish-brown to moderate reddish-orange,
mottled greenish-gray, arenaceous, well-indurated, thin-bedded;
eroding into a ledge ..........
Siltstone, greenish-gray, thin-bedded, well- 1ndurated ........................
Slltstone moderate reddish-brown to moderate reddish-orange,
argillaceous, weakly INAurated .o
Shale, red-Drown, BlOCKY .. eeeeeceeiceieeeeeeecees smeee e e e e s e emsmesseaeesmae s aemmenan
Southard Bed:
Siltstone, greenish-gray, dolomitie, platy, thin-bedded ....cccoeemee.......
Unnamed Beds:
Shale, 1red-brown, DloCKY e e mecacceeeme e e s e nm e ememmnmeees
Siltstone, greemsh -gray, mottled reddish-brown, d010m1t10 well-
indurated, thin-bedded ...,
Shale, red- brown, silty, blocky; partly covered ...coeeceocereeceeenes
Gypsum, greenish-gray to red-brown, selenitic, argillaceous, well-
indurated, thin-bedded, crinkly-bedded ......cccooooemrmieeeeeeeee
Shale, red-brown, BlOCKY ..ottt es st s cess s
Gypsum; a8 above .. .
Shale, red-brown, DlOCK Y oo et r e cr e et cmer e praeeaane
Siltstone, greenish-gray, mottled red-brown, dolomitic, well-indur-
ated, crinkly bedded ...t ern e eaeen
Siltstone, moderate reddish-brown to moderate reddish-orange,
mottled greenish-gray, argillaceous, MassSive .cvioooeeeeceneeeeees
Shale, red-brown, silty, blocky; with much selenite ........eiieeeene,
Siltstone, greenish-gray, mottled red-brown to moderate reddish-
orange, dolomitic, well-indurated, massive ...
Shale, red-brown, blocky; with much satin spar ...
Gypsum, white, mottled red-brown, well-indurated, crinkly bedded
0 YR 1 4T X< 12 < S
Shale, greenish-gray, bIoCKY e
Shale, red-brown, blocky; with much satin spar ...
Gypsum, white, mottled red-brown and greenish-gray, well-indu-
rated, massive, wavy bedded; eroding into a prominent ledge
Shale, greenish-gray, DIOCKY e,
Shale, red-brown, DIOCKY ..oceceiccmmsimeercseiemem et e e smmnsme e
Siltstone, greenish-gray, argillaceous, dolomitic, blocky; well-
‘indurated in Places ..ovvcrrccccrsmriemenneannenns
Shale, red-brown, blocky; with some greenish-gray siltstone bands
Siltstone, greenish-gray, well-indurated, massive ...
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Thickness
(feet)
Shale, red-brown, silty, BIOCKY ..o 0.5
Siltstone, greenish-gray, mottled red-brown, gypsiferous, well-in-
AUrated, IMASSIVE i ceeceeceececemreesee e eemreremcareesscsan smsrcneomcmaseccssrnmmaccs 1.0
Shale, red-brown, silty, DIOCKY .ottt 1.5

Watonga Bed: .

Siltstone, greenish-gray, argillaceous, dolomitic, gypsiferouns, well-
indurated, thin-bedded; selenitic and red brown in upper 6
inches; with many symmetrical ripple marks that strike west;

eroding INto @ 1eAEE ...ccoocoieeeeeeeceeeee e e e s aeneasce s nseeneeemmrennns 2.0
Unnamed Beds:
Shale, red-brown, blocky; with much satin SpPar ..........ccccceeemoeeeeee 20
Siltstone, greenish-gray, mottled red-brown, well-indurated, massive 0.2
Shale, red-brown, blocky; with much satin spar .. 0.75
Siltstone, well-indurated; a8 ADOVE i iioeeeeeeereeraee e eae oo aeaees 1.7
Shale, red-brown, mottled greenish-gray, silty, blocky ... .oeeeveeees 2.0

BLAINE FORMATION (not examined)
Shimer Gypsum Member:
Gypsum, white, fine-grained, massive; with anhydritelike layer in
middle; eroding into a mappable escarpment; exposed ............... 10.0+

SECTION 4.
Cave CreEEk, CoMANCHE CounTy, KANSAS

Beginning at top wm Marlow Formation, section measured along
Cave Creek (now Sand Creek) in NEVy NWY4 sec. 35, T. 33 8., R.
17 W., ending in the Blaine and Flowerpot Formaotions at Comanche
Cave and east of cave on east side of creek wn NEY) NEYj sec. 2, T.
34 8., R. 17 W., which includes type Cave Creek Formation, type
Shimer Gypsum Member, type Nescatunga Gypsum Member, and

type Medicine Lodge Gypsum Member.
Thickness
(feet)
PERMIAN SYSTEM
CUSTERIAN SERIES
WHITEHQRSE GROUP
MARLOW FORMATION (top not exposed)
Sandstone, moderate reddish-orange to moderate reddish-brown,
fine-grained, quartzose, massive; gradational into gypsum ... 5.0
Gypsum, pink to reddish-brown, arenaceous, well-indurated, thin-
bedded, crinkly bedded; greenish-gray in basal 2 inches; erod-
ing into a mappable eSCarpmMent .. ... iceeeeeeee e 4.75

CIMARRONIAN SERIES

EL: RENO GROUP

DOG CREEK SHALE (total thickness, 25.4 feet)

Shale, red-browWn, DIOCKY ... e e e e 20

Sandstone, moderate reddish-orange to moderate reddish-brown,
silty, gypsiferous, well-indurated, platy; eroding into a ledge;
consisting of 56.6 percent sand, 27.0 percent silt, 2.6 percent
clay, and 13.8 percent gypsum and carbonate. The heavy-
mineral fraction, comprising 0.27 percent of the sand-size frac-
tion of the insoluble residue, consists of (in percent) 37.71 ilmen-
ite-magnetite, 13.13 sphene-leucoxene, 3.03 orange opaque, 25.25
garnet, 10.77 zircon, 4.04 brown to gray tourmaline, 2.02 biotite,
1.35 chlorite-muscovite, 1.01 epidote, 0.34 yellow rutile, and 1.85
anhydrite. The light-mineral fraction consists of 75.24 quartz,
7.52 chert, 15.05 ortholclase, 0.63 plagioclase, and 1.57 micro- ‘
] £ = OO Uy S S 0.75
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Thickness
(feet)
Siltstone, greenish-gray, motftled red-brown, weakly indurated,

19 E: RS B OO 1.0
Shale, red-DroOWN, DIOCKY oo eeeeeieeteeeese e eemeeesee smemeeemmene s saessmnsmsesnsnnns 0.9
Siltstone, red-brown, argillaceous, platy, weakly indurated; with

satin spar and nodular SYDPSUIN ..o eemeeeeeeaannenee 1.0
Siltstone, greenish-gray, weakly indurated, massive; with much

LR Y 0 B 0125 G PSSR 0.76
Shale, red-brown, Platy . o e e aaeeueureemnean 1.4

Southard Bed;

Dolomite, greenish-gray, silty, well-indurated, fine-grained, dense 0.1
Unnamed Beds:
Shale, red-Brown, DIOCKY ..ot etk e e be e ae e s 0.2
Siltstone, greenish-gray, mottled red-brown, weakly indurated ........ 1.4
Shale, red-brown, Silty, DIOCKY .ot eevee e eee et e e 2.4
Siltstone, red-brown and greenish-gray, argillaceous, weakly indu-

rated _._.... et e et e oo mmn e e aaeenmemmmeeme e nmnee e e aaaeaaeeennans 1.6
Siltstone, greenish-gray, argillaceous, well-indurated ... ... 0.2
Siltstone, red-brown and greenish-gray, argillaceous, weakly indu-

rated oo, e eemmatmmmemeeeeeeeeesremmmsesssassseseesesssntemsmmseeses .25
Shale, greenish-gray, silty, DlOCKY e e 0.2
Shale, red-bBroOwWn, DlOCKY e eeee e eeeeeaeneeeemmmmemnnees 2.2
Gypsum, white, mottled red-brown, massive to thin-bedded; erod-

ing 1mmto a prominent l1edge ...coiii e aeean 0.2
Shale, red-Drown, BlOCKY .ot eee e eeee e eemmneameeammees 1.0
Shale, greenish-gray, DIOCKY ... eeeeeer e anmmmsenenes 0.2
Shale, 1ed-DProWn, DlOCKY oottt eee e e e e aaeenecnans 1.0
Watonga Bed:
Sandstone, greenish-gray, dolomitic, fine-grained, well-indurated,

massive; eroding into a Iedge; with mean of 4.00 phi, deviation

1.88, skewness 0.71, and kurtosis 3.98 e 0.5
Siltstone, greenish-gray, mottled red-brown, weakly indurated;

DATLLY COVEIEA oo e ce et s e e s e ecnme e same e ecsasees sans 2.2
Unnamed Beds:
Shale and gypsum, greenish-gray, selenitie, silty, platy, thin-bedded,

well-indurated; grading into SiltStone .o 0.5
Shale, red-brown, DlOCKY . et e 1.0
Gypsum, red-brown and greenish-gray, argillaceous, platy, thin-

B Y= 10 U F=Y ¢ PP 0.3
Shale, greenish-gray and red-brown, blocky; with much satin spar 21

BLAINE FORMATION (total thickness, 59.2 feet)

Shimer Gypsum Member: (type section)

Gypsum, white, fine-grained, massive, weathering coarsely selenitic,
eroding into an eSCarPIMIENT et s 14.0

Altona Dolomite Bed:

Dolomite, light-gray, fine-grained, dense to odlitic, medium-bedded;
consisting of (in percent) 3.6 sand, 3.9 silt, 3.6 clay, and 89.9

FCT 3 707 4 7 1 1 - S U OON 1.0
Unnamed Beds:
Shale, greenish-gray, blOCKY .o 0.2

Shale, red-brown, blocky; with one foot of greenish-gray gypsifer-
ous shale in middle; with mean of 7.63 phi, deviation 3.22,
skewness 1.03, and kurtosis 0.77. The heavy-mineral fraction,
comprising 0.01 percent of the sand-sized {fraction of the
washed residue, consists of (in percent) 23.47 ilmenite-magne-
tite, 17.01 sphene-leucoxene, 2.38 orange opaque, 0.68 pyrite,
23.47 garnet, 4.42 zircon, 8.16 brown to gray tourmaline, 0.34
blue tourmaline, 4.08 biotite, 7.14 chlorite-muscovite, 5.44 apa-
tite, 0.34 yellow rutile, 0.34 riebeckite, and 2.72 anhydrite. The
light-mineral fraction consists of T70.74 quartz, 10.61 chert,
8.04 orthoclase, 0.96 plagioclase, 0.32 microcline, and 9.32 car-
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Thickness
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bonate. The clay minerals, including dissolved gypsum and
hematite, are 41.85 percent of the total sample, comprising
illite AN CRLOTIEE oo craemersam e e e creernamcoseosecasarsccersnnsnsme s mennnnnn 9.0
Nescatunga Gypsum Member (type section) :
Gypsum, white, fine-grained, well-indurated, massive; eroding into a

ledge; calcareous in basal 1 IDCI oo 2.0
Unnamed Beds:
Shale, greenish-gray, mottled red-brown, blocKy ...riiicinceenenes 0.2

Shale, red-brown, blocky; with some greenish-gray shale layers
in middle; with mean of 7.67 phi, deviation 3.25, skewness 0.55,
and kurtosis 0.96. The clay minerals are illite and chlorite ... 5.5
Medicine Lodge Gypsum Member (type section) :
Gypsum, white, fine-grained, thin-bedded, well-indurated; with an-
hydrite lenses in middle portion; eroding massive; and host
rock for Comanche CRVE .. .o mss e srme e e e eee 27.0
Cedar Springs Bed:
Dolomite, light-gray, fine-grained, o&litic, well-indurated, thin-
bedded; gradational upward into gypsum; composed of 0.9 per-
cent sand, 8.2 percent silt, 7.8 percent clay, and 83.1 percent
L0 o 4100 2 2% ¥ - T U, 0.25

FLOWERPOT SHALE (exposed thickness, 7.4 feet)

Shale, greenish-gray, BlOCKY ... e e s 0.25
Shale, red-brown, blocky, selenitiC ... eceeeneeee. 0.75
Shale, greenish-gray, mottled red-brown, selenitic, crinkly bedded 0.3
Shale, 1ed-brown, DIOCKY ..o seemn s s te s e ens s asae e s nae 0.25
Shale, greenish-gray, mottled red-brown, gypsiferous, well-indu-

rated, crinkly bedded; eroding into a ledge ..ol 0.756
Siltstone, greenish-gray, argillaceous, weakly indurated; with

some nodular gypsum; consisting of (in percent) 3.7 sand, 76.4

silt, 6.7 clay, and 13.2 carbonate and gypsum. The heavy-mineral

fraction, comprising 0.05 percent of the sand-sized portion of

the insoluble residue, consists of (in percent) 5.26 ilmenite-

maghnetite, 27.19 sphene-leucoxene, 2.19 orange opaque, 17.98

garnet, 0.88 zircon, 26.75 brown to gray tourmaline, 0.88 blue

tourmaline, 12.28 biotite, 4.39 chlorite-muscovite, 1.32 epidote,

0.44 yellow rutile, and 0.44 apatite. The light-mineral fraction

consists of (in percent) 66.23 guartz, 28.20 chert, 3.28 ortho-

clase, 0.66 plagioclase, and 1.64 microcline ._.........iiiricinennne. 0.25
Shale, red-Drown, DlOCKY .o eeee e e e casessme e e caeeemte s e nnannsnnnas 0.76
Shale and gypsum, red-brown, selenitic, blocky ..iiiiiiiiens 0.4
Shale, red-DroWn, DlOCKY .ottt eeace e e e e ermme e eeemnensenanns 0.6
Shale and gypsum, greenish-gray, selenitic, well-indurated, thin-

bedded, crinkly bedded; with some red-brown shale layers ... 0.7
Shale, red-brown, DIOCKY ... e e 1.0
Shale and gypsum, greenish-gray, well-indurated; as above; erod-

b0 R § 01 £ Y s 1= - OO 0.4
Shale, red-brown, blocky; exposed to creek . ... 1.0

SEcTION 5.
Doe CrEEK, BARBER CoUNTY, KANSAS

Beginning at top wn Marlow Formation along State Highway 160,
m NVo N1p sec. 9, T. 32 8., R. 14 W, ending in the Flowerpot Shale
wn SEVy SW1 sec. 5, T. 32 8., R. 14 W., Barber County, Kansas.

PERMIAN SYSTEM
CUSTERIAN SERIES
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WHITEHORSE GROUP
MARLOW FORMATION (top not exposed)
Sandstone, moderate reddish-brown to reddish-orange, fine-grained,
quartzose, moderately indurated; with red-brown shale streaks
near base; consisting of (in percent) 80.4 sand, 13.2 gilt, 2.2
clay, and 4.2 carbonate and gypsum, The heavy minerals, com-
prising 0.19 percent of the sand-sized fraction, consist of (in
percent) 50.3 ilmenite-magnetite, 12.56 leucoxene, 3.04 orange
opaque, 16.46 garnet, 853 zircon, 0.91 brown and gray tourma-
line, 0.30 blue tourmaline, 1.82 biotite, 0.60 epidote, and 0.30
yellow rutile. The light minerals of the sand-sized fraction con-
sist of 87.66 quartz, 2.54 chert, 8.23 orthoclase, 0.63 plagioclase,
and 0.94 microcline. The red color is due to stains of hematite
coating grainsg, EXposed thiCKIess .. ccccrieeacrercceerevesimeeescnessnecennas 10.0
CIMARRONIAN SERIES
EL: RENO GROQUP
DOG CREEK SHALRE (type section, total thickness 29.0 feet)
Shale, red-brown, blocky; interbedded with reddish-orange, silty,
thin-bedded, weakly indurated sandstone; conformable with
beds above; consisting of (in percent) 60.8 sand, 32.3 silt, 3.7
clay, and 3.2 carbonate and gypsum. The heavy minerals, com-
prising 0.12 percent of the sand-sized fraction, consist of (in
percent) 57.86 ilmenite-magnetite, 12.89 sphene-leucoxene, 1.89
orahge opaque, 16.04 garnet, 252 zircon, 4.40 tourmaline, 2.20
biotite, 0.31 chlorite, 0.63 epidote, 0.31 yellow rutile, and 0.94
anhydrite, The light minerals of the sand-sized fraction con-
sist of 72.46 quartz, 15.41 chert, 9.84 orthoclase, 1.31 plagio-
clase, and 0.98 MicroGline ... eaeee 15
Sandstone, reddish-orange, fine-grained, medium-bedded, well-in-
durated; eroding into a ledge; consisting of (in percent) 52.4
sand, 31.1 silt, 1.9 clay, and 14.6 carbonate and gypsum ........... 2.2
Shale, 1ed-brown, Silty, DIOCKY ottt ssereseeesemeaeama s csbspenesanns 0.5
Slltstone purple- brown platy; with some greenish-gray strea,ks
consisting of (in percent) 0.24 sand, 75.0 silt, 18.1 clay, and 6. 6
carbonate and gypsum, with mean of 6.47 phi, deviation 1.92

phi, skewness 0.47, and Kurtosis 1.21 oo 0.2
Shale, purple-brown, blocky; with some satin spar layers ............... 0.75
Shale, red-brown, silty, DlOCKY .o e emeeenee 1.0

Southard Bed:
Dolomite, red-brown, mottled greenish-gray, silty, well-indurated;
consisting of (in percent) 0.3 sand, 45.6 silt, 7.9 clay, and 46.2

CATDOMALE e ea et et e ateeeanee et e s e neeeaenneeaaa 01
Unnamed Beds:
Shale, purple-brown, Platy .o e eeeme e e eemeemenen 0.75

Siltstone, red-brown, calcareous, arenaceous, massive, well-indu-
rated; eroding into a ledge; consisting of (in percent) 10.9 sand,
72.1 silt, 3.6 clay, and 13.4 carbonate and gypsum. The heavy
minerals of the sand-sized fraction of the insoluble residue, in
trace quantity, consist of (in percent) 27.8 ilmenite-magnetite,
26.2 sphene-leucoxene, 2.6 orange opaque, 19.1 garnet, 2.6
zircon, 0.97 gray to brown tourmaline, 0.32 biotite, 15.5 chlorite-
muscovite, 2.6 epidote, 0.65 yellow rutile, 0.32 red rutile, and 1.3
anhydrite. The light-mineral fraction of the insoluble residue
consists of 75.2 quartz, 13.9 chert, 7.3 orthoclase, 1.8 plagioclase,

and 1.8 MICTOCHING ..ot e e et e e e e nten s s 1.6
Shale, dark red-brown, silty, blocky to platy, weakly indurated ... 4.0
Siltstone, moderate reddish-orange to moderate reddish-brown,

argillaceous, platy, thin-bedded, weakly indurated ................... 1.0

Sandstone, greenish-gray, mottled reddish-brown, quartzose, silty,
massive, well-indurated; eroding into a ledge; consisting of



SECTION 5 — BARBER COUNTY 111

Thickness
(feet)

(in percent) 62.9 sand, 24.7 silt, 2.5 clay, and 9.9 carbonate and
gypsum, The heavy-mineral fraction of the insoluble residue,
comprising 0.08 percent of the sand-sized fraction, consists of
(in percent) 34.3 ilmenite-magnetite, 15.6 sphene-leucoxene,
0.61 orange opaque, 34.6 garnet, 6.4 zircon, 2.5 gray to brown
tourmaline, 0.61 blue tourmaline, 1.8 biotite, 0.9 chlorite-mus-
covite, 1.5 epidote, 0.61 yellow rutile, and 0.61 anhydrite. The
light-mineral fraction consists of 84.7 quartz, 5.4 chert, 6.7

orthoclase, 1.5 plagioclase, and 1.5 miecrocline .....coervireeeeeees 1.0
Siltstone, greenish-gray, gypsiferous, massive, well-indurated;

eroding INto 8 1eAZe .o et eeeeee e e eeee e e e enanes 0.2
Shale, red-Drown, DIOCKY oo ee e 0.2

Siltstone, greenish-gray, arenaceous, calcareous, fine-grained,
dense, well-indurated; eroding into a light-colored ledge; con-
sisting of (in percent) 11.4 sand, 71.8 silt, 3.7 clay, and 13.1
carbonate and EVDSUIL ..o eceeeeceee e eeeeececeseesmnseeeraseseeenennn 0.2

Shale, red-brown, blocky, weakly indurated ......ooeeoeseceeeeeeeeans 5.25

Siltstone, greenish-gray, nodular, well-indurated .........ccoooommeeeee. 0.2

Watonga Bed:

Sandstone, greenish-gray, mottled reddish-brown, silty, calcareous,
medium-bedded, well-indurated; eroding into a ledge; consist-
ing of (in percent) 64.8 sand, 25.4 silt, 1.4 clay, and 8.4 carbo-
nate and gypsum. The heavy-mineral fraction, comprising 0.05
percent of the sand-sized portion of the insoluble residue, con-
sists of (in percent) 15.5 ilmenite-magnetite, 26.9 sphene-leuco-
xene, 0.55 orange opaque, 32.1 garnet, 3.9 zircon, 7.8 gray to
brown tourmaline, 0.28 blue tourmaline, 13.3 biotite, 3.6 chlorite-
muscovite, 3.6 epidote, 0.55 vellow rutile, 0.28 red rutile, and 1.7
anhydrite, The light-mineral fraction consists of 83.2 quartz,

5.9 chert, 7.9 orthoclase, 1.7 plagioclase, and 1.4 microecline ........ 2.5
Shale, dark red-brown, Silty, Dlaty e 0.1
Siltstone, greenish-gray, arenaceous, calcareous, well-indurated,

platy, thinly laminated, ripple-marked; eroding into a ledge;

consisting of (in percent) 11.2 sand, 70.2 silt, 2.9 clay, and 15.7

carbonate and ZYDSUIN ..ot eeae s 0.9
Unnamed Beds:

Shale, red-brown, blocky; mottled with greenish-gray silty patches 0.8

Siltstone, greenish-gray, calcareous, well-indurated, nodular,

40 E R AU 0.1
Siltstone, reddish-brown, mottled greenish-gray, well-indurated,

R X E L O 0.75
Siltstone, greenish-gray, mottled reddish-brown, well-indurated

1L RT3 = 0.5
Siltstone, mottled reddish-brown and greenish-gray, argillaceous,

well-indurated, MASSIVE e e e 0.5
Shale, red-DrOWI, DIOCKY ettt et e ee e e e e e e 2.2

BLAINE FORMATION (total thickness, 41.4 feet)

Altona Bed:

Limestone, light-gray to greenish-gray, gypsiferous, fine-grained,
dense, well-cemented, thinly laminated, crinkly bedded; with
ethedral rhombs 0.5 to 0.8 mm in diameter surrounded by cal-
cite crystals averaging 0.1 mm in diameter; gradational into a
fine-grained portion; composed of (in percent) 2.25 zand, 2.21
silt, 0.49 clay, and 95.15 carbonate and gypsum, The heavy-
mineral portion, comprising 0.16 percent of the sand-sized
fraction, comnsists of (in percent) 1447 ilmenite-magnetite,
36.48 sphene-leucoxene, 7.23 orange opaque, 0.31 pyrite, 19.81
garnet, 1.26 zircon, 5.35 gray to brown tourmaline, 2.52 biotite,
6.60 chlorite-muscovite, 0.63 rutile, 1.26 apatite, and 4.09 an-
hydrite. The light-mineral fraction consists of 75.25 quartz, 12.87
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chert, 9.90 orthoclase, 0.99 plagioclase, and 0.99 microcline;

erodes into boxworks and prominent mappable escarpment ... 0.2
Limestone, greenish-gray, silty, massive; as above .ot 0.2
Limestone, light-gray to greenish-gray, well-indurated, massive;

as above; eroding into a ledge ...rremcceeeeeees . 0.1
Unnamed Beds:
Siltstone, red-brown, argillaceous, blocky, composed of (in percent)

0.7 sand, 83.4 silt, 10.9 clay, and 5.0 carbonate and gypsum ....... 1.9
Siltstone, greenish-gray, mottled reddish-brown, argillaceous,

blocky, thin-bedded _.....ccococcovrmmmmnecccernnceenee 0.5
Siltstone, mottled red-brown and greenish-gray, argillaceous, well-

indurated, massive; eroding into a ledge .. i 0.7
Siltstone, red-brown, mottled greenish-gray, argillaceous, blocky,

weakly indurated ..o 15
Shale, red-brown, silty, blocky .................................................................... 1.75
Slltstone, red-brown, mottled greenish-gray, argillaceous, massive,

blocky, weakly mdurated .................................. 1.0
Siltstone, moderate reddish-orange, mottled greenish-gray, argllla—

ceous, thin-bedded, well-indurated; eroding into a ledge ....... 0.2
Shale, red-brown, mottled greenish-gray, silty, blocky ....cccvvemrncnnn. 4.5
Siltstone, greenish-gray, argillaceous, well-indurated .........ccoeeeiee . 0.1

Shale, red-brown, silty, blocky, thin-bedded; with many thin green-

ish-gray siltstone beds ....cccvroceveninnaee. 3
Gypsum, light-pink to white, massive, crinkly bedded well-indu-

rated; possibly being the Nescatunga Member .. .. iins 0.

0

1

Shale, greénish-gray, gypsiferous, bBIOCKY .oooocoeeeoeeceeeee e eeecennen
Shale, red-brown, blOCKY .o ceeeme e eceeaes
Siltstone, greenish-gray, gypsiferous, dolomitic, argillaceous, well-

Indurated, MaSSIVE .o ee e e cte e ne e aeeraeere e 0

Shale, red-brown, blocky; with much satin spar ... 2.

Medicine Lodge Gypsum Member:

Gypsum, white, fine-grained, mottled light-gray, massive, well-in-
durated; eroding into an escarpment ..........occcceivrncecnciimnreens 21.0

Cedar Springs Bed:

Dolomite, dark-gray, fine-grained, odlitic, thin-bedded, well-indu-
rated; gradational into gypsum above; eroding into a ledge;
composed of (in percent) 4.7 sand, 21.8 silt, 3.5 clay, 70.0 car-
DIOMALE oeeieeeeeeeeeeee et eeeieesseeeeesmsressimnmneanstaaannteamsseaeanssemtesErasrassesenenes saanetbrannen 0.2

FLOWERPOT SHALE (exposed thickness, 92.9 feet)

Shale, greenish-gray, DlIOCKY ... 0.25
Shale, red-brown, DLOCKY ..ot rtrssnres s se e e e e mme e e 0.6
Shale, greenish-gray, gypsiferous, blocKy .. 0.2
{Section extrapolated to SEY SWi4 sec. 5, T. 32 8, R. 1} W, in

cliff along creek north of road)
Shale, red-brown, DBLOCKY ......cccroccrimieimim e een e e s mee e s s s 2.0
Shale, greenish-gray, gypsiferous, blocKy s 0.4
Shale, red-brown, silty, blocky; with some greenish-gray layers ... 5.0
Gypsum, mottled red-brown and greenish-gray, argillaceous, mas-

sive, well-indurated; eroding into a ledge ..o 1.0

Shale, red-brown, gypsiferous, blocky; with some nodular gypsum;
DATLLY COVETEA .ot e s se e aa e e e e 6.25
Siltstone and gypsum, red-brown, argillaceous, thin-bedded,
crmkly bedded, well-indurated; eroding into a ledge; consist-
ing of (in percent) 3.7 sand, 65.5 silt, 10.8 clay, and 20.0 carbon-
ate and gypsum. The heavy~m1nera1 fraction, comprising 0.17
percent of the sand-sized portion of the insoluble residue,
consists of (in percent) 4.72 ilmenite-magnetite, 6.78 sphene-
leucoxene, 1.47 orange opaque, 2.06 garnet, 1.18 gray to brown
tourmaline, 0.29 blue tourmaline, 0.88 biotite, and 82.60 chlorite-
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muscovite, The light-mineral fraction consists of 85.04 quartz,

12.61 chert, 1.17 orthoclase, 0.29 plagioclase, and 0.88 microcline
Shale, red-brown, gypsiferous, DIOCKY ... erememeaeeee e e mmee
Shale, greenish-gray, gypsiferous, DlOCKY ..o ceaieeenas
Shale, red-brown, gypsiferous, bBIOCKY .o eecmer e ecececeeeeceas
Shale, greenish-gray, gypsiferous, DIOCKY ...ooeeeeeeeaeeceeeeenn
Shale, red-brown, gypsiferous, blocky; with some greenish-gray

oo

oo oM
o =3 b0

=) o= T O 2,75
Gypsum, red-brown, silty, well-indurated, massive ........cccoceeeeieiciiceceees 0.25
Shale, greenish-gray, blocky; with much satin spar ......cccoeoveimeenee. 0.2
Shale, red-brown, gypsiferous, blocky; with many thin greenish-

Fo0 o0 A = 2= of < SO OO U 38.0

Gypsum, greenish-gray, mottled red-brown, silty, well-indurated,
platy, thin-bedded; at base of extremely gypsiierous shale sec-

tion: eroding Into a 1edSe ... eeeeane s 14
Siltstone, red-brown, weakly indurated, platy, thin-bedded; with

S0ME SALIN BPDAT et eeeee e e e eeae e ene e s ae e nnnnee 1.0
Siltstone, red-brown, mottled greenish-gray, gypsiferous, well-

inAdurated, MASSIVE o oeiieeeeeee e e e reeeseeee e s esmsaneen e snmnnnnns 0.4
Shale, red-brown, blocky:; with much satin spar and many thin

Fea XS e DESN A RN=0 o 0 A 2 1 <Y o TR 6.0
Shale, greenish-gray, DlOCKY e teee e e eenaneanes 0.3
Shale, red-brown, blocky; with much satin spar and many thin

greenish-gray layers; exposed to cereeR ......ooooiiiieenens 21.5

SECTION 6.

MEDICINE LODGE-SHARON, BARBER CoUNTY, KANSAS

Beginming at top in Medicine Lodge Gypsum and proceeding
downward, type Flowerpot section measured in hill with Schlum-
berger antenna tower at top wn NW1lj NW1j sec. 29, T. 32 8., R. 12
W., wn northeast face; then extrapolated to NW4 see. 20, T. 32 8.,
E. 12 W, to top of Cedar Hills Sandstone, a few miles southwest of
Medicine Lodge, Barber County, Kansas. Section then was extrapo-
lated to SEV, sec. 16, SWY, sec. 15, El% sec. 21, and Wl sec. 22, T.
32 8, R. 12 W., for major part of Cedar Hills Sandstone, ending in
the NW1ij sec. 9, T. 32 8., R. 10 W., in high hill east of road, 2 miles
north of Sharon, for basal portion of the Cedar Hills.

Thickness
(feet)
BLAINE FORMATION (basal part measured only)
Medicine Lodge Gypsum Member:
Gypsum, white, finely granular, massive; with a 1.5-foot alabaster-
like bed 10.5 feet above base; eroding into a prominent ledge;

(=5 q (Lo T-L=1s IRV O SN S USSR STURRORRTR 19.0+
Cedar Springs Bed:
Dolomite, greenish-gray, argillaceous, gypsiferous ... 0.3
FLOWERPOT SHALE (total thickness, 190.15 feet, type section)
Shale, greenish-gray, gypsiferous; with some satin spar ......ccoeeoooe... 0.2
Shale, red-brown, gypsiferous, blocky: with some greenish-gray

S 8 1« PSSO PO U RO U R 1.0

Biltstone, orange-brown, mottled greenish-gray, gypsiferous, moder-

Ately IDAUTALEA .o
Shale, greenish-gray, silty, gypsiferous, blocky
Shale, red-brown, blocky

oo
(=
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Shale, greenish-gray, silty, DIOCKY .o e 0.15
Shale, red-DTOWN, DIOCKY oo eeee e emmeecc e ee s e smessmneesn s e aea 0.3
Silistone, greenish-gray, argillaceous, well-indurated, platy; ap-

Pearing AOLOMAILIC ..t eee e ce e cmnesea s oo oe e e e e s ameans 0.1
Gypsum, white, mottled light-pink, medium-granular, nodular ....... 0.15
Sandstone, light greenish-gray to white, very fine-grained, friable,

weakly indurated ...ttt e 0.1
Shale, red-brown, blocky; with some satin SPAT .oooioieaeiieceieeenes 1.3
Sandstone, white, very fine-grained, gypsiferous, friable, weakly

INAUTBEEA oot caem et e e e s ne eees e e sasssaoesrmnrare s smsaeasssaanes 1.5
Shale, red-brown, blocky; with a 1-inch satin spar bed ....cc.ocoeei... 0.5
Siltstone, greenish-gray, argillaceous, gypsiferous _......ooeoceceeene. 0.15
Shale, red-brown, blocky; with much satin SPar ....eecoeeeeoooecceen. 14
Sandstone, orange-brown and greemsh -gray, silty, argillaceous;

With MUCH S TII SD AT oo oo ee e eamt e m oo en 1.25
Shale, red-brown, blocky; with some satin SPAT oo 1.0
Batin spar, white, mottled red-brown, wavy bedded ....................... 0.1
Shale, greenish-gray, gypsiferous, BlOCKY ..o 0.15
Unit 6.

Sandstone, tan to light-tan, mottled greenish-gray, friable, weakly

indurated; moderately indurated near base ..cececveeeeceneeeenns 1.4
Sandstone, tan to light-tan, gypsiferous, argillaceous, thin-bedded,

wavy bedded, well-Indurated ... 4.5

Gypsum and sandstone, greenish-gray, argillaceous, platy; as above 0.3
Sandstone and gypsum, tan to light-tan, mottled greenish-gray,
well-induraed; as above; with beds above forms a prominent
LST=TeE=3 4 03 11 L1 o U 1.4
Unnumbered Units:
Shale, red-brown, gypsiferous, silty; with gome thin greenish-gray
o1 =T ) € O Uy U U UUR P 5.0
Siltstone, greenish-gray, mottled orange-brown, coarse-grained,
caleareous; with symmetrical ripple marks that strike N. 50°

B e ettt ee e e avban e o< e be g e i eem e s mmeenameteaecamtetraapmenoeeessmeereesmieesserreseccrees 0.15
Shale, red-brown, gypsiferous, blocky; with some greenish-gray

shale Y T 1 4 U 2.75
Sandstone, greenish-gray, very fine-grained, silty, gypsiferous,

moderately indurated ..o 0.3
Shale, red-brown, blocky; with some satin spar and greenish-gray

SRAlE DEAS e ee e ememeeee e a s b se e e n e nennes 17.0

Siltstone, greenish-gray, gypsiferous, argillaceous, moderately
indurated; with symmetrical ripple marks that strike west ... 0.1
Shale, red-brown, blocky; with greenish-gray indurated gypsiferous

LY o S OO 2.75
Unit 5.
Sandstone, greenish-gray, fine-grained, gypsiferous, argillaceous,

well-indurated, wavy bedded; eroding into a prominent ledge 1.0
Shale and siltstone, red-brown, blocky, moderately indurated ... 0.6
Sandstone, greenish-gray, mottled red-brown, fine-grained, thin-

bedded, as above; eroding into a ledge ... 0.6
Unnumbered Unils:
Shale, red-brown and greenish-gray, blocKY ..o 0.8
Shale, red-brown, blocky; with some greenish-gray beds and satin

=) 472 U U O SN 3.5
Shale, greenish-gray, gypsiferous, DBloCKY ... e 0.3
Shale, red-brown, blocky; with some greenish-gray beds and satin

Sy 072 5 U U SO 8.5
Unit 4:

Sandstone, tan and greenish-gray, fine-grained, argillaceous, gypsif-
erous, thin-bedded, crinkly bedded, well-indurated; mottled
red brown and argillaceous in middle; greenish gray in basal

. six inches: eroding into a prominent ledge .. ... .o iiiieeies 6.0
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Unnumbered Units: ]
Shale, red-brown, gypsiferouns, blocky; with some thin greenish-

ETAY SHALE SET@AKS .ooeeiicccericereeeeecceecceneeeessesmnnssasmceaaseesessamnammmensanee o 11.25
Shale, greenish-gray, silty, gypsiferous, blocky, moderately indur-

ated; eroding into a ledge ..coovoieiiiiiiiiiie e eereeeaaremrareeeeaaanan 0.9
Shale, red-brown, blocky: with much satin SPar ....coocviceriiiceceeean. 6.3
Shale, greenish-gray, gypsiferous, silty, blocky ...... ereeeereeeremnneresememeeateanan 0.3
Shale, red-brown, blocky; with much satin spar and many thin

Ereenish-gray Deds .o e e e ee e e e e e oo 26.35
Unit 3:

Siltstone, greenish-gray, gypsiferous, argillaceous, moderately to
well-indurated; with much satin spar; eroding into a prominent
| =T == PO UR OO 0.9
Unnumbered Unit:
Shale, red-brown, blocky; with much paper-thin satin spar, some
greenish-gray shale beds, and with many greenish-gray gypsif-
erous shale beds in basal 3 feet ..o 19.5
Unit 2:
Siltstone, orange-brown to red-brown, argillaceous, gypsiferous;
mottled with greenish-gray streaks; with much satin spar;
well indurated in top 6 inches; eroding into prominent ledge 3.0
Unnumbered Units:
Shale, red-brown, blocky; with many greenish-gray beds and much

BALINL DAL oo e e 21.0
Siltstone, orange-brown, gypsiferous; well-indurated at top,

greenish-gray in middle, and weakly indurated below .............. 3.5
Shale, red-brown, Silty, DLOCKY oo 3.0
Unit 1:

Siltstone, greenish-gray and red-brown, mottled orange-brown,
arenaceous, gypsiferous, well-indurated, platy; eroding into a
=T = PSSR 4.5
(Section ewirapolated to NW% sec. 20, T. 32 8., R. 12 W.)
Unnumbered Unit:
Shale, red-brown, blocky; with much satin spar and some thin
greenish-gray shale Deds ... e e eeraeasnes 21.75
(Section extrapolated to SWi4 sec. 15, SEY sec. 16, BV sec. 21, and
W% sec. 22, T.32 8., R. 12 W.)

HENNESSEY FORMATION (base not measured)
Cedar Hills Sandstone Member: (total thickness, 188.95 feet)
Unit &
Sandstone, greenish-gray, very fine-grained, calcareous; with many
large gypsum nodules 0.7-foot or more in diameter at top, and
a prominent greenish-gray gypsiferous shale 6.2 feet above in
the Flowerpot; eroding into a prominent light-colored ledge
TN TOGIOML -t 1.0

Sandstone, orange-brown, fine-grained, silty, moderately indurated,

medium- to thin-bedded, friable oo 20.0
Unit 4:
Sandstone, orange-brown, gypsiferous, well-indurated, thin-bedded;
with much satin spar; mottled with many greenish-gray spots:
eroding into a prominent 18dge ......oooooooooeeeeeeeeeeeeeee 1.25
Unnumbered Units:
Sandstone, orange-brown, silty, moderately indurated ... ... 25
Siltstone and shale, orange-brown to red-brown, arenaceous, weakly
indurated, Platy 10 DIOCKY ..o 6.25
Sandstone, orange-brown, fine-grained, gypsiferous, platy, well-
indurated; as above; speckled with many greenish-gray spots ... 0.3

Siltstone and shale, red-brown, blocky, moderately indurated: with
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Thickness
(feet)
some satin spar and greenish-gray 1a¥ers .....comemreeiamnena 6.75
Shale, red-brown, Silty, DIOCKY -creecrerecooreierrcecacerrmceeeessnssecresnesameessssmnnes 4.75

Sandstone, greenish-gray to light-brown and tan, very fine-grained,
calcareous, gypsiferous, silty, friable, weakiy indurated; weath-

ering into a light-colored band in the region ... .coooiveiiieiieen, .9
Shale, red-brown, DlOCKY ..o eeeeee oo e emeeemeae s aeeeemeemmeemteeenee 2.5
Siltstone, orange-brown, arenaceous; mottled with some greenish-

gray spots and red-brown shale S8AMIS ....ccocomeeiiiececeeccceeeeeaceaeens 1.0
Shale, red-brown, silty, blocky; with some thin greenish-gray shale

seams and many thin satin spar 1a¥ers ...cciocoooveeeeceeeee e 5.25
Sandstone, orange-brown and greenish-gray, very fine-grained, silty,

friable, weakly indurated ... e meee e eeenneae 2.0

Shale, red-brown, blocky, silty, weakly indurated; with some satin
spar, greenish-gray shale seams, and orange-brown platy silt-
stone

Unit 8:

Sandstone, orange-brown, very fine-grained, well-indurated; mottled
with greenish-gray spots; eroding into a small ledge ................. 0.2

Sandstone, orange-brown, silty, weakly indurated, friable .................. 2.0

Sandstone, orange-brown, very fine-grained, Well indurated;mottled
with greemsh gray spots; with gyp nodules; erodlng into a

LEAEE et e et e et ee e e e e e ee et e e s s 0.1
Siltstone, orange-brown, argillaceous, platy, friable, weakly indur-

2 = SRS 0.75
Siltstone, orange-brown, gypsiferous, well-indurated; mottled with

greenish-gray specks; eroding into a ledge .. oeeceeeeeeeeeeecns 0.2

Unnumbered Units :
Shale, red-brown, silty, platy, weakly indurated; with some inter-
bedded orange-brown SiltStODe ..o 0.5
Sandstone, orange-brown, silty, weakly indurated .....ooooooeieeeneee 7.5
Siltstone, orange-brown, mottled red-brown, argillaceous, blocky,
moderately indurated; mottled with some greenish-gray spots 7.0
Siltstone, orange-brown to red-brown, argillaceous, well-indurated,
blocky; eroding into a ledge; being the third prominent marker
bed below the top of the Cedar HillS..... oo 0
Siltstone and shale, red-brown, platy 1
Sandstone, orange-brown, very fine-grained, silty, weakly indu-

rated; mottled with some greenish-gray spols ... ... 1.5
Siltstone and shale, red-brown, platy; with some interbedded

orange-brown Sandstone ..o e 3.0
Sandstone, orange-brown, fine-grained, friable, weakly indurated ... 1.6

Peace Trealy Bed:
Sandstone, light greenish-gray, fine-grained, friable, weakly indur-
1T OO 0.75
Sandstone, orange-brown, fine-grained, friable, weakly indurated;
mottled with greenish-gray specks; with several thin greenish-
gray zones, especially one (.2-foot thick about 7 feet below

top; erodmg into a prominent ledge ..o, 13.0
Unnamed Beds:
Siltstone, red-brown, argillaceous, blocky, weakly indurated .......... 0.3
Siltstone, red-brown, argillaceous, massive, well-indurated; with

many greenish-gray spots; eroding into a prominent ledge ... 0.4
Shale and siltstone, red-brown, DIatY .o 15
Siltstone, red-brown, argillaceous, well-indurated; eroding into a

T =R UUUPSUORTUR e 0.3
Siltstone and shale, red-brown, mottled orange-brown, platy,

weakly indurated; mottled with many greenish-gray specks ... 3.0

Siltstone and sandstone, orange-brown, arenaceous, moderately
indurated; mottled with greenish-gray specks; eroding into a
= VO S UUR U
Sandstone and siltstone, orange-brown, weakly indurated; as above

ol
-1 ot
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Thickness
(feet)
Shale, red-brown, silty, platy, with greenish-gray spots; mottled
BreenisSh Sray Al fOD e 2,25
Siltstone, red-brown, argillaceous, platy, moderately indurated;
mottled greenish gray at top; eroding into a ledge ..o.ccoooeeeemeee.. 0.6
Siltstone and shale, orange-brown to red-brown, platy, weakly in-
durated; mottled with greenish-gray spots ...ccoceoooeceececeeeeeeeeeee. 2.2
Sandstone, ocrange-brown, very fine-grained, moderately indurated;
mottled with greenish-gray spots; eroding into a ledge ........... 4.75
Siltstone, red-brown to orange-brown, moderately indurated, speck-
led greenish-gray; eroding in a recession ........covieeiiiiiieenneen 2.0
Siltstone, red-brown to orange-brown, weakly indurated; as above;
T8 o ST 1 = o =T (S 5.3
Unit 2:
Sandstone, orange-brown, moderately indurated; mottled with
F=9 STV eRES) T o Nl D 110 1 < SOy TR 10.5
Siltstone, orange-brown, weakly indurated; mottled with greenish-
= o = 0 LY ) o OO 1.5

Shale, red-bown, silty, platy, weakly indurated; mottled with
greenish-gray spots; with interbedded orange-brown sil{stone 7.0
Siltstone, orange-brown, moderately indurated, speckled greenish-

gray; eroding into a ledge ... 0.3
Sandstone, orange-brown, very fine-grained, silty, thin-bedded,
weakly indurated; mottled with greenish-gray spots ........_....... 1.3

Sandstone, white to light greenish-gray, fine-grained, weakly indu-
rated, mottled orange-brown; weathering into a prominent
light-colored band in regiom ...t eeea 0.4
Unnumbered Units:
Siltstone, orange-brown, very fine-grained, silty, calcareous, weakly
indurated; mottled with greenish-gray Spots .oceeovmooooooeoo 1.2
Sandstone, orange-brown, silty, moderately indurated, medium-
bedded; mottled with greenish-gray spots; eroding into a ledge 4.5

Shale, red-brown, silty, calcareous, Platy ..o 0.8
Siltstone, red-brown, argillaceous, calcareous, wavy bedded, moder-
ately indurated; eroding into a 1€dg8e ..o ooeeeeooe 0.2

Siltstone, orange-brown, arenaceous, coarse-grained, moderately
indurated; mottled with greenish-gray spots; eroding into a

B B e e ee e e e e e e em e 0.75
Shale, red-brown, silty, calcareous, platy, weakly indurated ........ . 1.25
Siltstone, greenish-gray, calcareous, well-indurated, platy ... 0.05
Shale, weakly indurated; as abBOVe ... 1.5
Siltstone, greenish-gray, well-indurated, platy; as above ............. 0.05
Shale, red-brown, weakly indurated; as above ..o 2.5
Siltstone, greenish-gray, calcareous, platy, well-indurated, mottled

orange-brown; eroding into a 1edge ..o, 0.1

Siltstone, orange-brown, calcareous, moderately indurated; mottled

with greenish-gray spots; eroding into a ledge with bed above 0.9
Sandstone, orange-brown, very fine-grained, silty, calcareous, weak-

ly indurated; mottied with greenish-gray spots ... 1.0
Siltstone, orange-brown, arenaceous, calcareous, moderately indur-

ated, medium bedded; mottled with greenish-gray spots: erod-

INg INt0 & 18AZE wommmieeieeceieiceeiemeeee e 4.75
Shale, red-brown, silty, calcareous, platy, weakly indurated ... 1.75
Siltstone, orange-brown, arenaceous, calcareous, weakly indurated:

mottled with greenish-gray SpPots ..o 1.6

Sandstone, orange-brown, very fine-grained, silty, calcareous,
moderately indurated; mottled with greenish-gray spots; green-
ish gray in lower six inches; eroding into a ledge ..o, ‘. 5.75

Shale, red-brown, silty, platy, calcareous, weakly indurated 1.5

Sandstone, orange-brown, silty, calcareous, moderately indurated:
mottled with greenish-gray spots; greenish gray in lower six
inches; eroding into a prominent ledge ..o 7.0
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Thickness
(feet)
Shale, red-brown, calcareocus, silty, platy, weakly indurated ........... 1.256
Sandstone, orange-brown, very fine-grained, silty, weakly indurated,
finely laminated; mottled with greenish-gray specks .....cccvecoeennee. 1.3

Unit 1:
Sandstone, greenish-gray, fine-grained, calcareous, weakly indur-
ated, friable:; mottled with some orange-brown spots; thinly
laminated at top; conformable with beds below; weathering
into a prominent light-colored band in region ......oooiceieeeeennne. 1.9
Bison Member (exposed thickness 55.35 feet) :
Siltstone, red-brown, argillaceous, calcareous, moderately indu-

rated; mottled with greenish-gray 8pots .o 0.25
Shale, red-brown, silty, calcareous, DIALY .oeeceoeeeeeeeeeeeevereeceeeaas 15
Silistone, red-brown, moderately indurated; mottled with greenish-

gray spots; eroding into a l1edge ..o 0.75
Shale, red-brown, weakly indurated, platy; with greenish-gray spots

20 A (T T OO UURUR T 2.0
Siltstone, orange-brown and greenish-gray, argillaceous, calcareous,

moderately indurated; eroding into a ledge .eeeeiiiiviciccianen. 0.3
Shale, red-brown, silty, platy, weakly indurated; mottled with some

fz =120 DTS 2 =g = D=1 oo ) o RO SOOI 1.0
Shale, greenish-gray and red-brown, DIALY . ooeeeeeeeeeeeeeeeaan 0.2
Shale, red-brown, silty, Dlaty .o eeen 2.26

Siltstone, moderate red-brown to orange-brown, argillaceous, mod-
erately indurated; mottled with greenish-gray spots; with inter-
bedded red-brown shale ...t n 5.25
Siltstone, greenish-gray, mottled red-brown, argillaceous, calcar-
eous, weakly indurated; weathering into first prominent light

=N s BT Lo o) o U SN 0.7
Siltstone, orange-brown, mottled greenish-gray, argillaceous, platy,

moderately indurated; eroding into a ledge .oeeeoooeooeeeeeeeeeeee. 0.5
Shale, red-brown, silty, platy, weakly indurated .......ooooooeooeeoeeee. 1.0

Siltstone, orange-brown, argillaceous, moderately indurated; mot-

tled with greenish-gray spots; with interbedded red-brown

shale; Partly COVered ... e 6.25
Siltstone, greenish-gray, mottled red-brown, argillaceous, calcar-

eous, weakly indurated; weathering light greenish gray: erod-

ing into the second light band below tOD «ooeeeeoeeeeeeeee e, 1.0
Shale, red-brown, silty, platy; partly covered .. . ... 3.0
Siltstone, red-brown, argillaceous, platy, thin-bedded, micaceous,

well-indurated; eroding into a prominent escarpment ... 0.5
Siltstone, greenish-gray, mottled orange-brown, weakly indurated,

thinly laminated; eroding into third light band below t0p ... 0.6
Siltstone, orange-brown, mottled greenish-gray, argillaceous, platy,

thinly 1aminated ... e e 0.6
Shale, red-brown, silty, platy, weakly indurated; with some inter-

bedded orange-brown and greenish-gray siltstone ....coccoveeeen... 4.25
Siltstone, red-brown, argillaceous, moderately indurated; mottled

with greenish-gray SPOtS o 0.3
Shale, red-brown, silty, platy, weakly indurated; mottled with

Fog o153 D TH 0 B o o = T ) o RO USRS UUS 6.7

Sandstone, greenish-gray and orange-brown, very fine-grained,
calcareous, well-indurated, crinkly bedded; eroding into a ledge 0.05

Shale, red-brown, silty, platy; mottled with greenish-gray spots ... 0.6
Sandstone, greenish-gray and orange-brown, very fine-grained:; as

A0V E ettt e e et e e ee e e etae et e ee s emeeenasesaaean s amanen 0.05
Shale, red-brown, silty, platy; mottled with greenish-gray spots;

PATLLY COVETOA ..o e et e e 3.25
Siltstone, orange-brown, arenaceous, thin-bhedded, argillaceous,

moderately indurated; mottled with greenish-gray spots ........... 10.5

Siltstone, red-brown, argillaceous, weakly indurated ... 2.0+
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SECTION 7.
GERLANE, BARBER COUNTY, KANSAS

Beginning at top in Cedar Springs Dolomite at base of Blaine
Formation and proceeding down section through Flowerpot Shal'e,
section measured along road in NWY, sec. 29 and along creek in
SE1, sec. 20 and SWY4 sec. 21, T. 33 8., R. 13 W. The section was then
extrapolated to SE sec. 15, T. 33 8., B. 13 W., and SWY sec. 12,
T.34 8., R. 12 W, for basal part of Flowerpot Shale from Unit 1 to
base. The Cedar Hills Sandstone (type section) was measured in @
series of continuous exposures in SEY4 sec. 21, NEY, sec. 28, and
SW1i, sec. 24, T. 33 8., B. 12 W., several miles west of Gerlane,
Barber County, Kansas.

Thickness
(feet)
BLAINE FORMATION
Cedar Springs Bed:
Dolomite, greenish-gray, fine- to medium-granular, silty, gypsif-
erous, well-indurated, medium-bedded to massive, crinkly bed-
ded; eroding into a prominent eSCATDMENT . eoocoeceveecemmeereeeecerenenas 04

FLOWERPOT SHALE (total thickness, 196.7 feet)

Shale, greenish-gray, silty, calcareous, thin-bedded, blocky, weakly
IRAUTREEA et e

Shale, red-brown, caleareous, blocky, weakly indurated ...

Shale, greenish-gray, calcareous, blocky, weakly indurated ...

Shale, red-brown, silty, blocky, weakly indurated; mottled with
BreeniSh-gray SDOLS e

Shale, greenish-gray, silty, blocky, weakly indurated .............oo...........

Shale, red-brown, mottled orange-brown, silty, blocky, weakly in-
durated; with greeniSh-gray SDOS oo

Siltstone, greenish-gray, calcareous, moderately indurated ............

Shale, red-brown, silty, blocky, weakly indurated; mottled with
BreenisSh-gray SPOLS et

Sandstone, greenish-gray, mottled orange-brown, fine-grained, cal-
citic, moderately indurated; eroding into a ledge ... 0.3

Sandstone, orange-brown, fine-grained, calcitic, argillaceous, weak-
ly indurated; mottled with greenish-gray spots ..o 1.4

Shale, red-brown, blocky, weakly indurated; mottled with greenish-

BT Y B O S e e e e e et 0.75

Sandstone, greenish-gray, very fine-grained, calcitic, vuggy, mod-
erately indurated; eroding into a small ledge ..........oooovvrooooil. 0.2

Siltstone, mottled orange-brown to red-brown, calcitie, finely lami-
nated; with greenish-gray SDOtS e 1.2

Siltstone, orange-brown, arenaceous, weakly indurated ............. ... 13

Unit 6:

Sandstone, light-brown to tan, very fine-grained, silty, thinly lam-
inated, weakly to moderately indurated; with red-brown and
greenish-gray shale streaks; eroding into a ledge ..ooeeeemeenoe . 7.5

Unnumbered Units:

Shale, red-brown to orange-brown, silty, blocky, weakly indurated;
mottled with greenish-gray spots; with many thin greenish-
gray siltstone beds ...

Siltstone, greenish-gray and orange-brown, argillaceous, weakly
10000 R o 1 T« v U SUUS USRS

Shale, red-brown, silty, thin-bedded, blocky, weakly indurated ...

Siltstone, greenish-gray, mottled orange-brown, calcitic, crinkly
bedded, moderately indurated; eroding into a small ledge ........

Shale, red-brown, silty, blocky, weakly indurated .. ....coooeeeeie...

Shale, greenish-gray, mottled red-brown, blocky, weakly indurated

O.l—lH
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Thickness
(feet)
Siltstone, orange-brown, argillaceous, blocky, weakly indurated ... 0.75
Shale, greenish-gray, blocky, weakly indurated ...t 0.2
Shale, red-brown, blocky, weakly indurated ...l 1.6
Shale, greenish-gray, blocky, weakly indurated ... 0.1b
Shale, red-brown, SIltY, BloCKY e mna e e 0.75

Siltstone, greenish-gray, mottled red-brown, calcitic, argillaceous,
thin-bedded, blocky, moderately indurated; eroding into a ledge 0.5

‘Shale, red-brown, blocky, weakly indurated, silty; orange brown in
middle 2 feet; with greenish-gray spots and 1-inch greenish-

gray beds in basal 10 INCRES ..ot e 4.0
Shale, greenish-gray, blocky, weakly indurated ..., 0.2
Shale, red-brown, blocky, weakly indurated ... 2.4
Shale, greenish-gray, blocky, weakly indurated ... 0.1
Shale, red-brown, blocky, weakly indurated ... ..o 15
Siltstone, greenish-gray, argillaceous, calcareous, blocky, moder-

ately indurated; eroding into a ledge ... 0.3
Siltstone, orange-brown, argillaceous, weakly indurated; with some

interbedded red-brown shale and greenish-gray siltstone ............ 5.5
Shale, red-brown, blocky, weakly indurated ......cocoooooiermmmimneene 0.7
Shale, greenish-gray, silty, calcareous, blocky; moderately indur-

EN =T D U o =X T USSR 0.3
Siltstone, orange-brown, argillaceous, weakly indurated ... ... 1.0
Shale, red-brown, silty, platy, weakly indurated ..., 0.75
Siltstone, red-brown, platy; as above; with interbedded red-brown

S B 1 S SOOI 2.0
Unit 5:

Siltstone, greenish-gray and orange-brown, calcitic, moderately
indurated; with some interbedded red-brown shale; eroding
INEO @ JEAZ@ e e e 0.2
Unnumbered Units:
Shale, red-brown, blocky, weakly indurated; with greenish-gray
] Lol = TS U RO 2.2
Shale and siltstone, greenish-gray, calcitic, platy, moderately in-
durated; with some interbedded red-brown shale; eroding into

T =T = < S U 1.3
Shale, red-brown, blocky, weakly indurated ................ooooiiiiiirnne 1.2
Shale, greenish-gray, mottled red-brown, selenitie, blocky; erod-

ing into the first light gypsiferous band below top ...cccoooeeeemeeeee... 1.0
Shale, red-brown, mottled greenish-gray, weakly indurated; with

much selenite and paper-thin satin Spar ....cccerevieceeee s 6.0

Shale, greenish-gray, mottled red-brown, highly gypsiferous, selen-
itic, well-indurated; with interbedded weakly indurated red-
brown shale; eroding into a ledge ... 2.0
Shale, red-brown and greenish-gray, gypsiferous, blocky, crinkly
u bedded; with much selenite and many snowball gypsum nodules 6.5
nit 4
Siltstone, greenish-gray, highly gypsiferous, thin-bedded, crinkly
bedded; with interbedded red-brown shale: well indurated in
middle; orange brown at base; eroding into a prominent egcarp-
0= SRS 2.5
Unnumbered Units:
Shale, red-brown, mottled orange-brown, gypsiferous, silty, weakly

AU AL A oo e 3.75
Shale, greenish-gray, gypsiferous, crinkly bedded, well-indurated;

eroding into a ledge . 0.1
Shale, red-brown, silty, gypsiferous, platy, weakly indurated; with

mMany greenisSh-g2ray Deds e 4.75
Shale, greenish-gray, gypsiferous, platy, crinkly bedded, moder-

ately indurated; eroding into a ledge ... ., (.75

Shale, red-brown, gypsiferous, blocky; with much paper-thin
selenite _....... e eeeamadtreecee s mmmemeseetannessememeeaeannseesomastn e eeememom e emmnmmemas 2,75
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Thickness

Shale, greenish-gray, gypsiferous, blocky, mottled red-brown;
eroding into @ l1eAZE ..ottt e e
Shale, red-brown, gypsiferous, blocky, mottled greenish-gray ...
Shale, greenish-gray, gypsiferous, moderately indurated; as above;
eroding INto & 1eAZe et
Shale, red-brown, gypsiferous, blocky, weakly indurated ................
Shale, greenish-gray, gypsiferous, moderately indurated; as above;
eroding into a ledge ....ooooiiiiieceiieieeeen et veertezaeetaeanneessneerneiaas
Shale, red-brown, BLOCKY .oiiieeee ettt eeeemeeeemn e s sa e e an e
Shale, dark-brown to chocolate-brown, blocky, weakly indurated
Shale, greenish-gray, mottled red-brown, blocky, weakly indurated
Shale, red-brown, gypsiferous, blocky, weakly indurated ..........
Shale, greenish-gray, gypsiferous, blocky, weakly indurated; with
interbedded red-brown SBAle ..o..coocoeeieeei e re et e e

Unit 3-%:

Shale, greenish-gray, silty, gypsiferous, blocky, weakly to walﬂ
indurated, crinkly bedded; with some red-brown shale, eroding
INEO 8 10O oo eeeee e e et e e ser e eecemems s e enenar et neanes

Unnumbered Units:

Shale, red-brown, gypsiferous, blocky, weakly indurated, mottled
greenish-gray; Dartly covered ... e

Shale, greenish-gray and red-brown, gypsiferous, moderately indu-
rated, crinkly bedded; eroding into a ledge ...

Shale, red-brown, gypsiferous, BIOCKY ..ot e

Shale, greenish-gray; as abOVE oot e e

Shale, red-brown; as ADOVE et et

Shale, greenish-gray; as abDOVe . eeeeceaeeaeeaneanes

Shale, chocolate-brown, gypsiferous, weakly indurated, mottled
F=9 o =Toh B E2] 4T 4 o AU

Unit 8

Shale, greenish-gray, gypsiferous, well-indurated, blocky, crinkly
bedded; eroding into a Iedge ...

Siltstone, red-brown, argillaceous, gypsiferous, blocky; with some
interbedded greenish-gray shale beds ... e

Unnumbered Units:

Shale, chocolate-brown, mottled red-brown, silty, blocky, moder-
ately indurated; with much selenite . ... aees

Shale and siltstone, greenish-gray, gypsiferous, blocky to platy,
moderately indurated, wavy bedded ...

Shale, dark red-brown, blocky, moderately indurated; with much
TSy =) 05 = YO VS

Shale, greenish-gray, blocky, wavy bedded ...

Shale, red-brown, Silty¥, DIOCKY ... et camenieees

Siltstone, greenish-gray, argillaceous, moderately indurated, blocky

Shale, red-brown, selenitic, DIOCKY ... e es

Shale, greenish-gray, silty, blocky, mottled red-brown ...

Shale, red-brown, selenitic, DIOCKY oo

Shale, greenish-gray, silty, gypsiferous, blocky to platy; with
interbedded red-brown shale; eroding into a ledge .......................

Shale, red-brown, bloCKY oo,

Shale, chocolate-brown, selenitic, BlOCKY ..o,

Siltstone and shale, red-brown, selenitic, blecky; with many satin
ES) 0220 gl 4 =3 B 1 1 U UUU SRR

Shale, greenish-gray, extremely gypsiferous, selenitic, wavy bed-
ded, moderately indurated, blocky to platy, mottled red-brown

Siltstone, mottled greenish-gray and orange-brown, argillaceous,
gypsiferous, moderately indurated; eroding into a ledge ...........

Siltstone, orange-brown, gypsiferous, argillaceous, selenitic, blocky,
weakly Indurated ... e

Siltstone, greenish-gray, argillaceous, gypsiferous, .moderately
indurated; with small yellow-green gypsum nodules; eroding

(feet)
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Thickness
(feet)
INEO B LEAEE ettt e et eeeee e et eee s e e e et e see s semsan e mene e emrmemmnn 0.25

Unit 2:

Silistone and shale, orange-brown and greemnish-gray, argillaceous,
arenaceous, moderately indurated, thinly laminated; weakly
indurated at top; with some intrebedded orange-brown sand-

ST 103 11 - SO S NS UURORNORRRR 4.0

Unnumbered Units :

Shale, red-brown, silty, well-indurated; mottled with some greenish-

Fa i< 0 Lo ) A SO 0.75

Siltstone and shale, greenish-gray, gypsiferous, selenitic, platy,
crinkly bedded, well-indurated; with interbedded red-brown

shale; eroding into several 18AZes ... eoeceeeeeeeeeeetseeemeeaeserantenas 2.75
Shale, red-brown, gypsiferous, blocky, weakly indurated ...........cc..... 1.2
Shale and gypsum, red-brown, blocky, crinkly bedded, selenitic;

with greenish-gray bed in middle, eroding into a ledge ............... 2.0
Shale, greenish-gray and red-brown, gypsiferous, moderately indu-

TALEA, DIOCKY e mteeaeeseeeesmmmemesseseseassenssnrarenee e mmmsmmeans 0.8

Shale and siltstone, red-brown, mottled greenish-gray, gypsiferous 275
Sandstone, greenish-gray, mottled orange-brown, silty, massive,

Well-INAUIAted oo 0.75
Shale and siltstone, red-brown, mottled greenish-gray, weakly in-

durated; selenitic in middle 2 feet ..o 4.5
Unit 1:

Sandstone, greenish-gray, mottled orange-brown, very fine-grained,

silty, gypsiferous, moderately indurated, massive; with yellow-

green Z¥DSUM DOAULES oot eee e oee e 3.0
Unnumbered Units: ‘
Siltstone, orange-brown, argillaceous, massive, weakly indurated;

AreRACCOUS Al L0 et 1.0
Shale and siltstone, red-brown, BlOCKY oo 1.25
Sandstone, orange-brown, fine-grained, weakly indurated; mottled

with greenish-gray Spots ..o - 9.0

(Section extrapolated to SW% sec. 12, T. 84 S., R. 12 W.)
Shale, and siltstone, orange-brown to red-brown; with some green-

ISD-TAY DOAS oo eeee e e e e e e e 15.75
Shale, greenish-gray, crinkly bedded, well-indurated, gypsiferous;

FEIlOW-ETeen At TOD oo et ettt meem et eemeeenee 2.0
Shale, red-brown, selenitic, DIOCKY ... eeeeeeeeeeeeeeeeeeeeeeeee e e 6.25

HENNESSEY FORMATION
Cedar Hills Sendstone Member: (type section, total thickness 180
feet)
Unit 5:
Sandstone and siltstone, greenish-gray, mottled orange-brown,
very fine-grained, massive, gypsiferous; with small gypsum
nodules in places ..ocooeoireieeeeeeee e eiiiimeeemesmsmeasmemmeeeseseeeaeeeeeeeenns 2.0
Unnumbered Units:
Sandstone and siltstone, orange-brown, very fine-grained, massive;
mottled with greenish-gray spots and greenish-gray layers;
with yellow-brown gypsum nodules 4 feet below tOp -....oonoeee..... 25.0
Siltstone, red-brown to orange-brown, argillaceous, thin-bedded,
moderately to weakly indurated; mottled with greenish-gray

SPOtS; areNaceoUs Al LOD e 7.5
Unit 4
Sandstone, light greenish-gray to white, fine-grained, gypsiferous,
well-indurated, thin-bedded, platy; eroding into a ledge ... 1.0

Unnumbered Units:
Siltstone and shale, orange-brown to red-brown, platy to blocky,
weakly indurated; mottled with greenish-gray spots; with some

paper-thin satin SPar ettt 15.75
Siltstone, greenish-gray and orange-brown, arenaceous, gypsiferous,
moderately indurated; eroding into a ledge ..., 1.5

Shale, red-brown, blocky, selenitic, weakly indurated; with some
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Thickness
(feet)
satin spar and interbedded orange-brown siltstone .. ............... 7.0
Unit 3:
Sandstone and shale, greenish-gray, mottled orange-brown, fine-
grained, gilty, gypsiferous; moderately indurated at base; erod-
ing into a ledge and second prominent light-colored ledge
L TS0 (o} o) o T 1.3
Unnumbered Units:
Siltstone, orange-brown, arenaceous, argillaceous, weakly indu-
rated, blocky; with interbedded red-brown shale and satin spar;

with light greenish-gray shale at tOP oo 5.25
Gypsum, white, mottled yellow-green, nodular, well-indurated;

1< o Tu bt = b 1 0 T T =Y - SO 0.1
Siltstone, orange-brown. argillaceous, mederately indurated; speck-

led with many greenish-gray spots; eroding into a ledge ........ 0.25

Siltstone, orange-brown, argillaceous, arenaceous, thinly laminated
to massive, moderately to weakly indurated; mottled with
greenish-gray spots; with some satin spar veins ... 14.75

Shale, red-brown, gilty, blocky, weakly indurated; with some 1- to
2-inch greenish-gray zones alternating with some orange-brown
BN L o) 41T TSSO R 8.25

Sandstone, orange-brown, very fine-grained, silty, weakly indurated,
thinly laminated; mottled with greenish-gray spots; even bed-
ded at top; with many snowball gypsum nodules ........ooeeeeeeee

Shale, red-brown, silty, platy, weakly indurated ........oooooioeeeveennenn.

Peace 1I'reaty Bed:

Sandstone, orange-brown, very fine-grained, silty, moderately indu-
rated, massive; speckled with many greenish-gray spots; with
many 0.5- to 1-inch snowball gypsum nodules; eroding into a
prominent escarpment; with a prominent 1-inch white sand-
stone 5 feet below top; a 2-inch weakly indurated siltstone 6.6
teet below the top, eroding in a recession; and the basal 3 feet
gradational into shale and sSiltstone ... 11.0

Unnamed Beds:

Siltstone and shale, red-brown, weakly indurated, blocky; speckled
with greenish-gray spots; with some orange-brown siltstone
and paper-thin Satin SDAT ..o eeeeeemaenn 4.25

Sandstone, orange-brown, very fine-grained, silty, gypsiferous,
moderately indurated; mottled with greenish-gray spots; erod-

INg INEO A 1eAEE o e eeemeee———— 1.0

Shale, red-brown, silty, blocky, weakly indurated; mottled with
greenish-gray spots and orange-brown streaks; with much
R0 32T O SR OTURUT 5.25

Sandstone, orange-brown, mottled greenish-gray, fine-grained, silty;
moderately indurated at top: weakly indurated below: with

e
o~ b

many 0.5- to 1-inch snowball gypsum nodules .._......ooooomeveieieceiieee. 3.0
Shale, red-brown, silty, platy, weakly indurated: mottled with

greenish-gray spots; with some paper-thin satin spar ............ 1.4
Siltstone and shale, orange-brown to red-brown, platy, weakly

indurated; mottled with many greenish-gray spots .................. 1.75
Sandstone, orange-brown, mottled greenish-gray, very fine-grained,

silty, massive, moderately indurated; eroding into a ledge ........ 3.0

Siltstone and sandstone, orange-brown, very fine-grained, argilla-
ceous, moderately indurated, thin-bedded; mottled with green-
ish-gray spots; eroding into a recession ... 6.75

Unit 2:

Sandstone, orange-brown, very fine-grained, silty, well-indurated;
mottled with greenish-gray spots; eroding into a prominent
ledge: weakly indurated in Iower 3 feet; with a prominent 2-
inch light greenish-gray sandstone 12.5 feet below the top ....... 16.5

Unnumbered Units: '

Siltstone, greenish-gray and orange-brown, argillaceous, platy,
weakly Indurated ... 05
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Thickness
(feet)

Sandstone, orange-brown, very fine-grained, silty, moderately

indurated; mottled with greenish-gray spots eeeemeeoceoccmeeeeee.. 1.8
Siltstone, orange-brown, mottled red-brown, blocky, weakly indu-

rated; with some interbedded greenish-gray layers and red-

brown shale ..o e eteeeevesenat i nreseanens 5.5
Siltstone, orange-brownh, arenaceous, medium-bedded, well-indu-

rated; mottled with greenish-gray spots; with sharp upper and

IOWEr DOMDARTIES oot e me e manes e 0.75
Sandstone and siltstone, orange-brown, mottled greenish-gray, very

fine-grained, thin-bedded, moderately to weakly indurated; mas-

SIVE B LD oo e e e aaneen 4.5
Shale, red-brown, silty, platy, weakly indurated; gradational into
orange-hrown SiltStONe ..o 1.75

Sandstone, orange-brown, very fine-grained, silty, moderately indu-

rated, thin-bedded, platy; speckled with greenish-gray spots 0.75
Sandstone, light greenish-gray, mottled orange-brown, very fine-

grained, silty, thin-bedded, moderately indurated ....................... 0.2
Sandstone, orange-brown, very fine-grained, silty, well-indurated,

thin bedded; mottled with greenish-gray specks:; weakly indu-

rated at base; eroding into a ledge ..... e eeemssmmmareeeeesseemomemaeeeeeoaeoiaens 10.5
Shale and siltstone, orange-brown to red-brown, platy, weakly in-
Lo D =Y USSR PR 1.75

Sandstone, orange-brown, very fine-grained, silty, moderately in-
durated; mottled with many greenigsh-gray spots; eroding into

T =T o SO 1.2
Unit 1:
Sandstone, greenish-gray, mottled orange-brown, fine-grained, thin-
bedded, weakly indurated ... 1.6

Bison Member:
Siltstone, orange-brown, argillaceous, thin-bedded, weakly indu-

rated; mottled with some gréenish-gray spots ... eeiieeeeen. 2.0
Shale, red-brown, silty, blocky, weakly indurated ... ... 2.0
Shale, greenish-gray, silty, blocky, weakly indurated ._._.......... ... 0.2
Shale, red-brown, silty, platy, weakly indurated _......coviereomeenene. 2.0+

SEcTION 8.
Coy, Woops CounTY, OKLAHOMA

Beginning at top with Day Creek Dolomite and proceeding down-
ward, section measured i SEY) sec. 6, T. 28 N., R. 19 W., to Moccasin
Creek Bed. Section then extrapolated to SEV, SEY, sec. 25, T. 29 N.,
E. 20 W., for portion below Moccasin Creek, ending in the Dog Creek
Shale in SWiy SWi4y NWij sec. 2, T. 28 N., R. 20 W., Woods County.

Thickness

(feet)
CLOUD CHIEF FORMATION (exposed thickness, 32 feet)

Day Oreek Bed:

Dolomite, white to light-gray, fine-grained, well-indurated; cap-
ping butte and eroding into a prominent escarpment

Kiger Shale Member:

Shale and sandstone, greenish~gray, fine-grained, weakly indurated 5

Shale and siltstone, red-brown, blocky, weakly indurated ................ 2

Sandstone, greenish-gray, fine-grained, weakly indurated .................. 2

Shale and silistone, red-brown, weakly indurated 6

Moccasin Creek Bed:

Dolomite, pink and white, finely crystalline, well-indurated, crinkly
bedded; eroding into a ledZe e 0.5

2.5
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Thickness
(feet)

Dolomite, pink and white; as above ... 1.0
(Section extrapolated to SEY% SEY% sec. 25, T. 29 N., R. 20 W.)

WHITEHORSE GROUF (total thickness, 195 feet)
RUSH SPRINGS FORMATION (total thickness, 89.85 feet)
Siltstone, red-brown, argillaceous, weakly indurated, thinly lamin-
ated; with some greenish-gray Streaks ..o 2.5
Sandstone, light greenish-gray, micaceous, quartzose, very fine-
grained, massive, moderately to weakly indurated; weathering

into a light-colored Dand ... 4.0
Siltstone, orange-brown, micaceous, thinly laminated, weakly in-

o 01 B 1 =T U OO OTRUS RS SRURt 1.0
Sandstone, orange-brown, very fine-grained, quartzose, micaceous,

medium-bedded, moderately indurated ..., 3.0
Siltstone, orange-brown, thinly laminated, weakly indurated;

mottled with some 1- to 2-inch greenish-gray streaks ... ... ... 3.75
Sandstone, orange-brown, guartzose, micaceous, very fine-grained,

moderately indurated, thin-bedded; eroding into a ledge ........... 4.5
Shale, red-brown, silty, thinly laminated; with interbedded mod-

erately indurated siltstone beds; eroding into a slope .............. 5.25

Sandstone, light greenish-gray, mottled orange-brown, very fine-
grained, quartzose, calcitic, thinly laminated to massive, well-
indurated; eroding into a prominent escarpment; with many

Yi-inch sand balls at tOD ..o 9.¢
Siltstone, red-brown, argillaceous, micaceous, platy, weakly indu-

PALed e 2.0
Siltstone, red-brown, argillaceous, massive, moderately indurated 1.2
Siltstone, red-brown, argillaceous, weakly indurated ...................._..... 1.0

Siltstone, red-brown, argillacous, medium-bedded to massive, well-
indurated; with 0.5-foot weakly indurated siltstone 2 feet above

base; eroding into a ledge ... oo 7.25
Shale, red-brown, silty, blocky, weakly indurated, with 1- to 2-inch
greenish-gray beds at top and Dase ... 3.2

Sandstone, orange-brown, very fine-grained, quartzose, micaceous,
silty, thin-bedded, weakly indurated; with irregular 1-foot
wide greenish-gray patches, and with interbedded red-brown

shale in UPPEr tWo £ee ..o 12.75
Shale, red-brown, silty, blocky, weakly indurated; with many

greenish-gray spots and 1- to 3-inch greenish-gray beds ......... 12,5
Sandstone, orange-brown, very fine-grained, quartzose, micaceous,

weakly indurated, friable ... 3.0
Shale, red-brown, silty, thinly laminated, weakly indurated; with

some l-inch greenish-gray bBeds ..o 6.25

Sandstone, light greenish-gray to white, mottied orange-brown, very

fine-grained, quartzose, weakly indurated . ... ..o 1.2
Shale, red-brown; as above .. ... 2.0
Sandstone, light greenish-gray; as above ......... ..o 0.75
Shale, red-brown; as abOVe ... 3.75
MARLOW FORMATION (total thickness, 105 feet)

Emanuel Bed:
Sandstone, light greenish-gray to white, fine-grained, well-indu-
rated; calcareous in places; weathering as a prominent light

DANA e 0.5

Unnamed Beds :

Shale, red-brown, silty, blocky, weakly indurated ..., 11.25

Shale, light-pink, platy, weakly indurated; with salt casts, and with
interbedded maroon and greenish-gray shale

Shale, red-brown, silty, blocky, weakly indurated

Relay Creek Bed:

Sandstone, light greenish-gray to orange-brown, very fine-grained,
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Thickness
(feet)

weakly indurated, thinly laminated; with %-inch pink dolomite
at top; weathering into a prominent light-colored band in
== 101 o S VTSP PO 1.0
(Section extrapolated to sec. 2, T. 28 N, E. 20 W.)
Sandstone, orange-brown, silty, platy, weakly indurated; thin-
bedded to MAaSSIVE .o eeeeeeememnmneseneasemeeanee 89.0

EL RENO GROUP
DOG CREEK SHALE
Shale, red-brown, blocky, weakly indurated ... . 5.0+

SECTION 9.
YeLLowsTONE CrREEK, Woops CouNTy, OKLAHOMA
Lirte MuLE CrREEK, BARBER CoUNTY, KANSAS

Beginning at top in Marlow Formation, section measured in SWij
SEY) SEY) sec. 3, T. 28 N., R. 17 W., north of section-line road and
east of creek to lower part of Dog Creek Shale. Section extrapolated
to NEYy NWi4 SEL) sec. 15, T. 29 N., R. 177 W., for lower Dog Creek
to Shimer Qypsum, and then NWly SWi4 see. 26, T.29 N, R. 17 W.,
for section to Flowerpot Shale Unit 6. Seclion then extrapolated to
SWiy SW14 SEY) sec. 22, T. 29 N., R. 16 W., along creek to Yellow-
stone Creek, Woods County, Oklahoma. The basal 15 feet of Flower-
pot was measured in NW1j sec. 8, T. 35 8., R. 14 W., Barber Counly,
Kansas. The Cedar Hills Sandstone was measured along a branch of
Little Mule Creek, in SEY; and NWiy sec. 7, T. 34 8., R. 12 W,
down to Unit 2. Then a series of sections downstream were measured
below Unit 2 wn NEY, sec. 8, SEY, sec. 5, NW1j sec. 9, T. 34 8., R.
12 W., continuing in NW14 sec. 6, SEV, sec. 32, along road in sec.
%?, and ending imm SW1i4 sec. 21, T. 34 S., R. 11 W., Barber County,

ansas.

Thickness
(feet)
CUSTERIAN SERIES
WHITEHORSE GROUP
MARLOW FORMATION (top not exposed)
Sandstone, moderate reddish-brown to moderate reddish-orange,
fine-grained, weakly indurated, massive; composed of (in per-
cent) 76.2 sand, 15.9 silt, 2.1 clay, and 5.8 carbonate and gypsum.,
The heavy-mineral fraction, comprising 0.26 percent of the
sand-sized portion of the insoluble residue, consists of (in per-
cent) 18.2 ilmenite-magnetite, 12.5 sphene-leucoxene, 1.49 orange
opaque, 32.23 garnet, 7.16 zircon, 5.67 brown to gray iourmaline,
1.49 blue tourmaline, 1.79 biotite, 0.29 chlorite and muscovitie,
0.59 epidote, 0.59 red rutile, and 0.29 yellow rutile, The light-
mineral fraction consjists of 64.4% quartz, 13.35 chert, 19.54
orthoclase, 1.30 plagioclase, and 1.30 microcline ......ccvveereicieneeeee. 5.0
Sandstone, greenish-gray, mottled moderate red-brown to moderate
red-orange, fine-grained, weakly indurated, thinly laminated;
F I 110 2 SO S U P UO U 0.9

CIMARRONIAN SERIES
EL RENO GROUP (total thickness, 333.5 feet)
DOG CREEK SHALE (total thickness, 48.1 feet)
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Thickness
(feet)

Shale, red-brown, DLOCKY . eceecaeeeste et sa s rasenaens 2.9
Dolomite, greenish-gray, fine-grained, dense, well-indurated; com-
posed of (in percent) 0.9 sand, 14.2 silt, 6.1 clay, and 78.8 car-

0T 0 3T 1 - SO U RO URR R 0.25
Shale, red-brown, blocky; with well-indurated dolomitic shale in
upper 1 inch e eemeaeerrrcacnnrees 2.0

Southard Dolomite Bed:
Dolomite, light-gray, fine-grained, dense, well-indurated; composed
of (in percent) 0.06 sand, 24.36 silt, 9.49 clay, and 64.09 car-
[0 X035 4 F: 5 7= U PO URE U VO RO 0.1
Unnamed Beds:
Shale, purplish-brown, platy, thin-bedded; becoming dolomitic in
basal 1 inch; composed of (in percent) 0.4 sand, 37.3 silt, 39.2

clay, and 238.1 carboNate ... vrrmereemreeeeeeeranmre e memeennansaneans 0.3
Shale, red-brown, blocky; with dolomitic shale in basal 1 inch ... 0.5
Shale, greenish-gray, mottled red-brown, weakly indurated, platy,

£ o BN 4T X1 L (=1 s U 2.8

Siltstone, greenish-gray, dolomitic, well-indurated, massive; com-
posed of (in percent) 3.4 sand, 54.2 silt, 4.7 clay, and 37.7
2N o 370 4 - o S S
Shale, red-brown, blocky; with some greenish-gray siltstone beds
Sandstone, greenish-gray and red-brown, silty, fine-grained, blocky;
composed of (in percent) 57.6 sand, 22.5 silt, 3.3 clay, and 16.6
carbonate. The heavy-mineral fraction, comprising 0.34 percent
of the sand-sized portion of the insoluble residue, consists of
(in percent) 27.2 ilmenite-magnetite, 22.1 sphene-leucoxene,
1.98 orange opaque, 27.48 garnet, 5.1 zircon, 9.63 brown to gray
tourmaline, 1.13 biotite, 2.55 chlorite and muscovite, 1.98 epidote,
0.28 yellow rutile, and 0.57 anhydrite. The light-mineral fraction
consists of 72.70 quartz, 12.38 chert, 13.33 orthoclase, 0.63
plagioclase, and 0.95 microcline
Shale, red-brown, DIOCKY ...t eeeeeee s 3.0
Siltstone, light-brown, argillaceous, gypsiferous, well-indurated;
eroding into & I1eAZE ..o e 5.0
Siltstone, red-brown, calcareous, gypsiferous, quartzose, thin-
bedded, cross-bedded, well-indurated; eroding into a ledge;
composed of (in percent) 0.2 sand, 76.4 silt, 5.4 clay, and 18.0
carbonate and EYDSUIL ..o 4.0
Siltstone, moderate red-brown to red-orange, argillaceous, weakly
indurated, blockY, MAasSive ..o 2.7
Siltstone, well-indurated; as above ..o 2.2
{Section exirapolated to sec. 15, T. 29 N., R. 17 W.)
Shale, red-brown, mottled greenish-gray, silty, thin-bedded, ‘weakly
INAULBEEA oottt e e e e e e e e
Sandstone, greenish-gray, silty, weakly indurated; composed of
(in percent) 59.5 sand, 28.0 silt, 4.1 clay, and 8.4 carbonate ...
Shale, 1ed-brown, DICCKY . ..o e
Shale, greenish-gray, blocky
Shale, red-DToWn, DIOCKY .o
Siltstone, greenish-gray, motttled red-brown, weakly indurated ..
Shale, red-brown, silty, platy
Watonga Bed:
Siltstone, greenish-gray, dolomitic, arenaceous, thin-bedded, platy;
with two sets of symmetrical ripple marks, the top set striking
northeast and the bottom set striking northwest; composed of
(in percent) 185 sand, 75.7 gilt, 1.9 clay, and 3.9 carbonate ... 0.5
Unnamed Beds:
Shale, greenish-gray, mottled red-brown, silty, weakly indurated 0.25
Shale, red-brown, silty, blOCKY oo 4.75

i
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Thickness
(feet)

BLAINE FORMATION (total thickness, 63.9 feet)
Shimer Gypsum Member:
Gypsum, white, fine-grained, massive; weathering coarsely selen-
. itic; eroding into a mappable escarpment ........coociiniiencainenns 15.75
Altona Dolomite Bed :
Dolomite,. light-brown, fine-grained, odélitic, thin-bedded; eroding
into a ledge; composed of (in percent) 5.4 sand, 11.4 silt, 4.4
clay, and 78.8 CaArbONate ... cveecitiee e o re e e ra oo s mes e me e 0.3
(Section extrapolated to sec. 26, T. 29 N., R. 17 W.)
Unnamed Beds:
Shale, greenish-gray, BIOCKY .o eermeremesce s ceanbammnnnns 01
Shale, red-brown, blocky; with some greenish-gray shale layers ... 7.5
Nescatunga Gypsum Member:
Gypsum, white, fine-grained, massive; weathering coarsely selen-
itic; eroding into an escarpment ... ..o 105
Magpie Bed :
Siltstone, greenish-gray, argillaceous, gypsifercus, weakly indu-
rated; composed of (in percent) 8.1 sand, 69.9 silt, 3.4 clay, and

18.8 carbonate and ZYDSUIMN ..ooooveeoeeeeeeeeeeeee e eeeeeeasse e e meeeaceemmeceesnes 0.2
Unnamed Beds:
Shale, greenish-gray, DIOCKY .o e e eraeesee e e manesanas 0.2
Shale, red-brown, blocky; with some greenish-gray layers ............ 7.0

Medicine Lodge Gypsum Member :
Gypsum, white, fine-grained, massive; weathering selenitic; erod-
ing into a mappable eSCATPMENt ....ccooiieriiiiie e cemeceeaenaae 22.0
Cedar Springs Bed: .
Dolomite, light-gray to light-brown, fine-grained, dense to oblitic,
thin-bedded; composed of (in percent) 5.8 sand, 6.5 silt, 6.9

clay, and 80.8 CArDONALE ..oooveoeeii e ceeeeeeme e e eetme e e r e cee e 0.3
FLOWERPOT SHALE (total thickness, 221.5 feet)
Shale, greenish-gray, BlOCKY e eeeeneees 0.5

Siltstone, red-brown and greenish-gray, blocky, weakly indurated;
composed of (in percent) 4.5 sand, 61.9 silt, 10.4 clay, and 23.2

CAYDOMIALE ettt te e e e e e e ean 24
Shale, red-brown, blocky; with some greenish-gray streaks .............. 31
Shale, greenish-gray, mottled red-brown, silty, blocky, weakly in-

durated, thin-bedded ... e 1.0
Shale, red-DroWI, DlOCKY e ee e e e e es e e e s s eeeee 3.5

Unit 6:
Siltstone, red-brown to orange-brown, mottled greenish-gray, aren-
aceous, blocky, thin-bedded, weakly indurated; composed of
{(in percent) 25.1 sand, 63.0 silt, 4.0 clay, and 7.9 carbonate, The
heavy-mineral fraction, comprising 0.07 percent of the sand-
sized portion of the insoluble residue, consists of (in percent)
15.26 ilmenite-magnetite, 27.95 sphene-leucoxene, 7.79 orange
opaque, 29.87 garnet, 1,30 zircon, 8.44 brown to gray tourmaline,
0.32 blue tourmaline, 5.52 biotite, 0.65 chlorite and muscovite,
and 2.9 epidote. The light-mineral fraction comprises 78.80
quartz, 13.92 chert, 4.75 orthoclase, 0.63 plagioclase, and 1.90
MICTOCLITIE oo ceeeece s e e e e s e s mmst e e e e eesa e e e emmmoe e e e nen 2.75
(Section extrapalated to see. 22, T. 29 N., R. 16 W.)
Unnumbered Beds:
Shale, red-brown and greenish-gray, silty, platy, weakly indurated 1.0
Siltstone, red-brown te orange-brown, weakly indurated; as above 1.9
Shale, greenish-gray, blocky, weakly indurated ........ooieiiinennn. 0.25
Shale, red-brown, selenitic, blocky, weakly indurated .................... 0.8
Shale, greenish-gray, gypsiferous, blocky, weakly indurated ........... 0.1
Shale, red-brown, silty, gypsiferous, blocky, weakly indurated;
mottled with many greenish-gray spots ... 3.8
Shale and gypsum, greenish-gray to red-brown, crinkly bedded,
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Thickness
(feet)
moderately indurated; eroding into a ledge ....comeioriiieriice. 0.25
Shale, red-brown, gypsiferous, selenitic, blocky, weakly indurateqd .... 1.25
Shale, greenish-gray, gypsiferous, blocky, weakly indurated ... 0.25
Shale, red-brown, selenitic, blocky, weakly indurated ... 0.26

Shale, greenish-gray, gypsiferous, blocky, weakly indurated ..............
Shale, red-brown, selenitic, bBlOCKY ...
Shale, greenish-gray, mottled orange-brown, silty, weakly indurated
Shale, red-brown, selenitic, blocky, weakly indurated ..o
Shale, greenish-gray, selenitic, blocky, weakly indurated ....................
Shale, red-brown, selenitic, blocky, weakly indurated ................
Shale, greenish-gray, selenitic, blocky; with red-brown shale in

TOEAAIE ettt i ceavame s eea e resssssanmieascoee s raeses e emes smnee s ss enns e e smnnensrteans
Shale, red-brown, selenitic, blocky, weakly indurated ..............
Shale, greenish-gray, selenitic, blocky, moderately indurated ............
Shale, red-brown, selenitic, DIOCKY ..ot e
Shale, greenish-gray, silty, weakly indurated; as above ..............
Shale, red-brown, weakly indurated; as above .....cniiimarcnnees
Shale, greenish-gray, moderately indurated; as above ...
Shale, red-DTOWI 85 ADOVE ..o iiiirrer e ce et e e emse s ee e e b ae e s
Shale, greenish-gray and red-brown, selenitic, blocky ...,
Shale, greenish-gray, gypsiferous, moderate to weakly indurated;

eroding into a prominent ledge ...
Shale, red-brown, selenitic, blocky, weakly indurated ...
Shale, greenish-gray, mottled red-brown, gypsiferous, silty, weakly

SR e LER 0 BTN A Yo AU OO
Shale, red-brown, silty, gypsiferous, blocky, weakly indurated ...
Siltstone, orange-brown, mottled greenish-gray, gypsiferous, argil-

laceous, crinkly bedded, well-indurated; eroding into a ledge
Siltstone and shale, greenish-gray, mottled red-brown, thin-bedded

o

S So Wk OCOMHOHSOo HOoHESHEOS
9 Woo NS W, Rl 00 P DY

platy; moderately indurated at €OD ... 0.5
Shale, red-brown, silty, gypsiferous, blocky, weakly indurated ....... 0.4
Siltstone, orange-brown, mottled greenish-gray, gypsiferous, agil-

laceous, massive, moderately indurated ... 0.5
Shale, red-brown, selenitic, blocky, weakly indurated; mottled with

greenish-gTay SDOLS ..ot s e et 1.5
Siltstone, greenish-gray, gypsiferous, argillaceous, crinkly bedded,

well-indurated; eroding into a ledge .. 0.6
Shale, red-brown, selenitie, blocky, weakly indurated ... 1.2
Shale, greenish-gray, selenitic, blocky; weakly indurated at top,

moderately indurated at base; eroding into a ledge ............... 0.75
Unit 5:

Sandstone and siltstone, orange-brown, very fine-grained, gypsif-
erous, thinly laminated, moderately to weakly indurated; erod-

ing into a prominent ledge ... 1.2
Unnumbered Units:

Shale, red-brown, blocky, weakly indurated ... 1.0
Shale, greenish-gray, silty, gypsiferous, blocky, mottled orange-

DT OWIL oottt ccecee e ccee e ecememeesen s eesesssmmmemsmnsseeseammnes s eseesaeeeenesmee o e emmeennn 0.6
Shale, red-brown, gypsiferous, blocky, weakly indurated ... 1.2
Shale, greenish-gray, gypsiferous, silty, blocky, moderately indu-

rated; eroding into a ledBe ... 0.3
Shale, red-brown, selenitic, blocky, weakly indurated ... 2.4
Shale, greenish-gray, gypsiferous, blocky, weakly indurated; with

interbedded red-brown shale and a 2-inch chocolate-brown

] ¢ ;W USTRE: R s f o) 1 S PRPRN 0.9
Shale, red-brown, selenitic, blocky, weakly indurated .................. 0.5
Shale, greenish-gray, gypsiferous, weakly indurated; as above ... 0.2
Shale, red-brown, selenitic, blocky, weakly indurated .................. 4.25
Siltstone, greenish-gray, argillaceous, gypsiferous, well-indurated;

eroding INt0 @ 1eAZE e e 0.2
Shale, red-brown, selenitic, blocky, weakly indurated ... ... .. ... 11
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Thickness
(feet)
Shale, greenish-gray, gypsiferous, platy, weakly indurated ............... 0.2
Shale, red-brown, selenitie, blocky, mottled greenish-gray .......... 2.2
Shale, greenish-gray, selenitie, blocky, weakly indurated ......cceoveence. 0.3
Shale, red-brown, blocky; with some I1-inch greenish-gray shale
DS ettt eee e cee e e emepar e nee e eneeeaaeen s enee s mame s panensmtesaees 3.0
Unit 4.
Biltstone, greenish-gray, mottled red-brown, gypsiferous, argilla-
ceous, weakly indurated ..o 2.0

Unnumbered Units:
Shale, red-brown, selenitie, silty, blocky, weakly indurated; mottled

with greenish-gray SPOtS ..ot eer s e aeenas 3.0
Shale, greenish-gray, mottled red-brown, selenitic, blocky, moder-

ately to weakly indurated ... e 0.3
Shale, red-brown, selenitic, blocky; with many 0.5-inch greenish-

F=0 g B0 1 L T 6.2
Shale, greenish-gray, gypsiferous, blocky, weakly indurated; with

some interbedded red-brown shale ..o enes 1.25
Shale, red-brown, selenitic, blocky, weakly indurated .......ooooeereeeeeceeen.. 21
Shale, greenish-gray, gypsiferous, silty, weakly indurated; with

interhbedded red-Drown Shale ..o e e e e eanes - 0.25
Shale, red-brown, blocky, weakly indurated ...........oooeeeeereenenes 0.4
Shale, greenish-gray, blocky, weakly indurated .......oiieiiroemnieeen. 0.4
Shale, red-brown, blocky; with some satin spar .........coeeoeeeean. 1.0
Shale, greenish-gray, selenitic, DIOCKY ..o eeme e ane 0.4

Shale, red-brown, selenitic, blocky, weakly indurated; chocolate
brown in lower 1 inch; with some 0.5- to 1-inch greenish-gray

Shale DA ot e e ren s e e as e aaeea s e e s eennmmmmnneee 6.0
Shale, greenish-gray, blocky, weakly indurated; being the first thlck
greenish-gray zone below the £OD ..o 1.5
Shale, red-brown, gypsiferous, bBlOCKY ..o eieeeaee 1.0
Shale, greenish-gray, gypsiferous, crinkly bedded, weakly indurated 0.2
Shale, red-brown, DIAtY ..o eeeeeee et e e e e e emsan e 1.0
Shale, greenish-gray and red-brown, gypsiferous, silty, platy,
Weakly Indurated oo e e e e e e e e e e e e an e namnnnes 1.8
Unit 3-4:
Siltstone, orange-brown, mottled greenish-gray, argiliaceous, gypsif-
erous, weakly indurated ... 14
Unnumbered Units:
Shale, greenish-gray, silty, moderately to weakly indurated ............... 0.5
Shale, red-brown, gypsiferous, bloCKY ..o 1.0
Shale, greenigsh-gray, gypsiferous, moderately indurated; with some
interbedded red-brown shale ..., 1.0
Shale, red-brown, selenitic, blOCKY .o 0.75
Shale, greenish-gray, moderately indurated; with interbedded red-
brown 2] L 1 TSNS 0.5
Shale, red-brown, gypsiferous, blocky, weakly indurated ................ 1.0
Shale, greenish-gray, gypsiferous, platy, moderately indurated ....... 0.1
Shale, red-brown, selenitic, BIOCKY .o 1.9
Shale, greenish-gray, mottled red-brown, selenitic, weakly indurated 0.3
Shale, red-brown, gypsiferous, blocky, weakly indurated ............ 1.8
Shale, greenish-gray, blocky, weakly indurated ... ..., 0.2
Shale, red-brown, blocky, weakly indurated; with some paper-thin
21T LY 4 5 o USSR 1.5
Shale, greenish-gray and red-brown, blocky, weakly indurated ... 0.4
Shale, Ted-DTOWI; 88 QDOVE .o ee e r e e e 0.6
Shale, greenish-gray, gypsiferous, blocky, weakly indurated ... 0.2
Shale, red-Brown; as abOVe ..o e e 0.5
Shale, greenish-gray; as above .., 0.2
Shale, chocolate-brown, selenitic, blocky, weakly indurated ............_. 1.8
Shale, red-DrOWN ;] 88 ADOVE oo eetemetceeeeeet et eeeeeeeeeee v e e eveen 1.6

Shale, greenish-gray and red-brown, selenitic, blocky, moderately
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Thickness
(feet)
INAULALEA ... ettt et mees s eeme s e nen s sres e i e 3.5
Shale, red-DrOWI; A8 @DOVE e e e 1.2
Shale, greenish-gray and red-brown; as above . ..eemeeiiiceennes 0.5
Shale, red-DrOWI; AS ABOVE ..o iiee oo eeeee e e e e e e e e e e rmeeane 2.7

Shale, greenish-gray and red-brown; as above; with a 2- to 3-inch

greenish-gray bed at top, in middle, and at base .............ccccoo...... 3.2
Shale, red-brown, moderately indurated; ag above . ... 3.2
Shale, greenish-gray, gypsiferous, calcareous in middle, platy ....... 0.4
Shale, red-Drown; a8 abDOVe et s 1.6
Siltstone, greenish-gray, mottled orange-brown, argillaceous, mod-

erately Indurated ... e an e reese s e e e e 0.4
Shale, red-bTOWN ] a8 ADOVE .o ee e e e e e eene 0.9
Siltstone and gypsum, greenish-gray and red-brown, argillaceous,

moderately INAUTAted ..o er e e e ereraeeenanas 0.25
Shale, Ted-DIrOWN] 48 ADOVE oo e e e e et e e sa e baeeeeens 0.25

Unit 3:
Siltstone, greenish-gray, mottled orange-brown, argillaceous, gypsif-
erous, thinly laminated, moderately to weakly indurated; erod-
ing into the third prominent light-colored ledge below the top 1.75
Unnumbered Units:
Shale, red-brown, gypsiferous; as above: with some 1-inch green-
ish-gray shale Deds ... ceeeeeeee e ee e e e e ae e eee e eeeenean 20.75
Unit 2:
Siltstone, greenish-gray, mottled orange-brown, gypsiferous, platy,
thin-bedded, crinkly bedded; eroding into one of the most prom-
inent light-colored escarpments in the region
Unnumbered Units:
Siltstone, orange-brown, argillaceous, weakly indurated
Shale, red-brown, blocky, weakly indurated ...
Shale, greenish-gray, gypsiferous, well-indurated, wavy bedded ...
Shale, dark red-brown, blocky, weakly indurated ... ...
Shale, greenish-gray, gypsiferous; as above .....oooooooooeene. ..
Shale, red-brown, Silty, DlOCKY .o
Shale, greenish-gray, gypsiferous; as above . ooooeceoee
Siltstone and sandstone, orange-brown, very fine-grained, massive,
weakly indurated; mottled with some greenish-gray spots ... 1.0
Shale, red-brown, selenitic, platy, wavy bedded, well-indurated, mot-
tled greenish-gray; eroding into a 1edge ..o..oooooooomoooeeeeeeenn, 0.8
Shale, red-brown, selenitic, blocky, weakly indurated .......................... 1.0
Siltstone, greenish-gray, mottled orange-brown, gypsiferous, cal-
citic, wavy bedded, well-indurated; with some interbedded red-
brown shale; eroding into a l1edge ... 1
Shale, red-brown, selenitie, silty, blocky, weakly indurated ... . ... 1.
Shale, greenish-gray, gypsiferous, blocky, moderately indurated ... 0
Siltstone, orange-brown, mottled greenish-gray, gypsiferous, mas-
sive, moderately to well-indurated, wavy bedded .........ocoooeveii.... 1.
Siltstone and shale, red-brown, gypsiferous, blocky, weakly indur-
ated; mottled greenish gray in basal 2 inches ........ooooovvevveooieeii. 19
Shale, red-brown, blocky, weakly indurated; with some satin spar 1.25
Unit 1:
Sandstone, light greenish-gray, mottled orange-brown, very fine-
grained, silty, thin-bedded, well-indurated; with many snow-
ball gypsum nodules 1 to 4 inches wide or more; eroding into
a prominent 1edZe ..o e 2.0
Unnumbered Units ;
Shale, red-brown, silty, gypsiferous, blocky, weakly indurated: mot-

eHofosH
womNamam o
oo

ot

tled with greenish-gray SDPOtS e, 1.75
Siltstone, orange-brown, mottled greenish-gray, arenaceous, gypsif-
erous, massive, moderately indurated ..o, 2.25

Shale, red-brown, mottled orange-brown, silty, blocky, weakly
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Thickness
(feet)
indurated . eeeeoeeeetoooesssaeesmmtestsesssonmmeessatbnteissseRStetesasntenresasasnn 0.7
Siltstone, orange-brown, mottied greenish-gray; as above ........... 6.0
Siltstone, greenish-gray and orange-brown, gypsiferous, moderately
indurated; eroding into 1edge ..o 0.5

Siltstone and sandstone, orange-brown, very fine-grained, gypsif-
erous, moderately indurated; mottled with greenish-gray spots 4.0

Shale, red-brown, silty, blocky, weakly indurated ....cevrnvvinnens 1.0
Shale, greenish-gray, gypsiferous, blocky, moderately indurated;
with some interbedded chocolate-brown shale .....crociernee 0.2
Siltstone, orange-brown, mottled greenish-gray, moderately indu- 05
= =& OO SRR .

Sandstone, orange-brown, very fine-grained, silty, gypsiferous,
well-indurated; mottled with greenish-gray spots; vuggy at
top; eroding into a 1edge ..t 3.25
Shale, red-brown, silty, gypsiferous, wavy bedded, blocky, weakly
to moderately indurated; with interbedded orange-brown silt-
170 1L T U OO P 6.5
Siltstone and sandstone, orange-brown, mottled greenish-gray, very
fine-grained, argillaceous, gypsiferous, platy, well-indurated,

wavy bedded; eroding into a ledge at base ... 3.1
Shale, red-brown, gypsiferous, blocky, weakly indurated; mottled
greenish ZTay At DASE .ccicccsierreccrececsccecermrcmrrreseseme s reses s aresssramnseessenes 1.75

Siltstone, greenish-gray and orange-brown, gypsiferous, well-indur-
ated, wavy bedded; with greenish-gray to chocolate-brown
shale at top, orange-brown beds in middle, and greenish gray
at base; eroding into a 1edge ..ot e 21

(Section extrapolated to NWl4 sec. 8, T. 35 8., R, 1} W., on Salt
Fork, Barber County, Kansas)

Shale, red-brown, silty, gypsiferous, blocky ... 14.75

(Section extrapolated to sec. 7, T. 34 8., B. 12 W.)

CIMARRONIAN SERIES

HENNESSEY FORMATION

Cedar Hills Sandstone Member: (total thickness, 185.5 feet)

Unit 5:

Sandstone, light greenish-gray to white, very fine-grained, silty,
thinly laminated, moderately indurated; with many snowball
EYDSUIM NOAULES . oooeiireicicccc i eceeteeeeeeeseesermmmn e mms e s snmenessns s mmnns memmmemaes 2.0

Unnumbered Unit:

Sandstone, orange-brown, very fine-grained, silty, moderately indu-
rated, thinly laminated; mottled with many greenish-gray spots 27.0

Unit }:

Sandstone, light greenish-gray, very fine-grained, silty, weakly
indurated; eroding Into a 1€AZE oot 1.8

Unnumbered Units:

Shale, red-brown, silty, platy, weakly indurated; with some inter-
bedded orange-brown siltstone and 1-inch greenish-gray beds 17.25

Siltstone, greenish-gray, arenaceous, weakly indurated; mottled
orange brown in middle; weathering into a prominent light-

roro ] o] =Y N - 1 1 U 1.75
Shale and siltstone, red-brown, mottled orange-brown, platy, weakly

indurated; with some light greenish-gray spots ......cceeevmrieeeenn. 5.25
Gypsum nodules, white, snowball shaped to flattened, well-indu-

rated; 2 to 3 inches Wide ..oeeioeooie s 0.2
Unit 3:
Siltstone, orange-brown and greenish-gray, argillaceous, moder-

ately indurated; with gypsum nodules; eroding into a ledge .... 1.76

Unnumbered Units:

Siltstone, orange-brown and greenish-gray, weakly indurated; as
above; with interbedded red-brown shale ... 5.0

Sandstone, orange-brown, very fine-grained, silty, weakly indu-
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Thickness

(feet)

rated, massive; mottled with greenish-gray spots ... 1.75
Shale, red-brown, silty, platy, weakly indurated; with some 0.5-inch

EreeniSh-gray DedS .o vm e me e e e 2.5
Shale, greenish-gray, silty, weakly indurated; mottled with orange-

brown patches; weathering light-greenish gray ................... 0.9
Shale, red-brown, silty, weakly indurated; mottled with greenish-

BTay PAtCREeS . e 4.0

Siltstone and sandstone, orange-brown and greenish-gray, argilla-
ceous, gypsiferous, weakly indurated, thin-bedded; with much
selenite at top and snowball gypsum nodules at base ... 6.75

Sandstone, orange-brown, very fine-grained, silty, weakly indurated 4.25

Peace Treaty Bed:

Sandstone, orange-brown, very fine-grained, silty, thinly laminated,
moderately indurated; mottled greenish gray at top; with many
greenish-gray spots: eroding into a massive resistant ledge ... 10.75

Unnamed Units:

Siltstone, orange-brown to red-brown, argillaceous, moderately in-

AUTALEA oo et e e e e e e e eiesaeeiiaz i ansaeemenemeaananrenanas 2.0
Siltstone, greenish-gray, mottled orange-brown, argillaceous,

moderately Indurated ... e e 0.5
Siltstone and shale, orange-brown, mottled red-brown, massive,

weakly indurated; with greenish-gray spofs ... 5.25
Shale, greenish-gray and red-brown, silty, platy, weakly indurated 0.75
Shale, red-brown, silty, blocky, weakly indurated ... 4.25

Sandstone, orange-brown, mottled greenish-gray, very fine-grained,
silty, friable, weakly indurated; with even-bedded top; erod-
ing into a ledge above lake near dam near east fence line of

< T= Y R (U VUSROS 3.0
Siltstone, orange-brown, argillaceous, platy, weakly indurated;

mottled with greenish-gray spots ... 2.715
Sandstone, orange-brown and pgreenish-gray, silty, platy, weakly

BT R o T U 3.0

Shale and siltstone, orange-brown to red-brown, blocky, weakly in-
durated; mottled with greenish-gray spots; with prominent 2-
to G-inch greenish-gray zone 4 feet above base; gradational into
a 2-foot sandstone eaStward ... e, 9.75
Unit 2
Sandstone, orange-brown, very fine-grained, silty, friable, massive,
moderately indurated; mottled with many greenish-gray spots;
platy at top; with a prominent 1- to 3-inch greenish-gray sand-
stone 11 feet below top; eroding into the second thick sandstone
| o151 ¥a 3o A Ao )« SO UUER TSRO PR O 15.0
{Section extrapolated to secs. 8, 5,9, T. 84 8, R. 12 W.)
Unnumbered Units:
Shale and siltstone, light greenish-gray and orange-brown, thinly
laminated, platy, weakly indurated . ... ..o 0.5
(Section extrapolated to sec. 6, T. 35 S.,, R. 11 W).
Siltstone, orange-brown to red-brown, argillaceous, weakly indu-

rated; mottled with many greenish-gray spots ... 1.5
Sandstone, orange-brown, very fine-grained, silty, micaeous, platy,

well-indurated; eroding info a ledge ...ccccvveeeriicceceeeeccre e 2.0
Sandstone, orange-brown, very fine-grained, silty, massive, weakly

E0 a6 L0 0 o ) T TS 1.8

Siltstone, orange-brown, arenaceous, thin-bedded, platy, well-indu-
rated; eroding into second prominent ledge below Unit 2 ... 3.2
(Seclion extrapolated to sec. 32, T. 35 8., R. 11 W.)
Siltstone, orange-brown, argillaeous, micaceous, blocky, weakly
indurated; with interbedded red-brown shale ........coooireeneene. 3.0
Siltstone, orange-brown, mottled greenish-gray, micaceous, platy,
well-indurated; eroding into the third ledge below Unit 2 ...... 0.75
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Thickness
(feet)
Siltstone, orange-brown, weakly indurated, mottled with greenish-
g o ] 01 U USRI 2.6
Sandstone, light greenish-gray, very fine-grained, silty, platy,
Weakly INAUrated ... e st s e tnan 0.1

(Section ewxtrapolated to sec. 29 along road, in T. 84 S., R. 11 W.)
Shale and siltstone, orange-brown to red-brown, mottled greenish-

gray, arenaceous, weakly indurated; covered in part ... 115
(Section extrapolated to SWi4 sec. 21, T. 84 8., R. 11 W., in road)
Sandstone, orange-brown, mottled greenish-gray, thinly laminated,

WeaKly INAUTated .ot 1.5
Siltstone, orange-brown, argillaceous, thinly laminated, weakly

IR T AL O e te et eee e s et e e e mea e e ame e 1.0
Siltstone, greenish-gray and orange-brown, argillaceous, weakly

INAUTATEA ..ot e e e eeme e neeeenn 0.4
Shale, orange-brown, silty, platy, thinly laminated, weakly indu-

2 X T VOSSPSR 2.25
Unit 1:

Sandstone and siltstone, greenish-gray and orange-brown, very fine-
grained, silty, thinly laminated, well-indurated; eroding into a
prominent light-colored 1edge ..o 1.3

Bison Member:

Shale, red-brown, platy, well- to weakly indurated; with interbedded

orange-brown SIIESTONE ..o e e 0.5
Siltstone, orange-brown, platy, well-indurated; mottled with some
greenish-gray spots; eroding into a ledge ... ... 0.5
Siltstone and shale, orange-brown, argillaceous, platy, thin-bedded,
weakly Indurated ... e 3.75
Sandstone and siltstone, orange-brown, mottled greenish-gray,
thinly laminated, moderately indurated; eroding into a ledge 1.25
Shale, red-brown, silty, platy, weakly indurated; mottled with
greenish-gray spots; exposed t0 DASE .oeeeeoeeeeeeeeeeeeenn 1.0+
SecTIoN 10.
CLevELAND HIiLLs AND GREENWOOD CrEEK, Woops COUNTY,
ORLAHOMA

Beginning ot top in slumped Day Creek Dolomite in EVy NWI
SW1j sec. 30, T. 28 N., R. 16 W., section measured to Relay Creek in
SEY, SEY, SEYy NEV, sec. 25, T. 28 N, B. 17 W., then Marlow in
SWl4 SEYy SEY, sec. 30 to Doe Creek, and Doe Creek in Wik sec.
28, T. 28 N., B. 16 W., and lower part of Marlow in NW14) NW1,
sec. 28, T'. 28 N., K. 16 W., in the Cleveland Hills. Section then mea-
sured wn Dog Creek Shale in NW1l4 NEV) sec. 28 and SEY, SWi4
sec. 21 through the Blaine Formation, ending in the NEV, SEL, sec.
13, T. 28 N., R. 16 W., for Flowerpot Shale down to Unit 3. Section
then measured wm NEY, NEl, NE1, sec. 20 and SEY, SE1,
SEY, sec. 17, T. 28 N., B. 15 W., to Unit 1, and then SW1j SW1j
SEY, sec. 7, T. 28 N, R. 15 W, for beds around Unit 1, and Wi,
SEY, SW1j sec. 10, T. 28 N., R. 15 W., for beds below Unit 1 to top
of Cedar Hills Sandstone. Then section extrapolated to NWi4 NE1j
SEYy sec. 10, T. 28 N., R. 15 W., ending n the SEV,- SEY, NE1,
sec. 10, T. 28 N., B.-15 W., along Greenwood Creek, northern Woods
County, Oklahoma.
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Thickness

TERTIARY SYSTEM

PLIOCENE SERIES

OGALLALA FORMATION

Gravel, tan, weakly indurated; compocsed of oyster shells, black
ironstone pebbles, quartzite cobbles and pebbles, Cretaceous
limestone, and quartz; capping the Cleveland Hillg ..o.oooooooeen..

PERMIAN SYSTEM

CUSTERIAN SERIES

CLOUD CHIEF FORMATION (exposed thickness, 37 feet)

Day Creek Dolomite Bed:

Dolomite, light-gray to white, fine-grained, compact, thin-bedded,
well-indurated; slumped at one spot about 10 square feet wide

Kiger Member:

Sandstone, orange-brown, fine-grained, calcitic, mottled greenish-
BT it e e e e s e ra e e ememeamteeerrnt e eaebene e e e e mmen et e wme e en

Shale, red-brown; with some sandstone 1enSes .omoooooooeeoeoeon

Sandstone, tan to orange-brown, fine-grained, calcitic; eroding into
T U< ¥ O OSSOSO

Shale and sandstone, orange-brown, platy, weakly indurated ............

Moccasin Creek Bed:

Sandstone, orange-brown, fine-grained, calcitic, well-indurated;
eroding into a prominent 18AZe ..o ooeeeeeeeeeeeeeeeeeeeerveeen

WHITEHORSE GROUP (total thickness, 207.3 feet)
RUSH SPRINGS FORMATION (total thickness, 96 feet)
Sandstone, light orange-brown, fine-grained, massive, moderately
INAUEAted e .
Sandstone, light orange-brown and greenish-gray, calcitic, massive;
eroding INt0 8 1eAEE oo e eeeeeees e e
Sandstone, orange-brown, fine-grained, massive, weakly indurated
Shale, orange-brown; with interbedded fine-grained sandstone ........
Sandstone, tan, medium-grained, quartzose, friable ...
Shale and sandstone, red-brown, interbedded: as above
Sandstone, orange-brown: as aboVe ..o
Shale and sandstone, red-brown, interbedded:; as above
(Section extrapolated to NEY sec. 25)

MARLOW FORMATION (total thickness, 111.3 feet)

Hmanuel Bed:

Sandstone, light greenish-gray, calcitic, well-indurated; grada-
tional into arenaceous dolomite; eroding into a ledge ...........

Unnamed Beds:

Sandstone, orange-brown, medium-grained, massive, weakly indu-
L2 1= ¢ R SO R T Ov USRS

Siltstone, orange-brown, argillaceous, platy ..o

Shale, red-brown, silty, platy, weakly indurated ...

Sandstone, orange-brown, very fine-grained, silty, massive, weakly
INAUTALEA ettty e

Shale, red-brown, silty, platy, weakly indurated; with interbedded
orange-brown siltStone ... e

Relay Creel: Bed:

Dolomite, maroon and greenish-gray, argillaceous, crinkly bedded,
well-indurated; eroding into a ledge ..

Unnamed Beds:

Sandstone, orange-brown, quartzose, fine-grained, thin-bedded,
weakly indurated; gradational into Doe Creek type of sand-

(feet)

5.0+

1.0+

=t
<

[y
i @&
o oo

1.0
20.0
10.0

1.0
10.0
27.0
10.0
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Thickness
(feet)

SLONE CASTWATH ..o oot eeeeeeeeeeeceeesuvevareaeeeen s eeeeemamemeesemeaneeeesemammmesanmnsesrenennon 15.0

(Section extrapolated to Wiz sec. 28)

Doe Creek Lentil: .

Sandstone, moderate reddish-brown to reddish-orange, rqedlum- to
coarse-grained, quartzose, calcitic, well-indurated, thin-bedded;
cross-bedded toward north, northwest, and northeast; wavy
bedded, with interbedded fine-grained sandstone and fossil%fa
erous sandy limestone; eroding into prominent buttes at d.1f—
ferent levels; composed of (in percent) 48.8 sand, 11.6 silt,

1.6 clay, and 38.0 CATDONALE ..ovoveeee e cee e eeemm e eno e 20.0

Unnamed Beds: ‘

Sandstone, moderate red-brown to red-orange, fine-grained, quartz-
ose, cross-bedded, weakly indurated; composed of (in percent)

49.4 sand, 38.7 silt, 2.7 clay, and 9.2 carbonate ............ccooveeeeien. 56.0

CIMARRONIAN SERIES

EL RENO GROUP (total thickness, 354 feet)

DOG CREEK SHALE (total thickness, 52.5 feet)

Shale, red-brown, mottled greenish-gray, blocky; conformable with
ADOVE DEAS et an e ma e e teean 4.2

Dolomite, red-brown, argillaceous, fine-grained, well-indurated mas-
give, wavy bedded; composed of (in percent) 0.03 sand, 6.41

silt, 5.26 clay, and 88.3 CaATbONAte e 0.1
Siltstone, greenish-gray, mottled red-brown, argillaceous, platy,

WeaR Y INAUT At CA e e e mnann 0.4
Shale, red-brown, silty, blocky; with some greenish-gray layers .... 5.0

Dolomite, light-brown to light-gray, fine-grained, dense, massive,
blocky; composed of (in percent) 0.01 sand, 11.10 silt, 6.62 clay,
and 82.3 CATDOMATE e reeeceeeeea e amee e e ameeannnn 0.2
Shale, red-DroWh, DIOCKY ..oeeeeeeeeceeme e eee e cmeeee e meeeeeme e e eeeretaeseeamnmeneeeensne 0.75
Southard Bed:
Dolomite, pink and greenish-gray, fine-grained, dense, well-indu-
rated, massive; composed of (in percent) 0.02 sand, 7.10 silt,

7.88 clay, and 85.0 carbonate ... 0.1
Unnamed Beds:
Shale, purplish-DrowWn, Dlaty e a e e e 1.25
Shale, Ted-DroWn, DLOCKY o e vaeeeme e eearm e e et e eaeeemm e e e 1.0

Dolomite, light-brown, fine-grained, dense, well-indurated, massive;
composed of (in percent) 0.03 sand, 6.43 gilt, 9.50 clay, and
84,0 CATDOMALE e oo e mn e e 01
Shale, Ted-DroWn, DloCKY e e aat e taenemaeemeasmomm e nens 1.0
Dolomite, light-pink to greenish-gray, fine-grained, dense, well-
indurated, massive; composed of (in percent) 0.05 sand, 4.49
silt, 8.72 clay, and 86.7 carbonate ... 0.2
Shale, red-brown, silty, blocky 8.2
Siltstone, moderate red-brown to red-orange, arenaceous, well-in-
durated, thin-bedded; eroding into a prominent ledge; com-
posed of (in percent) 39.8 sand, 46.3 silt, 1.5 clay, and 12.4 car-
bonate. The heavy-mineral fraction, comprising 0.04 percent of
the sand-sized fraction of the insoluble residue, consists of (in
percent) 30.86 ilmenite-magnetite, 29.01 sphene-leucoxene, 4.63
orange opaque, 14.51 garnet, 3.09 zircom, 9.26 brown to gray
tourmaline, 0.31 blue tourmaline, 3.40 hiotite, 1.85 chlorite-
muscovite,. 0.31 epidote, 1.54 yellow rutile, 0.31 riebeckite,
and 0.93 anhydrite. The light-mineral fraction consists of 84.26
quartz, 7.87 chert, 5.25 orthoclase, 1.64 plagioclase, and 0.98
MICTOCIIIIE .ot eeer e e s e ee e e e seens
Siltstone, greenish-gray and red-brown, well-indurated .......................
Shale, red-brown, Silty, DIOCKY e ere e emeeeeens
Siltstone, red-brown and greenish-gray, argillaceous, weakly indu-
rated, thin-bedded

A
(W] L= e
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Thickness
(feet)

Siltstone, greenish-gray and red-brown, moderately indurated,

B4 0L X1 < TR emeennennnnne 0.5
Shale, red-brown, blocky; mottled greenish gray at base .............. 0.75
Siltstone, mottled red-brown and greenish-gray, moderately indu-

rated, TNASSIVE e e ettt 0.8
Siltstone, greenish-gray, dolomitic, well-indurated, massive; erod-

INE INtO 8 1A e tree et see s e e s e s e 0.1
Siltstone, greenish-gray and red-orange, weakly indurated, massive 0.6
Shale, 1ed-DroOWI, DIOCKY .o eeeteireecteeeae e eeeee s eemese e emee e ememeaeaennes 0.8
Siltstone, greenish-gray and red-brown, thin-bedded, weakly indu-

22 R =1+ OO U 1.0
Shale, red-brown, blocky; silty at tOD ..o e 15
Siltstone, greenish-gray, argillaceous, platy ..o 0.1
Shale, red-Drown, DIOCKY .o eeee et eeeeeeetareeanr s e e oeeme s e eneneeas 2.3
Siltstone, greenish-gray, argillaceous, gypsiferous, weakly indu-

B ) /=T KO O SPOR U 0.1
Shale, red-brown, BloCKY ..o et eeee e aee e e e neaan 0.8
Siltstone, greenish-gray, argillaceous, well-indurated, platy, thin-

[oT=0s Lo U=+ KR PRSP 0.05
Shale, red-brown, BlOCKY . oo ee e e e e e e e e omenee 2.8
Watonga Bed:

Siltstone, greenish-gray, mottled red-brown, argillaceous, dolomitic,

platy, ripple-marked; eroding into a ledge ..., 0.8
Unnamed Beds:

Shale, red-brown, blocky; with some greenish-gray shale spots ... 5.25

BLAINE FORMATION (total thickness, 68.7 feet)

Sivimer Gypsum Member:

Gypsum, white, fine-grained, massive; coarsely selenitic on weath-
ered surface; eroding into a mappable escarpment ... . ... 11.0

Altona Bed:

Dolomite, light-gray, fine-grained, o0litic, well-indurated, medium-
bedded; weathering into boxworks; eroding into an escarpment;
composed of (in percent) 0.3 sand, 2.9 gilt, 1.8 clay, and 95.0
carbonate., The heavy-mineral fraction, comprising 3.08 percent
of the sand-sized portion of the insoluble residue, consists of
(in percent) 18.06 ilmenite-magnetite, 13.87 sphene-leucoxene,
37.17 orange opaque, 14.14 garnet, 10.73 zircon, 0.52 brown to
gray tourmaline, 0.26 biotite, 0.26 chlorite-muscovite, 0.26
epidote, and 4.71 anhydrite. The light-mineral fraction consists
of 72.39 quartz, 9.92 chert, 15.28 orthoclase, 0.80 plagioclase,

and 1.61 mMICTOCLIME ..o e 0.5
Unnamed Beds:
Shale, greenish-gray, DIOCKY ..o 0.2

Shale and siltstone, red-brown, blocky; with some greenish-gray
layers; composed of (in percent) 6.9 sand, 71.0 silt, 8.3 clay,
and 13.8 carbonate. The heavy-mineral fraction, comprising 0.07
percent of the sand-sized portion of the insoluble residue, con-
sists of (in percent) 14.79 ilmenite-magnetite, 26.05 sphene-
leucoxene, 12.54 orange opaque, 8.68 garnet, 7.72 zircon, 11.90
hrown to gray tourmaline, 1.61 biotite, 12.86 chlorite-musco-
vite, 0.32 epidote, and 3.54 anhydrite. The light-mineral fraction
consists of (in percent) 81.67 quartz, 9.32 chert, 7.72 orthoclase,
0.64 plagioclase, and 0.64 microcline ..........oeoeeeeeioieorieeeeenn. 7.8
Nescatunga Gypsum Member:
Gypsum, white, fine-grained, massive; weathering coarsely selen-
itic; eroding into an escarpment ... 10.0
Magpie Bed:
Siltstone, light-brown to greenish-gray, gypsiferous, dolomitic,
weakly indurated, massive; consisting of (in percent) 5.5 sand,
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Thickness
(feet)
67.5 silt, 1.4 clay, and 25.6 carbonate and gypsum ..........cccceeeeeen..... 0.25
Unnamed Beds:
Shale, Breenish-gray, DlOCKY . ectercececcitse e erssceeeaeessensmems e s s me s rerrnnn 0.25

Shale, red-brown, blocky; with some greenish-gray shale heds and
crinkly bedded selenite; composed of (in percent) 2.4 sand,
75.8 silt, 5.3 clay, and 16.5b carbonate and gypsum ............ccceeeeeee 7.5
Medicine Lodge Gypsum Member:
Gypsum, white, fine-grained, massive; weathering coarsely selen-
itic; eroding into an eSCATPMENE et e coereneeee 31.0
Cedar Springs Bed:
Dolomite, light-brown to light-gray, fine-grained, odlitic, thin-
bedded, well-indurated; composed of (in percent) 0.03 sand,

1.33 silt, 2.22 clay, and 96.4 €arbonate ... ees 0.25
FLOWERPOT SHALE (total thickness, 233 feet)

Shale, greenish-gray, blOCKY e 0.1
(Sectwn extrapolated to isolated butie in sec. 13 T.28N.,,R. 16 W.)

Shale, red-brown, selenitic, DlOCKY e 0.9
Shale, greenish-gray, selenitic, blOCKY e 0.1
Shale, red-brown, selenitic, DlOCKY e 0.75
Shale, greenish-gray, silty, selenitic, DIOCKY vormvomiiinneiceeecen 0.1
Shale, red-brown, selenitic, DIOCKY -t 2.6
Shale, mottled greenish-gray and red-brown, selemitic, well-indu-

Sz =Y o A OO O ORI 0.1
Shale, red-brown, selenitic, DIOCKY ..o iiciriveme e 1.5
Gypsum, white, mottled greenish-gray, nodular, well-mdurated

eroding into a ledge e 0.3
Shale, red-brown, selenitic, BIOCKY ..o e 1.0
Siltstone, mottled greenish-gray and red-brown, arenaceous, thin-

bedded, blocky; composed of (in percent) 29.5 sand, 64.1 silt,

3.8 clay, and 2.6 carbonate. The heavy-mineral fraction, compris-

ing 0.17 percent of the sand-sized portion of the insoluble resi-

due, consists of (imn percent) 17.28 ilmenite-magnetite, 20.27

sphene-leucoxene, 9.97 orange opaqute, 34.88 garnet, 2.33 zircon,

8.97 brown to gray tourmaline, (.33 blue tourmaline, 2.33 biotite,

0.23 chlorite-muscovite, 2.66 epidote, and 0.33 yellow rutile. The

light-mineral fraction consists of (in percent) 81.07 quartz, 13.33

chert, 2.18 orthoclase, 1.07 plagioclase, and 2.40 microcline .... 0.8
Shale, red-brown, silty, blocky; with some gypsum nodules ... 0.75
Unit 6:

Siltstone, red-brown, arenaceous, calcareous, weakly indurated,

thin-bedded; composed of (in percent) 14.6 sand, 72.2 silt, 3.7

clay, and 9.5 carbonate ... e 3.0
Shale, mottled red-brown and greemnish-gray, silty, thin-bedded ... 0.3
Siltstone, red-brown, argillaceous, weakly indurated, massive _.... 20
Siltstone, greenish-gray, arenaceous, weakly indurated, blocky;

composed of (in percent) 12.5 sand, 78.1 silt, 3.1 clay, and 6.3

BT 5 T o) 7: % 1 = S O 0.2
Unnamed Beds:

Shale, red-brown, blocky; with some gypsum nodules ... 2.6
Siltstone, greenish-gray, mottled red-brown, argillaceous, blocky;

indurated IN DIACES .o eeeeeiaeece e e e eme e mmeeemr s e sesnaee samme e e cmaeanan 0.2
Shale, red-brown, selenitic, BIOCKY s 0.3
Siltstone, mottled greenish-gray and red-brown, argillaceous,

weakly indurated, thin-bedded ... 0.6
Shale, red-brown, selenitic, DlOCKY .t 0.6
Shale, red-brown, mottled greemsh gray, selenitic, well-indurated,

crinkly bedded; eroding into a ledge ..o 0.25
Shale, red-brown, selen1t1c DlOCKY oo 0.75
Shale, red-brown, selenitic, well-indurated, thin-bedded, ecrinkly

bedded; eroding into 8 1edge ..o e 0.3



SECTION 10 — WO0ODS COUNTY 139

Thickness
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Shale, red-brown, blocky, selenitic; with some thin greenish-gray
SR80 18T O S et ettt e e et e en e eme e aeae e emnan 2.5

Shale, greeniSh-gray, DLOCKY ..o e eee e eeeeeeseeemmeae 0.2

Shale, red-brown, blOCKY, SEleNItiC oo eee e vesv s eeeanns 2.2

Shale, greenish-gray, mottled red-brown, selenitic, well-indurated,
CTINKLY DEAACA e ettt e 0.25

Shale, red-brown, selenitic, DIOCKY oo eeeee e eeeeeeee e 0.75

Shale, red-brown, mottled greenish-gray, selenitic, well-indurated,
thin-bedded, crinkly bedded ... 0.25

Shale, 1ed-DroWI, DIOCKY .o eereereeceessaceesveses e eameeeeresessnan 0.25

Shale, greenish-gray, DIOCKY . eeeeeeeeeseeceeeeee e eveeee st e eees e eeeeerennas 0.1

Shale, red-DroWI, DlOCKY oot e e e e e e emeeeaean 1.0

Shale, greenish-gray, selenitic, silty, well-indurated, crinkly bedded 0.2

Shale, red-brown, selenitic, DIOCKY oo ememeeeeee e 1.95

Shale, greenish-gray, mottled red-brown, selenitic, silty, well-indu-
rated, thin-bedded, crinkly bedded ... 0.3

Shale, red-brown, selenitic, DIOCKY .uioeeeierermsiiieeeeeeeeeeeeeceee e eeeeeee e eeeene 1.0

Shale, greenish-gray, selenitic, DIOCKY oo eeeeeeee 0.2

Shale, red-brown, selenitic, blocky .............. terrarmseeseesnotreebonenee e traneeansenns 0.5

Shale, red-brown, selenitic, well-indurated, crinkly bedded ............. 0.2

Shale, red-brown, selenitic, BlOCKY ... e veraaes 0.8

Shale, greenish-gray, selenitic, bBlOCKY oo 0.25

Shale, red-brown, selenitic, blocky; with some greenish-gray shale
<3 9101 = RN PUSEIOS 5.2

Shale, greenish-gray, selenitic, well-indurated, thin-bedded, crinkly
bedded; eroding Iinto a 1€A8e ..t eeee e eeeeaane 0.26

Shale, red-Drown, DIOCKY ..o emee e e e e e e eeea e 0.2

Dolomite, greenish-gray, silty, fine-grained, dense, well-indurated,
thin-bedded; composed of (in percent) 0.4 sand, 41.6 silt, 12.4
clay, and 45.6 carbonate ... 0.2

Shale, red-brown, blocky: with some gypsum nodulesS .......oeoeeeeee... 0.8

Shale, red-brown, gypsiferous, silty, well-indurated, thin-bedded,
CPIDELY DEAAGA ..ottt s e ettt eesaeseemssrtmessen s saeae 0.4

Shale, red-brown, DIOCKY ..o eees e e 1.0

Siltstone, red-brown, mottled greenish-gray, calcareous, thin-bed-
ded, weakly indurated; with many small white gypsum nodules;
composed of (in percent) 2.1 sand, 84.1 silt, 4.8 clay, and 9.0
carbonate ... oot et e em et eeme e et aemee s mamea et e emmn e 1.6

Shale, red-brown, silty, blocky; with some gypsum nodules ........... 2.8

Shale, greenish-gray, selenitic, blocky, well-indurated, crinkly bed-

4 =T o OSSR 0.2
Shale, red-brown selenitic, BIOCKY . oo 0.8
Shale, greenish-gray, selenitic, well-indurated, crinkly bedded ........ 0.1
Shale, red-brown, selenitic, DIOCKY oo eeeeeeeeee e 1.0
Unit 5:

Siltstone, greenish-gray, aremaceous, dolomitic, gypsiferous, well-
indurated, massive; at base of extremely gypsiferous section;
eroding into a prominent escarpment; composed of (in percent)

19.8 sand, 58.2 silt, 1.7 clay, and 20.3 carbonate. The heavy-

mineral fraction, comprising 0.04 percent of the sand-sized

fraction of the insoluble residue, consists of (in percent) 2.30

ilmenite-magnetite, 28.20 sphene-leucoxene, 34.43 orange opaque,

8.562 garnet, 18.69 brown to gray tourmaline, 0.33 blue tourma-

line, 4.59 biotite, 0.98 chlorite-muscovite, 1.31 epidote, 0.33

vellow rutile, and 0.33 anhydrite. The light-mineral fraction

consists of (in percent) 79.93 quartz, 11.04 chert, 6.69 ortho-

clase, 1.08 plagioclase, and 1.34 microcline ... 0.5
Siltstone, red-brown and greenish-gray, argillaceous, well-indu-

rated thin-bedded, platy ... 2.1

Siltstone, greenish-gray, argillaceous, blocky; well indurated at top 0.2
Unnamed Beds:

Shale, red-brown, DIOCKY oo 1.75
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(feet)

Shale, greenish-gray, silty, bBlOCKY e 0.2
Shale, red-brown, blocky; with some selenite ... 1.0
Shale, greenish-gray and red-brown, selenitic, DIOCKY .coccvurrrorrcecrene 0.6 .
Shale, 1ed=-DrowWn, DLOCKY oottt mrrac e st e 0.75
Shale, greenish-gray and red-brown, selenitic, blocky ......cecevrmeencs 0.75
Shale, red-brown, selenitic, blocky; with some gypsum nodules and

thin greenish-gray shale 1ayers ...t 5.5
Shale, greenish-gray, selenitic, blOCKY ..o 0.2
Shale, red-brown, blocky; with some selenite ..., 2.6
Shale, greenish-gray, selenitic, blOCKY ..o 0.3
Shale, Te@-DTOWI, DIOCKY .reieeeoeece e e e meeea e e mesmmc s s e emem oot 1.7
Shale, greenish-gray, selenitic, well-indurated, crinkly bedded ....... 0.1
Shale, red-Drown, DIOCKY oo cceem e e e smmn e 0.9
Shale, greenish-gray, selenitic, well-indurated, crinkly bedded ........ 0.1
Shale, red-Brown, DIOCKY .ottt eme oo e e e 0.8
Shale, greenish-gray, selenitic, bloCKY .. 0.1
Shale, Te@-Drown, DlOCKY .o et areenns 1.0
Shale, greerish-gray, mottled red-brown, selenitic, blocky ............... 0.2
Shale, red-brown, selenitic, DIOCKY . 1.8
Shale, greenisSh-gray, BIOCKY ..o ctcereeee e screce e e memene e en e 0.2
Unit 4:

Siltstone, mottled greenish-gray and red-brown, argillaceous, mod-
erately indurated, thin-bedded; composed of (in percent) 7.9
sand, 70.9 silt, 14.9 clay, and 6.3 carbonate. The heavy-mineral
fraction, comprising 0.08 percent of the sand-sized pertion of
the insoluble residue, consisis of (in percent) 3.54 ilmenite-
magnetite, 17.98 sphene-leucoxene, 24.25 orange opaque, 8.17
garnet, 0.82 zircon, 3.81 brown to gray tourmaline, 0.27 blue
tourmaline, 1.36 biotite, 16.89 chlorite-muscovite, 1.36 apatite,
and 21.53 anhydrite., The light-mineral fraction consists of (in
percent) 75.59 quartz, 18.53 chert, 3.53 orthoclase, 0.88 plagio-

clase, and 1.47 MICTOCHIIE ..o 1.8
Unnamed Beds:
Shale, red-brown, Silty, BlOCKY . e e 1.1
Siltstone, greenish-gray, argillaceous, blocky, massive ... 0.3
Shale, red-brown, BlOCKY ..ot en 0.8
Siltstone, greenish-gray, argillaceous, selenitic, well-indurated,

CTINKLY BeAAed .o et e e 0.1
Shale, red-brown, blocky; with some satin spar layers ........cccococ.... 1.4
Siltstone, greenish-gray, argillaceous, bloCKkY ... ooeieoeeeeeeeieeeeeee. 0.1
Shale, red-brown, DlOCKY ... s 1.25
Shale, greenish-gray, DIOCKY et eee st 0.1
Shale, moderate to dusky brown, blocky ... . 0.6
Shale, red-brown, blocky; with much satin spar ..., 2.9
Shale, red-brown, blocky: with a 1-inch greenish-gray shale layer

at top, one in middle, and one at base ..o eeeeens 1.0
Shale, red-DTOWIl, DlOCKY e es s e esesrs seenae e mm e ememmme e 2.25
Shale, mottled greenish-gray and dusky brown, blocky ... 0.25
Shale, red-brown, blocky; with some gypsum nodules ......eeeeeenn.e... 2.2
Shale, greenish-gray, selenitic, bloCKy e 0.2
Shale, red-brown, selenitic, PloCKY ..o 2.8
Shale, red-brown, selenitic, blocky; with many thin greenish-gray

Y AT EST-) g 0 =g o PO OO U 0.75
Shale, red-brown, selenitic, bloeky ... 3.75
Shale, greenish-gray, selenitic, well-indurated, crinkly bedded ........ 0.1
Shale, red-brown, DlOCKY et e 0.25

Shale, dusky brown, mottled greenish-gray, blocky; with a mean of
8.23 phi, deviation 3.07, skewness .18, and kurtosis 0.82. The
clay minerals are illite (peaks at 3.34, 4.98, 10.04a) and chlor-
ite (Dealt At T.208) et e e e e v s e . 3.0
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Thickness
(feet)
Shale, red-brown, selenitic, blocky; with much satin spar and some
BreeniS - T Ay 1Y S oo et ee e eeeee s e s enaa e e e e eeee e enaee 35
Unit 3-%:

Dolomite, greenish-gray, mottled red-brown, silty, bloecky; composed
of (in percent) 0.3 sand, 24.9 silt, 11.6 clay, and 63.2 carbonate
Siltstone, greenish-gray, mottled red-brown, argillaceous, dolomitic,
well-indurated, DLOCKY ..o eeeee e e e es e e s e sn e e oomeneeeanee
Shale, red-brown, silty, blocky e
Siltstone, greenish-gray, argillaceous, selenitic, well-indurated,
CTINKIY DeAACA oot cesee e eeeee e s e e e mmcmcm e eeeee e e eneneee e
Shale, 1ed-bDrown, DIOCKY oot me e e e e e e
Siltstone, greenish-gray, mottled red-brown, selenitic, argillaceous,
thin-bedded, crinkly bedded ...
Unnamed Beds:
Shale, red-brown, blocky; with much satin spar ...
Siltstone, greenish-gray, mottled red-brown, thin-bedded, platy __.....
Shale, red-brown, blocky; with thin satin spar velns ....................
Shale, greenish-gray, DIOCKY ..coceeiieeceeeeeeee e e eee e e e smanaceame e e ean
Shale, red-bDrown, DLOCKY ..o eeeeeeee e e eeems s eeneaeemameeeaesenan
Shale, red-brown, blocky; with much satin spar .......cooiioieniieenes
Siltstone, greenish-gray, selenitic, well-indurated, crinkly bedded ...
Shale, Ted-brown, BlOCKY .o et e e e se e a e eeaas
Siltstone, greenish-gray, argillaceous, selenitic, well-indurated .......
Shale, red-brown, blocky: with much satin Spar ...veeoeiiiieeeecenn.
Siltstone, greenish-gray, argillaceous, selenitic, well-indurated ...
Shale, red-brown, DLOCKY ...t ee et e e ee e e e e e e e
Shale, mottled greenish-gray and red-brown, blocky ........cc.oocereeeen.
Shale, red-brown, BlOCKY ..o e e
Shale, mottled greenish-gray ard red-brown, selenitic, well-indu-
TaAted, BlOCKY oo e
Shale, red-brown, silty, blocky; with some satin spar ....................
Unit 3
Siltstone, mottled greenish-gray and red-brown, moderately indu-
rated, thin-bedded; eroding into an escarpment ... ...
(Section ewirapolated to NEY sec. 20 and SEY sec. 17, T. 28 N. R. 15
Unnamed Beds:
Shale, red-brown, blocky, gypsiferous, selenitic, weakly indurated
Siltstone, greenish-gray, gypsiferous, argillaceous, well-indurated,
wavy bedded; eroding into @ 1edge ... .cooooeoooooceceeeeeeeeeeee e
Shale, red-brown, selenitic, blocky, weakly indurated ...
Siltstone, greenish-gray, argillaceous, platy, weakly indurated
Shale, red-brown, gypsiferous, blocky, weaklv indurated ... ...
Siltstone, greenish-gray, argillaceous, dolomitic, well-indurated,
blocky: eroding into & 1€AZe ..o,
Shale, red-brown, gypsiferous, blocky, selenitic, weakly indurated;
with some gypsum nodules NEAT tOD eoeeoeeooee oo
Siltstone, greenish-gray, mottled orange brown, gypsiferous. platy,
crinkly bedded, well-indurated; with interbedded red-brown
shale: eroding inte a 1edge .o
Shale, red-brown, selenitie, silty, blocky, crinkly bedded; with some
satin spar beds and 1-inch greenish-gray beds ... 5.25
Unit 2:
Siltstone. lizht ereenish-gray, gypsiferous, argillaceous well-indu-,
rated, thin-bedded, crinkly bedded; eroding into a Pprominent
ESCATDIMIEIIE et e e e e e 3.0
Unnamed Beds:
Siltstone, orange-brown, argillaceous; mottled with greenish-gray
2] 0] 15 U SN S 1.2
Shale, red-brown, blocky, weakly indurated; with many alternating
1- to 6-inch greenish-gray, gypsiferous shale beds with gypsum
nodules: eroding into small 1edges ..o 6.5
Siltstone and shale, greenish-gray and red-brown, gypsiferous, thin-
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Thickness
(feet)

bedded, crinkly bedded, well-indurated; in several ledges ....... 2.0
{Section extrapolated to SWY¥ SW¥ SEVa sec. 7, T. 28 N.,, R. 16 W.,.
north of road)
Shale, red-brown, silty, gypsiferous, blocky, weakly indurated;

mottled with greenish-gray laminae .....cccooomiiecenineeee e 4.0
Siltstone, greenish-gray, argillaceous, gypsiferous, platy ....cccoeeee 0.2
Shale, red-brown, weakly indurated; as above .. 1.0
Shale, greenish-gray, gypsiferous, silty, DIOCKY . ooeervemrnromcennaces 1.0
Shale, red-brown, weakly indurated; as above ... 3.0
Unit 1
Sandstone, greenish-gray, mottled orange-brown, thinly laminated,

moderately indurated; with many large white gypsum nodules

0.75 to 1 foot in diameter; eroding into a ledge ... ... 2.0
Unnamed Beds:

Shale, red-brown, silty, gypsiferous, blocky, weakly indurated ....... 3.0

Siltstone, mottled greenish-gray and orange-brown, gypsiferous,
argillaceous, moderately to weakly indurated, crinkly bedded;
gradational into fine-grained sandstone; eroding into a ledge 1.2

(Section extrapolated along north side of road in Wib SEY SW
sec. 10, T. 28 N., R. 15 W.)

Siltstone, orange-brown, arenaceous, platy, crinkly bedded; with
many greenish-gray gypsiferous shale beds; eroding into a

| T F = S USROS 0.5
Shale, red-brown, silty, blocky, gypsiferous, thinly laminaied, weakly

indurated; with some interbedded sandstone .....cccoeooooemeeeonnees 0.5
Siltstone, orange-brown, arenaceous, weakly indurated; mottled

With Zreenish-gray SDOTS ccceeceeeeeeeeeeceee e e eemeaeeeeessnrn semenes 1.3
Siltstone, well-indurated, ecrinkly bedded; as above; with many

greenish-gray gypsum nodules; eroding into a ledge .............. 0.6
Siltstone, orange-brown, massive, weakly indurated ... ... .. ... 15

Siltstone, orange-brown and greemnish-gray, thinly laminated,
crinkly bedded, moderately indurated; with many 1l-inch green-
ish-gray gypsum nodules; eroding into a ledge and forming a

B0TE:N o EA= Tl 1= 1o A 0.9
Siltstone, orange-brown, argillaceous, massive, weakly indurated;

with some paper-thin selenite ... 5.5
Siltstone, greenish-gray and orange-brown, platy, crinkly bedded,

moderately indurated; gypsiferous at top .o 1.2
Shale, red-brown, blocky, weakly indurated; with some greenish-

ETAY SETOAKS oo eeeectevssas e s aperasamanesseesmcmmearaamnr et earm e e e e saneneneeeannn 1.1

Siltstone, greenish-gray, mottled orange-brown, gypsiferous, We_'.ll—
indurated; with l-inch yellow-green gypsum nodules; eroding

INEO B TOAZE et et e e ceeeeneae st ee et e erosceempaee e n e mmnneennne 0.3
Shale, red-brown, blocky: mottled with greenish-gray spots .......... 0.25
Siltstone, orange-brown argillaceous, moderately indurated, mas-

sive; mottled with greenish-gray spots; with some paper-thm

SELOTUER oo e e e eemeeeeeeees oo eresrerneseoneen 1.756
Siltstone, greenish-gray, mottled orange—browu argillaceous, crinkly

bedded, well-indurated; with much paper-thin selenite ................ 0.6
Siltstone, orange-brown; as above; with much paper-thin selenite:

gradat:onal into blocky shale .t 1.1
Silistone, greenish-gray; as above; erodmg into a small ledge ........ n4
Slltstone, Orange-hroWn; a8 ADOVE ...ceeoeeceeemieecee e eseesaesse e mess e eeee 0.7
Siltstone, greenish-gray; as abOVe ..ecrcoiiiecceeeeeeeeeeeeem e eeeeeeeeeaees 0.25
Siltstone, orange-brown; as aboVe ...t ranenae 0.6
Shale and siltstone, greenish-gray, mottled orange-brown, gypsi-

ferous, blocky, well-indurated; eroding into a ledge ... ............. 0.75
Shale and siltstone, red-brown, gypsiferous, weakly indurated;

mottled with greenish-gray Streaks . 2.2

Shale and siltstone, well-indurated, crinkly bedded; as above;
eroding into 8 1edEe .o e s 0.8
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Thickness
(feet)

Shale and siltstone, red-brown, blocky, weakly indurated; with
gypsum nodules and selenite and some greenish-gray patches 5.2

Siltstone, mottled greenish-gray and orange-brown, argillaceous,
gypsiferous, platy, crinkly bedded; well-indurated at top: erod-
ing into a prominent greenish-gray ledge .........oooooooomooeevi. 1.5

Shale, red-brown, blocky: with much satin spar; mottled with
many greenish-gray SDOS ... 2.5

Siltstone, orange-brown, gypsiferous, moderately indurated, mas-
sive; mottled with greenish-gray Spots ..o 1.0

Siltstone, well-indurated; as above; eroding into a ledge ............... 0.75

Siltstone, argillaceous, blocky, weakly indurated, massive:; as above;

With MUCH SALIN SDAT .o 4.25

(Section extrapolated to creek bluff in NWY% NEY% SEY% sec. 10, T.

28 N., R. 15 W.)

CIMARRONIAN SERIES

HENNESSEY FORMATION (base not exposed)

Cedar Hills Sandstone Member: (base not exposed; exposed thick-
ness 51.6 feet)

Unit 5:

Siltstone and gypsum, greenish-gray and orange-brown, crinkly
bedded, selenitic: with many flat 3- to 6-inch gypsum nodules;
eroding into a prominent ZONE ..o 0.3

Unnamed Bed:

Siltstone and sandstone, mottled greenish-gray and orange-brown,
very fine-grained, friable, thinly laminated, weakly indurated;
with some satin spar veins; argillaceous in lower half; with a
2-foot greenish-gray and orange-brown sandstone 10 feet above
base and a 1-foot greenish-gray sandstone 4 feet above base,
forming conspicuous light-colored Zones ..o, 22.1

Unit 4%

Sandstone, greenish-gray. gvpsiferous; with many gypsum nodules 0.4

(Section extrapolated to SEYy SEY% NEY sec. 10, T. 28 N., R. 15 W.)

Unnamed Beds:

Shale and siltstone, orange-brown, blocky, weakly indurated; with
some greenish-grayv streaks and a conspicuous 6-inch greenish-
gray layer 5 feet DeloW 0D e 14.25

Siltstone, moftled orange-brown and greenish-gray, gypsiferous,
platy, crinkly bedded, weakly indurated .........ocoooooomeoeeeeeeeeeerannn. 2.0

Siltstone, red-brown, mottled greenish-gray, gypsiferous, well-in-
durated, crinkly bedded; eroding into a ledge ...oooveeoeeeeeeeeeeenns.. 10

Siltstone and shale, red-brown, gypsiferpus, blocky, weakly indu-

D O e e e e et e e 2.5

Siltstone, greenish-gray, mottled orange-brown, gypsiferous, well-
indurated; eroding into a ledge ... 1.5

Siltstone, mottled orange-brown and greenish-gray, gypsiferous,
massive, weakly indurated; with some 2- to 6-inch greenish-
=g =5 ¢ 1Yo = O 5.25

Siltstone, greenish-gray, gypsiferous, platy, crinkly bedded: with
many gypsum nodules; eroding into a conspicuous ledge on
edge of GreenWood CTeek . e e aeae 0.3

Siltstone. mottled orange-brown and greenish-gray, massive
weakly indurated; eXpoSed ... 2.0

SecTion 11.
WEsT Moccasin CrREER, Woobps COoUNTY, OKLAHOMA

Beginning at top in Ogallala Formation in C SEVY, sec. 8, T. 28
N, R. 18 W., and proceeding down section in Cloud Chief Formation
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to type Day Creek Bed, type Kiger Member, and type Moccasin Creek
Bed, then type Whitehorse section and type Bush Springs Formation
to Emanuel Bed, then Marlow Formation to Relay Creek Bed at head
of West Moccasin Creek. Section then extrapolated to SV 8% NEY)
sec. 19, T. 28 N., R. 18 W., for remainder of Marlow to Dog Creek
Shale. Section then extrapolated to SEYy NEY), NEYy sec. 36, T. 28
N, R. 19 W, to base of Shimer Gypsum wn SEYy SWiy NW1j sec.
31, T. 28 N., R. 18 W. The Blaine portion was measured on the east
side of West Moccasin Creek along U. S. Highway 64, in NEYy NEl,
NWi sec. 7, T. 27 N., R. 18 W., ending in the Flowerpot Shale on
the Cimarron River in SWiy SWil4y NW1j sec. 28, T.27 N., R. 18 W.,
western Woods County. A local gypsum 1 foot thick occurs in the
Marlow Formation, 39 feet below the top in SEVy NEY4 SEY, SWij
sec. 20, T. 28 N., R. 18 W., and is found locally in this region below
the Relay Creek Bed.

Thickness
(feet)
TERTIARY SYSTEM
PLIOCENE SERILS
OGALLALA FORMATION
Gravel, tan, weakly indurated; composed of oyster shells and black
ironstones, quartzite pebbles and cobbles, uncomnformable on
DEAS Dl OW oo eeaeeeeeee e s amamamtes rmmnemesma e sieascaaeessaeeseeaaanaennanenans 5.0

PERMIAN SYSTEM

CUSTERIAN SERIES

CLOUD CHIEF FORMATION (top not exposed; exposed thickness
51.85 feet)

Big Basin Member (top not exposed ; exposed thickness 15.85 feet) :

Shale, red-brown, silty, thin-bedded ... ... 1.0

Siltstone and shale, yellow-brown, gypsiferous, calcitie, thin-bedded,
weakly to well-indurated ... 2.0

Shale, red-brown, silty, thin-bedded, weakly indurated; with inter-
bedded red-brown SiltStONe ... e e 6.0

Siltstone, greenish-gray and red-brown, calcitic, massive, brecciated,

well-indurated; eroding into a ledge .o 0.5
Shale, red-brown, silty, thin-bedded, weakly indurated ................... 1.4
Siltstone, red-brown, mottled greenish-gray, arenaceous, calcitic,

brecciated, well-indurated e 0.75
Shale, red-brown, silty, thin-bedded, blocky, weakly indurated ... 0.2
Siltstone, red-brown, argillaceous, calcitic, well-indurated ............. 15

Shale, light greenish-gray, dolomitic; weakly indurated at top;
well-Indurated at DASE e mece e e e e e e e a e 2.0

Doy Oreek Dolomite Bed (type section, total thickness 2 feet) :

Dolomite, light-gray to white, compact, very fine-grained, thin-
bedded, well-indurated, crinkly bedded; with many black to
orange-brown limonite concretions, and layers and vugs of
chalcedony and opaline quartz; eroding into the most prominent
escarpment in the TeION .uiuewrcoroorme s 2.0

Kiger Member (total section, total thickness, 30.8 feet) :

Siltstone, greenish-gray, arenaceous, argillaceous, thin-bedded,

weakly indurated; gradational into fine-grained sandstone ........ 2.2
Siltstone, orange-brown, arenaceous, weakly indurated ... 1.0
Sandstone, greenish-gray, silty, weakly indurated; gradational into

dark-gray shale in lower 6 inches ... 1.9
Shale, red-brown, silty, blocky, weakly indurated ...................... 3.5

Sandstone, greenish-gray, fine-grained, quartzose, weakly indu-
rated; mottled orange brown in middle ... 2.0
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Thickness
(feet)

Shale, red-brown, platy, weakly indurated ..........cocoociicmiimciieeeereeeenen. 3.7

Siltstone, greenish-gray and red-brown, argillaceous, thin-bedded,
moderately InAUTated ... reeeete e meane e e ea e rarmneas 0.5

Shale, red-brown, platy, weakly indurated; with some 0.5~ to
2-foot indurated calcitic siltstones in middle .......cooviiiiiiineees 16.0

Moccasin Creelk Bed (type section, 3.2 feet thick) :

Dolomite, pink and white, very fine-grained, silty, well-indurated 0.3

Siltstone and sandstone, greenish-gray, very fine-grained, weakly

indurated, friable; gradational into red-brown siltstone ........... 1.2
Sandstone, orange-brown, very fine-grained, quartzose, micaceous,

WeaKkly INAUIALEA oo eeeeeeeee e e e eeeemeemaneece e eneeemnesanseenneanns 1.2
Sandstone, greenish-gray, very fine-grained, weakly indurated;

very caleitic in upper 2 INCHes ..o, 0.5

WHITEHORSE GROUP (type section, total thickness, 194.35 feet)

RUSH SPRINGS FORMATION (type section, total thickness, 77.25
feet)

Sandstone, orange-brown, very fine-grained, quartzose, weakly

indurated, mottled greenish-gray .. 50
Siltstone, red-brown, argillaceous, well-indurated, massive; erod-

INE INTO 8 LAEE oo emaaes e emam e e smannsaearane 2.5
Shale, red-brown, silty, weakly indurated ... 3.0
Sandstone, orange-brown, very fine-grained, silty, micaceous,

quartzose, moderately to weakly indurated, thin-bedded to mas-

sive; eroding into a prominent ledge ..., 23.0
Sandstone, greenish-gray, caleitic; well-indurated at base; gra-

dational into red-brown siltstone ... 0.5
Shale, red-brown, Silty, DIALY .o eeee s meresee s nmecnes 4.0
Sandstone, orange-brown, weakly indurated; as above; eroding into

8 SMALL 1EAZE e e 3.0
Shale, red-DrOWI; 28 aDOVE .o 2.0
Sandstone, orange-brown; as above ... oo 25
Shale, red-brown; as above; with some thin greenish-gray beds ... 7.0
Sandstone, orange-brown; as above; with some thin shale seams .. b.0
Shale, red-DIroOWN; A8 AD0VE .o e 3.0
Sandstone, orange-brown; as aboVe ... 1.5
Shale, red-brown; as above; with some interbedded orange-brown

BANASTOTIE .ot ees e e oo eem e eee s oeee e 6.0
Sandstone, orange-brown; as above; eroding into a sharp angular

ESCATDIMIENEY e e e 3.0
Shale, red-brown; as above . e 2.0
Sandstone, orange-brown; as abOve ... 1.0
Shale, greenish-gray, arenaceous, platy, weakly indurated ... 0.5
Shale, Ted-DrowWn; as abOVE ..o 2.76
MARLOW FORMATION (total thickness, 117.1 feet)

Emanuel Bed:
Sandstone, greenish-gray, calcitic, fine to medium-grained; moder-

ately indurated at tOD e 0.25
Unnamed Beds:

Sandstone, light orange-brown, fine- to medium-grained, cross-bed-

ded, weakly indurated ... 2.0
Sandstone orange brown, fine- to medium-grained, massive, weakly

1ndurated greenish gray in basal 6 inches .__..oooooeveoeeeoe 5.5
Shale, red- brown as above; with some 1- to 2-inch greenish-gray

3 0L R F B o USRS 16.75

Relay Creek Bed:

Dolomite, pink to maroon, fine-grained, crinkly bedded, platy, well-
indurated; eroding mto a prominent ledge .. ..coooooovimeeiiieieieee . 0.05

(Section emtmpolated to 8% S1% NBY sec. 19, T. 28 N., R. 18 W.)
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Thickness
(feet)
Unnamed Beds:
Sandstone, orange-brown, fine-grained, moderately indurated ...... 8.3
Shale and siltstone, red-brown, mottled orange-brown, thin-bedded,
moderately to weakly indurated .. 4.25

Sandstone, orange-brown, very fine-grained, silty, weakly. indurated 3.0
Gypsum, pink and white, fine-grained, massive, well-indurated;
this bed occurs in SE14 NEY SE4 SW4% sec. 20, T. 28 N, R.

N 2 "D U 1.0
Sandstone, moderate red-brown to moderate reddish-orange, fine-

grained, silty, weakly indurated . .o 73.6
Sandstone, light-brown, mottled greenish-gray, fine-grained, moder-

ately indurated, thinly laminated, platy .o 0.6

(Section evtrapolated to SEY% NEY% NEY sec. 36, T. 28 N., R. 19 W.)
Sandstone, moderate red-brown to moderate reddish-orange, fine-
grained, weakly inQurated ... e 0.8
Sandstone, greenish-gray, mottled red-brown to moderate reddish-
orange, fine-grained, quartzose, with 0.5- to l-inch irregular
patches of red-brown shale; with mean of 3.43 phi, deviation
0.51, skewness 0.19, and kurtosis 1.56. The heavy-mineral frac-
tion, comprising 1.41 percent of the sand-sized fraction of the
insoluble residue, consists of (in percent) 48.64 ilmenite-mag-
netite, 12.29 sphene-leucoxene, 0.32 orange opaque, 22.33 garnet,
11.00 zircon, 0.64 brown to gray tourmaline, 0.32 blue tourma-
line, 1.61 biotite, 0.832 epidote, 0.97 red rutile, 0.97 yellow rutile,
and 0.64 apatite. The light-mineral fraction consists of (_in
percent) 74.38 quartz, 15.08 chert, 7.36 orthoclase, 2.10 plagio-
clase, and 1.05 MicToClINEG ...t et 1.0
CIMARRONIAN SERIES
EL RENO GROUP
DOG CREEK SHALE (total thickness, 49.9 feet)
Shale, red-brown, weakly indurated, bBlOCKY ..o 0.75
Siltstone, mottled greenish-gray to red-brown to moderate reddish-
orange, argillaceous, blocky; composed of (in percent) 1.6 sand,
. 81.8 silt, 10.5 clay, and 6.1 carbonate e 2.5
Siltstone, greenish-gray, mottled red-brown to moderate reddish-
orange, calcareous, argillaceous, well-indurated, massive; com-
posed of (in percent) 1.2 sand, 81.3 silt, 7.4 clay, and 10.1 car-
bonate; eroding Into 4 I1eAZE ..o 0.3
Shale, re@-Drown, BlOCKY et re e e emeeaseeseeeearen 0.75
Dolomite, greenish-gray, silty, blocky; thin-bedded in middle; com-
posed of (in percent) 0.6 sand, 39.1 silt, 16.6 clay, and 43.7 car-
bonate; eroding iNto & 1o e e 0.25
Shale, re@-DrowWi, DlOCKY e e e e e 0.4
Dolomite, light-gray, mottled pink, silty, argillaceous, fine-grained,
dense, well-indurated, nodular to massive; composed of (in per-
cent) 0.2 sand, 25.1 silt, 9.1 clay, and 65.6 carbonate; eroding
CINEO B 1A et 0.1
Shale, 1red-brown, DLOCKY ... e ee e 1.2
Delomite, light-gray, silty, argillaceous, fine-grained, dense, nodular
to massive; composed of (in percent) 0.1 sand, 24.9 silt, 9.2

clay, and 65.8 carbonate; eroding into a ledge ... oo, 0.2
Shale, greenish-gray, dolomitic, weakly indurated, blocky ........... 0.25
Shale, red-brown, weakly indurated, DlOCKY .o, 3.3

Southard Dolomite Bed:

Dolomite, light-gray, silty, argillaceous, fine-grained, dense, platy,
well-indurated; with many salt casts; composed of (in percent)
0.03 sand, 13.90 silt, 10.25 clay, and 75.82 carbonate:; eroding
into a prominent escarpment ..., 0.4



SECTION 11 — WO0ODS COUNTY 147

Thickness
(feet)

Unnamed Beds:

Siltstone, greenish-gray, calcareous, argillaceous, weakly indurat.eg,
thinly laminated to blocky; with some well-indurated dolomitic
shale layers near base; composed of (in percent) 0.4 sand, 66.0

silt, 15.6 clay, and 18.0 carbonate .......ocooo..... e ———— — 2.0
Shale, red-brown, silty, blocky: with some greenish-gray medium-
bedded SiltSEONE IAYOTS e eeeen 7.4

Sandstone, light-brown, mottled red-brown to moderate reddish-
orange, fine-grained, quartzose, well-indurated, massive; erod-
INE INEO 8 1A E e 1.0
Sandstone and siltstone, red-brown to moderate reddish-orange,
fine-grained, quartzose, moderately indurated, thin- to medium-
bedded; weathering massive; eroding into a ledge rernernrenan s 3.6
Siltstone, greenish-gray, mottled red-brown to moderate reddish-
orange, calcareous, thinly laminated; weakly indurated at top;
well indurated at base; composed of (in percent) 3.0 sand, 87.2

silt, 2.6 clay, and 7.3 carbonate . 1.0
Shale, mottled red-brown and greenish-gray, silty, weakly indu-

rated, thin-bedded, crinkly bedded . ... . .cooorriioene... P 0.3
Siltstone, greenish-gray, argillaceous, well-indurated, thin-bhedded,

crinkly bedded; eroding into a 1€AZe -ooeeeoioooeeeeeeeea 0.75
Shale, red-brown, silty, weakly indurated, bloCKY ..o 1.5

Weatonga Bed:
Siltstone, red-brown, mottled greenish-gray, dolomitic, fine-grained,
thin-bedded, well-indurated; composed of (in percent) (.05 sand

62.65 silt, 6.53 clay, and 80.77 carbonate ... 0.6
Unnamed Beds:
Shale, red-brown, silty, blocky ... 3.4
Shale, greenish-gray and red-brown, silty, blocky, weakly indurated:

PATtly COVETed ... 6.25

Gypsum, greenish-gray, selenitic, silty, well-indurated, wavy bedded 0.2

Shale, red-brown, mottled greenish-gray, silty, gypsiferous, weakly
INAUTATEA ..o e 0.6

Gypsum, greenish-gray, silty, well-indurated, wavy bedded, massive 04

Shale, red-brown, mottled greenish-gray, weakly indurated, blocky 0.7

Haskew Gypsum Member:

Gypsum and siltstone, interbedded, red-brown and greenish-gray,
well-indurated, thinly laminated, crinkly bedded; eroding into a

TOAGO oo 1.3
Shale, red-brown, blocky, weakly indurated; with some thin satin

SPAT [AYOIS weieeee et ee e en e oo 1.2
Gypsum, white, mottled red-brown and greenish-gray, fine-grained,

well-indurated, crinkly bedded to massive: eroding intop a ledge - 2.75

Unnamed Bed :
Shale, red-brown, mottled greenish-gray, blocky:; with much satin
BT et ee e e 4.5
BLAINE FORMATION (total thickness, 83.5 feet)
Shimer Gypsum Member -
Gypsum, white, fine-grained, well-indurated, massive; weathering
into coarsely selenitic gypsum ..o 19.0
Altona Dolomite Bed:
Dolomite, light-gray, fine-grained, oélitic, well-indurated: grada-
tional upward into gypsum: composed of (in percent) 3.1 sand,
19.3 silt, 5.4 clay, and 72.2 carbonate ... 0.3
Unnamed Beds:
Shale, greenish-gray, mottled red-brown, weakly indurated, blocky 0.5
Shale, red-brown, blocky: mottled with greenish-gray spots: with
some medium-bedded selenite and satin spar beds in lower 5
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=< OSSO 145
Nescatunga Gypsum Member:
Gypsum, white, fine-grained, massive; red-brown and greenish-gray
in upper 2 feet; weathering coarsely selenitic; eroding into an
LT 0 ) 344 1= o1 AUt 11.0
Magpie Dolomite Bed:
Siltstone, light-gray, fine-grained, dense to od0litic, well-indurated,
massive; composed of (in percent) 18.9 sand, 65.1 silt, 5.5 clay,

F 4 Vi R ) B JAT: % o Vo ) T2 1 = U o 0.2
Unnamed Bed:
Shale, red-brown, blocky; with some gatin SPar ......cccccvreernecaiens 9.0

Medicine Lodge Gypsum Member:
Gypsum, white, fine-grained, massive; weathering coarsely selen-
itic; eroding into an escarpment ... 28.25
Cedar Springs Dolomite Bed:
Dolomite, light-gray, fine-grained, dense to o0litic, well-indurated;
composed of (in percent) 0.4 sand, 1.7 silt, 0.8 clay, and 97.1
[T20 701 11 1 - S U SOOI 0.95
(Section extrapolated to SWii SWY NWl sec. 28, T. 27 N, R. 18
W., on Cimarron River)

FLOWERPOT SHALE (base not exposed; exposed thickness 100.6
feet)
Shale, greenish-gray, weakly indurated, blocky ... 0.25
Shale, red-brown, selentic, BIOCKY .o 0.75
Siltstone, greenish-gray, dolomitic, gypsiferous, thin-bedded, crinkly
bedded; well-indurated in places; composed of (in percent)

3.9 sand, 72.1 silt, 5.0 clay, and 19.0 carbonate and gypsum ........ 0.5
Shale, red-brown, selenitic, BlOCKY e 1.1
Shale, greenish-gray, selenitic, DIOCKY et 0.1
Shale, red-brown, selenitic, blocky; with many thin satin spar beds 4.5
Shale, greenish-gray, mottled red-brown, selenitic, blocky; with

IUCH SALIIL SIAT wevveceeceeeieeeeeeeccmeeserremaemecmsmmmn o cemsmsasmmemseeamenans s e e ses 0.8
Shale, red-brown, blocky; with some gypsum nodules ... 0.75
Shale, greenish-gray, mottled red-brown, selenitic, thin-bedded,

crinkly bedded; alternating weakly to well-indurated layers ... 0.5
Shale, red-brown, selenitic, blOCKY . e 1.7
Shale, greenish-gray, silty, weakly indurated, blocky ... 0.75
Shale, red-brown, silty, blocky; mottled with greenish-gray spots ... 1.6

Unit 6
Siltstone, moderate red-brown, mottled greenish-gray, arenaceous,
calcareous, well-indurated; with many 1- to 3-inch gypsum nod-
ules; composed of (in percent) 18.8 sand, 65.9 silt, 5.2 clay, and
10.1 carbonate and gypsum. The heavy-mineral fraction, com-
prising 0.07 percent of the sand-sized fraction of the insoluble
residue, consgists of (in percent) 15.63 ilmenite-magnetite,
28.75 sphene-leucoxene, 8.75 orange opaque, 25.94 garnet, 1.88
zircon, $.38 brown to gray tourmaline, 4.69 biotite, 1.88 chlorite-
muscovite, 1.88 epidote, and 1.25 anhydrite. The light-mineral
fraction consists of (in percent) 79.13 quartz, 13.01 chert, 5.96
orthoclase, 0.81 plagioclase, and 1.08 microcline ....ceeevvreeeeees 1.25
Siltstone, light-brown to red-brown, mottled greenish-gray, argilla-
ceous, massive, moderately indurated; with some gypsum nod-
ules; eroding into & 1AZE w et e e 3.1
Unnamed Beds:
Shale, greenish-gray, mottled red-brown, silty, weakly indurated,

platy, thin-bedded ...t e 0.2
Shale, red-brown, silty, weakly indurated, blocky; with some
grecnish-gray SDOLS .o eeee e e e er e e e 7.1

CGypsum, white, mottled greenish-gray, fine-grained, well-indu-
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rated, erinkly Dbedded ... e e 0.2
Shale, greenish-gray to dark-gray, weakly indurated, blocky ........... 0.2
Shale, red-brown, selenitic, DlOCKY ..o 1.1
Shale, greenish-gray to dark-gray, weakly 1ndurated blocky ............ 0.25
Shale, TEA-DrOWR, BLOCKY ...ooceeeeeeeieeeeeeeeameeecone s e e nt s sssrrsamsmncaes e nmneeanns 3.9
Shale, greenish—gray and red-brown, gypsiferous, well-indurated,
thin-bedded, crinkly bedded; eroding into a ledge ....coeoermreciince. 0.8
Shale, red-brown, blocky; with much satin spar ... 0.4
Shale, dark greenish-gray, weakly indurated, blocky; with satin
992 5 o RPN 0.1
Shale, red-brown, blocky; with much satin SpPar ......cceceeeeicoeeeaen. 3.4
Shale, greenish-gray, blocky; with much satin spar ...l 0.6
Shale, red-brown, blocky; with much satin spar ..........cooevveeoviceeiie. 1.5

Shale, greenish-gray, blocky; with much satin spar; marking base

of extremely gypsiferous section ..., 0.7
Shale, red-brown, bloCKY e 1.2
Shale, greenish-gray, DIOCKY et m v e e r e 0.2
Shale, red-brown, DlOCKY o i e 3.8
Siltstone, greenish-gray, dolomitic, argillaceous, well-indurated,

crinkly bedded, massive; eroding into a ledge; composed of (in

percent) 3.3 sand, 63.5 silt, 11.2 clay, and 22.0 carbonate ........... 0.2
Shale, greenish-gray, mottled red-brown, weakly indurated, blocky 0.7
Shale, 1ed-DrowI, DlOCKY ..o me e e e e e s coe e e meeseaean 1.3
Shale, greenish-gray, gypsiferous, well-indurated, crinkly bedded,

832 v U U PO UU PP 0.2
Shale, red-Drown, blOCKY e reeeerrerere e v aaae s s s enr e eceeessne emane 0.3
Shale, greenish-gray, DIOCKY ..o 0.1
Bhale, red-Drown, DloCK Y et eeeeeeee e e e ee e e 0.9
Shale, greenish-gray, mottled red-brown, gypsiferous, well-indu-

rated, ecrinkly bedded; with much nodular gypsum and satin

7] 2 ol 0.4
Shale, red-brown, blocky; with some satin Spar ...ovvevevieeeeieeene. 2.5
Unit 5:

Siltstone, greenish-gray, mottled red-brown, argillaceous, gypsit-

erous, weakly indurated; with gypsum nodules ... 1.0

Unnamed Beds:
Shale, red-brown, DIOCKY ..o 1.9
Shale, greenish-gray, blocky; with platy selenite .........ooooooooeeiin. 0.2
Shale, red-brown, BLOCKY ... e s e e 0.8
Shale, greenish-gray, mottled red-brown, blocky; with gypsum

0 = O 0.8
Shale, red-brown, BIoCKY ..o e 2.0
Shale, greenish-gray, blocky; with some satin spar ..o, 0.4
Shale, 1ed-brown, BIOCKY ... 1.1
Shale, greenish-gray, DIOCKY . eeeeeeeeeeeee et e 0.1
Shale, 1ed-brown, DIOCKY ... e 1.75
Shale, greenish-gray, mottled red-brown, blocky: with much satin

5 - 5 R 0.2
Shale, red-brown, blocky; with some satin spar ..o, 5.0
Shale, greenish-gray, selenitic, well-indurated, crinkly bedded ... 0.2
Shale, red-brown, blocky; with some satin spar ..., 0.75
Shale, greenish-gray, blocky; with much satin spar ....ocooooooveeeeee . 0.2
Shale, red-brown, blocky; with some paper-thin selenite and satin

S5 L F 5 U UR R USUSURRSUS SRR 0.8
Shale, greenish-gray, blocky: with some satin spar ......cooooecceeeeeeee... 0.3
Shale, red-hrown, DIOCKY ..o e e 0.9

Unit %:
Siltstone, greenish-gray, gypsiferous, well-indurated, massive,
crinkly bedded; with mean of 4.85 phi, deviation 2.36, skewness
0.76, and RUTLOSIS 2.08 et ee s e eamens 0.1
Unnamed Beds:
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Shale, red-brown, blocky; with some paper-thin satin spar layers ....
Shale, greenish-gray, weakly indurated, bIOCKY ..ooooooooomoeeeemeen.
Shale, red-brown, blocky; with some greenish-gray spots .................
Shale, greenish-gray, gypsiferous, well-indurated, crinkly bedded
Shale, red-brown, blocky ... eeeeeeameaaameeecesseeantaseeoeenmnsseeemoeane
Shale, greenish-gray, mottled red-brown, gypsiferous, well-indu-
rated, thin-bedded, crinkly bedded .......oooooooooeoooooeeoeeeee
Shale, 1eA-DroWn, DIOCKY . ..ooeeceeeeemeee oo
Shale, greenish-gray, mottled red-brown, blockY ..oooeeooeeeeoeon...
Shale, red-brown, blocky; with many paper-thin selenite veins ........
Shale, greenish-gray, weakly indurated, bloCKY ..o,
Shale, Ted-DTOWI, DLOCKY e
Shale, greenish-gray, blocky, weakly indurated; with some paper-
(4100 (RE-E: R G (=Y o - OOy U SR
Shale, red-brown, moderately indurated, blOCKY oo,
Shale, greenish-gray, mottled red-brown, weakly indurated, blocky
Shale, red-brown, weakly indurated, blocky; exposed to base of
E=TcT 6] A L) o OSSR S VRSOSSN

oo

SRe Momooo <
S U ONNSWOW OO H

o

SecTioN 12,
RepHORSE CREER, Woops COUNTY, OKLAHOMA

Beginming at top in the Marlow Formation, section measured
in SWYy NW1j sec. 10, T. 27 N., R. 17 W., along Redhorse Creek, to
Shimer Gypsum, continuing through the Blaine Formation in SWY4
SWy sec. 10, ending in the lower part of the Blaine and upper part
of the Flowerpot Shale in SEVy NWi4 NW1j sec. 22, T. 27 N., R. 17
W., where Redhorse Creek crosses U, 8. Highway 64, central Woods
County.

Thickness

(feet)
PERMIAN SYSTEM

CUSTERIAN SERIES

WHITEHORSE GROUP

MARLOW FORMATION (top not exposed)

Sandstone, moderate reddish-orange to moderate reddish-brown,
fine-grained, quartzose, weakly indurated ... 5.0

Doe Creek Sandstone Lentil:

Sandstone, light-gray, coarse-grained, quartzose, moderately indu-
rated, friable; with well-rounded frosted grains of heavy and
light minerals; cemented with sparry calcite; composed of (in
percent) 68.6 sand and 81.4 carbonate, with mean of 1.53 phi,
deviation 0.21, skewness 0.54, and kurtosis 1.43. The heavy-
mineral fraction, comprising 0.16 percent of the sand-sized
portion of the insoluble residue, consists of (in percent) 7.81
ilmenite-magnetite, 13.43 sphene-leucoxene, 1.25 orange opaque,
53.75 garnet, 2.81 zircon, 2.18 brown to gray tourmaline, 0.31
blue tourmaline, 0.98 biotite, 0.31 chlorite-muscovite, 5.93 pyrite,
10.93 epidote, and 0.31 yellow rutile. The light-mineral fraction
cousists of (in percent) 82.24 quartz, 7.47 chert, 6.85 orthoclase,
1.24 plagioclase, and 2.18 microcline ..o 0.25

CIMARRONIAN SERIES

EL RENO GROUF

DOG CREEK SHALE (total thickness, 54.2 feet)

Shale, red-brown, silty ..o , eememmeeneeeenemaaes 0.3

Siltstone, light-gray- to -greenish-gray, calcareous, moderately  in-
durated; composed of (in percent) 2.2 sand, 75.8 silt, 3.9 clay,
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and 18.1 carbonate. The heavy-mineral fraction, comprising a

trace of the sand-sized fraction of the insoluble residue, consists

of (in percent) 24.32 ilmenite-magnetite, 19.22 sphene-leucoxene,

0.90 orange opaque, 12.91 garnet, 5.41 zircon, 1.50 brown to gray

tourmaline, 3.30 biotite, 29.73 chlorite-muscovite, 2.40 epidote,

0.90 riebeckite, and 0.30 yellow rutile. The 11ght-m1nera1 fraction

consists of (in percent) 65.62 quartz, 10.73 chert, 20.50 ortho-

clase, 1.26 plagioclase, and 1.89 microcline ... 0.2
Siltstone, red-brown and greenish-gray, calcareous moderately

mdurated blocky; composed of (in percent) 4.7 sand, 77.1 silt,

3.9 clay, and 14.3 carbonate ... e 1.2
Shale, 1ed-Drown, DLOCKY .o aeeiciamirreemreetesscere e s s msnn e ene e 2.26
Siltstone, greenish-gray, moderately indurated, crinkly bedded,

thin-bedded . 0.25
Shale, red- brown mottled greemsh-gray, weakly mdurated blocky 14
Siltstone, greenish-gray, calcareous, platy; well-indurated at top;

composed of (in percent) 8.3 sand, 72.7 silt, 3.4 clay, and 15.6

carbonate 0.2
Shale, red-brown, weakly mdurated blocky - 1.0

Siltstone, greemsh gray, calcareous, well-indurated, platy, com-
posed of (in percent) 9.3 sand, 74.3 silt, 2.2 clay, and 14.2 car-
Y03 0 F: 1 = SO O 0.1

Dolomite, light-gray, fine-grained, dense, well-cemented, massive;
weathering light brown: composed of (in percent) 0.06 sand,

4.7 silt, 6.7 clay, and 88.54 carbonate ... 0.1
Shale, red-brown, well-indurated, DIOCKY ...coeeeeeeececeseecerreresssesssssnnees 0.1
Dolomite, light-gray to greenish-gray, silty, argillaceous, platy,

weakly indurated; composed of (in percent) 0.3 sand, 34.1 silt,

21.5 clay, and 44.1 carbonate .......ocinirmcre————————————— 0.3
Shale, red-brown, silty, blocky, thin-hedded - - 4.0
Dolomite, light-brown, fine-grained, argillaceous, dense, blocky,

massive; eroding into a ledge; composed of (in percent) 0.01

sand, 7.28 silt, 12.49 clay, and 80.22 carbonate .......ccreiieeinnanes 0.1
Shale, red-brown, DlOCKY e erecsann s ssss s s san e s 0.8
Dolomite, light- brown silty, argillaceous, flne—gramed dense, mas-

sive, blocky; composed of (in percent) 0.02 sand, 17.09 silt,

11.43 clay, and 71.46 carbOBALe ..o e 0.25
Shale, red-brown, blocky: silty at tOD e 1.2

Shale, light-brown, mottled greenish-gray, weakly indurated, blocky 0.25

Shale, mottled greenish-gray and red-brown, weakly indurated,

L) (oY) o OO U OSSO 14

Southard Dolomiie Bed :

Dolomite, greenish-gray, well-indurated, silty, crinkly bedded, thin-
bedded; eroding into a ledge; composed of (in percent) 0.03
sand, 35.97 silt, 12.95 clay, and 51.05 carbonate ............ooooooeenn.... 0.25

Unnamed Beds:

Siltstone, greenish-gray, calcareous, argillaceous, weakly indurated;
dolomitic at base; composed of (in percent) 0.1 sand, 44.1 silt,
22.8 clay, and 33.0 carbonate. The basal portion is (in percent)
0.3 sand, 20.6 silt, 11.7 clay, and 67.4 carbonate _....ocoooeeeenne.....

Shale, red-brown, silty, bBloCKRY e

Siltstone, greenish-gray, calcareous, moderately indurated, massive;
eroding into a ledge; composed of (in percent) 4.8 sand, 79.9
silt, 2.4 clay, and 12.9 carbomate ... eeeeeeeeeeeeeane

Shale, red-Drown, DlOCKY v e e e e eeeee e een

Shale, mottled greenish-gray and red-brown, silty, blocky __................

Shale, red-brown, Silty, DIOCKY oo

Siltstone, greenish-gray, aremaceous, quartzose, moderately in-
durated, friable; eroding into a ledge; composed of (in percent)
30.9 sand, 55.5 silt, 0.7 clay, and 12.9 carbonate. The heavy-
mineral fraction, comprising 0.04 percent of the sand-sized
portion of the insoluble residue, consists of (in percent) 31.71

b=
~3 00

P oo
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ilmenite-magnetite, 26.52 sphene-leucoxene, 1,83 orange opaque,
23.17 garnet, 5.79 zircon, 3.66 brown to gray tourmaline, 0.30
blue tourmaline, 1.52 biotite, 1.52 chlorite-muscovite, 2.74 epi-
dote, .0.3¢ riebeckite, 0.30 red rutile, 0.61 yellow rutile, and
0.30 anhydrite. The light-mineral fraction consists of (in per-
cent) 70.57 quartz, 9.81 chert, 18.35 orthoclase, 0.63 plagioclase,
And 0.63 MICTOCLIIE oottt e et eonn 1.1

Siltstone, moderate reddish-brown to moderate reddish-orange,
calcareous, moderately indurated, thin-bedded; arenaceous at
top; eroding into a ledge; the basal parttunnposed of (in
percent) 2.2 sand, 77.5 silt, 1.8 clay, and 18.5 carbonate ...........

Siltstone, greenish-gray, argillaceous, thin-bedded, crinkly bedded

Shale, red-brown, silty, weakly indurated, bloCKY .oooorereeoieeeecenes

Siltstone, mottled red-brown and greenish-gray, well-indurated,
thin-bedded, crinkly bedded ... ..o

Shale, red-brown, silty, DloCKY o e

Siltstone, mottled red-brown and greenish-gray, argillaceous, mas-
O

Shale, red-brown, BLOCKY . e eeeeemrseeeecemrees e e mnen

Siltstone, greenish-gray, arenaceous, weakly indurated; composed of
(in percent) 21.6 sand, 69.7 silt, 1.9 clay, and 6.7 carbonate.
The heavy-mineral fraction, comprising 0.21 percent of the sand-
sized portion of the insoluble residue, consists of (in percent)
7.76 ilmenite-magnetite, 37.64 sphene-leucoxene, 2.87 orange
opaque, 12.64 garnet, 1.72 zircon, 4.60 brown to gray tourmaline,
2.30 biotite, 27.30 chlorite-muscovite, and 3.16 epidote. The light-
mineral fraction consists of (in percent) 74.85 quartz, 6.51 chert,
15.09 orthoclase, 1.48 plagoclase, and 0.59 microcline ...

Shale, red-DrowWn, DIOCKY oo eeeeeeeens e mnemeeee

Watongm Bed :

Siltstone, greenish-gray, arenaceous, dolomitic, well-indurated,
platy; with symmetrical ripple marks that strike northwest;
composed of (in percent) 9.1 sand, 83.9 silt, 2.9 clay, and 4.1
CATDOMALE o et ee st e e oo e 0.1

Unnamed Bed:

Shale, red-brown, mottled greenish-gray, bloCKY .o, 3.25

BLAINE FORMATION (total thickness, 76.4 feet)

Shimer Gypsum Member:

Gypsum, white, fine-grained, crystalline, well- indurated, massive;
wavy bedded at top; eroding into an escarpment ............... 12.0

Altona Dolomite Bed: )

Dolomite, light-gray, fine-grained, oblitic, medium-bedded, massive;
weathering into boxworks; composed of (in percent) 3.8 gand,

8.h gilt, 2.8 clay, and 84.9 carbonate The heavy-mineral fraction,
comprising 0.05 percent of the sand-sized portion of the in-
soluble residue, consists of (in percent) 6.81 jlmenite-magnetite,
40.31 sphene- 1eucoxene 0.52 orange opaque, 16.23 garnet, 1.57
zircon, 17.80 brown to gray tourmaline, 0.52 blue tourmaline,
8.90 biotite, 1.57 chlorite-muscovite, 3.14 epidote, 0.52 apatite,
0.52 yellow rutile, and 1.57 rlebecklte The light-mineral fraction
consists of (in percent) 80.17 quartz, 5.31 chert, 12.57 ortho-
clase, 0.56 plagioclase, and 1.40 microcline ._......ermoveeenn.. .75

U%named Beds:

Shale, greenish-gray, blOCKY ..o

Shale, red-brown, mottled greenish-gray, weakly indurated, blocky 1

Nescatunga Gypsum Member:

Gypsum, white, fine-grained, massive; weathering coarsely selen-
itic; eroding into an escarpment ... 11.5

Magpie Dolom@te Bed:

Dolomite, light-gray, gypsiferous, fine-grained, massive; dense in

e 2ox
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places; composed of (in percent) 5.2 sand, 24.3 silt, 31.1 clay,
and 39.4 CArDONALE o oo eeeeee e e e eran e ne e 0.25
Unnamed Beds:
Shale, greenish-gray, BloCKY ..o s 0.1

Shale, red-brown, blocky; with prominent 9-inch greenish-gray
gypsiferous zone about 4 feet above the base; composed of (in
percent) 1.2 sand, 77.2 silt, 7.9 clay, and 13.7 carbonate and
EVDSBUIL oo eeacceessemmsmeea s ammsameeemomemtesasmseseasemacssssasmscetsssssensnmmemannee 11.5

(Section emtrapolated to SEY, NW¥ NWYa sec. 22, T. 27 N., R. 17
W., on U. 8. Highway 64)

Medicine Lodge Gypsum Member:

Gypsum, white, fine-grained, medium-bedded; weathering coarsely
selenitic; eroding into an escarpment ..........ocooooeoooeooiieceeeaen 26.0

Cedar Springs Dolomite Bed:

Dolomite, light-gray, fine-grained, odltic, well-indurated, massive;
composed of (in percent) 0.3 sand, 2.07 silt, 2.40 clay, and
05,23 CATDOMALE e e ae e aeees 0.5

FLOWERPOT SHALE (base not exposed; exposed thickness, 61.7
feet)

Shale, greenish-gray, DIOCKY e eeee e eeeen e eaeas 0.25
Shale, red-brown, selenitic, blocky; with many gypsum nodules and

some thin greenish-gray shale 1aYers .....cooeieieeerceseceereeens 1.5
Shale, greenish-gray, silty, selenitic; with many gypsum nodules ... 0.25
Shale, red-brown, blocky; with some greenish-gray spots and layers 2.6
Siltstone, greenish-gray, dolomitic, gypsiferous, well-indurated,

crinkly bedded, massive; eroding into a ledge; composed of (in

percent) 2.9 sand, 65.7 silt, 8.3 clay, and 23.1 carbonate and

Fa g 1S D o o S USSR U 0.2
Shale, red-brown, blocky; with some greenish-gray spots and layers 2.7
Siltstone, greenish-gray, mottled red-brown, gypsiferous, massive,

well-indurated, crinkly bedded; eroding into a ledge .............. 0.2
Shale, red-brown, Silt¥, DIOCKY .o eeeeeeeeeecteeeme e e e seenes 0.8
Siltstone, greenish-gray, argillaceous, gypsiferous, well-indurated,

CTIDKIY bedded o e e e e e e e e eeaeeeaee e e et anasaneanes 0.1
Shale, red-brown, Silty, DlOCKY e ee e mennes 1.0

Unit 6

Siltstone, mottled red-brown and greenish-gray, thinly laminated,
well-indurated; with many gypsum nodules; eroding into a
ledge; composed of (in percent) 6.6 sand, 76. 3 silt, 6.9 clay, and
10.2 carbonate and gypsum. The heavy-mineral fraction, com-
prising 0.05 percent of the sand-sized fraection of the msoluble
residue, consists of (in percent) 12,55 ilmenite-magnetite, 28.63
sphene-leucoxene, 7.84 orange opaque, 12,16 garnet, 1.96 zircon,
15.69 brown to gray tourmaline, 3.92 biotite, 12.55 chlorite-
muscovite, 3.14 epidote, 1.18 apatite, and 0.39 anhvdrite. The
light-mineral fraction consists of (in percent) 78.20 quartz,
11.42 chert, 6.92 orthoclase, 1.38 plagioclase, and 2.08 microcline 5.2

Unnamed Beds :

Shale, greenish-gray, mottled red-brown, silty, weakly indurated,

1) e T - USSR 0.5
Shale, red-brown, blocky; with some 0.25-inch gypsum nodules ... 4.0
Shale, greenish-gray, weakly indurated, blocky .. 0.2
Shale red-brown, blocky; with many gypsum nodules ......... 1.8
Shale, mottled greenish-gray and red-brown, weakly 1ndurated

DO Ry ot ettt e ettt ee e e e e ee e e e e eam e e ene s emeen 0.75
Shale, red-DroWn, DlOCKY et 1.0

Siltstone, greenish-gray, mottled red-brown, argillaceous, gypsif-
erous, moderately indurated, thin-bedded; with many 0.25-
to 1-inch gypsum nodules; eroding into a ledge; with mean of
6.59 phi, deviation 3.01, skewness 0.74, and kurtosis 0.71 ............... 2.4
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Thickness
(feet)

Shale, red-brown, blocky; with some greenish-gray spofs and
gypsum nodules .....oc....... 2.5

Siltstone, greenish-gray, mottled light-brown, dolomitic, gypsif-
erous, argillaceous, well-indurated, massive, selenitic, crinkly
bedded; eroding into a ledge; composed of (in percent) 10.9

sand, 48.6 silt, 12.4 clay, 28.1 carbohate and gypsSum .................. 0.2
Shale, red-brown, weakly indurated, platy -oeeveeoreecsvenne 0.3
Shale, red-brown and greemsh—gray, gypsiferous, thin-bedded,

crinkly bedded; alternating well-indurated to weakly indurated

=] o SO OE RO 0.6
Shale, red-brown, blocky; with some greenigsh-gray shale spots and

thm seams of satin spar .......... 5.25
Siltstone, greenish-gray, argillaceous, weakly mdurated platy ... 0.2
Shale, red brown, blocky; with many thin greenish-gray shale layers

and satin spar seams; at base of extremely gypsiferous section 4.2
Shale, red-brown, blocky, weakly indurated ... 2.6
Shale, greenish-gray, silty, selenitic, blocky, weakly indurated ... 0.25
Shale, red-brown, blocky; with some greenish-gray spots and thin

satm SPAT DS e e 1.8
Siltstone, greenish-gray, dolomitic, selenitic, well indurated, crinkly

bedded eroding into a ledge; composed of (in percent) 2.2 sand,

75.8 silt, 2.6 clay, and 19.4 carbonate and gyDSUM ..coooeeeecccennn 0.25
Shale, red-brown, blocky; with some greenish-gray spots and

EYDPSUM NOAUIES ...t cctme e eeee et e e et ees s rnes et e e eemteeemeeeenonne 2.75
Unit 5:

Siltstone, greenish-gray, mottled red-brown, dolomitic, gypsiferous,
moderately indurated, thinly laminated; composed of (in per-
cent) 5.0 sand, 83.7 gilt, 5.0 clay, and 6.3 carbonate and gypsum 0.9
Unnamed Beds:
Shale, red-brown, blocky; with some thin satin spar seams and

gypsum nodules e e e neessreraeetraTecaesiesseresserTTRSSEEEeaitecrrereseenmmtesamsomeretteenrin 1.3
Siltstone, red-brown, mottled greemsh gray, argillaceous, gypsif-

erous, Well-InAUrated ..o e 0.3
Shale, Ted-BroWn, DlOCKY .t e et e e esee st e eaeesememeee e e samemmns 0.2
Shale, greemish-Bray, DlOCKY e eeee e e eme e s eee e e e mean 0.3
Shale, red-brown, blocky; with some greenish-gray spots and

thin-bedded satin SPAT 1AV OIS .o ecerre e emeeemesseeseeenesseene 1.6

Siltstone, greenish-gray, mottled red-brown, gypsiferous, argilla-
ceous, massive, well-indurated, crinkly bedded; eroding into a
Lo e ettt et reecnnee e eeeeesaeeemmmeean e eemne s eme s ememmeeeseanes

Shale, red-brown, blocky, weakly mdurated ............................................

Shale, greenish-gray, blocky, weakly indurated ......ooooooeeeeeees

Shale, red-brown, blocky; with some thin satin spar veins ................

Shale, greenish-gray, blocky; with some satin spar layers ........._...

Shale, red-brown, silty, blocky, moderately indurated _._................

Shale, red-DroWn, DI0CKY et emre e e ee s s s eemene

Shale, greenish-gray, blocky ...

Shale, red-brown, blocky; exposed to base of section ...

o

[32 -

SOoooocoHo
o

&= by =3 bo bo &

SecrioN 13.
WHITEHORSE CREEK, Wo0Ds CoUNTY, ORLAHOMA

Beginning at top im Doe Creek Lentil of Marlow Formation,
type area for the Whitehorse Group, in NEYy NEY4, NWI1j sec. 29,
T.27 N., B. 16 W., north of U. 8. Highway 64, and proceeding down
section along Whitehorse Creek for Blaine portion in S SWi4 sec.
20, T. 27 N., B. 16 W., ending n the Flowerpot Shale in SEY) SE1,
NW1 sec. 6, T 26 N., B. 16 W., just west of Whitehorse Creek.
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Thickness
(feet)

CUSTERIAN SERIES

WHITEHORSE GROUP

MARLOW FORMATION (top not exposed)

Doe Creek Lentil:

Sandstone, moderate reddish-brown to moderate reddish-orange,
arenaceous, algal, quartzose; with many medium to coarse
subrounded to well-rounded grains, well-cemented, with many
fossil clams, snails, brachiopods, bryozoans, and other fossils
in middle 3 inches; clastic material abundant near base and
algae abundant near top; cross-hedded, lenticular, with fossilif-
erous portion composed of (in percent) 22.9 sand, 18.7 silt,
2.5 clay, and 55.9 carbonate. The heavy-mineral fraction, com-
prising 0.42 percent of the sand-sized portion of the insoluble
residue, consists of (in percent) 52.79 ilmenite-magnetite, 10.24
sphene-leucoxene, 0.93 orange opaque, 17.39 garnet, 13.04 zircon,
1.556 brown to gray tourmaline, 0.62 blue tourmaline, 0.31 biotite,
1.24 epidote, and 1.89 yellow rutile. The light-mineral fraction
consists of (in percent) 86.20 quartz, 6.20 chert, 5.63 orthoclase,
1.69 plagioclase, and 0.28 microcline. The lower contact appears
conformable With beds DeloW oo 1.75

CIMARRONIAN SERIES

EL RENO GROUP

DOG CREEK SHALE (total thickness, 62.3 feet)

Shale, moderate reddish-brown to moderate reddish-orange, silty,
L) 0 P 1.25

Siltstone, moderate reddish-brown to moderate reddish-orange,
arenaceous, well-indurated, massive, blocky; with some 1-inch
white calcite geodes; eroding into a ledge; composed of (in per-
cent) 16.2 sand, 77.5 silt, 2.9 clay, and 3.3 carbonate .................

Shale, greenish-gray, DloCKY .ot

Shale, red-brown, 8ilty, DlOCKY e
Siltstone, moderate reddish-brown to moderate reddish-orange,

arenaceous, well-indurated, massive; eroding into a ledge;
composed of (in percent) 37.9 sand, 52.5 silt, 2.0 clay, and 7.6
carbonate. The heavy-mineral fraction, comprising 0.02 percent
of the sand-sized portion of the insoluble residue, consists
of (in percent) 13.91 ilmenite-magnetite, 32.25 sphene-leucoxene,
4.73 orange opaque, 1.78 garnet, 7.99 zircon, 3.85 brown to gray
tourmaline, 0.30 blue tourmaline, 3.55 bictite, 25.44 chloriie-
muscovite, 3.25 epidote, 0.89 riebeckite, 0.59 red rutile, and
1.48 yellow rutile. The light-mineral fraction consists of (in
percent) 81,81 quartz, 6.77 chert, 10.00 orthoclase, 0.97 plagio-
clase, and 0.65 MICTOCHNe ..o oo eae 0.5

Shale, red-brown, silty, blocky; with some greenish-gray layers
2 A (2 K- S VU U UU 10.25

Dolomite, dusky red-purple, platy, silty, argillaceous, thin-bedded;
composed of (in percent) 0.8 sand, 18.2 silt, 16.7 clay, and 64.3
T2 0 i 100 1 T 1 < SRRt 0.2

Shale, red-brown, Silty, DlOCKY e 4.0

Dolomite, light-brown, fine-grained, dense, well-indurated, massive;
eroding into a ledge; composed of (in percent) (.02 sand, 13.31
gilt, 8.55 clay, and 78.12 carbonate .........oeimrrirrreeeae e 0.

Shale, red-brown, silty, DIOCKY ... 2

Southard Dolomite Bed:

Dolomite, greenish-gray, silty, argillaceous, well-indurated, platy;
composed of (in percent) 0.03 sand, 23.12 silt, 16.68 clay, and
B0.17 CarDOMALE e 0.1

Unnamed Beds:

Siltstone and dolomite, dusky red-purple, well-indurated, massive,
blocky; composed of (in percent) 0.03 sand, 27.68 silt, 16.34

thoo
o
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Thickness
(feet)
clay, and 55.95 carbomate ... e an e 0.9
Shale, dark red-brown, BLOCKY . oo eeeeer s e s e eeee s 3.75

Dolomite, mottled greenish-gray and dusky red-purple, silty, fine-
grained, dense, well-indurated, massive; composed of (in per-

cent) 0.8 sand, 32.3 silt, 8.8 clay, and 58.1 carbonate ................ 0.1
Siltstone, red-brown, argiliaceous, well-indurated, wavy bedded,

I A S Y et enee e eennon 0.8
Shale, red-brown, DlOCKY oo 1.2
Siltstone, greenish-gray, mottled red-brown, argillaceous, weakly

INAUTAERA et e e e 0.25
Shale, red-brown, gilty, blocky; with some greenish-gray spots and

FE: 0 o ST SRRSO 6.0

Sandstone, red-brown, mottled greenish-gray, silty, fine- to medium-
grained, thin-bedded; eroding into a ledge; composed of (in per-
cent) 51.9 sand, 38.1 silt, 1.9 clay, and 8.1 carbonate. The heavy-
mineral fraction, comprising 0.23 percent of the sand-sized
portion of the insoluble residue, consists of (in percent) 45.12
Ilmenite-magnetite, 17.21 sphene-leucoxene, 4.65 orange opaque,
15.12 garnet, 7.91 zircon, 2.56 brown to gray tourmaline, 1.40
biotite, 0.70 chlorite-muscovite, 1.63 epidote, 0.23 red rutile,
and 3.49 yellow rutile. The light-mineral fraction consists of (in
percent) 78.63 quariz, 9.40 chert, 8.83 orthoclase, 1.71 plagio-
clase, and 1.42 MICTOCHIIE ..o eeaeevenns 9.0

Siltstone, greenish-gray, dolomitic, well-indurated, thin-bedded;
composed of (in percent) 0.7 sand, 68.1 silt, 4.8 clay, and 26.4

CAIDOMALE oo e 0.1
Shale, red-brown, blocky .....ooovvenneen. et et eeeeeemeeeneeeeeeeasasseemeeenseanneees 0.75
Siltstone, light-gray to greenish-gray, dolomitic, fine-grained,

dense, well-indurated; composed of (in percent) 0.07 sand, 48.67

silt, 6.82 clay, and 44.44 carbonate ... 0.1
Siltstone, red-brown, mottled greenish- gray, thm—bedded Weakly

1ndurated .................................................................................................... 1.0
Shale, greenish-gray, mottled red-brown, thin-bedded, weakly in-

Lo D o= =Y OSSR RSO RE 0.2
Shale, red-brown, blocky; gradational into siltstone at base ............ 3.0

Siltstone, greenish-gray, argillaceous, weakly indurated, platy,
CTinK1y Dedded . o e en e 0.3

Shale, red-brown, Silty, DIALY oo e eaee 0.7

Siltstone, greenish-gray, mottled red-brown, platy .ooeeeoeee.. 0.25

Shale, red-brown DO CKY e et ae e e enne 2,75

Watonga Bed:

Silistone, greenish-gray, mottled red-brown, dolomitic, thin- hedded:

well indurated in Dlaces ... e 0.6
Unnamed Beds:
Shale, 1ed-brown, DlOCKY e 2.5
Slltstone greenish-gray, mottled red-brown, argillaceous, weakly
1ndurated A Ve e 1.0

Shale, red-brown, blocky; with some greenish-gray siltstone beds 3.0

BLAINE FORMATION (total thickness, 56.1 feet)
Altona Dolomite Bed:
Dolomite, light-gray, fine-grained, odlitic; weathering into box-
works; eroding into a ledge; composed of (in percent) 0.3 sand,
3.2 silt. 2.4 clay, and 94.1 carbonate ..o 1.0
Unnamed Bed:
Shale, red-brown, mottled greenish-gray, blocky; covered in part 11.0
Nescatunga Gupsum Member:
Gypsum, white, fine-grained, massive; gradational into siltstone at
base; weathering coarsely selenitic; ercding into a ledge ... 11.0
Magpie Dolomite Bed:
Siltstone, light-gray, dolomitic, fine-grained, oélitic; composed of
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Thickness
(feet)
(in percent) 0.5 sand, 79.3 silt, 2.6 clay, and 17.6 carbonate ... 0.75
Unnamed Bed:
Shale, red-brown, blocky; mottled with greenish-gray shale spots;
with mean of 8.43 phi, deviation 3.20, skewness 0.40, and kurto-
sis 0.85. The clay minerals are illite (peaks at 3.31, 4.93, 9.80a)
and chlorite (peaks at 3.54, T.028) ..oocorei e 10.0
Medicine Lodge Gypsum Member:
Gypsum, white, mottled light-gray, fine-grained, massive; weather-
ing coarsely selenitic; eroding into prominent mappable esca.p-
5 =) 4 /O 22.0
Cedar Springs Dolomite Bed:
Dolomite, light-gray to light-brown, fine-grained, oblitic, medium-
bedded; massive where weathered; composed of (in percent)
0.03 sand, 0.85 silt, 1.24 clay, and 97.88 carbonate ........................ 0.3
FLOWERPOT SHALE (base not seen, exposed thickness 113.1 feet)
Shale, greenish-gray, mottled red-brown, bloCKY .eoomoooveeeeeeeen 0.75
Shale, red-brown, selenitic, DIOCKY emooeoroeoooeeeeeeeeooeeo 0.5
Shale, greenish-gray, selenitic, BIOCKY oo 0.2
Shale, red-brown, selenitic, DIOCKY ..eooiioooeeeeeeeoeeeeeeeooo 1.25
Shale, greenish-gray, DIOCKY ... 0.25
Shale, red-brown, selenitic, bIOCKY .. oo 0.9
Shale, greenish-gray, DlOCKY e 0.2
Shale, red-brown, selenitic, BIOCKY ..o 1.5
Siltstone, greenish-gray, gypsiferous, well-indurated, crinkly
o= L U1 OO 0.2
Siltstone, red-brown, mottled greenish-gray; with many 1- to 3-inch
Selenite DaLCRES ..o 1.5
Siltstone, greenish-gray, dolomitic, argillaceous, thin-bedded, weakly
indurated; composed of (in percent) 0.4 sand, 55.4 silt, 11.0
clay, and 33.2 carbonate ... 1.75
Shale, red-brown, silty, DloCKY e 1.9
Unit 6
Biltstone, greenish-gray, mottled red-brown, argillaceous, moder-
ately indurated, crinkly bedded ..o 0.b
Siltstone, red-brown, argillaceous, thin-bedded; with many small
BYDPSUIM DOAULES .o e e e e 3.5
Siltstone, greenish-gray, selenitic, argillaceous, weakly indurated 0.1
Unnamed Beds:
Siltstone, red-brown, argillaceous; as above; with many moderate
reddish-orange gypsum noduUles ... e 2.9
Shale, greenish-gray, DLOCKY ... e ee e 0.2
(Section extrapolated to NWi4 sec. 6, T. 26 N., R. 16 W., in hill west
of Whitehorse Creek)
Shale, red-brown, selenitic, blocky: mottled with greenish-gray
SPOtS; Partly covered ... 6.25

Siltstone, greenish-gray, fine-grained: well-indurated at top; com-

posed of (in percent) 2.7 sand, 89.9 silt, 4.7 clay, and 2.7 car-
bonate

Shale, greenish-gray, weakly indurated, blocky
Shale, red-brown, bIOCKY .o..ooooooeoeeee
Shale, greenish-gray, blocky
Shale, red-brown, BIOCKY ..ot
Siltstone, greenish-gray, argillaceous, gypsiferous, well-indurated
Shale, 1ed-Drown, BIOCKY . e e e

Siltstone, greenish-gray, mottled red-brown, weakly indurated,
thin-bedded

hO SoSoOmOUNiows
ppmuomg:;wow

b2 b
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Thickness
(feet)

Shale, red-brown, blocky; with many greenish-gray shale layers
and much nodular and selenitic gypsum; eroding into a ledge;
at base of extremely gypsiferous section ......ooiecemeeereeennes

Shale, greenish-gray, blocky ...

Shale, red-brown, bloCKY oo

Shale, greenish-gray, selenitie, thin-bedded, DIOCKY .eoooevemececcenne

Shale, red-brown, blocky; with many satin spar veins ...

Siltstone, greenish-gray, dolomitic, moderately indurated, crinkly
bedded; composed of (in percent) 7.4 sand, 75.7 silt, 5.5 clay,

moDom
[ B = Y e e

ANA 11.4 CATDOMALE oot eee e veeann e nn s mmmeeaneneaaann 0.3
Shale, red-brown, blocky; with some selenite crystals ......c.cc...... 2.0
Unit 5
Siltstone, greenish-gray, gypsiferous, dolomitic, arenaceous, well-

indurated, crinkly bedded, thin-bedded; eroding into an escarp-

ment; composed of (in percent) 13.9 sand, 59.1 silt, 8.7 clay, and

18.8 CATDOMALE e 0.8
Unnamed Beds:

Shale, red-brown, blocky; with some thin selenite veins ... 3.3
Siltstone, mottled greenish-gray and red-brown, gypsiferous, thin-

bedded, weakly Indurated ... 0.75
Shale, red-brown, thin-bedded, DALY oo 0.25
Shale, greenish-gray, weakly indurated, blocky; with mean of 8.33

phi, deviation 3.39, skewness 0.34, and kurtosis 0.56. The clay

minerals are illite (peaks at 3.32, 4.95, 9.90a) and chlorite

(peaks at 3.52, 7.03, and 18.82) e 0.3
Shale, red-brown, blocky; with some selenite ..._... . 1.6
Shale, greenish-gray, mottled red-brown, gypsiferous, blocky;

INAUrated N PLACES ..o e srer e erse e ameaeenenes 0.2b
Shale, red-brown, DLOCKY ... et eee e ee e 2.0
Siltstone, greenish-gray, argillaceous, gypsiferous, well-indurated;

eroding INt0 & L1eAZE coeee ettt se e seeen 0.2
Shale, red-brown, blocky; with some gypsum nodules .....oeoeeee.... 20
Siiltstone, greenish-gray, gypsiferous, argillaceous, well-indurated,

cerinkly bedded ... ... e 0.1
Shale, red-brown, mottled greenish-gray, HIoCKY ..oooeovooeeeeeeeeeeeee 0.75
Siltstone, greenish-gray, mottled red-brown, arenaceous, thin-

bedded; light brown at base; with alternating well-indurated

and weakly indurated layers; composed of (in percent) 21.6

sand, 66.7 silt, 3.4 clay, and 8.3 carbonate, The heavy-mineral

fraction, comprising 0.03 percent of the sand-sized portion of

the insoluble residue, consists of (in percent) 1.27 ilmenite-

magnetite, 17.20 sphene-leucoxene, 67.52 orange opaque, 3.50

garnet, 0.64 zircon, 4.78 brown to gray tourmaline, 0.64 biotite,

2.55 chlorite muscovite, 1.27 epidote, and 0.64 anhydrite. The

light-mineral fraction consists of (in percent) 81.40 quartz,

12.79 chert, 2.91 orthoclase, 1.16 plagioclage, and 1.74 micro-

BT e et e e e 1.5
Shale, red-brown, DIOCKY .o 2,25
Shale, greenish-gray, weakly indurated, platy .o 1.2
Shale, red-brown, blocky: with some greenish-gray layers and

EYDSUM. NOAULES oottt e e 7.0
Shale, greenish-gray, gypsiferous, weakly indurated, blocky ...... 0.25
Shale, red-brown, blocky ... e eeeeeeeeemmeeTTeARALeESSennareoreeneemeen emeoeeeeeenne 0.3
Siltstone, greenish-gray, argillaceous, gypsiferous: well-indurated

Fua 03 X T OO YO R 0.1
Shale, red-brown, selenitic, DlOCKY e, 2.0
Shale, greenish-gray, selenitic, BIOCKY ... ooooveooeeeeeeeeeeeoooee 0.7
Shale, red-brown, selenitic, BIOCKY ..o 3.5
Shale, greenish-gray, selenitic, BIOCKY ..o 0.1
Shale, Ted-DroWnh, DIOCKY oo e e ee e e e 1.0
Shale, greenish-gray, gypsiferous, silty, BlOCKY ...cooerieeeeeeeeeveeenn 0.2



SECTION 14 — WOQODS COUNTY 159

Thickness
(feet)
Shale, red-brown, blocky; with some greenish-gray layers ............ 2.0
Shale, greenish-gray, selenitic, silty, blocKY .oeceeeeeeeeee 0.7
Shale, red-brown, selenitic, DBlOCKY . eeeececeecremearsr v seness e r s mnnn 5.2

Unitl 4. .

Siltstone, greenish-gray, gypsiferous, dolomitic, weakly ;ndura_,ted,
massive; eroding into a prominent light-colored band in region;
composed of (in percent) 4.9 sand, 69.2 silt, 5.6 clay, and 20.%

carbonate ANd SYDSUIL .occceccieiiiierrrarsmmasnmmraacessssseassmmsssoseemameesssamsesanns 175
Unnamed Beds:
Shale, red-brown, DIOCKY .ot ceeetre e ceee e emee e sesenam e sverannans 2.6
Shale, greenish-gray, selenitic, DIOCKY oot 0.1
Shale, red-brown, blocky; with greenish-gray layers at base .._....... 4.0
Shale, greenish-gray, blocky ... 0.1
Shale, dusky brown, mottled greenish-gray, weakly indurated,

blocky; forming marker bed in region .cmiccieinicinreeennees 3.0
Shale, red-brown, blocky; exposed t0 baSE ....ocoeveermececvvrereeieecr e, 10.0

SecTioN 14.

Turkey CrREEK, Woops CouNTY, ORLAHOMA

Beginning at top of Flowerpot Shale and proceeding down
section through the Flowerpot along the road in SWi4 NW1j sec.
12, T. 27 N., R. 16 W, for upper 106 feet, then extrapolated to SEL,
NE, sec. 8, T. 27 N., R. 15 W., for section to Unit 3. Then extra-
polated to SWi4 SWY sec. 4, T. 27 N., R. 15 W., for portion to Unit
2; then NEY, SEY, sec. 34, and NW14 SW14 sec. 35, T. 28 N., R. 15
W., along road, to 15 feet below Unit 1; then NV NEY) NW1, sec. 9,
T 22N,EB. 14 W., and SEY) SEYy SW1j sec. 4, T. 27 N., R. 14 W.,
to base of Flowerpot Shale. The top of the Cedar Hills Member was
measured i NW3iy SWIj sec. 23, T. 27 N., R. 14 W., in west Alva,
Oklahoma, to C SWYy NW1} sec. 23, T. 27 N., R. 14 W., in Hatfield
Park 1o 12 feet below Unit 4; then extrapolated to NW1j NW1j sec.
26 and SWiy SW14 sec. 23, T. 27 N., R. 13 W, along creek, down to
Unit 2. Then extrapolated to NEVy NEYy NWY, sec. 23 and Sl
SWij sec. 14, T. 27 N., R. 13 W, along creek, ending in SW14 SEl;

SW3y sec. 13 and NWiy NW1, SEV, sec. 13, T. 27 N., R. 13 W., at
base of Cedar Hills Member.

Thickness

(feet)
BLAINE FORMATION (not measured)

Cedar Springs Dolomite Member:
Dolomite, light-tan to light-gray, finely granular, well-cemented,
blocky; oOOUlitic in DlACES .o
FLOWERPOT SHALE (total thickness, 272 feet)
Shale, red-brown, blocky, weakly indurated ..o
Shale, greenish-gray, blocky, weakly indurated
Shale, red-Drown, DIOCKY ..o e
Shale, greenish-gray, blocky
Shale, Ted-DrowWn, DIOCKY ..o
Shale, greenish-gray, DIOCKY oo
Siltstone, orange-brown, argillaceous, weakly indurated ...
Shale, red-brown, gypsiferous, blocky, weakly indurated; with some
2~ to 3-inch well-indurated gypsum 1a¥ers ..o
Shale, greenish-gray, dolomitic, thin-bedded, moderately indurated

ST O L]

op ocoooooS o
ol en
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Thickness
(feet)
Shale, red-brown, BLOCKY ...coioioioiocceericcetnsssransssemees s emenmnne s cm s 0.2
Shale, greenish-gray, gypsiferous, blocky, weakly indurated; with
some thin red-brown shale laYers .......ccveeeevemreeceaceronrmee e scmremneenns 1.25
Shale, red-brown, gypsiferous, BIOCKY .....ococowoeoeeeermiesecmeccmeeeesemeesenenses 1.1

Unit 6:

Sandstone and siltstone, light-tan to orange-brown, fine-grained,
gypsiferous, thin-bedded, weakly indurated; moderately indu-
rated at top; eroding into prominent escarpment in region .... 6.75

Siltstone, greenish-gray and orange-brown, gypsiferous, argilla-
ceous, weakly indurated ... et 0.5

Unnamed Beds:

Shale, red-brown, silty, blocky; with some thin greenish-gray
=)o N T P 0= O S

Siltstone and sandstone, light-tan, very fine-grained, gypsiferous,
mottled greenish-gray, weakly indurated; with a 3- to 4-inch
greenish-gray band at top and one at base ....ooveeoiceiiceeeeieen.

Shale, red-brown, gypsiferous, blocky, weakly indurated _...........

Shale, greenish-gray, gypsiferous, moderately indurated; eroding
into a sSmall eSCATDIMEIL .....oeeeeeceeeeeeee e s s e e s e

Shale, red-brown, gypsiferous, blocky; with some greenish-gray
=] oY ASTF: B U B F= = - S

Shale, greenish-gray, gypsiferous, moderately indurated; eroding
into a2 smMAall eSCATDIMENL ...oeneeeeeeeeeeee e manes

Shale, red-brown, gypsiferous, blocky, weakly indurated ..................

Shale, greenish-gray, silty, gypsiferous, moderately indurated ...

Shale, red-brown, gypsiferous, blocky, weakly indurated ................

Shale, greenish-gray and chocolate-brown, blocky, weakly indurated

Shale, red-brown, blocky, weakly indurated; with some 0.5- to 1-
inch greeniSh-gray SDPOtS ..o e

Siltstone, light greenish-gray, gypsiferous, platy, thin-bedded, crink-
ly bedded, well-indurated; argillaceous at top and base;
arenaceous in middle; eroding into a prominent light-colored
TEZIONAl EBCATDINEIIT ..ocoeeceeteeecceteeeeice e snscemereereseesasansnnnsssemse smsesmennn

Shale, red-brown, SIICY, DlOCKY e e

Siltstone, orange-brown, gypsiferous, thin-bedded, moderately indu-
rated; eroding into a small 1edge ..o e

Shale, red-brown, silty, blocky, gypsiferous, weakly indurated .......

Shale, greenish-gray, silty, blocky, weakly indurated ................

Shale, red-brown, selenitic, blocky, weakly indurated ........ccocoomnnene.

Unit 5

Siltstone, greenish-gray, gypsiferous, platy, well-indurated; erod-
INE INLO & Jed e e 0.2

Siltstone, orange-brown, argillaceous, thin-bedded, weakly indu-

- 1T O OO TR 1.2
Shale, red-brown, SIltY, DIOCKY oroteeooeeeeceee e 0.25
Siltstone, greenish-gray, argillaceous, thin-bedded, weakly indu-

21 1 OSSO OSSOy 0.6
Unnamed Beds:

Shale, red-brown, silty, -blocky, weakly indurated; mottled with
greenish-gray spots; section extrapolated to road .....ccooeeeee ... 1.1

Siltstone{.1 greenish-gray, argillaceous, gypsiferous, platy, well-indu-
o = OO NUUUUUUSNSR

Shale, red-brown, gypsiferous, blocky, weakly indurated .................

Shale, greenish-gray, gypsiferous, mottled orange-brown, well-
INAUTATEA  coeieeee et e e e e e e e e eeee e e e ememn e

Shale, greenish-gray, blocky, weakly indurated; alternating with
some red-brown shale 1ayers ..o e

Shale, red-brown, blocky, weakly indurated ..o,

Shale, greenish-gray, gypsiferous, platy, crinkly bedded, well-
INAUTAEEA et e ee e

oo
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Thickness
(feet)
Shale, greenish-gray, blocky, weakly indurated; with some reddish-
brown Shale lAYETS ...ocicrecceirerrrenininsssssssssssrensssnmmees emans 0.6
Shale, red-brown, blocky, weakly indurated; with some 0.5-inch
greenish-gray shale layers ........... e eee e eeeeoeannarae et aeameme e em et ammeaneeanees 4.5
Shale, greenish-gray, blocky, weakly indurated; with many 0.5-
inch white ZYDSUM NOAUIEE oo cae e cocas e emsmn s emmremnaaes 0.2
Shale, red-brown, selenitic, DIOCKY .o eee e e 2.0
Shale, greenish-gray, selenitic, platy, moderately indurated; with
100 10 L IRT: N 41 WESY 412wl USSR 0.3
Shale, red-brown, blocky, weakly indurated; with 0.25-inch satin
£3 4720 N F= 0 - o< OO 1.5
Shale, greenish-gray, selenitic, platy, moderately indurated, mottled
chocolate-brown; eroding into a ledge ..o 0.5
Shale, red-brown, gypsiferous, blocky, weakly indurated; with some
0.5-inch greenish-gray Deds _......ocoiovcereerccccrme e me e e eee s es 8.5
Unit }:
Siltstone, light greenish-gray, gypsiferous, moderately to weakly
indurated; eroding into a prominent escarpment ... 1.5

Unnamed Beds:
Shale, red-brown, blocky, weakly indurated; becoming chocolate
brown in basal 6 INCheS . e e 3.0
Shale, greenish-gray, platy, weakly indurated .........oooooooimiciionicieeees 0.5
Shale, red-brown, blocky, weakly indurated; with some paper-thin
satin spar ......ccocoeeeens et ee e e eammeemeemmneeemmseeemeseeveeeeasameeennenererensnne 2
Shale, greenish-gray, platy, moderately indurated ... ... 0
Shale, red-brown, selenitic, blocky, weakly indurated .................... 0
Shale, chocolate-brown, blocky, weakly indurated; with some green-
ish-gray streaks; mottled red-brown in basal 2 feet ... 3.
Shale, red-brown, selenitic, blocky; with some paper-thin satin spar 1
Shale, greenish-gray, selenitiec, platy, well-indurated _................ 0
Shale, red-brown, selenitic, DlOCKY e mee e e e rsne s 1
Shale, greenish-gray, mottled chocolate-brown, gypsiferous, platy,
moderately indurated; eroding into a ledge ..oiiimcimiiiiieeas 0.7
Shale, red-brown, mottled chocolate-brown, blocky, weakly indu- :
a1 = o PO U PP 1.
Shale, greenish-gray, mottled chocolate-brown, blocky, weakly
b0 o0 L0 o= ) Yo [ O 0.5
Shale, red-brown, mottled chocolate-brown, blocky, weakly indu-
rated; with paper-thin satin SpPar ..o 2.75
Shale, greenish-gray, gypsiferous, platy, moderately indurated ... 0.2
Shale, red-brown, blocky, weakly indurated; with thin satin spar

B =3 0 LU 3.0
Shale, greenish-gray, silty, gypsiferous, platy, moderately indu-

rated; eroding into a 1edZe ... e 0.6
Shale, red-brown, blocky, weakly indurated; with paper-thin satin

=) 072 = 1 4 < USSP 3.5
Siltstone, greenish-gray, argillaceous, gypsiferous, blocky, weakly

INAUTALEA e ccee s e e v s an oo e e e e mammaeemessten sommeareenensnaseaasssns snemnn 0.4
Shale, red-brown, blocky, weakly indurated; with some satin spar

=3 L= SR OP P 2.2
Shale, greenish-gray, gypsiferous, silty, platy, moderately indu-

rated; eroding Into a 1edge ... 0.4

Shale, red-brown, blocky; with some satin spar; partly covered 5.25

Unit 8-4:

Siltstone, light greenish-gray, mottled orange-brown, dolomitic,
gypsiferous, moderately indurated; eroding into a prominent
light-colored €SCATDMENE .ooeooeeeeeeeeeeee et e 2

Shale, red-brown, selenitic, blocky, weakly indurated ............ooco....... 1.

Siltstone, light greenish-gray, gypsiferous, platy, moderately indu-
rated; with many 1-inch white gypsum nodules; gradational
into shale; eroding into a ledge
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Thickness
(feet)
(Section ewmtrapolated to SE NEY% sec. 8, T. 27 N., R. 15 W.)
Unnamed Beds:
Shale, red-brown, gypsiferous, blocky; with some greenish-gray

2] 110 = S PP PRSI 5.25
Shale, greenish-gray, gypsiferous, platy, well-indurated; eroding

EE 1o S T =Y == S 0.25
Shale, red-brown, gypsiferous, blocky, weakly indurated; with some

1- to 2-inch greenish-gray gypsiferous shale beds ....ccceverorene... 16.25
Shale, greenish-gray, dolomitic, gypsiferous, blocky to platy, moder-

ately indurated; eroding into a 1edge .. eiiiiiec e 1.0
Shale, red-brown, gypsiferous, blocky, weakly indurated ............... 1.76

Shale, greenish-gray and red-brown, gypsiferous, thin-bedded, platy,
crinkly bedded, moderately indurated; with much satin spar;
eroding into a prominent 16dZe oo ee e e e eenees 3.75

Shale, red-brown, blocky, weakly indurated; with some satin spar,
and with a 2-inch greenish-gray gypsiferous shale zone 6 feet

L) LR )« OSSR 12.0
Shale, greenish-gray, gypsiferous, moderately indurated; with much
0.5-inch satin spar; eroding into a ledge . eceeeeeeeeeee e eees 0.3

Shale, red-brown, blocky, weakly indurated; with some satin spar 5.25
Unit 8 :
Siltstone, greenish-gray, gypsiferous, argillaceous; well-indurated

at top; eroding into a prominent light-colored escarpment in

b <T =4 T ) ¢ USSR 1.0
Unnamed Beds:
Shale, red-brown, blocky, weakly indurated; with some greenish-

2 - T o RO 4.25
(Section exptrapoleted to SW% SW sec. 4, T. 27 N., R. 15 W.)
Shale, greenish-gray, blocky, weakly indurated; with many 1-inch

gypsum nodules and many satin spar veins ......ooeeeovoeeeeceeeeeeenes 0.75
Shale, red-brown, blocky, weakly indurated; with some satin spar 1.0
Shale, greenish-gray, mottled red-brown, gypsiferous, moderately

indurated, crinkly bedded; with much satin spar .................. 0.4
Shale, red-brown, blocky; with some satin spar, and a dolomitic

shale 2 feet above base; partly covered ... e, 8.35
Shale, greenish-gray, gypsiferous, dolomitic, platy, moderately

F0a R = T SRR 0.3
Shale, red-brown, blocky, weakly indurated; with some satin spar 4.0
Shale, greenish-gray, gypsiferous platy; with many white gypsum

nodules; well-indurated in Places .o, 0.7
Shale, red- brown, blocky, weakly indurated; with some satm spar 5.3
Shale, greenish-gray, gypsiferous, silty, moderately indurated;

eroding into a ledge . . UV, 0.25
Shale, red-brown, blocky, weakly indurated ..o, 25
Shale, mottled light-tan and greenish-gray, thin-bedded, weakly

INAUTALEA .ot crecers e eae s eesermrs e oot s vmmamennrassrannnn s sesssrnn sasmnmranes 1.2
Shale, red-brown, blocky, weakly indurated ... ... ... 2.0
Shale, greenish-gray, gypsiferous, platy, crinkly bedded, moder-

ately indurated; with some red-brown shale beds; eroding into

2 =1 =< Y S SOV UR 0.75
Shale, red-brown, blocky, weakly indurated; silty in basal 2 feet 6.25

Unit 2:
Siltstone, gypsiferous, medium- to thin-bedded, well-indurated;
light-greenish gray in top foot; mottled orange brown below:
with many 1- to 2-inch gypsum redules; with 1-inch dolomlte
at top; eroding into prominent regional escarpment ... ... 3.5
(Section exirapolated to NEY SBY sec. 34, and NWY% SW14 sec.
35, T. 28 N, R. 15 W.)
Unnamed Beds:
Shale, red-brown, blocky, weakly indurated; with some thin green-
ish-gray gypsiferous beds ... e 1.75
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Thickness
(feet)

Shale and gypsum, greenish-gray, well-indurated, crinkly bedded;

eroding INto A 1eA8e .. manaane s 0.1
Shale, red-brown; as above; with some paper-thin satin spar ........ 3.0
Shale and gypsum, greenish-gray, moderately indurated; as above 0.25
Shale, red-brown, blocky, weakly indurated ... 0.3
Shale and gypsum, greenish-gray, well-indurated; as above; with

some interbedded orange-brown gypsum and shale; eroding

(A0 T T - - S U U U 1.0
Shale, red-brown, blocky, weakly indurated ... 2.5
Shale and gypsum, greenish-gray, well-indurated; as above ............. 0.2
Shale, red-brown; as above . reememnenae e nneanneen 1.75
Shale and gypsum, greenish-gray, well-indurated; as above;

eroding into a prominent 1edge ..o 0.2
Shale, red-brown, blocky; with much satin spar .....oooovvoveeenn. 1.25
Siltstone, greenish-gray and orange-brown, gypsiferous, argilla-

ceoUs, Well-INAUIrated oo et ee e e 0.8
Shale, red-brown, blocky, weakly indurated ....ooooeoeoeeeeeeeenn 0.3
Siltstone, orange-brown, argillaceous, gypsiferous, blocky, weakly

indurated; with interbedded red-brown shale .....ooooocooooeicee... 2.0
Siltstone, greenish-gray and orange-brown, argillaceous, crinkly

bedded, well-indurated; with many 2~ to 3-inch white to yellow-

green gypsum nodules; eroding into a ledge in basal 1 foot ... 3.0
Shale, red-brown, blocky, weakly indurated: with yellow-green

gypsum nodules in mMIAALE ... e 175
Shale and gypsum, greenish-gray, crinkly bedded, well-indurated;

eroding into a ledge ..o 0.75
Shale, red-brown, blocky; with much satin spar ..o 2.5
Unit 1:

Sandstone and sgiltstone, greenish-gray, very fine-grained, thin-
bedded, moderately to well-indurated; with many 2- to 10-inch
orange-brown gypsum nodules; eroding into a ledge of large
EYPSUIM NOAUIES e eee e e se e et mee e s et smeea e e e enenns 1.5

Unnamed Beds :

Shale, red-brown, blocky; with some satin spar veins .................... 6.25

Sandstone, greenigh-gray, very fine-grained, gypsiferous, well-
indurated, massive; with many 1-inch white gypsum nodules;
eroding into a prominent 1edZe oo 0.25

Siltstone, orange-brown, argillaceous, weakly indurated .............. 0.5

Sandstone, greenish-gray, very fine-grained, gypsiferous; as above;
eroding into a prominent ledge ... 0.25

Shale, red-brown, silty, blocky; interbedded with orange-brown
23 D] o) U SO 1.0

Gypsum nodules, greenish-gray to white, well-indurated .................... 0.25

Siltstone, orange-brown, argillaceous to arenaceous, weakly indu-
rated; with some 0.5-inch greenish-gray gypsum nodules;
gradational into very fine-grained sandstone ..........oceciimiienene. 4.2

Siltstone, greenish-gray, arenaceous, weakly indurated; mottled
with orange-brown spots; gradational into very fine-grained

EF 0 418 E] 10 ) < U 1.1
Siltstone, orange-brown, arenaceous, weakly indurated: gradational
into very fine-grained sandstone ... 2.75

Shale, greenish-gray, gypsiferous, crinkly bedded, well-indurated;
with many 1- to 2-inch greenish-gray and orange-brown gypsum

nodules; eroding info a 1ed8e ..o 0.5
Shale, red-brown, blocky; with some satin spar ... 3.0
Satin spar, white, crinkly bedded ... 0.1
Shale, red-brown, blocky, weakly indurated; with some satin spar 1.2
Biltstone, greenish-gray, mottled orange-brown, argillaceous, mod-

erately indurated, crinkly bedded .. .o 0.1
Shale, red-brown, blocky, weakly indurated; with much satin spar 15

(Section ewtrapolated to N¥2 NEY NW% sec. 9, T. 27 N, R. 14 W.,
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Thickness
(feet)

and SEYy SEY SW¥ sec. 4, T. 27 N., R. 14 W., along roed and
north of road)
Siltstone, greenish-gray, gypsiferous, crinkly bedded, moderately
indurated; as above ...... eeeeemmeeo-itsieessesssssssassssesmeiemssssmremsserssromesans
Siltstone, orange-brown, argillaceous; mottled with greenish-gray

=) 0103 /= SR
Siltstone, greenish-gray; as above .vciiiecciceene .
Shale, red-brown, silty, blocky, weakly indurated; with much satin
2] 472 5 (USSR

Siltstone, greenisSh-gray; as ADOVE ..o mssssnenesnssmnsssensans
Shale, red-brown, Silty; S ADOVE .o ceeeecmerceecserasrstsraesrerarsasmas
Siltstone, greeniSh-gray; as ADOVE o cereeceeemeeceeeeemseeeemmanmensssneaas
Shale, red-broWn; S ADOVE ..o et emccacnemescecmemenereeenes
Siltstone, orange-brown, mottled greenish-gray, gypsiferous, argil-
laceous, moderately indurated, massive ...
Siltstone, greenish-gray; as above .._.... ermmrmmmeoteeaesememseooeseeoetereeeeeeeaemannnn
Shale, red-brown, blocky; as above e
Siltstone, greenish-gray; as above  ...ecieecceeeceeemreeeeee
Shale, red-brown, silty, blocky; with some greenish-gray gypsif-

HOCOH ©o O
MRS B W

ceoH
bo 3 b
o

ETOUS BHALE LAY OIS oo e eeeeeee e eeeeee e e e e e eeaemeees s snremae s saeranmaneen 2.5
Siltstone, greenish-gray, gypsiferous, well-indurated; with many
yellow-green gypsum nodules; eroding into a ledge; forming
prominent marker bed in region together with 4 beds below ... 0.25
Shale, red-brown, blocky, weakly indurated; with much satin spar 0.75
Shale and gypsum, greenish-gray, silty, crinkly bedded, thin-bedded,
well-indurated; eroding into a prominent ledge ........cocomeeeeeeeee 0.5
Shale, red-DTOWI; A8 ADOVE .. eee e e eeeseer e s e s ee e e 1.2
Shale and gypsum, greenish-gray; as above; eroding into a ledge 0.4
Shale, red-brown, blocky, weakly indurated ..o 3.0
Siltstone, greenish-gray, mottled orange-brown, argillaceous, thin-
bedded, weakly indurated ... ... e een 1.0
Shale, red-brown, silty, blocky; gradational into orange-brown silt-
=1 A0 ) 1 L= SO OSO 1.75
Siltstone, orange-brown, mottled greenish-gray, well-indurated,
0023 < T U U PO 0.3
Shale, red-brown, silty, weakly indurated ... 4.2

(Section exirapolated to NWi SWY sec. 23, T. 27 N, R. 1}, W,
on west side of football field)

HENNESSEY FORMATION (base not exposed)
Cedar Hills Sandstone Member: (total thickness, 181 feet)
Unit 5:
Sandstone, light greenish-gray, mottled orange-brown, very fine-
grained, silty, thin-bedded, weakly indurated, massive: with
many 1- to 3-inch white gypsum nodules; eroding into a ledge 2.0
Unnamed Beds:
Sandstone, orange-brown, silty, thinly laminated, weakly indurated;
mottled with greenish-gray SpPOts ..o 16.25
Sandstone, light greenish-gray, silty, weakly indurated, thinly lam-
inated; mottled with orange-brown spPOts ...
Sandstone, orange-brown; as above . ... .
Sandstone, light greenish-gray; as abOVe .o
Sandstone, orange-brown; as ab0Ve .o
Siltstone, orange-brown, argillaceous, platy, weakly indurated
Unit 4 '
Siltstone, greenish-gray, micaceous, thinly laminated, platy, weakly
indurated; eroding into a prominent light-colored band ............ 0.75
Siltstone, orange-brown, argillaceous, blocky, moderately indu-
rated; mottled with greenish-gray spots ... 15
Siltstone, greenish-gray, mottled orange-brown; as above; eroding
into a prominent light-colored band .. ... . . e 0.9

HARbho
oo T
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Thickness
(feet)

Unnamed Beds:
Siltstone, orange-brown, argillaceous, weakly indurated ............... 1.0
Siltstone, mottled greenish-gray and orange-brown, argillaceous,
weakly indurated, thinly laminated, platy; with a 0.5-inch
orange-brown gypsiferous nodular bed at top and a 1-inch
orange-brown gypsiferous shale at base ..
Siltstone, orange-brown, thinly laminated; as above ...
Gypsum nodules, white to orange-brown, flattened; eroding into a
LEAEE ittt terirssie e e e s e srarre s s nt e et e e e s s e mn s et semeameemeeenrsor <o e rreesatnnn
Shale, orange-brown, silty, platy, weakly indurated ...
Gypsum nodules, White; as abhOVe .o e ea e
Shale, orange-brown, silfy; as aboOvVe ..t eeeeees
Shale and gypsum, greenish-gray, silty, platy, crinkly bedded,
well-indurated; eroding into a prominent ledge ..o
Siltstone, greenish-gray and orange-brown, argillaceous, blocky,
weakly indurated; with some satin SPaAr ..o eeee 2.1
Siltstone, greenish-gray, gypsiferous, argillaceous, platy, well-
indurated; eroding into most prominet ledge in region bhelow

= P - .
BB O

o

/0 o T O 0.6
Siltstone, orange-brown, argillaceous, blocky, weakly indurated 0.5
Siltstone, greenish-gray, mottled orange-brown, gypsiferous, mod-

erately Indurated ... e e ee e e e e ee e armaan e nen 0.5
Siltstone, orange-brown, argillaceous, blocky, weakly indurated ... 1.75
Gypsum nodules, yellow-green to light-orange, flattened; eroding

into a prominent ledge e e 0.25
Sandstone, mottled greenish-gray and orange-brown, very fine-

grained, silty, gypsiferous, thin-bedded, well-indurated; erod-

ing into a prominent ledge ... e 0.5
Sandstone, mottled greenish-gray and orange-brown,. very fine-

grained, silty, weakly indurated ... 0.9
Sandstone, orange-brown, very fine-grained, silty, weakly to well-

indurated; eroding into a ledge ... 0.7
Shale, red-brown, mottled greenish-gray, silty, platy, weakly indu-

rated; with 3-inch orange-brown siltstone ledge at base ... 2.5
Siltstone, orange-brown, mottled greenish-gray, argillaceous, blocky,

moderately IRAUTrated ..ot 1.0
Gypsum nodules, yvellow-green, flat ... e 0.1
(Section extrapolated to ¢ SWIL NWi4 sec. 23, T. 27 N, R. 14 W)

Shale, orange-brown to red-brown, silty, blocky, weakly indurated;
mottled with some greenish-gray spots and with 1-inch yellow-

green gypsum nodules, interbedded with orange-brown siltstone 3.9

Unit 3:
Sandstone and siltstone, greenish-gray, mottled orange-brown, very
fine-grained, gypsiferous, well-indurated; eroding into prom-
Inent 18Age oo e 1.6
Unnamed Beds:
Shale and siltstone, red-brown, platy, weakly indurated; mottled
with greenish-gray layers; with some 0.5-inch yellow-green

EYPSUM NOAULES e e 3.0
Siltstone, mottled orange-brown and greenish-gray, massive, crinkly

bedded, moderately indurated ... 1.0
Shale, red-brown, silty, blocky; with some satin spar veins and 1-

inch greenish-gray gypsiferous shale layers ........... et 4.25
Shale and siltstone, greenish-gray, mottled red-brown, platy, weakly

indurated; weathering greeniSh-gray .o, 0.75
Shale and siltstone, red-brown, blocky, weakly indurated: with some

greenish-gray spots and 1aVers .o 35

(Section exitrapolated to NWY% NWY% sec. 26 and SWi SW% sec.
23, T.27 N, B. 13 W., along creek)
Sandstone, mottled greenish-gray and orange-brown, fine-grained,
silty, friable, weakly indurated; eroding into a ledge .............. 6.0
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Thickness
(feet)

Shale, red-brown, silty, blocky, weakly indurated; with some 2- to
3-inch greenish-gray Shale 1aVerS .o oeeeooeeeeeeeeaneaeeeaeneaes 6.25

Siltstone, greenish-gray, argillaceous, moderately indurated; mot-
tled orange brown below; eroding into a ledge ..oovrrroeeenns 2.9

Biltstone, orange-brown, argillaceous, hlocky, moderately to weakly
indurated; becoming greenish gray at base ..ooeieeeieeceeiieen. 1.0

Siltstone, orange-brown, argillaceous, blocky, massive, well-indu-
rated; eroding INtO & l1eEe . et eameeenns 0.2

Shale, red-Drown, SIILY, Dlaby .o ee e e eemeee s emenns 1.4

Siltstone, greenish-gray and orange-brown, argillaceous, platy,
MOAErately INAULATEA oo eeeea e emmemameoeeeeeeeennns 0.2

Siltstone and shale, red-brown, mottled orange-brown, platy, weakly
INAULATEA ..ottt s e vee e st s eesemenne st em emmmmmsee cemmsaenennnn — 15

Siltstone, orange-brown, argillaceous, blocky, massive, well-indu-
rated; eroding INto 8 1A oo et racaeaeeemmne e nnnnnn 0.25

Shale, red-brown, silty, blocky, weakly indurated ... 1.2

Shale, greenish-gray, silty, blocky, weakly indurated ................ 0.4

Shale, red-brown, SIltY, DlOCKY o ceeceeee e ee e emaemeeeneeen 0.6

Peace Treaty Bed:

Sandstone and siltstone, orange-brown, very fine-grained, weakly
indurated, thinly laminated; mottled with some greenish-gray
] 4 = OO 4,75

Unnamed Beds:

Shale, red-brown, silty, platy, weakly indurated -...coooeoooooooenn 1.795

Shale, greenish-gray, mottled orange-brown, silty, platy, weakly
INAUTALEA e e 0.2

Shale, red-brown, silty, blocky, weakly indurated ... 0.3

Siltstone, mottled orange-brown and greenish-gray, argillaceous,
massive, weakly indurated; gradational into very fine-grained
friable sandstone; partly covere@ ... ..o 15.0

Siltstone and shale, orange-brown, platy, weakly indurated ... ... 5.0

Unit 2:

Sandstone, orange-brown, mottled greenish-gray, very fine-grained,
silty, friable, weakly indurated; with greenish-gray zone at
top, a 2-inch greenish-gray zone about 6 feet above base, and
greenish gray in basal foot; section extrapolated to Sl SW14
Sec. 14, T. 27 N, R. 18 W, oo e 18.0

Unnamed Beds:

Shale and siltstone, orange-brown, blocky, weakly indurated ........... 4.75

Sandstone, greenish-gray and orange-brown, very fine-grained,
silty, thin-bedded, weakly indurated; greenish gray in top
B IMCIES e e 5.25

(Section extrapolated to SWi4 SEY, SWY sec. 13, T. 27 N., R. 13 W.,
to NWi NWY% SBY% sec. 18, T. 27 N., R. 13 W.)

Siltstone, orange-brown, argillaceous, thin-bedded, platy, weakly
indurated; mottled with greenish-gray spots; with interbedded
red-brown shale; partly covered ... oo 14.75

Sandstone, orange-brown, very fine-grained, silty, thinly laminated,
friable, weakly to moderately indurated; mottled with greenish-
gray spots; with some 1- to 6-inch greenish-gray layers, the
basal part of which includes Unit 1 .o eeeeeeeeeeen 16.0

Bison Member: (mostly covered down to Salt Fork River)

Shale, red-brown to orange-brown, silty, weakly indurated; erod-

Ing into a sloPe ..o b.0r

SEcTtIioN 15.
CHIMNEY CREER, WoODWARD COUNTY, ORLAHOMA
Eaaue Cumr CrEER, Woops COUNTY, ORLAHOMA

Beginning at top in Big Basin Member of Cloud Ghief For-
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mation and proceeding down section to Day Creek Dolomite Bed, Kiger
Member, and Moccasin Creek Bed of the Cloud Chaef, into the Rush
Springs Formation, Emanuel Bed, Relay Creek Bed, remnanis of the
Doe Creek Lentil, and the remainder of the Marlow Formation along
a branch of Chimney Creek in C sec. 17, T. 24 N., R. 18 W., east of
road. Section then extrapolated to NWYj sec. 17 and NEL, sec. 18,
T.23 N, B. 17 W_, for Dog Creek Shale to Southard Dolomite Bed;
then extrapolated to Copeland Ranch in SWiy NW1, NWij, sec. 22,
T.24 N., R. 18 W., north side of branch of Chimney Creek to base
of Dog Creek Shale, Woodward County. The Blaine Formation was
measured south of Avard, Woods Cownty, beginning at top in Altona
Dolomite (Shimer missing) and proceeding down section along road
m Wio NW1j sec. 25, T. 25 N., R. 15 W., and ravines on either side
of road to Flowerpot Shale Unit 4. Then section extrapolated to N4
NEL) sec. 25, T. 25 N., R. 15 W., along road and Elo SEYj sec. 24
and NEY) SEV) NEY) sec. 24, T. 25 N., R. 15 W., to Unit 3-4. Then
extrapolated to Wi SWij sec. 18, T. 25 N., R. 14 W., and olong
creek in NWY4 sec. 18, T. 25 N, B. 14 W, to Unit 3. Then extrapolated
to SWYy SEY) sec. 33, T. 26 N., R. 15 W., and SEY), NW1} sec. 3, T.
25N, R. 15 W., and SW14 SEY, sec. 34, T. 26 N., R. 15 W, to Unit
2. Then extrapolated to 83 SEY, sec. 14 and NEYy NWi4 NEL, sec.
23, T.26 N., R. 15 W., to Unit 1. Then extrapolated to SEYy SE,
sec. 24, T. 26 N, K. 15 W., to ledge 12 to 15 feet above base, then
SWiy NWii NWY, sec. 23, T. 26 N., B. 14 W., ending at top of
Cedar Hills Sandstone in C NW1ij sec. 34 and NWi4 SWiy NE1,
sec. 34, T. 26 N., R. 14 W., along Eagle Chief Creek, Woods County.

Thickness
(feet)

CUSTERIAN SERIES
CLOUD CHIEF FORMATION (top not exposed, exposed thickness

78.45 feet)
Big Basin Member: (top not exposed, exposed thickness 47.9 feet)
Dolomite, light greenish-gray to light-gray, very fine-grained, silty,

vuggy, well-indurated, thin-bedded; eroding into g ledge: cap-

ping highest hillg in region ..., - 1.5
Sandstone, orange-brown, mottled greenish-gray, fine-grained,
calcitic; gradational into dolomite above eeooooioeeoooe 1.5
Shale, red-brown, mottled greenish-gray, silty, blocky, weakly
INAUTALEA e 5.25
Dolomite, light greenish-gray, fine-grained, arenaceous, well-indu-
rated, platy, thin-bedded; eroding into a ledge ... ooooooooovoeeoo . 0.25
Sandstone, light greenish-gray, quartzose, micaceous, medium- to
fine-grained, calcitic, weakly indurated ... 4.0
Shale, light greenish-gray, blocky, weakly indurated ... .. 0.4
Shale, red-brown, blocky, weakly indurated; with some 0.5-inch
calcite veins; eroding into a SlOD@ oo 10.5
Sandstone, light greenish-gray, mottled orange-brown, fine-grained,
calcitic, moderately indurated, massive ..o 1.25
Shale, red-brown, mottled greenish-gray, silty, blocky, weakly
INAUIATEA oo 2.5
Sandstone, light greenish-gray, fine-grained, caleitic, quartzose,
moderately indurated, massive; eroding into a ledge ... 1.75
Shale, red-brown; as above ... 13.5

Dolomite, maroon to light greenish-gray, fine-grained, thinly lami-
nated, well-indurated; eroding into a ledge .ooeoeeeovoooeo 0.25
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Thickness
(feet)
Shale, Ted-DIOWR; 885 BDOVE i 3.5
Shale, greenish-gray, mottled red-brown, silty, blocky, weakly indu- L5
2 X =Y 1 A U SO OO SO .

Day Creek Bed: (1.7 feet thick) .

Dolomite, white to pink, fine-grained, compact, thinly _laml-nated,
well-indurated; arenacecus in lower 9 inches; eroding into a
DTOIMINENE ESCATDINICIE  oooeeeieeeeoeeeeeieeeeeeeeeesmeenee et essneateeamesesameesnenamaae 17

Kiger Member: (total thickness, 24.25 feet)

Shale, light greenish-gray, mottled yellow, blocky, weakly indu-

o 1= o AU SO DRSSO 0.75
Siltstone, orange-brown, argillaceous, blocky, weakly indurated;
section extrapolated to north side of Rill .. 0.4

Sandstone, light greenish-gray, very fine-grained, quartzose, cal-

citie, silty, mottled orange-brown, moderately to weakly indu-

L 1 T U 1.0
Siltstone, orange-bTOWIL] &8 ADOVE ..o e e ee e 1.5
Shale, light greenish-gray, blocky, weakly indurated .......cocoeovveeeeeens 0.5
Shale, red-brown, silty, blocky; with some 0.25-inch platy cal-

Ly LI Yo S 2.2
Sandstone, light greenish-gray, very fine-grained, quartzose, cal-

citic, weakly InAUrated oo 1.25
Shale, red-brown; as abOVe oo eeeeeeeeeeeeeee e et e e e eeeoen 1.6
Sandstone, light greenish-gray; as above e 0.25
Shale, red-brown; as abovVe .o 7.0
Sandstone, mottled light greenish-gray and orange-brown, fine-

grained, quartzose, calcitie, thin-bedded, weakly indurated ... 1.0
Shale, red-brown; as above: with some greenish-gray spots ... 6.75

Moccasin Creek Bed: (total thickness, 4.6 feet)
Dolomite, light-pink to white, mottled greenish-gray, very fine-
grained, well-indurated, crinkly bedded; eroding into a ledge 0.1
Siltstone, orange-brown, arenaceous, blocky, weakly indurated;
with interbedded red-brown shale ... 1.0
Sandstone, mottled greenish-gray and orange-brown, medium- to
fine-grained, quartzose, calciiic, weakly indurated, friable;
with some 2- to 4-inch beds of red-brown shale .......cooooiioieee. 3.5
WHITEHORSE GROUP (total thickness, 196.7 feet)
RUSH SPRINGS SANDSTONE FORMATION (total thickness, 92.7
feet)
Sandstone, orange-brown, medium- to fine-grained, quartzose,
- moderately to weakly indurated; mottled greenish-gray in basal

1D DO e 10.0
Siltstone and sandstone, red-brown to orange-brown, weakly indn-
rated, platy; eroding into a sloDe ..o 13.75

Sandstone, orange-brown, fine-grained, quartzose, calcitic, massive,
well-indurated; with a 1-foot siltstone 2 feet above base; erod-
ing into a regional eSCATDIMENT ..ooeomeoooeooe 16.75
Shale, red-brown, silty, blocky, weakly indurated: with a 1-inch
greenish-gray shale at base; section extrapolated to north side

of next ravine to nOTTh ... .o 1.5
Siltstone, orange-brown, argillaceous, platy, weakly indurated ... 8.5
Sandstone, orange-brown, mottled greenish-gray, silty, moderately

INAUTATEA e 1.0
Shale, red-brown, silty, blocky, weakly indurated; with some inter-

bedded orange-brown siltstone and sandstone ... 10.5
Sandstone, orange-brown, fine-grained, quartzose, calcitic, massive

fo thin-hedded. well-indurated: eroding into a ledge ................ 6.25

Sandstone, orange-brown, silty, thin-bedded, moderately to weakly
indurated; with interbedded orange-brown siltstone ... _ 6.25

Shale, orange-brown, silty, blocky, weakly indurated ... ... 2.8

Sandstone, orange-brown, quartzose, massive, moderately indurated 1.7
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Thickness
(feet)
Shale, red-brown, weakly indurated: as above ..o 15
Sandstone, orange-brown, moderately indurated; as above .....ccceeeee.. 2.7
Shale, Ted-brown; a8 ADOVE .ot eeeea e e 2.0
Siltstone, orange-brown; as above; with interbedded red-brown
F1 412 (= SOOI 7.5

MARLOW FORMATION (total thickness, 104 feet)

Emanuel Bed :

Dolomite, maroon to light-pink, fine-grained, well-indurated, thinly
laminated; mottled with black specks; eroding into a ledge ........ 0.1

Unnamed Beds:

Sandstone, orange-brown to light-pink, medium-grained, quartzose,

friable, weakly indurated . ... e (.75
Sandstone, orange-brown, fine-grained, weakly indurated, partly

COVETEA e oate e e ateseeeameeotsteseeaaaoneaeaentenes seeenaesaeaans 10.0
Siltstone and shale, red-brown, blocky, weakly indurated .................. 2.0
Sandstone, orange-brown, fine-grained, moderately indurated; erod-

INE INTO & JeABE oo eece e e aase e e e e bbmnar e e e saes 1.0
Siltstone and shale, red-brown, blocky, weakly indurated .................... 1.0
Shale, red-brown, silty, platy, weakly indurated; with 1-inch

greenish-gray bed at top; eroding into a S1oPe .ceeoiicmiiiiiiiciiiicee 5.0

Sandstone, orange-brown, quartzose, calcitic, moderately indurated;
as above; with 2- to 3-inch greenish-gray streaks at base;
eroding INL0 @ JeAEE e vee e e naee e e e

Siltstone, orange-brown, arenaceous, blocky, weakly indurated ...

Relay Creel Bed:

Dolomite, maroon to pink, fine-grained, well-indurated, thinly lami-
nated, crinkly bedded; eroding into a ledge ....o.cooooiciiiiiiiiie 0.1

Unnamed Beds:

Sandstone, orange-brown, fine-grained, quartzose, calcitic, silty,
thin-bedded, even-bedded, moderately to weakly indurated;
gradational one mile to north into Doe Creek Lentil in upper
15 feet where it is a purple to greenish-gray calcitic sandstone
and conglomerate With fosSils .o 68.0

(In next section, the basal 20 feet of the Marlow has a mean grain
size of 3.40, deviation 0.41, skewness 0.00, and kurtosis 1.15.)

(Section extrapolated to NWY sec. 17 and NEY sec. 18, T. 23 N, R.
17T W)

CIMARRONIAN SERIES

EL RENO GROUP (total thickness, 465 feet)

DOG CREEK SHALE (total thickness, 67.5 feet)

Siltstone, dark red-brown to very dark-red, aremaceous, dolomitic,
platy, thin-bedded, crinkly bedded; composed of (in percent)
29.4 sand, 36.0 silt, 5.2 clay, and 2%9.4 carbonate ... 1.2

Siltstone, moderate reddish-orange, mottled red-brown, argillaceous,
dolomitic, well-indurated, blocky, massive; becoming greenish
gray and dolomitic in basal 1 inch, composed of (in percent)
30.4 sand, 37.9 silt, 6.5 clay, and 25.2 carbonate. The heavy-min-
eral fraction, comprising 0.16 percent of the sand-sized portion
of the insoluble residue, consists of (in percent) 37.85 ilmenite-
magnetite, .23 sphene-leucoxene, 0.31 orange opaque, 30.46 gar-
net, 14.77 zircon, 4.62 brown to gray tourmaline, 1.85 biotite,
0.62 epidote, 0.31 yellow rutile, and 0.31 anhydrite. The light-
mineral fraction consists of (in percent) 79.68 quartz, 9.03 chert,

© =
b ©

8.71 orthoclase, 1.29 plagioclase, and 1.29 microcline ................... 0.7
Shale, red-brown, silty, DlOCKY .o e 3.0
Siltstone, moderate reddish-orange, argillaceous, well-indurated,

402 T = SRR 0.25
Shale, red-brown, blocky; mottled with some greenish-gray spots 2.4

Siltstone, moderate reddish-orange, argillaceous, thin-bedded;
gradational into fine-grained quartzose sandstone
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Thickness
(feet)
Shale, red-brown, silty, blocky, moderately indurated ... ... 4.0
Siltstone, red-brown, argillaceous, well-indurated, massive; eroding
8 o} o S NN T = T 0.2
Shale, red-brown, Silty, DlOCKY .o eee 3.5

Siltstone, greenish-gray, mottled red-brown, argillaceous, dolomitic,
moderately indurated, thin-bedded; composed of (in percent)

2,5 sand, 83.8 silt, 6.4 clay, and 7.3 carbonate .._....ooooioooeieeeeaees 0.5
Shale, red-brown, Silty, DlOCKY e eeeeeeeoan 3.6
Shale, mottled greenish-gray and red-brown, silty, blocky ... 0.75
Shale, red-DroWn, BIOCKY ..ecieecesranseassamsecssetesreessmsssmnneasssssseesssssmsmesnons 7.0
S11tstone, greemsh -gray, mottled moderate reddlsh -orange, thin-

bedded, crinkly bedded; composed of (in percent) 1.6 sand, 62.7

silt, 4.5 clay, and 31.2 CaArDOMAte . e cee e ee 0.25
Shale, red-brown, mottled greenish-gray, DIOCKY .—ooooomreeomecceeeee. 1.25
Siltstone, moderate reddish-orange, mottled greenish-gray, weakly

INAurated, MaSBIVE .o e et e e e e csae e 1.0
Shale, red-brown, blocky; mottled with some greenish-gray spots .... 3.0
Shale, greenish-gray, dolomitic, DIOCKY . oo e 0.1
Shale, dark red-brown, DLOCKY .o a e e e 1.0
Dolomite, greenish-gray, silty, argillaceous, fine-grained, massive,

Well-InAUrated ... e e meeeae s 0.1
Shale, reQ-DroWn, DIOCKY ..ooooooeeeeceeeeeee e cvaee s eescmsseansenseae s emeen e eaeamennee 0.25
Shale, greenish-gray, dolomitic, well-indurated, blocKy .......cccccc... 0.1
Shale, red-bDrown, BlOCRY oo e 0.5

Southerd Dolomite Bed:
Dolomite, greenish-gray, argillaceous, s1lty, fine-grained, well-indu-
rated, thin-bedded .. ... e e eee e ee e ee s e e e e e e eeaans 0.1
(Section ea:tmpolated to Copelend Ranch, SW% NWY, NWY sec. 22,
T. 24 N, R. 18 W.)
Unnamed Beds
Shale, greenish-gray, mottled red-brown, thmly laminated, platy:
Wlth some thin dolomite beds ..o 5.0
Dolomite, light-gray, fine-grained, dense, massive, crinkly bedded,
blocky; composed of (in percent) 1.5 sand, 42.5 silt, 5.1 clay, and
509 carbonate .o '
Shale, red-brown, blocky; with some greenish-gray spots ..o,
Shale', greenish-gray, silty, blocky, weakly indurated ................. e
Shale, red-brown, blocky; with some greenish-gray streaks ...
Siltstone, light-brown, gypsiferous, massive, weakly indurated ...
Siltstone and gypsum, interbedded, red-brown, argillaceous, well-
indurated, thin-bedded, crinkly bedded; probably containing
Watonga equivalent at top and Haskew equivalent at base ... 45
Siltstone, greenish-gray, mottled red-brown, gypsiferous, dolomitic,
well-indurated, thin-bedded, crinkly bedded; composed of (in
percent) 3.0 sand, 70.5 silt, 4.7 eclay, and 218 carbonate ......... 3.0
(Section esmtrapolated to W% NW sec. 25 T. 25 N., R. 15 W
south of Avard, Woods County)

BLAINE FORMATION (total thickness. 46.5 feet)
Altona Dolomite Bed:
Dolomite, light-gray to tan, fine- to medium-crystalline, well-indu-
rated, massive; odélitic in places; gradational into greenish-
gray shale at base; eroding into a ledge; Shimer Gypsum
B8 0TS E SN 1 1 = OO 1.0
Unnamed Beds:
Shale, red-brown, blocky; with some greenish-gray layers; mostly

WRSHS
=R LR =N

L= < U 17.0
Magpie Dolomite Bed:
Dolomite, light-gray to tan; as above; eroding into a ledge ........... 1.0

Unnamed Beds:
Shale, red-brown, blocky; as above; partly covered ... ... 10.0
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Thickness
(feet)

Medicine Lodge Gypsum Member : ) .
Gypsum, white, coarsely selenitic, well-indurated, massive; eroding
INEO B L0 ceeeeceecsrteesescserrsectmseessemsneaasssmmmsaeeesamtaeeeraastemeressmneresanamensere 15.0
Cedar Springs Dolomite Bed ; ) .
Dolomite, light-gray to tan; as above; with prominent l}ght green-
ish-gray dolomitic shale in basal 1.5 feet; eroding into a

prominent ledge ...oocooooimeeeeeacen.. e v eam e am— e oamtmemmeaeseasnn 2.5
FLOWERFOT SHALE (total thickness, 351.5 feet)
Shale, red-DrOWN, DIOCKY oo eeeeece e e e e meee e nemeemre e e e aeeecan 2.0
Gypsum, red-brown and white, argillaceous, coarsely selenitic, well-
indurated; eroding into 4 18AZE .cceoroeoeeemeeeeeeee e eree e e eeeeeeane 0.5
Shale, dark greenish-gray, blocky, weakly indurated ... 0.2
Shale, red-brown, blocky, weakly indurated, with a 3-inch dark
greenish-gray shale bed in midale ..o 3.0
Dolomite, light-gray, very fine-grained, platy, well-indurated;
weathering tan; eroding into a 18d8e .o e 0.2
Shale, red-brown, blocky, weakly indurated ... 1.0
Shale, greenish-gray, blocky, weakly indurated ........cooiooomoeioecaes 3.25

Dolomite, light greenish-gray, very fine-grained, dense, th.inly
laminated, well-indurated; with many salt casts; eroding into

T L= =T U U OOV 0.3
Shale, greenish-gray; a@s ADOVE .......ccceoeeevisememeemecsneeececesseseensessanesonns 1.2
Shale, Ted-DEOWN ] A8 ADOVE e eeeecrrresaeeeemeenemeaeesmnesemmme s snnes 1.0
Shale, greenish-gray; a8 GDOVE .o cereeee e e enrane e rasenennanae 1.2
Shale, red-DrowWn; a8 ADOVE ..o eeeeeeeeeetee e meeeemeensae e emmnemen 2.1
Siltstone and shale, light greenish-gray, platy, weakly indurated 0.2
Shale, red-brown, DlOCKY; a8 ADOVE oo ciee e e e ae e enceneanas 0.8
Unit 6:

Siltstone and sandstone, orange-brown, mottled greenish-gray,
weakly indurated; with 6-inch greenish-gray zone at base,
and some 0.5-inch orange-brown gypsum nodules; eroding into
a prominent eSCATPINEDE ... 8.25
Unnamed Beds:
Shale, red-brown, blocky; with some 1- to 2-inch greenish-gray
BRALE B YOS e e 4.75
Gypsum and shale, mottled red-brown and greenish-gray, thinly
laminated, crinkly bedded, well-indurated; eroding into a ledge 1
Shale, red-brown, blocky, weakly indurated ..........oooooooooooeeeei 3
Siltstone, orange brown and greenish-gray, gypsiferous, thinly lami-
nated; well-indurated at top:; eroding into a prominent ledge 2
Shale, red-brown, blocky; with much paper-thin satin spar ... ... 5.
Shale, chocolate-brown, mottled greenish-gray, blocky, weakly indu-
= < o SOOI 2
0
1

Shale, red-brown, blocky; with much satin spar:; with some 1-inch
greenish-gray gypsiferous shale beds in basal 6 inches
Shale, greenish-gray, gypsiferous, crinkly bedded, well-indurated;
eroding INtO & 1eAZE oo e 0.2
Shale, red-brown, blocky, weakly indurated; with some 1- to 2-inch
greenish-gray gypsiferous shale beds ..o 4.25
Shale, dark greenish-gray, gypsiferous, blocky, moderately indu-
rated; eroding into a 1edge .. 0.5
Shale, red-brown, blocky, weakly indurated; with some paper-thin
ST R b QS 1 ) SO U VU 1.0
Siltstone, greenish-gray, mottled orange-brown, gypsiferous, well-
indurated, crinkly bedded; eroding into a ledge .cooweoovveeeconnonno.. 0.2
Shale, red-Drown; as aDOVEe .o v.5
Shale, greenish-gray, blocky, weakly indurated ........ooooooeeeeeeeooo 0.2
1.9
0.4

Shale, red-brown blocky; a8 aDOVE ..o



172 SECTION 15 — WCODWARD AND WOODS COUNTIES

Thickness
(feet)
Shale, Ted-DIOWI, A8 A OV .o e e eeesaeeae e eeanenanan 2.0
Shale, greenish-gray, moderately indurated; as above; eroding into o1
L T =T o = U N
Shale, red-DrOWN; AS ADOVE .ot eeemeenee e amemnnees 4.75
Shale, greenish-gray, gypsiferous, moderately indurated, platy;
eroding INtO 8 1eAEE it cesesaeeemes oo s asesnsmnaane 01
Bhale, red-brown; as above; with many 0.5- to 1-inch white gypsum
nodules In DASAL FOOT ..o e nnes 2.2
Shale, greenish-gray, dolomitic, gypsiferous, silty, well-indurated;
eroding into a prominent 1edZe ... eeee e 0.8
Shale, red-brown, blocKky; 88 @DOVE oot teeee e 4.0
Unit 5:

Siltstone, greenish-gray, mottled orange-brown, argillaceous, gypsif-

erous, moderately indurated; with some 3- to 6-inch white

gypsum nodules; eroding ino a 1edge .....oooooooeooeoomoe 2.0
Unnamed Beds:
Shale, red-brown; as above; with some 1- to 2-inch greenish-gray

gYDsiferous Shale Jayers oo e 3.5
Shale, greenish-gray, blocky; with many 0.5- to 1-inch white gypsum

nodules; eroding into a 18A8e oo 0.2
Shale, 1ed-brown; as abOVEe ..o e 2.75
Shale, greenish-gray, mottled orange-brown, gypsiferous, blocky,

well indurated; with many 1- to 2-inch white gypsum nodules;

eroding into a 1eA8e ..o e 9.5
Shale, red-brown, weakly indurated; as above: with many 1- to 2-

inch greenish-gray layVers ..o 1.0
Shale, greenish-gray, blocky, weakly indurated ... 0.25
Shale, red-brown, blocky, weakly indurated ............ooooooooveoeeeeei., 0.75
Shale, greenish-gray; as above 0.2
Shale, red-brown; as above 0.6
Shale, greenish-gray, gypsiferous, moderately indurated; as above:

with many 2- to 3-inch white gypsum nodules; eroding into a

T4 = U 0.4
Shale, red-brown; as above; with a 1-inch greenish-gray bed in
146 L1 U 2.25

Shale, greenigsh-gray, well-indurated; with interbedded red-brown

shale; eroding Into & 1edge o oo e 0.5
Shale, red-DroWn; 28 ADOVE e, 3.0
Shale, greenish-gray, blocky, weakly indurated ..o, 0.5
Shale, Ted-brown; as abOVe e 2.0
Shale, greenish-gray; as above; with much satin spar ..o .. 0.6
Shale, red-brown; as above; with much satin spar and some 1- to

2-inch greenish-gray gypsiferous shale beds . ....oooooeveieeo, 8.0
Shale, greenish-gray, silty, gypsiferous, weakly indurated ... 0.2
Shale, red-DrowWn; 88 2DOVE . e e e ee e 3.25
(Section emtrapolated to NV NEW sec. 25 T. 25 N., R. 15 W., along

road)

Unit 4.
Siltstone and shale, greenish-gray, gypsiferous, moderately indu-

rated; eroding into a ledge .o 1.5

Unna,mecl Beds:
Shale, red-brown; as aboOVe ..o

2.7
Shale greenish-gray, gypsiferous, silty, blocky, weakly indurated 1.0
Shale red-brown; as above 3.2

............................................................................ 5
(Bection extrapolated to B4 SE% sec. 24 and NEY, SEY, NEY sec.

24, T.25N.,, R. 16 W.)
Shale, greenish-gray, gypsiferous; as above ..o 0.25
Shale, red-brown; as above; with much satin spar .....oovovioee o 5.25
Shale, greenish-gray; as above with some 1- to 4-1nch whlte gyD-

. sum nodules at D e e 1.0
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Thickness
(feet)
Shale and gypsum, light greenish-gray, selenitic, moderately indu-
o T OO 0.2
Shale, red-brown; as above with some 1- to 2-inch greenish-gray
gypmferous shale 2= O 3.9

Shale, greenish-gray, mottled orange-brown, gypsiferous, silty;
moderately indurated at top; with some 0.5- to 1-inch white

gypsum nodules; eroding into a ledge ..o, 1.0
Shale, red-brown; as above; with many 0.5- to 1-inch white gypsum

16T L B Y S USSR U 3.75
Shale, greenish-gray, mottled orange-brown, gypsiferous, blocky,

weakly Indurated ... e e 0.5
Shale, red-brown; as above; with some 1- to 2-inch wlnte gypsum

nodules .......................................................................................................... 4.0
Shale, greenish-gray, blocky, weakly indurated ...........cccoooeee. 0.5
Shale, red-brown, blocky, weakly indurated .......oooooooeoomieeceeeeeaeaeen. 1.75
Shale, greenish-gray; a8 AbOVE e 0.25
Shale, red-brown; as above; with some 2- to 3-inch greenish-gray

gypsiferous shale layers .o 8.5
(Section extrapolated to Wi SWi sec. 18, T. 25 N, R. 14 W.)
Unit 3-4:
Siltstone, greenish-gray, mottled orange-brown, gypsiferous, moder-

ately indurated; eroding into a prominent ledge .......cccceeieiecinncs 2.0
Unnamed Beds:
Shale, red-brown; a8 ADOVe .o eee e anns 0.75
Shale and gypsum, greenish-gray and red-brown, platy, moderately

indurated; eroding into a 1edge ... 0.4
Shale, red-brown; as above; greenish-gray in basal 0.5-inch hed ... 0.5
Shale, red-brown; as above; with some paper-thin satin spar . 4.5
Shale, greemsh-gray and orange-brown, blocky; with much paper-

thm satin spar; eroding into a ledge ..., 0.6
Shale, red-Drown; as abOvVe . e e e 5.0

Shale and gypsum, light greenish-gray, selenitic, moderately indu-

rated; eroding into a ledge ..., S 0.2
Shale, red-brown, mottled greenish-gray; as above ... ccoceeiceeeecnns 1.0
Shale, chocolate-brown, mottled greenish-gray; with much selenite

and many 2- to 3-inch white gypsum nodules .. ....coocociiimiiiiicnnne. 1.0
(Section extrapolated to NWl sec. 18, T. 25 N., R. 14 W, along

creel)

Shale and siltstone, greenish-gray, gypsiferous, platy, moderately

indurated; with many 1-inch white gypsum nodules . ... .. ... 2.0
Shale, red-brown; as above; with some 1- to 2-inch gypsum nodules 10.5
Shale, greenish-gray, dolomitic, blocky, moderately indurated 0.75
Shale, red-brown, blockY; as abOVe ..o 4.5
Shale, greenish-gray, mottled red-brown, platy, weakly indurated 0.4
Shale, Ted-DrowWn; as ADOVe ..o 2.0
Shale, greenish-gray, gypsiferous, platy ..o 0.2
Shale, Ted-brown; as abOVe ..o 7.0
Shale, greenish-gray and orange-brown, silty, blocky, thinly lami-

nated; with much satin SDAT ... e eeeet e 4.1
Shale, red brown, silty, blocky; with some paper-thin satin spar 4.5
Shale and gypsum, greenish-gray, silty, blocky, moderately indu-

DO e e e e et e 0.5
Shale, red-brown; as above . ... 3.75
Shale and gypsum, orange-brown and greenish-gray, silty, blocky;

with some 1- to 3-inch gypsum nodules; eroding in several

T == USSR 3.0
Shale, red-brown, blocky, weakly indurated: as above; with some

1- to 2-inech light greenish-gray gyps1ferous shale bheds ... 9.8
Dolomite, light greenish-gray, very fine-grained, dense, thm-bedded

well-indurated; eroding into a Iedg8e oo 0.1

Shale, red-brown, blocky; as above; with 6-inch greenish-gray
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Thickness
(feet)
Shale At LOD oo eeee e e ese s e e S 2.0
Shale, chocolate-brown, gypsiferous, blocky, weakly indurated;
gradational into greenish-gray shale at tOD wevemeeeiciiii e 1.0

Dolomite, light greenish-gray, very fine-grained, dense, argillaceous,
platy, well-indurated, gypsiferous; with interbedded greenish-
gray shale; eroding into a ledge i 0.

Shale, red-brown; as B0V ... e 1

(Section ewtrapolated to SWY¥% SEY sec. 33, T. 26 N, R. 156 W.)

Unit 3:

Siltstone, light greenish-gray, mottled orange-brown, gypsiferous,
argillaceous, moderately indurated; eroding into a prominent
LY Wi 03 4<) 1 O 2.2

Unnomed beds:

Shale, red-brown, blocky; as above .,

Siltstone, greenish-gray, argillaceous, blocky, weakly indurated ...

(Section exirapolated to SEY NWi4 sec. 3, T. 25 N, R. 15 W., and
SWi4 SEY sec. 84, T. 26 V., R, 15 ‘W)

Shale, red-brown, silty, blocky, weakly indurated; with some satin
spar layers; with some 0.5- to 1-inch greenish-gray gypsum
b 016 N 1 T SO 17.0

Shale, greenish-gray, silty, gypsiferous, blocky; with many 1- to

2-inch greenish-gray gypsum nodules; eroding into a ledge

Shale, red-brown; a8 ADOVE .o r e e e s e ene e

Shale, greenish-gray, gypsiferous, blocky, weakly 1ndura.ted ............

Shale, red-browIl] A8 A O0VE oo eeeceeee e e e eememmmeesmmeae e seenememmemeans

Shale and gypsum, greenish-gray, selenitic, thin-bedded, well-indu-
rated; with many 0.25-inch satin spar layers; eroding into a
o 0= T OO

Shale, red-brown, blocky; as aboOVe ..o

Shale and gypsum, greenish-gray, crinkly bedded, platy; as above;
with interbedded red-brown shale ...,

Shale, red-brown; as above; with much satin spar ....oneeeee 1

(Section extrapolated to SY. SEY sec. 14 and NEY NWY NWi
sec. 23, 7. 26 N., R. 15 W.)

Unit 2:

Siltstone and sandstone, light greenish-gray, very fine-grained,
gypsiferous, thin-bedded, platy; well-indurated in basal 2 feet;
eroding into a prominent ledge .......oooooeoeemiei i 3.75

Unnamed Beds:

Shale, red-brown, silty, blocky, weakly indurated; with some satin

oo
o o

o mowo
[ | S o =3 -3
o T en

[
St
2]

spar layers and some 1- to 2-inch greenish-gray shale layers 200
Shale, lieht greenish-gray, silty, g-ypsﬁerous platy, weakly 1ndu-

rated; mottled orange-brown in middle ..., 2.2
Shale, red-brown, blocky; with some satin spar ......... e e ae e aean 6.25
Unit 1:
Siltstone, light greenish-gray, mottled orange-brown, gypsiferous,

argillaceous, moderately indurated; with many large 6- to 8-

inch white gypsum nodules; eroding into a nodular ledge ... 1.5
Unnamed Beds:
Shale, red-brown, blocky, weakly indurated ..., 2.0

Siltstone, orange-brown, mottled greenish-gray, weakly indurated 1.2
{Section extrapolated to SEY SHY% sec. 24, T. 26 N., R. 15 W., along

Eagle Chief Creel, to creek bed)
Siltstone and gypsum, greenish-gray, thin-bedded, crinkly bedded,

well-indurated; eroding into a 1edge .o 0.25
Shale, red-brown, silty, blocky, weakly indurated ... ... 1.76
Siltstone and gypsum, light greenish-gray, massive, well-indurated;

eroding Iinto a 1edZe ... eceeee e s rr s 0.2

Siltstone, orange-brown, gypsiferous, arenaceous, thin-bedded,
moderately indurated; with many 0.25- to 0.5-inch gypsum
D 100 V0 10 0 L= SO S U OO OO U OSO SR UOTN 2.5
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Thickness
(feet)

Siltstone and gypsum, light greenish-gray; as above; eroding into 0
a ledge P I — .

Siltstone and sandstone, light-tan to orange-brown, very f11.1e-
grained, thinly laminated, weakly indurated; mottled with :
BreenisSN-gray StreakS oo e ea e 5.25

Siltstone and sandstone, light-tan to orange-brown; as above;
with many 0.5-inch white gypsum nodules ..., 1.5
Siltstone and sandstone, light-tan to orange-brown: with some
indurated greenish-gray gypsiferous beds ... ... 2.5
Siltstone and gypsum, light greenish-gray, thin-bedded, crinkly
bedded; eroding into a 1€AZE ... 2.0

Shale, red-brown, gypsiferous, platy, moderately to weakly indu-
rated; with much satin spar and many 0.5- to i-inch greenish-

Bray beds .o 2.0
Siltstone, light greenish-gray, gypsiferous; eroding into a ledge 0.5
Shale, red-brown; as above ... 1.5
Siltstone, light greenish-gray; as above oo 0.75
Shale, red-brown; as above ... 0.7
Siltstone, light greenish-gray; as above ..o .o 0.75
Shale, red-brown; as above ... 0.75
Siltstone, light greenish-gray; as above ... 0.75
Shale, red-brown; as above ... 15
Siltstone, light greenish-gray; as above ..o 0.5
Shale, red-brown; as above ... 1.3
Siltstone, light greenish-gray; as above ... 0.4
Shale, red-brown; as above ... 0.5
Siltstone, light greenish-gray; as above ..o 0.25
Shale, red-brown; as aboOVe ... 0.9
Siltstone, light greenish-gray; as above ..o 0.2
Shale, red-brown; as above ... 1.25
Siltstone, light greenish-gray; as above ..o 0.5
Shale, red-brown; as above ..o 1.0
Siltstone, light greenish-gray; as above ..o 0.3
Shale, red-brown; as above ... 0.9
Siltstone, light greenish-ray; as above ..o 0.2
Shale, red-brown; as above ... 0.6
Gypsum, white, mottled orange-brown, well-indurated; forming a

marker bed; eroding into a ledge —.ooooooomomoemoee e 0.3
Shale, red-brown; as above ... i.0
Siltstone, light greenish-gray; as above; eroding into a ledge ... 0.4
Shale, red-brown; as above; in creek bottom ... 0.9
(Section emtrapolated to SWY NWY% NWY sec. 28, T. 26 N, R 14

W., on north side of Eagle Chief Creek)

Siltstone, light greenish-gray; as above: eroding into a ledge ... 1.0
Shale, red-brown, blocky; with many 0.5- to l-inch satin spar

JAYOTS e 7.75
Siltstone, light greenish-gray; as above; eroding into a ledge ........._. 0.5
Shale and siltstone, red-brown to orange-brown, gypsiferous, blocky,

moderately to well-indurated; mottled with greenish-gray

spots; eroding into a ledge ... 1.4
Shale, red-brown, mottled greenish-gray, silty, blocky, weakly

indurated; with many 0.5-ineh satin spar layers ... 1.5

(Section exitrapolated to ¢ NWIY sec. 34 end NWY, SWY NEY
sec. 34 T. 26 N., R. 1} W., along south bluff of Eagle Chief
creek)

Siltstone, light-tan, mottled greenish-gray, arenaceous, moderately
to well-indurated; with many 0.5-inch white gypsum nodules 3.5

CIMARRONIAN SERIES
HENNESSEY FORMATION
Cedar Hills Sandstone Member: (top 9.5 feet exposed)
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Thickness
(feet)

Unit 5:

Sandstone, light greenish-gray, very fine-grained, silty, gypsiferous,
well-indurated; with many 0.5- to 1-inch white gypsum nodules;
eroding into a 1edEe .ttt 1.5

Unnamed Beds:

Sandstone and siltstone, orange-brown, mottled greenish-gray,
argillaceous, weakly indurated; exposed oo 8.0

(This upper zone persists as a ledge along the sides of Eagle Chief
Creek to the mouth of the ereek in Major County; apparently
the creek has adjusted to the dip of the beds.)

SecTION 16.
SEILING AREA, DEWEY CoUN1Y, OKLAHOMA
CHESTER-ORIENTA AREA, MAJOR COUNTY, OKLAHOMA
HeENNESSEY AREA, KINGFISHER COUNTY, OKLAHOMA

Beginning at top wn Day Creek Dolomite Bed of Cloud Chief
Formation on north side of Canadian Triangulation Station south of
Seiling, Dewey County, n SEY4 sec. 23, T 19 N, E. 16 W., and
proceeding down section through Moccasin Creek Bed and Rush
Spm'ngs Formaiion to Relay Creek Bed of Marlow Formation along
road m NE1y NWY, sec. 11, T. 19 N., R. 16 W., where a pink shale
1s also eacposed 6 feet above the Relay Creek Bed Section then extra-
polated to U. 8. Highway 281 north of Chester, Major County, and
along Griever Creek, in NE1) sec. 8, NW1j sec. 9 and NWl4 sec., 10,
T.21 N, R. 16 W., for section 24 feet above Em(muel Bed (poorly
developed) to base of Marlow Formation. The Dog Creek Shale was
measured i SEY, SE1), SW14 see. 35, T. 22 N., B. 16 W., including
Blaine section to Altona Dolomite. The Blaine section was then exira-
polated to SW1) SW14 NEj sec. 29, T. 22 N., R. 15 W. The Flower-
pot was measureéd tn the Glass Mountains, west of Orienta, Major
County, SEY, sec. 22, T. 22 N., B. 13 W, to 270 feet below top; then
extrapolated to SE14 SEY, sec. 29, T. 21 N., R. 11 W., and east side
of road along sections 34 and 27, T. 21 N., B. 11 W., for lower 106 feet.
The Cedar Hills Sandstone was measured in NW1iy sec. 1, T. 22 N.,
R.10 W., and S8V sec. 2, T. 22 N., B. 10 W., for upper 75 feet; then
NW1, sec. 33, T. 23 N., RB. 9 W., for next 20 feet; then W14 sec. 28, T.
23 N.,R. 9 W., for next 10 feet; then W5 sec. 21, T. 23 N., B. 9 W,
to 142 feet below top. Section then extrapolated to high hill 0.5 mile
northwest of Bison, Garfield County, in NWiy sec. 24, T. 20 N., R. 7
W., for next 39 feet; then SEY, sec. 14, T. 19 N, R. 7 W., for next
14 feet ending in the type Hennessey "Shale ( mcludfmg lower part
of Cedar Hills Member and upper 64 feet of Bison Member) in
guarry 0.5 mile west of Hennessey, in SEY) sec. 23, T.19 N, B. 7 W.,
northern Kingfisher County.

Thickness
(feet)
CUSTERIAN SERIES
CLOUD CHIEF FORMATION (top not exposed, exposed thickness
31.15 feet)
Day Creek Dolomite Bed:
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Thickness
(feet)
Dolomite, light-pink and white, very fine-grained, well-indurated,
vuggy, thinly laminated, erinkly bedded; eroding into a prom-
inent escarpment capping hills 5 miles eastward .........ooooveeeeeeene... 1.0
Kiger Member (total thickness, 27.75 feet) :
Sandstone, orange-brown, very fine-grained, quartzose, thinly lami-
nated, weakly inAUIrated ... e e eee e 5.0
Shale and siltstone, red-brown to orange-brown, blocky, weakly
indurated; mottled with some 0.25-inch greenish-gray streaks 3.0
Sandstone, orange-brown, weakly indurated; as above ..o 2.5
Shale and siltstone, red-brown to orange-brown; as above ............ 3.25
Shale and siltstone, greenish-gray, blocky, weakly indurated ............ 0.5
Shale and siltstone, red-brown to orange-brown, thinly laminaj:ed,
weakly indurated; as above; with some 0.5- to 1-inch greenish-
BTAY DOAS oottt s srs s m et snan e 13.5
Moccasin Creek Bed (total thickness, 2.4 feet) :
Dolomite, maroon to light-pink, fine-grained, thinly laminated,
crinkly bedded, well-indurated; eroding into a ledge ............ 0.2
Shale and siltstone, red-brown to orange-brown; as above ................ 290
Dolomite, white to light-pink: arenaceous, thinly laminated,
well-indurated, crinkly bedded; eroding into a ledge .......... 0.2
WHITEHORSE GROUP (total thickness, 295.1 feet)
RUSH SPRINGS FORMATION (total thickness, 186.35 feet)
Sandstone, orange-brown, mottled greenish-gray, fine-grained,
quartzose, weakly Indurated ... 1.0
Sandstone, orange-brown, fine- to medium-grained, quartzose, weak-
ly indurated; with some 1- to 2-inch gypsiferous beds at base:
weathering into sand balls on the surface .. ..o 9.5
Shale and siltstone, orange-brown to red-brown; as above; mottled
with some 0.5-inch greenish-gray bands ..o, 15
Sandstone, orange-brown, fine-grained, quartzose, weakly indurated 2.5
Shale and siltstone, orange-brown to red-brown; as above ........... 1.5
Sandstone, orange-brown; as above: covered in lower part; section
measured to Relay Creek Bed in NEY% NW% sec. 11, T. 19 N.,
R. 16 W, along north side of road; using regional dip of about
7 feet per mile southward, this interval is 214.85 feet thick ... 146.35
(Rection exirapolated to U. 8. Highway 281, in NEY sec. 8, NWY
sec. 9, ending in NW% sec. 10, T. 21 N., R. 16 W.)
Sandstone, orange-brown, fine-grained, quartzose, moderately indu-
B O e s e e mea e eeene v eme e eanee e mmernes 8.0
Siltstone and sandstone, orange-brown to red-brown, fine-grained,
thinly laminated, weakly indurated ........ooooooooeen. erereeeeeranenes 16.0
MARLOW FORMATION (total thickness, 108.75 feet)
Emanuel Bed:
Sandstone, light orange-brown, fine- to medium-grained, moderately
to weakly indurated; eroding into an even-bedded ledge ............ 1.0
Unnamed Beds:
Sandstone, orange-brown, fine-grained, gypsiferous, weakly indu-
rated; with a 2- to 3-inch white gypsum 6 feet above base . . 26.5
Relay Creelc Bed:
Gypsum, white; fine-grained, arenaceous, weakly indurated; erod-
ing into a prominent ledge in many places ....ooococooooooceoeeenn. 1.0
Unnamed Beds:
Sandstone, orange-brown, fine-grained, gypsiferous, weakly indu-
rated; weathering with a gypsiferous crust on surface ... 9.0
Gypsum and sandstone, orange-brown and white, fine-grained, thinly
laminated, moderately indurated; eroding into a ledge ................ 5.0

Sandstone, orange-brown, fine-grained, quartzose, weakly indu-
rated, thinly laminated; with many 1- to 2-inch impure gypsum
beds
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Thickness
(feet)
Gypsum and sandstone, orange-brown, fine-grained, well-indurated;
eroding INto a4 1eAEE et s 5.0
Gypsum, white, mottled pink, fine-grained, thinly laminated, well-
indurated; eroding into a 1edge . 2.5
Sandstone, orange-brown, quartzose, fine-grained, cross-bedded;
with impure ZYDPSUM CEMENT .ooimieeeireemecerrenritesssimnesaas s sean s en e 15.76
Sandstone, orange-brown, fine-grained, quartzose; mottled with
many small greenish-gray Specks ......cercenennns erareeeemeaeereaanns 20.5

(Section extrapolated to SEY SEY SWi4 sec. 85, T. 22 N,R.16 W.)

Sandstone, greenish-gray and moderate reddish-orange, silty, fme_—
grained, weakly indurated, friable; with mean size of 3.30 phi,
deviation 0.46, skewness 0.09, and kurtosis 0.25. The he@vy—
mineral fraction, comprising 0.78 percent of the sand-sized
portion of the washed residue, consists of (in percent) 40.78
ilmenite-magnetite, 8.10 sphene-leucoxene, 1.95 orange opaqus,
26.25 garnet, 9.21 zircon, 474 brown to gray tourmali_ne, 1.95
biotite, 0.55 chlorite, 5.58 epidote, and 0i55 yellow rutile. The
light-mineral fraction consists of (in percent) 87.94 quartz, 4.56
chert, 2.93 orthoclase, 0.97 plagioclase, 1.95 microcline, and 1.62
carbonate: The clay minerals consist of illite (peaks at 3.33 and
10.04a) and chlorite (peaks at 3.51 and 7.138) ..immcmeriinces 0.5

CIMARRONIAN SERIES
EL: RENO GROUP (total thickness, 557.65 feet)
DOG CREEK SHALE FORMATION (total thickness, 106.9 feet)
Shale, red-brown, silty, blocky; with some 1- to’ 2-inch greenish-
gray spots; conformable with beds above .. 9.0
Dolomite, red-brown, silty, mottled moderate reddish-orange, mas-
sive, well-indurated; composed of (in percent) 0.b sand, 31.9
gilt, 6.4 clay, and 61.2 carbonate ..........-.. S ; 0.1
Shale, red-brown silty, blocky, weakly indurated; with interbedded
orange-brown siltstone and some 0.5-inch red-brown gypsum
nodules; covered IIL DAFL ...iviviicacmreecer e e e er s eeme e e e eeee e rnr s 58.75
Southard Dolomile Bed
Dolomite, gray, silty, argillaceous, fine-grained, dense, massive;
composed of (in percent) 0.03 sand, 11.48 silt, 7.23 clay, and
81.86 CAIDOIALE  ooeeeeieecteececcemeemeeemeeeessssesssanmsensaasensomas s snmsaasaannassaneas 0.2
Unnamed Beds: '
Shale, greenish-gray, weakly indurated, bldcky; with some gypsum
nodules and dolomite Stringers ..o R 5
Siltstone, light-gray, gypsiferous, well-indurated, massive; mottled
with yellow StaimS .o emeceeee e e ee e eeene 0
Shale, red-brown blocky; with some selenite .....ccooooveiieeiceeee. 2,
0
1

Siltstone, greenish-gray, mottled red-brown, dolomitie, gypsiferous,

well-indurated, crinkly bedded ...,
Shale, red-brown, blocky; mottled with greenish-gray spots ...
Siltstone, greenish-gray, mottled red-brown, dolomitic, gypsiferous,

" well-indurated, crinkly bedded ..o 0

Shale, red-brown, blocky; with some greenish-gray spots .............. 3
Siltstone, light-brown, mottled greenish-gray, well-indurated, mas-

sive e e eeeeeomeommteemsmmaseseamsememeeemeooenmeeeesamoeemeeeemmeneeeeeeetesssssceseomsnss 0
Shale, red-brown, DlOCKY ..o trn e e rse e e tn e e 0
Siltstone, greenish-gray, mottled red-brown, gypsiferous, dolomitic

at top, well-indurated, crinkly bedded; eroding into a ledge;

composed of (in percent) 0.9 sand, 54.2 silt, 13.2 clay, and 31.7

carbonate and YD S oooiiceieoeoe oo mtienrteeasaessaemeeraneeeeea e aeeamamenas 4.25
Shale, red-brown, silty, thinly laminated; greenish gray at top ... 6.25
Watongae Dolomite Bed: ,
Dolomite, greenish-gray, fine-grained, dense, crinkly bedded; com-

posed of (in percent) 0.2 sand, 17.8 silt, 6.7 clay, and 75.3

[o= Dl 10 ) 101 A= VU ORIt 0.1
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Thickness
(feet)
Unnamed Beds:
Shale, red-brown, Silty, DIOCKY ..ooiieceeeceeeeeeeeeeeee e e seesemee e menenae 2.0
Siltstone, greenish-gray to light-brown, gypsiferous, well-indu-
rated, crinkly bedded, MASSIVE ..t e eneees 3.0
Shale, red-brown to dark-gray, DlOCKY .o eceeeeotesiceessnens 1.25

Haskew Gypsum Bed:
Gypsum, white, mottled moderate reddish-orange, crinkly bedded,
well-indurated, massive; probably representing the upper ledge
OF the HASKEW . .oeeceeeeeeciceeecceeeeememeeessenremmsmemeeeasasanasassnnn e smmeeesesssasensnnn 0.25
Unnamed Beds:
Shale, red-brown crinkly bedded; with interbedded siltstone and
EVDSUII ooeeeeeecemsemrernensesa s emsnsamanemeseeeresmensnemmmnans teemememecemrmenae 7.0
BLAINE FORMATION (total thickness, 74.3 feet)
Shimer Gypsum Member: )
Gypsum, white to light-gray, fine-grained, alabasterlike, massive;
weathering coarsely selenitic; eroding into a ledge ..o 14.0
Altonae Dolomite Bed:
Dolomite, light-brown, fine-grained, oblitic, medium-bedded, mas-
sive; weathering light-brown; composed of (in percent) 0.5

sand, 2.0 silt, 1.4 clay, and 96.1 carbonate ........cccceomiiinnenees 2.2
Unnamed Beds:
Shale, greenish-gray, weakly indurated, blocKY eeerimooiiimiiininn. 11
(Section extrapolated to NEY% sec. 29, T. 22 N., R. 15 W., east of

road)

Shale, red-brown, blocky; with some thin greenish-gray shale
Streaks; Dpartly cCovered ... 13.0
Nescatunga Gypsum Member:
Gypsum, white, fine-grained, massive; weathering coarsely sele-
nitic; eroding into an escarpment ... 17.0
Magpie Dolomite Bed:
Dolomite, light-gray, fine-grained, oblitic, well-cemented, thin-
bedded; composed of (in percent) 0.02 sand, 4.47 silt, 9.38

clay, and 86.13 carbonAte ...ooomoeeceeeeeee e 1.0
Unnamed Beds :
Shale, greenish-gray, DIOCKY .o e 0.2
Shale, red-brown, selenitic, BlOCKY .. .cooouoemmmmooeee e 3.6

Kingfisher Creek Bed:
Gypsum, light red-brown, argillaceous, well-indurated, fine-grained,

thinly laminated, crinkly beédded ..o 0.4
Unnamed Beds:
Shale, red-brown, selenitic, blocky; greenish gray at top ... 3.25

Medicine Lodge Gypsum Member:
Gypsum, white, fine-rained, massive; weathering coarsely sele-
nitic; eroding into a prominent escarpment ......oooceeeoooeooeeeeeeni. 16.0
Cedar Springs Dolomite Bed:
Dolomite, light-gray, fine-grained, oblitic, thin-bedded to laminated;
weathering massive at top; composed of (in percent) 0.05 sand,
2.33 silt, 2.78 clay, and 94.84 carbonate ..o 2,5
(Section ewxirapolated to Glass Mountains, in SWi4 SEY sce. 22
T.22 N, R. 13 W., on east side)

FLOWERPOT SHALE (total thickness, 376.45 feet)
Shale, light greenish-gray, calcitic, blocky, weakly indurated ... 2.0
Shale and gypsum, light greenish-gray, mottled dark red-brown to
maroon, well-indurated, crinkly bedded, thinly laminated;
eroding into a 1edZe .o 1.2
Shale, greenish-gray, highly gypsiferous, blocky, weakly indurated 0.5
Shale and gypsum, mottled dark red-brown and greenish-gray, thin-
bedded, well-indurated; eroding into a ledge ......cooovoemooeeomoe 0.2
Shale, dark red-brown, gypsiferous, blocky, weakly indurated; with
some 2- to 3-inch greenigsh-gray beds in middle ... 4.75
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Thickness
(feet)

Gypsum, light greenish-gray, mottled red-brown, crinkly bedded,
thin-bedded, well-indurated; with some interbedded red-brown

shale; eroding into a ledge eemermmeeeemsenearanaes 1.0
Shale, dark red-brown; as above ..o eeceeverernns } 2.0
Gypsum, light greenish-gray, argillaceous, thin-bedded, well-indu-

rated; eroding into a 1€A8e .ot 0.3
Shale, dark red-brown, silty, gypsiferous, blocky, moderatley indu- 20

o 1 1< o SO .
Dolomite, light-tan, very fine-grained, dense, medium-bedded, well-

indurated; with salt casts; eroding info a ledge ..rieenee. 0.75
Shale, dark greenish-gray, blocky, weakly indurated ..........ccc.... 0.2
Shale, dark red-brown, mottled chocolate-brown; as above ................ 3.0
Shale, dark greenish-gray, blocky, weakly indurated; with some

interbedded red-Drown SRALE oot emeeeaaesvasene e 2.3
Shale, dark red-bDTrOWN; &S ADOVE oo oot eeeeesraens 0.5
Shale, dark greenisSh-gray; a8 ADOVE ... it ceeeeeeeceessenennanas 0.2
Shale, dark red-brown; a5 ADOVE .o eeeeeeeeeeeeeeeee e etee s ome e emnen 0.5
Gypsum and siltstone, light-tan to light greenish-gray, thin-

bedded, well-indurated; eroding into a ledge .........oceeermceeeeeeccemnne 0.8
Shale, red-brown, silty, blocky, weakly indurated; mottled with

many light greenish-gray SPotS e ereees 1.2
Gypsum, white, nodular, well-indurated; eroding into a ledge ........ 0.25
Unit 6:

Siltstone, orange-brown, gypsiferous, mottled light-tan to greenish-
gray, weakly indurated, thinly laminated; with two prominent
greenish-gray beds near base; eroding into a ledge with an
almost vertical CLIff fACEe ..o treesr e e maee s raanns 10.75
Unnamed Beds:
Shale, moderate red-brown, gypsiferous, blocky, weakly indurated;
with some 1- to 2-inch greenish-gray gypsiferous shale zones
in middle ............

......................................................................... 8.25

Shale, light greenish-gray, mottled red-brown, highly gypsiferous,
well-indurated, crinkly bedded; eroding into a ledge ... 1.2

Shale, red-brown, blocky, 2yDPSiferoOMS e 6.0

Siltstone, light greenish-gray, mottled orange-brown, gypsiferous,
thin-bedded, crinkly bedded, well-indurated; eroding into a
ledge et mmtmtedcotatmaaeae e se e meemeatescesereesnananesseme e mnmeeeen 2.3

Shale, red-brown; as BDOVE o 29.25

Gypsum, light greemsh-gray, nodular, well-indurated; eroding into
T (=T - USSR S USSR 0.25

Shale, Te@-DIrOWN; 88 ADOVE oo eee e eceeee e vestesses e saeeemeene e 4.75

Gypsum and shale, light greenish-gray, blocky, moderately indu-
rated; eroding Into a ledge ... e 0.25

Shale, red-bBrOWI; A5 ADOVE oo e 8.5

Shale, light greenish-gray, mottled red-brown, gypsiferous, blocky,
weakly indurated; with some satin spar and greenish-gray
BYDSUIM DOAULES e et e et et e e e e e e e e ee e eereeeseeeon 0.8

Shale, red-DrowWIl; 88 ADOVE ..ot ee e e eeeee oo e e 2.3

Gypsum and shale, light greenish-gray, crinkly bedded, well-indu-
rated; eroding Into @ I1edEe .o 0.2

Shale, red-DrOWI; 88 ADOVE e et mee e s v e aeanen 1.75

Gypsum and shale, light greenish-gray; as above .......oeoermeen... 0.2

Shale, red-brown; as above . 4.25

Unit 4:

Gypsum and siltstone, light greenish-gray and red-brown, well-
indurated; with many white gypsum nodules and interbedded
greenish-gray shale; eroding into a ledge .....ooooeeeiieeeeeeeeeeee 1.1

Unnamed Beds:

Shale, Ted-brown; a8 abOVe ..o ettt 1.0

Shale and gypsum, light greenish-gray, moderately indurated;

- 1 Yo )2 SO 0.3

Shale, 1ed-Drown; a8 ADOVe e eeeeeeeaeeaesameee e e memmasaacas 2.3
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Thickness
(feet)
Shale and gypsum, light greenish-gray; as above ..o, 0.2
Shale, red~DroWIn; A8 ADOVE .oeoeeeeeeeeeeeeeee e 6.25
Gypsum, white to light greenish-gray, nodular .....eevoeo.. 0.2
Shale, Ted-DLOWI; 85 ADOVE oo 3.75
Gypsum, light greenish-gray, nodular; eroding into a ledge ............ 0.1
Shale, red-brown; as above ... eeemeeemeeeeanasmmeeennteeeesns 5.3
Gypsum, light greenish-gray; as aboVe oo 0.1
Shale, Ted-DTOWN; A4S ADOVE oo 10.25
Gypsum, light greenish-gray, nodular; as above ..., 0.1
Shale, red-browWn; as abOVe oo 10.15
Gypsum, light greenish-gray, nodular; as above ..o..oeoooeoeneens 0.25
Shale, red-DrowWn; a8 ADOVE oo 5.25
Gypsum, light greenish-gray; as abOVe ... 0.3
Shale, red-DrOWI; a8 ADOVE .o eeee e eeme e 4.5

Unit 8-4:
Shale, greenish-gray and chocolate-brown, gypsiferous, blocky,

weakly indurated ... 2.0
Unnamed Beds:
Shale, red-brown; as abOVe .oeoeooomooomoceoeeeeeeemooooo 3.25
Gypsum, light greenish-gray, nodular; eroding into a ledge .......... 0.2
Shale, red-brown; a8 aDOVe ...eeoeoeoeeooeeoeeoeoooo 3.2
Gypsum, light greenish-gray to white, nodular; eroding into a

LEABE et ettt e 0.75
Shale, red-brown; as above ... 7.0
Gypsum, white to red-brown, nodular; eroding into a ledge ......... 0.2
Shale, red-brown; a8 aDOVE ...o..oeceooeeeeeeeeeos oo 4.75
Siltstone, light greenish-gray, argillaceous, gypsiferous, blocky,

thin-bedded, moderately to well-indurated; eroding into a

prominent light-colored band in region ..o 1.5
Shale, red-brown, silty, blocky, weakly indurated: mottled with

light greenish-gray SDPECKS ..ooooooeovooooeoemeoooo 4.25
Gypsum, white to red-brown, nodular: eroding into a ledge ... 0.2
Shale, red-brown; as above ................ e Rt feneeoeet e nh e eeaeeereeeeee mememene 3.5
Gypsum, white to red-brown, nodular; eroding into a ledge ........... 0.25
Shale, 16d-Drown; as abOVe ... oooooeeeeeroooeoooooo 6.25
Gypsum, white to red-brown, nodular; eroding intoc a ledge ... 0.2
Shale, red-brown; as above OISR VORTR 45
Siltstone, light greenish-gray; eroding into a prominent light

201e I TeZIOM ..o
Shale, red-brown; as above ..o 12.25
Gypsum, white to red-brown, nodular; eroding into a ledge; gra-

dational into greenish-gray shale ... 0.25
Shale, red-brown; as above ....oooooovooe e 16.8
Gypsum, white to greenish-gray, nodular; eroding into a ledge ... 0.3
Shale, red-brown; as above; mottled chocolate brown in basal 3

L O 8.0
Unit 3:
Siltstone, light greenish-gray: as above; with much nodular gyDp-

sum in basal part; eroding into third prominent light-colored

band below top of formaton ... 2.0
Unnamed Beds:
Shale, red-broWn; as aboVe ....weeeveeeeesceeemrsesscomereceomeeeeees 5.4
Gypsum, white to greenish-gray, nodular; as above ... 0.25
Shale, TeA-DIOWIN; 88 BDOVE ..ot 2.75
Siltstone, light greenish-gray, platy; as above ... .. . 0.1
Shale, red-brown; as above; mottled with many greenish-gray spots 2.0
Shale, red-brown; with some 1- to 2-inch gypsum nodules ... B 5.0
Gypsum, greenish-gray, nodular; eroding into a ledge ... ... 0.2
Shale, red-brown; as above ... 2.0
Gypsum, greenish-gray and red-brown, nodular; eroding into a ledge 0.2
Shale, red-brown; as above: with some 1-inch gypsum nodules . .. 5.0
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Thickness
(feet)
Gypsum, greenish-gray, nodular; eroding into a ledge 0.2
Shale, red-brown; as above; with many large gypsum nodules in
[T X=E 1 I 42 oSO 5.0

(Section ewxtrapolated to SEY SEW sec. 29, and section-line road
along secs. 27 and 84 (east side), T. 21 N, R. 11 W.)
Siltstone, greenish-gray, selenitic; with many gypsum wnodules;
eroding INtO 8 LEAEE e oo reee e s se e e e anantanns e sne e e enranaans 1
Shale, red-brown, Silty, DIOCKY ...cccccirrersieceeoer e esnsemss e s s smme meas R 2.
Sandstone, light greenish-gray, very fine-grained, silty, thinly
laminated; moderately indurated in places ... 2
Shale, red-brown, silty, blocky; with some 1- to 2-inch orange-
brown siltstone beds and greenish-gray nodular gypsum beds 52.5
Siltstone and sandstone, greenish-gray, mottled orange-brown, very
fine-grained, moderately Indurated ... ees 0.25
Shale, red-brown, Silty, DIOCKY . cveeeeeeccceeeeeecrameee e meeesemes seeamemareeas 9.5
Siltstone and shale, greenish-gray and orange-brown, arenaceous,
platy, weakly indurated ..... teeeeeavmmsmmsstesmsesesasssssssssmmeesmsesssssesesencoeetois 2
Shale, red-brown, silty, blocky, weakly indurated ..ot 10
Siltstone, light greenish-gray and orange-brown, blocky, moder-
ately indurated; eroding into & 1ed8e .. eeeerneciiee e 1.
Shale, red-brown, Silty, DIOCKY .o e 2
Siltstone, mottled greenish-gray and orange-brown, argillaceous,
blocky, moderately indurated; eroding into a ledge -eceeeee 1
Shale, red-brown, gilty, blocky, partly covered ........miciieienins 21

CIMARRONIAN SERIES
HENNESSEY FORMATION (base not examined)
Cedar Hills Member (total thickness, 200 feet) :
Unit 5:
Silistone and sandstone, greenish-gray, very fine-grained:; with
SomMe NOAUIAT ZFDSUIL oo et resesbes et s ee e e e e e e s seeeenoee 1.0
Unnamed Beds:
Sandstone and siltstone, orange-brown, very fine-grained, argillac-
eous, platy, weakly indurated; eroding into a ledge above
BN 1ok By o) 1 N 2 4 0 TS 22.5
(Section ewilrapolated to NWi4 sec. 1, T. 22 N, R. 100 W., into 8%
sec. 2, T. 22 N., R. 10 W., along stream)
Sandstone, greenish-gray, silty, friable, weakly indurated .............. 2.0
Shale, red-brown, silty, blocky, weakly indurated 35
Unit 4:
Sandstone, greenish-gray, mottled orange-briown, silty, platy,

moderately indurated ... e e e aeeee e menenee 1.5
Unnamed Beds:
Shale, red-brown, silty, blocky, weakly indurated; with a greenish-

Eray band NearT TOD et aa e 14.3
Siltstone, orange-brown, mottled greenish-gray, moderately indu-

rated ... e eeeeaeemammasseememeeeseosemsaessememesssssmimeesemsesosssssenemmetessmmsmmessseseenn 0.5
Shale, red-DroWn; a8 ADOVe ..o e s rer e e eeee e reras 1.0
Siltstone, greenish-gray, arenaceous, platy, moderately indurated 0.6
Shale, red-DIrOWI; @8 GOV e e e e s e srameeenssseeenessamemneen 12.4
Unit 3:
Siltstone, greenish-gray, arenaceous, weakly indurated ... ... 0.5
Unnamed Beds:
Shale, red-brown, silt¥; @8 @DOVe .o 3.0
Siltstone, greenish-gray, arenaceous, moderately indurated ... 0.7
Shale, red-DTOWN; 88 ADOVE oo oo 5.25

Sandstone, light greenish-gray, very fine-grained, silty, friable,
weakly indurated; mapped as Bed 2 in Blaine County; weather-

ing as first thick light-green unit below top of formation
Shale, red-brown; as above ..evvveeeeeennnn.

Sandstone, light greenish-gray, silty; as ahove

ok
oo
o
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Thickness
(feet)

Shale, red-DTOWI; a8 ABOVE e 1.0
Sandstone, light greenish-gray, mottled orange-brown; well indu-
rated at top and base; weathering as second light-colored band

below top; mapped as Bed 1 in Blaine County ...ommoniimieccee 2.5
Siltstone, orange-brown, argillaceous, platy, weakly indurated;
gradational iNto SHALE ...t 2.8

(Section extrapolaied to NWl sec. 33, T. 23 N, R. 8 W.)

Sandstone, orange-brown, silty, platy, crinkly bedded, well-indu-
rated; mottled with greenish-gray spots; eroding into a ledge

Siltstone, crange-brown; as above; gradational into shale .............

Peace Treaty Bed:

Sandstone, orange-brown, moderately indurated, massive; mottled
with greenish-gray spots and greenish gray in basal part;
eroding INto a8 1EAEE e ettt e e 8.65

Unnamed Beds:

Shale, red-brown, silty, blocky, weakly indurated; with some inter-

o
-3 o
=

bedded greenish-gray shale and siltstone beds .coreeoeceeee... T.25
Siltstone, orange-brown, argillaceous, massive, blocky, well-indu-

rated; with many guartz-lined vugs;_eroding into a ledge ............ 0.75
(Section extrapolated to Wiz sec. 28, T'. 23 N., R. 9 W., along section-

line road)
Shale, red-brown, weakly indurated; as above; with some 1- to 2-

inch greenish-gray laVers e cceecccee e e reeen s 4.25
Silistone, orange-brown, platy, weakly indurated ......coooiiiinieei. 0.5
Siltstone, orange-brown, well-indurated, vuggy, massive; mottled

with greenish-gray spots; eroding into a prominent ledge ....... 0.75
Siltstone, orange-brown, arenaceous, moderately indurated; mottled

with greenish-gray Spot8 . oeecioeiiiaiaaes - 1.2
Shale, red-brown; as above; with some greenish-gray spots ............... 3.0
(Section extrapolated to W% sec. 21, T. 23 N., R. 9 W.)
Siltstone, orange-brown; as above; eroding into a ledge ......cccoeeeeenc 0.25

Sandstone and siltstone, orange-brown, friable, weakly indurated;
gradational into red-brown shale; with some greenish-gray

=3 o< O OSSOSO 8.5
Siltstone, orange-brown, platy, moderately indurated; eroding into
L T = 2, . 0.5

Siltstone, orange-brown, argillaceous, blocky, moderately indurated 2.0
Shale, red-brown, mottled greenish-gray, silty, weakly indurated ... 0.2
Siltstone, orange-brown, argillaceous; as above .. 1.0
Sandstone and siltstone, orange~-brown, mottled greenish-gray, very
fine-grained, thin-bedded; moderately indurated at top; erod-

ing into a ledge eeeeeseeeeanmeeeeateesmseesssemeessrenens 1.25
Siltstone, orange-brown, arenaceous, weakly indurated; mottled
with greenish-gray SPOotS e 2.5

Siltstone, orange-brown, fine-grained, massive, blocky, well-indu-

rated: mottled with greenish-gray spots; eroding into a ledge 0.5
Siltstone, orange-brown, mottled red-brown, argillaceous, blocky,

moderately indurated; with many greenish-gray specks ... 6.5
Siltstone, orange-brown, very fine-grained, argillaceous, blocky,

well-indurated; mottled with greenish-gray spots; eroding

into a prominent ledge ..o eemeemnmeeentmnas 1.0
Siltstone, orange-brown, argillaceous, weakly indurated; mottled

with greenish-gray spots; with 6-inch greenish-gray zone at

base; gradational into red-brown shale ... 3.25
(Section eztrapolated to hill about 0.5 mile northwest of Bison, Ger-

field County, in NW sec. 24, T. 20 N, B. 7 W.)

Unit 2:
Sandstone, orange-brown, mottled greenish-gray, silty, calcitic,
thinly laminated, weakly indurated; capping hill ... 12.75

Sandstone, light greenish-gray, mottled orange-brown, silty, platy,
thin-bedded, moderately indurated; with many ripple marks;
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Thickness
(feet)
eroding into a ledge .o . . 0.5
Siltstone and sandstone, orange-brown, very fine-grained, argillac-
eous, mottled greenish-gray, weakly indurated ....................... 3.2
Siltstone, light greenish-gray, mottled orange-brown, argillaceous,
platy, weakly INAUrated v eeeeeieccceeeeeeeee e een 25
Unnamed Beds:
Shale, red-brown, silty, blocky, weakly indurated ..., 20.0

Sandstone, light greenish-gray, very fine-grained, silty, well-indu-
rated; eroding into a ledge; section extrapolated to 1 mile

northwest of Hennessey, in SE%4 sec. 14, T. 19N, R. T W, oo 0.2
Shale, red-brown, silty, blocky, weakly indurated ... oo, 2.5
Siltstone, light greenish-gray, mottled red-brown, friable, weakly

indurated .....ooeeceeveeeeeeeee.. Aen e S et et e s tfoometeemesseesnesasessmtas e ee e eeeana s eoane 0.4
Shale, dark red-brown, gilty, platy, weakly indurated; gradational

N0 SIS OIIE et 1.5
Sandstone, light greenish-gray, very fine-grained, well-indurated;

argillaceous in 0D PATT oo 9.0
(Section ewxirapolated to gquarry 0.5 mile west of Hennessey, King-

fisher County, in SEY sec. 23, T. 19 N., R. 7 W., including the

type locality for the Hennessey Formation)

Sandstone, red-brown, fine-grained, silty, thinly laminated, cross-

bedded, platy, well-indurated; eroding into a ledge ........ooovnnn.. 0.3
Shale, red-brown, silty, blocky, weakly indurated ..., 0.5
Sandstone, red-brown; as above; eroding into a ledge oo 0.25
Shale, red-brown, weakly indurated; as above .o 0.2
Unit 1:

Sandstone and siltstone, light greenish-gray, very fine-grained,
thin-bedded, weakly indurated; mottled orange brown at top 3.0

Bison Member: (exposed thickness, 64 feet)

Shale, dark red-brown, silty, platy, thinly laminated, weakly indu-

rated, arenaceous In UDDEr DATL .o 2.75
Shale, light red-brown to orange-brown, silty, blocky, weakly indu-

rated; with many greenish-gray spots and 1ayers ................. 11.¢0
Siltstone, light greenish-gray, mottled orange-brown, thin-bedded,

platy, moderately indurated; eroding into a ledge .....cooeeeeneen.. 1.2
Shale, red-brown, silty, blocky, weakly indurated . .......ooooooeoeo 0.25
Siltstone, orange-brown, argillaceous, platy, moderately indurated;

with interbedded red-brown Shale _.o..ooeoooeoooeeeee, 1.0
Shale, red-brown, silty, blocky, weakly indurated; with a thin

greenish-gray siltstone bed in middle ....ooooooooomeoeeeee. 2.5
Siltstone, orange-brown, micaceous, arenaceous, well-indurated;

eroding INTO @ JeAEE et 0.75
Siltstone, light greenish-gray, thinly laminated, weakly indurated 0.6
Shale, dark red-browan, silty, blocky, weakly indurated ........ ... 0.2
Siltstone, orange-brown, argillaceous, platy, weakly indurated ........ 1.3
Shale, red-brown, silty, blocky, weakly indurated; with some paper-

thin siltstone and calcitic 1a¥ers oo 12,25
Siltstone, orange-brown, argillaceous, blocky; mottled greenish

gray at top; well indurated at DaSe .o oeeeeeeeeee e 1.0
Shale, red-brown, silty, blocky; mottled with many greenish-gray

53 4T o 6.25
Siltstone, greenish-gray and orange-brown, argillaceous, bplaty,

weakly Indurated ... e 0.5
Shale, red-brown, silty, blocky, weakly indurated; with some green-

ish-gray SDOtS oo eeeememeemteeoemreeeveeemmemamean 7.0
Siltstone, greenish-gray and orange-brown, platy, weakly indurated 0.75
Shale, red-brown, silty, blocky, weakly indurated .....ocooooeeeveoooo . 3.1
Siltstone, orange-brown, argillaceous, blocky, moderately indurated;

eroding into a 1edZe . 0.25
Shale, red-brown to orange-brown, silty, blocky, weakly indurated:

with some small greenish-gray SDPeCKS ..o 4.2
Siltstone, orange-brown, argillaceous, platy, moderately indurated:

with many greenish-gray spots at tOD oo 2.0

Shale, red-brown; as above; exposed in creeck
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({talic number indicates main reference)

A

Alfalfa County 12, 13, 18, 87, 89, 92

Alibates Dolomite 70, 76, 79, 80, 81-82

Aline 12, 89, 91

Altona Dolomite 29, 32-33, 48, 52, 96

Alva 10, 11, 12, 20, 22, 87, 89, 90, 91,
92, 96, 97

Amarillo, Texas 45

Amarillo mountains 46

Anadarko basin 39, 45, 70

Anderson Creek 12

anhydrite 29, 93

aragonite 60, 80

Arkansas River deposits 12, 13, 86, 87,
91-92

Ash Hollow Member 84, 86

Ashland, Kansas 76, 78, 80

Atchison, Topeka and Santa Fe
Railway 11

Aurin, F. L., cited 16, 17

Avard 10, 11 26, 29

Avilla HIII 12 15, 82, 84, 86

B

Barber County, Kansas 17, 19, 21, 22,
23, 29, 33

Beaver County 39, 41, 59, 61, 74, 76, 78,

.79, 81

Becker, C. M., cited 22

Beckham County 39, 45, 74, 75, 78

Big Basin Member 63, 71, 72, 73, 71,
79.82

Big Salt Plain 11, 88, 91, 93, 95

Bison Member 14 17, 18-19

Bitter Creek 31

Black Bear Creek gravels 92

Blackmon, Ezra 11, 93

Blaine County 21, 22 26, 28, 31, 32, 33
36, 37, 42, 54, 66, 70, 78 87 93

Blame Formatlon 12, 15, 16, 22, 27-33,
34, 39, 47, 48, 74, 86, 93, 94

Borger, Texas 39, 45, 69 70

Branson, Carl C. 13

Buffalo 43, 44

Buffalo Creek 93, 95

C

Caddo County 57, 68, 74

caliche 11, 15, 85, 86

Camargo 4~1 44, 45, 64, 73

Canadian County 17 21, 22
Canadian River 41, 45 57 65, 67, 69
Carson County, Texas 45

Cave Creek 28, 29, 31, 32, 33, 42

?

Cave Creek Formation 27, 28, 33, 74

Cedar Hills Sandstone 12, 13, 14, 17, 18,
19-22, 23, 87, 92

Cedar Sprmgs Dolomlte 23, 26, 29

Cement 57, 68

Centennial Mound Dolomite 77

Champion Bed 82

chert 78

Chester 45

Cheyenne 71

Cheyenne Sandstone 82, 84

Chickasha Formation 16, 22, 42

Chimney Creek 44

chlorite 59

Cimarron County 76, 78, 79

Cimarron River 11, 12, 14, 16, 21, 26,
59, 86, 87, 89, 91, 96

deposits 12, 86, §7-88, 90, 91, 97

Cimarronian Series 14, 15, 16-39

Clapp, F. G., cited 57, 69

Clark County, Kansas 59, 74, 75, 76, 78,
79, 80

clay 12, 13, 15, 84, 87, 88, 89, 91, 97

Clear Creek 61, 76, 78 81

Cleo Springs 89

Cleveland Hills 11, 47, 49, 50, 51, 52,
53, 58, 74, 75, 77 86, 96, 97

Clinton 70, 73, 75, 78 81

Cloud Chlef Format1on 14, 15, 39, 40,
41, 42, 57, 58, 60, 61, 62 63 64, 65,
66, 69, 70-82

Cloud Chief Gypsum 41, 57, 67, 69, 73,
75, 78

Comanche Cave 28, 29, 31, 33

Comanche County, Kansas 22, 28, 29,
31, 33, 40, 56, 59, 78, 82, 83

Comanchean Series 15, 82 84

Coronado, Francisco Vasquez de 11

Cox, Z. W. 11, 96

Coy 10, 42, 58, 74, 75, 77, 82

Cragin, F. W, cited 16, 17, 23, 27, 29,
33, 4«0 54, 64« 66, 70 73 74 76, 77,
79, 8

Cretaceous System 14, 15, 80, 82-84, 86

cross-bedding 48, 49

Curtis, N. M., Jr cited 15

Custer County 14, 39, 40, 41, 56, 67, 68,
70, 71, 74, 75, 78, 81, 84

Custerlan Serles 14, 15 39-82

Cyprimeriq hmestone 15, 82, 83

Cyril Gypsum 57, 69, 72 73

D

Darton, N. H., cited 84
Davis, L. V., cited 57
Davis, R. D. 13
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Day Creek, Woods County 12

Day Creek Dolomite 11, 40, 41, 54, 36,
57, 58, 60, 61, 62, 63, 64, 65, 66, 67,
68, 69, 70, 71, 72, 713, 74, 75, 76-79,
80, 81, 82, 83, 84, 85, 86, 96

Dead Woman Mound 68

Dewey County 39, 41, 44, 45, 64, 65, 66,
67, 71, 73, 74, 75, 76, 77, 18, 80, 84

Dockum Group 81

Dodge City, Kansas 13, 87, 92

Doe Creek 46

Doe Creek Lentil 11, 37, 38, 42, 44,
46-58, 971

Doe triangulation station 44, 46

Dog Creek 12

Dog Creek Shale 15, 16, 22, 27, 32,
$88-39, 40, 42, 44, 46, 47, 48, 49, 50

dolomite 93, 96

Doxey Formation 14, 39, 40, 61, 65, 70,
71, 76, 79, 80, 81

Driftwood Creek 12, 18, 91

Duncan Sandstone 21, 22, 42

E

Eagle Chief Creek 12, 21, 26, 89, 91

Eagle City 66

East Clinton site 67, 81

East Mocane core 61

economic resources 11, 93-97

Edith 10, 11, 26, 27, 88, 93

elevations 11, 12, 15, 29, 49, 50, 51, 58,
61, 64, 66, 67, 68, 69, 71, 78, 86, 88

Elias, M. K., cited 84

Elk City Sandstone 39

Ellis County 39, 71, 74, 75, 78

El Reno Group 14, 15, 16, 22-39

Emanuel Bed 42, 43, 44, 45, 50, 51, 52,
538-58, 57, 60, 62, 63, 64, 66, 67, 68, 69

escarpments 12, 24, 25, 26, 28, 31, 34,
47, 60, 67, 78, 79, 88, 89, 91, 96

Evans, Noel, cited 33, 34, 42, 43, 54, 56,
64, 73, 77

Evans, O. F., cited 46, 73

F

facies change 21, 38, 45

Fairmont Shale 16, 17

Fairvalley Springs 11, 97

Fay, R. O., cited 21, 22, 27, 28, 29, 31,
32, 33, 35, 36, 37, 46, 53, 54, 66, 87,
101

Feldt Ranch, Nebraska 84

Flowerpot Shale 11, 15, 16, 17, 20, 21,
22, 23-27, 28, 88, 89, 90, 91, 92, 94, %6

Forgey Ranch, Texas 69

Fort Supply dam 11, 96

fossils 15, 39, 44, 46, 48, 49, 51, 53, 58,
82, 83, 84, 86

Freedom 10, 11, 14, 27

Frye, J. C., cited 92

G

Garber Formation 16, 17
Garfield County 17, 18
Gerlane, Kansas 21
Glass Mountains 26
Gould, C. N., cited 27, 31, 32, 40, 56,
517, 61, 70, 73, 76
(also see Aurin, F. L.)
Grady County 56, 57
Great Plains 16
Great Salt Plain 13, 87, 92
Greenfield 54, 70
Greenfield limestone 53
Greenwood Creek 12, 23, 24, 28, 33, 93
Griever Creek 45
Griley, H. L., cited 73
ground water 11, 49, 96, 97
Gryphaea corrugata 15, 82, 83, 84
Guadalupean Series 16
Guthrie 16
gypsum 11, 93, 94-95, 96
Gypsum Hills 12, 15, 16, 29, 31

H

Hackberry Shale 79

Haley, Jack 13

halite (see salt)

Ham, W. E. 13
cited 15, 39

Hammon 71

Hansford County, Texas 46

Harmon 71

Harper County 26, 33, 34, 43, 60, 62, 74,
75, 77, 78, 84

Haskew Gypsum 34-35, 36

Hayward Sandstone 17

Hemphill County, Texas 69

Hennessey Formation 14, 15, .16-22

Hesse, C. J., cited 84

Hopeton 10, 21, 22, 27

Houston Creek 12

Hutchinson County, Texas 45, 69, 70, 79

I

Illinoian 87, 91
illite 59, 60, 72

J

Jewett, J. M., cited 16, 17, 79
Jordan, Louise, cited 27, 39, 95

K

Kansan 87, 89, 91, 92

Kansas 106, 11, 13, 14, 16, 17, 19, 21, 22,
23, 24, 27, 29, 31, 32, 33, 35, 38, 40,
41, 42, 56, 59, 72, 74, 75, 76, 8, 79,
80, 82, 83, 84, 87, 92, 93

Kelsey Field 11
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Keno Creek 12

Kiger Creek 74, 75

Kiger Member 58, 60, 61, 62, 63, 64, 71,
72, 73, 1476, 17, 718

Kimball Member 84

Kingfisher 16

Kingfisher County 16, 17, 18, 21, 32

Kiowa Shale 14, 15, 82-8%

L
Latta, B. F., cited 92
Leedy 78
Lenoral 45

Leonard, A. B., cited 92

Leonardian Series 16

Little Mule Creek 22

Little Sahara State Recreation Area 2,
11, 90, 97

Little Salt Plain 11, 88, 93, 94

Logan County 16, 17

Lonsdale, J. T., cited 61

Lovedale Gypsum 33

Lower Day Creek Bed 77

Lower Relay Creek Bed 54

Lugn, A, L., cited 84

M

Magpie, Arapahoe chief 31
Magpie Dolomite 29, 31
Major County 15, 21, 22, 26, 29, 34, 45,
89
Marlow 42
Marlow Formation 15, 16, 35, 36, 37,
38, 39, 40, ,1-56, 65
measured sections 101-184
1. Ashland-Protection, Clark and
Comanche Counties, Kansas; Big
Basin Member to Dog Creek
Formation 101-104

2. Avilla Hill, Comanche County,
Kansas; Kiowa Shale 104-105

3. Redfork Creek, Comanche
County, Kansas; Marlow Forma-
tion to Shimer Gypsum 105-107

4. Cave Creek, Comanche County,
Kansas; Marlow Formation to
Flowerpot Shale 107-109

5. Dog Creek, Barber County, Kan-
sas; Marlow Formation to Flower-
pot Shale 109-113

6. Medicine Lodge-Sharon, Barber
County, Kansas; Medicine Lodge
Gypsum to Bison Member 113-
118

7. Gerlane, Barber County, Kansas;
Cedar Springs Dolomite to Bison
Member 119-124

8. Coy, Woods County, Oklahoma;

187

Day Creek Dolomite to Dog Creek
Shale 124-126

9. Yellowstone Creek, Woods
County, Oklahoma, Little Mule
Creck, Barber County, Kansas;

Marlow Formation to base of
Cedar Hills Member 126-134

10. Cleveland Hills-Greenwood Creek,
Woods County, Oklahoma; Day
Creek Dolomite to Cedar Hills
Sandstone 134-143

11. West Moccasin Creek, Woods
County, Oklzhoma; Cloud Chief
Formation to Flowerpot
Shale 143-150

12, Redhorse Creek, Woods County,
Oklahoma; Marlow Formation to
Flowerpot Shale 150-154

13. Whitehorse Creek, Woods County,
Oklahoma; Doe Creek Lentil to
Flowerpot Shale 154-159

14. Turkey Creek, Woods County,
Oklahoma; Cedar Springs
Dolomite to Bison Member 159-
166

15. Chimney Creek, Woodward
County, Oklahoma, Eagle Chief
Creek, Woods County, Oklahoma;
Big Basin Member to Cedar Hills
Sandstone 166-176

16. Seiling, Dewey County, Oklahoma,
Chester-Orienta, Major County,
Oklahoma, Hennessey, King-
fisher County, Oklahoma; Day
Creek Dolomite to Bison
Member 176-184

Medicine Lodge, Kansas 21, 22, 23, 29

Medicine Lodge Gypsum 11, 12, 23, 28,
29.31, 33, 91, 93, 95

Medicine Lodge River 13, 29, 87, 92

mineral resources 11, 93-97

Miser, H. D., cited 41, 45, 56, 57, 81

Moccasin Creek 12, 31, 33, 41, 44, 60,
74, 77

Moccasin Creek Bed 40, 57, 58, 59, 60-
61, 62, 63, 64, 65, 66, 67, 68, 69, 71,
72, 1374, 15, 76, 71, 78, 81, 84

montmorillonite 59, 60, 72

Moore, R. C., cited 23, 84

Moore County, Texas 79

mortar beds 15, 85, 86

Mt. Jesus 75

Myers, A. J., cited 33

N

Nebraska 84

Nebraskan 89

Nescatunga Gypsum 29, 30, 371-32, 93,
094, 95
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New Mexico 16, 70

Noble County 92

northern platform 22

Norton, G. H., cited 21, 23, 31, 59, 73,
79, 92

0

O’Brien, B. E., cited 57

Ochoan Series 16

O’Conmnor, H. G., cited 14, 16, 70, 72,
74, 79

Officer, H. G., cited (see Aurin, F. L.)

offshore bar 53

Ogallala Formation 14, 15, 58, 80, 82,
83, 84-86, 97

Ogallala station 84

01d Crow Gypsum 45, 64, 65, 66, 67, 70

One Horse Gypsum 41, 66, 67, 72, 73

Oxytropidoceras 15, 83

P

Peace Treaty Bed 19, 20, 21
Pearlette ash 12, 87, 89, 90, 91, 96, 97
Permian System 716-82

Perry 92

Piedmont Sandstone 21
Pleistocene Series 14, 15, 86-92
Pliocene Series 14, 15, 84-86
Ponca City 13, 92
post-Whitehorse rocks 70-82
Potter County, Texas 79
Protection, Kansas 40

Q

Quartermastér Formation 39, 70
Quaternary System 8§6-92
Quinlan 44, 63

R

Red Bluff, Xansas 40, 59

Red Bluff beds 33, 40, 43, 76

Red Bluffs, Blaine County 42

Red Hills 71, 81

Redbed Plains 15, 16

Redhorse Creek 12

Reeding Sandstone 21

Reeves, Frank, cited 42, 57, 68, 73

Relay Creek Dolomite 42, 43, 44, 45, 46,
47, 50, 51, 52, 53-56, 51, 61, 67, 70

Riley, A. O., cited 44, 46

Roberts Cotinty, Texas 46, 79

Rocky Mountains 84, 92

Rocky Mountains quartzite 86, 92

Roger Mills County 45, 69, 71, 73, 74,
75, 78, 84

Roman Nose Canyon 28

Roman Nose State Park 31

Roth, Robert, cited 14, 39

Runnymede Siltstone 17

Rush Springs Formation 15, 40, 41, 42,
44, 45, 52, 55, 56-70, 73, 74, 76, 77, 18,
79, 81, 82, 84, 85

S

St. Louis-San Francisco Railway 11

salt 11, 14, 26, 27, 39, 42, 45, 88, 91, 92
93, 94, 95, 96

salt casts 26, 27, 38, 42

Salt Creek Canyon 28

Salt Fork of the Arkansas River 11, 12,
13, 18, 31, 86, 87, 88, 89, 91, 92

deposits 12, 13, 20, 29, 86, 87, 88-
91, 92

Salt Plain Measures 17

Salt Plains Siltstone 17

sand balls 56

Sand Creek, Beaver County 76, 81

Sand Creek, Major County 29

Sand Creek, Woods County 12

sand dunes 2, 11, 88, 90, 97

Sanford, Texas 69, 70

Santa Rosa Conglomerate 81

Sawyer, R. W., cited 40, 41, 56, 73

Schweer, Henry, cited 16, 21, 22

Seiling 41, 64, 77, 78

Sentinel Mound 13, 77

Sharon, Kansas 19, 64

Shimer Gypsum 29, 30, 31, 32, 33, 34,
35, 36, 37, 48, 93, 94

Sidney Member 84

Sitka, Kansas 76

Sleeping Bear Creek 43

Snider, L. G., cited 96

Southard 37, 93

Southard Dolomite 32, 34, 35, 36, 37-39,
48, 49

springs 11

Stephens County 22, 42

Stephenson, C. D., cited 53

Stone Corral Dolomite 17

stream piracy 13, 87, 91, 92

Strong City 71

structure 14, 38, 45

submarine channel 44, 53

Sugar Loaf Mound 68

Swineford, Ada, cited 23, 75, 78

T

Taloga Formation 54, 70

Taylor, Bob 2

Tegarden 10, 96

terraces 12, 96, 97

Tertiary System 84-86

Texas 16, 40, 41, 45, 69, 70, 72, 79, 81,
84

Texas County 46, 76, 78, 79

Texas Panhandle 14, 38, 39, 45, 69, 74,
76

Thomas 68

)
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Timmons, Alice 13 Weatherford Dolomite 41, 56, 57, 64,
Triassic 39, 81 65, 66, 67, 68, 69, 70, 71, 72, 73, 79
Turkey Creek 12 Weatherford site 67
Turkey Creek, Garfield County 18 Wellington Formation 16
Turritella 82 West Eakly core site 68
West Leedey core site 65, 71, 76, 80
U West Moccasin Creek 30, 35, 36, 40, 57,

58, 73, 80, 93
Western Sandstone Hills 15
Whitehorse Creek 12
Whitehorse Group 14, 15, 22, 33, 39,
40-70, 73, 76, 17

unconformity 37, 38
underfit lake 87, 92
underfit stream 12, 91, 92
Upper Day Creek Bed 77

Upper Relay Creek Bed 54, 56 Whitehorse Mounds 11, 86
v Whitehorse Springs 11, 14, 38, 40, 44,
illﬁ, 47, 48, 49, 50, 51, 53, 97
. Whittenburg well, Texas 70
yalentine Member 84 Wildcat Buttes 11, 47, 49, 51, 52
volcanic ash 11, 15, 85, 86, 96 Wildcat Creek 12
Vosburg, D, L., 01ted 27 95 Wisco n’sinan 88, 91
W Woodward 44, 46, 53
Woodward County 11, 34y 35, 44, 46, 47,
Ward, P. E., cited 26, 94 52, 63, 74, 75, 77, 80, 84, 96
Washlta County 41, 57, 67, 68, 74, 84 Wyommg 341
Watonga 28, 32, 35 36
Watonga Bed 32, 34, 85-37, 48, 49 Y

Waynoka 10, 11, 29, 31, 86 90, 93, 97
Weatherford 57, 66, 67, 73, 75, 78 Yellowstone Creek 12, 22, 24, 31, 33, 93



