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GEOLOGY AND MINERAL RESOURCES
OF PAYNE COUNTY, OKLAHOMA

JoHN W. SHELTON,! JOHN S. Ross,? ARTHUR J. GARDEN,>
and JAMES L. FRaNKs*

Abstract—Payne County is part of the transitional zone between the Central Redbed Plains and
the Northern Limestone Cuesta Plains. The area lies in the Cimarron River drainage basin, except
for the northernmost part, which is in the Arkansas River drainage basin. The range in elevation is
from approximately 740 to 1,175 feet; local relief is commonly 100 feet.

Surface rocks, Pennsylvanian to Permian in age, become progressively younger westward. The
section is characterized by red beds, particularly in the central and western parts of the County, and
a cyclic or repetitious sequence of mudrock, lenticular sandstones, and thin carbonates. Continuous
carbonate beds, which represent transgressive units of conventional cycles, are present in the lower
800 feet, or one-third, of the surface section. However, in the upper two-thirds of the section they are
discontinuous, nonfossiliferous, nodular dolomites which formed during desiccation cycles.
Although mudrock is the most common lithology, formally named mudrock units are commonly
characterized by lenticular sandstones. The sandstones are fine to very fine grained and range in
composition from quartzarenites to subarkoses. They are present as single genetic units (as much as
25 feet thick), multistoried complexes (as much as 80 feet thick), and rather widespread multilateral
units. The sandstones characteristically have sharp erosional bases; some, however, have grada-
tional bases. The amount of sandstone generally increases southward at the expense of mudrock.

Marine environments, together with deltaic conditions during influx of sand, are represented by
the lower one-third of the surface section. Well-developed uppermost Pennsylvanian and Permian
sandstones were deposited as parts of sand-rich, tide-dominated deltas during arid conditions.
Where equivalent sections contain little sandstone, tidal-flat conditions were predominant. Supra-
tidal carbonate was deposited during transgressions of the tidal flats. Mudrock and thin, well-
defined carbonate beds were deposited during the Permian, when the area lay southeast and south of
prominent tidal flats.

The area at the surface is characterized by westerly homoclinal dip, generally 40 to 50 feet per
mile. The homocline may be described as an undulatory surface reflecting small structural noses.
Nine local structures exhibit easterly dip; each is less than 1 square mile in area. The greatest
structural complexity is in the eastern part of the County. Differential vertical movement, associ-
ated with faulting at depth, is suggested by an increase in folding intensity with depth in Pennsylva-
nian beds and is indicated by significant folding and faulting of Ordovician beds. The most promi-
nent sets of vertical joints average N. 60° E. and N. 50° W. in orientation.

Petroleum is the major source of mineral reserves. Production has been primarily from Penn-
sylvanian and Ordovician sandstones. Other mineral resources include limestone for road metal,
aggregate, and rip-rap; sand for fill, asphalt, masonry purposes, and concrete; and clay for brick.
Deposits of copper, silver, gold, and radioactive minerals are present, but their potential is un-
certain. Potable water is best developed in terrace and flood-plain deposits and sandstones of the
Eskridge, Garrison, Matfield-Oketo, Doyle, and Wellington formations. The distribution of fresh
ground water reflects local sandstone development, topography, and saline influent from the
Cimarron River.

INTRODUCTION

Payne County, located in north-central Oklaho-
ma, west of Tulsa and north-northeast of Oklaho-
ma City, encompasses an area of approximately
700 square miles (fig. 1). The county seat and
largest city is Stillwater. Other towns include Per-

1ERICO, Tulsa, Oklahoma.

2Enterprise Resources, Inc., Houston, Texas.
3Belnorth Petroleumn Corp., Houston, Texas.
“Independent, Oklahoma City, Oklahoma.

kins, Glencoe, Ripley, Cushing, and Yale. Small
communities are Ingalls, Mehan, Vinco, and
Quay. The area has an economy based on educa-
tion (Oklahoma State University), oil and gas,
agriculture, and an increasing number of in-
dustrial facilities. Good highways make the area
accessible. Interstate Highway 35, U.S. Highway
177, and State Highways 108, 18, and 86 are
north—south routes; State Highways 51 and 33
extend east—west; and the Cimarron Turnpike, by
means of a spur, connects Stillwater with Tulsa. In
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Figure 1. Index map of Oklahoma showing location of
Payne County.

addition, most county roads are generally well
kept by periodic grading and surfacing with
crushed rock. Freight rail service is furnished by
the Santa Fe Railway to Stillwater, Glencoe,
Cushing, and Yale. The Missouri, Kansas, and
Texas Railroad offers limited service to Cushing
and Yale.

Previous Investigations

Detailed geologic study of Payne County began
in the early part of the century, when oil geologists
conducted surface mapping as part of exploratory
programs for structural traps. This type of in-
vestigation, supplemented by core-hole programs,
was continued for a number of years—even after
seismic methods were first used in the County.
The many maps prepared during those studies, for
the most part, were not available to the authors.
However, some local maps were made available by
various companies. They include those prepared
by C. W. Ellison (courtesy of William A. Jenkins),
H. K. Hudson (Cities Service Qil Co.), Rixleben
(Skelly Oil Co.), H. W. Peabody, F. C. Greene,
Castitle, and C. Schmurr (Sun Oil Co.). Other un-
published geologic studies were made by Fenoglio
(1957), Nakayama (1955), and Philip P. Chandler.
Fenoglio and Nakayama mapped eastern Payne
County as University of Oklahoma M.S. theses,
and Chandler prepared a map of the entire Coun-
ty. Koschmann (1930) wrote a brief report on the
surface, subsurface, and petroleum geology of
Payne County. A general map of Payne County
which shows the geologic units with engineering
significance has been compiled by Hayes and oth-
ers (1967, opposite p. 88). Tarr (1910), Rogers
(1918, p. 375), and Merritt (1940, p. 6-7) discussed
the red-bed copper deposits of central Payne Coun-
ty. Snider (1911, p. 254) and Gould (1911, p. 172)
noted briefly some of the geologic materials of
Payne County utilized in construction. A county
soil report and map were prepared by Cobb and
Hawker (1918). -

Ground-water features of the County were first
summarized by Gould (1905, p. 113-114). Shan-
non (1917, p. 413-423) described in a cursory man-
ner the structure of the Ingalls and Ripley Oil

Fields. Other studies of subsurface strata include
the work of Powers (1931), Frost (1940), Lukert
(1949), Akmal (1950), Graves (1955), Ireland
(1956), Stringer (1956), Heinzelmann (1957), Dal-
ton (1960), McElroy (1961), Jordan (1962), Fam-
brough (1963), Tarr and others (1965), Berg
(1968), and Cole (1968).

Objectives and Methods

The primary objective of this study was to pre-
pare a geologic map of Payne County and to
describe the general geologic features. Determi-
nation of paleocurrent directions and general dep-
ositional environments of Pennsylvanian and Per-
mian rocks in the area, presentation of structural
framework by means of two structural-contour
maps, and general description of stratigraphic
units exclusively in the subsurface were corollary
objectives.

The following data were used to prepare the
geologic map: (1) local unpublished, detailed maps
of petroleum geologists; (2) an unpublished
geologic map of Payne County by P. P. Chandler;
(3) unpublished geologic maps of eastern Payne
County by Nakayama (1955) and Fenoglio (1957);
(4) a county soil map by Cobb and Hawker (1918);
(5) aerial photographs; and (6) electric logs of wells
drilled for oil and gas.

In the central and western parts of the County,
the stratigraphic section at the surface is primari-
ly a sequence of lenticular sandstones, mudrock,
and thin lenses of nodular dolomites. Because the
rock sequence generally lacks unique rock
parameters, lateral persistence, and thick units,
standard methods of geologic mapping were dif-
ficult to apply. However, some of the carbonate
units, which are the basis for subdividing the stan-
dard surface section of the Midcontinent, are rec-
ognized in the subsurface on electric logs. A shal-
low subsurface structure map and well-log
correlation sections of formations present on out-
crop to the east were prepared to assist in tracing
thin stratigraphic units at the surface with aerial
photographs. In this technique, the location of
each formal unit on the surface was estimated by
comparing the thickness of each formation to the
depth of a key bed or member in each well—that is,
extrapolation of a stratigraphic unit in the sub-
surface to the surface. Additional control was pro-
vided by the local unpublished maps noted above,
but in virtually all cases each investigator has
interpreted outcrop patterns differently. Con-
sequently, those maps were used primarily to sup-
plement field work in checking the existence of
contacts mapped on aerial photographs.

Outcrop data were recorded graphically on
forms designed specifically for stratigraphic—
sedimentologic study, and paleocurrents for vari-
ous stratigraphic units were estimated from rose
diagrams of directional indicators.
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PHYSIOGRAPHY

Payne County lies in a transitional zone be-
tween the Central Redbed Plains and the North-
ern Limestone Cuesta Plains (Curtis and Ham,
1957). Much of the area has Redbed Plains charac-
teristics, such as rolling plains with broad hills
and valleys formed by nonresistant red shales and
lenticular sandstones; however, the eastern part
of the County has topography typical of the Lime-
stone Cuesta Plains, where resistant limestones
form steep escarpments.

Lithology is not the only control of topography
in Payne County. Local structural nosing, in the
predominantly west-dipping Prairie Plains
Homocline, is alse an important factor. Twin
Mounds, the most prominent feature in Payne
County, is an example of structural influence (fig.
2). It is near the junction of State Highways 51 and
18. The divide between the Cimarron and the
Arkansas River drainage basins, along the north-
ern border of the study area, is also an example of
structural influence. Slight drainage anomalies at
the Ramsey Oil Field, Stillwater Airport Oil Field,
and Lost Creek Oil Field also reflect the effects of
local structure on topography.

The predominant slope is to the southeast; local
relief is commonly about 100 feet. Highest eleva-
tions are present in the western part of the Coun-

Figure 2. Twin Mounds, capped by Red Eagle Limestone, represents the most prominent
physiographic feature of Payne County. View from east.
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ty, where local areas are as high as 1,175 feet. The
lowest elevation, approximately 740 feet, is along
the Cimarron River at the eastern edge of the
County.

Most of Payne County lies in the Cimarron Riv-
er drainage basin; only the extreme northern part
is in the drainage basin of the Arkansas River.
The Cimarron River, which has characteristics of
both braided and meandering streams, flows east-
northeast across the area. Central Payne County
is well drained with a dendritic drainage pattern
that shows an overall southeasterly trend north of
the Cimarron River and a northerly to north-
easterly trend south of the river. Major tributaries
to the Cimarron are Deer Creek, Euchee Creek,
Skull Creek, and Salt Creek in the east; Big
Creek, Little Stillwater Creek, Lost Creek, and
Stillwater Creek in the central part; and Stillwa-
ter Creek, Wildhorse Creek, and Clear Creek in
the west. Long Branch Creek and Camp Creek in
the northern part of the County are in the Arkan-
sas River drainage basin.

The mean annual temperature is 59°F, and the
average annual rainfall is approximately 35
inches.

The geologic framework of the area exerts a
strong influence on soil development. Residual
soils reflect the underlying bedrock. Some upland
soils are apparently related to a veneer of loess,
which is commonly expressed as upland scarplets,
generally 1 to 3 feet high, and soils in the stream
valleys reflect the alluvial deposits on terraces
and flood plains. The flood-plain soils of the
Cimarron River and major creeks in the area, rep-
resented by the Yahola, Osage, and Miller Series,
are the most productive cropland soils in the area.
Soils of terrace deposits are cultivated where the
surface is flat lying and not subject to rapid ero-
sion. Terrace soils are represented by the
Dougherty, Teller, Reinach, and Eufaula Series.
Soils overlying sandstone, shale, and limestone
are suited for pasture. The Kirkland Series is a
well-developed soil on shale bedrock. Sandstone is
the parent material for shallow soils of the Bates
and Vernon Series. Soils overlying limestone or
calcareous shales include the Summit and Vernon
Series.

STRATIGRAPHY

The surface formations of Payne County include
approximately 2,200 feet of Upper Pennsylvanian
and Lower Permian rocks overlain locally by thin
Quaternary sediments (pl. 1). Because the surface
rocks dip gently westward, progressively younger
beds are exposed in that direction. Sedimentary
rocks that occur exclusively in the subsurface
range in age from Late Pennsylvanian to Cam-
brian. The entire sedimentary section, which has
been penetrated in three wells in the eastern part
of the County, ranges in thickness from approx-

imately 3,500 feet in local eastern areas to prob-
ably 7,500 feet in the west.

Deposition during the Paleozoic was on the sta-
ble Northern Oklahoma Platform, on which un-
conformities are common. The depositional
environment ranged from shallow marine to
alluvial, and conditions changed repetitiously or
periodically.

For the history of stratigraphic usage and
nomenclature of surface rocks, the reader is re-
ferred to Greig (1959), Oakes (1959), Nakayama
(1955), and Fenoglio (1957).

Surface Stratigraphy
Pennsylvanian System

Pennsylvanian rocks at the surface in Payne
County are included in the Vamoosa and Ada
Groups of the Virgilian Series and the Vanoss and
Oscar Groups of the Gearyan Series (pl. 1).! The
Vamoosa Group is represented by the uppermost
part of the Vamoosa Formation. The overlying
Pawhuska Formation is the basal unit of the Ada
Group, which is approximately 300 feet thick. The
group contains thin limestone units in a section
dominated by shale and lenticular sandstone.

The Vanoss Group in Payne County is repre-
sented also by thin limestones, variegated shale,
red claystone, and lenticular sandstones. The ba-
sal unit is the Reading Limestone Member of the
Emporia Limestone, and the Roca—Salem Point
Shale is the uppermost unit; the thickness is
approximately 500 feet. The Oscar Group is
approximately 600 feet thick and is characterized
by the relatively thin but continuous Neva Lime-
stone at the base, red claystone, and lenticular
sandstone bodies. Sandstone is prominent in the
Eskridge and Garrison Shales, and carbonate
units are represented by thin, nodular dolomites.
The uppermost unit of the Oscar Group is consid-
ered by the Oklahoma Geological Survey to be the
thin, nodular, irregularly developed dolomite at
the position of the Herington Limestone.

Vamoosa Formation

Only the uppermost 30 feet of the sandstone-
rich Vamoosa Formation is present at the surface
in Payne County. This is represented by shale and
lenticular sandstone, which crop out below the
Lecompton Limestone Member of the Pawhuska
Formation in the eastern part of the County just
north of the Cimarron River and along Deer
Creek. The underlying Elgin Sandstone Member

The Oklahoma Geological Survey classifies beds of the
Admire, Council Grove, and Chase Groups, Wolfcam-
pian Series, Permian System, as the uppermost part of
the Pennsylvanian System, based on palynology.
“Shawnee” and “Wabaunsee” have not been used as
names for groups of the Pennsylvanian Virgilian Se-
ries because of facies changes.
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of the Vamoosa Formation is present only in the
subsurface. The shale of the Vamoosa subjacent to
the Lecompton is bluish gray, but it grades down-
ward to red claystone.

Pawhuska Formation

In Payne County the Pawhuska Formation con-
sists of two limestone members separated by a
thick interval of sandstone with shale. The forma-
tion ranges in thickness from about 50 feet
(Nakayama, 1955, p. 13) to 130 feet in the shallow
subsurface (pl. 2). In Pawnee County to the north,
the thickness ranges from 56 to 96 feet (Greig,
1959, p. 38). The Pawhuska, which is 60 to 75 feet
thick in northwestern Creek County, thins to only
20 feet some 25 miles to the south (Qakes, 1959, p.
50). The widespread, prominent sandstone be-
tween the two limestone members is generally
fine grained and is more than 30 feet thick.

Lecompton Limestone Member.—This basal
member of the Pawhuska is 1 to 2 feet thick
(Nakayama, 1955, p. 13; Fenoglio, 1957, p. 8) and
is dolomitic. The most prominent outcrop area in
Payne County is along the Cimarron River, where
the Lecompton is a bench former. It is quite
fossiliferous with fusulinids, crinoid stems, and
brachiopod fragments. The lower surface is com-
monly characterized by burrows. The outcrop area
in Payne County is south and west of good carbon-
ate development and is within the area where
limestone changes southward into dolomite. The
Lecompton is a dolomite where it is quarried in
western Creek County 12 miles east of Cushing. In
northwestern Creek County, immediately north
of the Cimarron River and Oilton, the Lecompton
is approximately 12 feet thick and is composed of
lower and upper units of limestone and a middle
dolomite unit (Shelton and Rowland, 1974, p. 18).

Turkey Run Limestone Member.—An in-
terbedded section of sandstone and limestone, 7
feet thick, is present north of the Cimarron River.
The lower limestone, which is 0.5 foot thick and
maroon in color, contains fusulinids, crinoid
stems, brachiopod fragments, and gastropods
(Fenoglio, 1957, p. 10). The middle section consists
of thin beds of limestone and fine-grained sand-
stone. The upper bed, 2.5 feet thick, is similar
lithologically to the lower unit. The Turkey Run is
a fossiliferous limestone with crinoid stems in the
southeasternmost part of the County, where it is
less than 2 feet thick.

In Pawnee County the Turkey Run ranges in
thickness from 1.5 to 3 feet. It is a relatively pure
carbonate mudstone (Greig, 1959, p. 41-42), but
insoluble components increase in percentage and
in grain size southward across Payne County
(Nakayama, 1955, p. 16). The Turkey Run lime-
stone apparently was not deposited south of the
middle of T. 15 N. in Creek County, whereas the
Lecompton Limestone was deposited as far south

as the North Canadian River in T. 11 N. (Oakes,
1959, p. 50).

Severy—Aarde Shale

The lowermost formation of what formerly was
referred to as the “Wabaunsee Group” is the Sev-
ery—Aarde Shale. It crops out locally along the
Cimarron River, Deer Creek, and several minor
creeks in northeastern Payne County but is ex-
posed primarily along a north—south belt in the
southeastern part of the County. The unit is 80 to
100 feet thick in the former area (pl. 2), but it thins
southward to less than 50 feet in the latter area
(Nakayama, 1955, p. 19).

The Severy—Aarde consists of a lower gray,
fossiliferous shale, a middle sandstone-bearing
section, and an upper part characterized by gray
and red shale. The lower shale is commonly 10 to
20 feet thick and contains crinoid stems and fusu-
linids. Sandstone units, which may number as
many as three, are generally fine grained and less
than 25 feet in total thickness. The upper var-
iegated shale is gray or bluish gray in its up-
permost part below the overlying Bird Creek
Limestone.

Bird Creek Limestone

In Payne County the Bird Creek Limestone is
generally exposed in the same area as the underly-
ing Severy—Aarde Shale. It forms the upper bench
of an east-facing escarpment in the southeastern
part of the County. The Bird Creek is generally a
single unit of dense, gray to dark-gray limestone,
1 to 9 feet thick. It is thickest in sec. 15, T. 19N, R.
6 E. (Fenoglio, 1957, p. 16) and in sec. 10, T. 18 N.,
R. 6 E. (Nakayama, 1955, p. 20). In the SW¥%, sec.
29, T.19N.,R. 6 E,, the limestone is approximate-
ly 4 feet thick and contains an interbed of shale.
Southward and northward from the area of best
development the limestone is uniformly thin
(Nakayama, 1955, p. 20; Greig, 1959, p. 49).

The percentages of sand and clay increase
southward, and local variegated colors are present
in the southern part of the outcrop area. The Bird
Creek is commonly fossiliferous, with fusulinids
and crinoid, brachiopod, and bryozoan fragments.

Winzeler—Soldier Creek Formation

The Winzeler—Soldier Creek Formation is a
sequence of shale and sandstone which is recogniz-
able only by its stratigraphic position between the
Bird Creek and Wakarusa Limestones. The
formation characteristically contains more shale
than sandstone. It is generally 60 to 80 feet thick,
although Nakayama (1955, p. 21) reports a thick-
ness of 95 feet for southeastern Payne County, and
Fenoglio (1957, p. 18) notes a range in thickness
from 30 to 100 feet. The shale units are red to gray;
the prominent sandstones are lenticular bodies as
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thick as 50 feet. The uppermost unit is generally a
gray shale, but interbedded coal, gray shale, and
fissile black shale are present below the overlying
Wakarusa in the bluff east of the Cimarron River
insec.2,T.18 N.,R.6 E.,and sec. 32,T.19N.,R. 6
E. (Nakayama, 1955, p. 22; Fenoglio, 1957, p. 22).
Also present locally insec. 2, T.19N,,R.6E,,isa
very thin limestone bed, a feature of the Winzeler—
Soldier Creek in Pawnee County (Greig, 1959, p.
51). There, the limestones contain a sparse fauna
In northeasternmost Payne County one gastro-
pod is reported from a sandstone (Fenoglio, 1957,
p. 20). The name Hallett formation has been used
informally for the subsurface equivalent of the
Winzeler—Soldier Creek in this area.

Wakarusa Limestone

Escarpments or benches are commonly formed
by the Wakarusa Limestone in eastern Payne
County, where it averages 6 feet in thickness. The
range in thickness is approximately 3 to 8 feet.
The limestone is thin bedded and includes some
interbedded shale. Fusulinids, crinoids, bryo-
zoans, brachiopods, a coral, and a trilobite con-
stitute the fauna (Nakayama, 1955, p. 22; Fenog-
lio, 1957, p. 23). The Wakarusa is commonly gray,
but mottled maroon and gray are present as super-
ficial colors in parts of T. 19 N.

Auburn Shale

In Payne County the Auburn Shale, between
the Wakarusa Limestone and the Reading Lime-
stone Member of the Emporia Limestone, ranges
from 20 to 80 feet in thickness. The shale is thin-
ner in the northeastern part of the County than in
the area to the south (Nakayama, 1955, p. 22),
west (B-B' and E-E’, pl. 2), and north (Greig,
1959, p. 55). The Auburn consists of red to gray
shale units and lenticular sandstones. Sandstone
is commonly well developed in the lower part of
the shale. An upper sandstone developed in the
Yale area trends westerly. A clayey limestone in
the middle part of the Auburn in sec. 16, T. 19 N,
R. 6 E., is less than a foot thick and contains
abundant fossil fragments (Fenoglio, 1957, p.|24).
The uppermost shale unit commonly is gray to
dark gray.

Emporia Limestone

The Emporia Limestone consists of the Reading
Limestone Member at the base, the Harveyville
Shale Member, and the Elmont Limestone Mem-
ber at the top. Its thickness ranges from approx-
imately 25 feet in the northeastern part of Payne
County to as much as 65 feet in the southeastern
part (Nakayama, 1955, p. 24-25). In Pawnee
County, Greig (1959, p. 56) reports that the aver-
age thickness of the Emporia is 90 feet.

Reading Limestone Member—In Payne Coun-
ty, the Reading is a thin, poorly developed lime-

stone less than 2 feet thick. It may be gray or
mottled gray and maroon in color, and locally is
nodular or conglomeratic. The Reading is abun-
dantly fossiliferous; fusulinids, crinoid fragments,
bryozoans, brachiopods, pelecypods, gastropods,
and wood fragments were noted by Nakayama
(1955, p. 24) and Fenoglio (1957, p. 26). Greig
(1959, p. 56-57) reported that the Reading is 15 to
26 feet thick in Pawnee County, where it consists
of a lower mottled red and gray-green limestone
bed, a middle unit of red and gray shale with thin
limestones and (or) sandstones, and an upper gray
fusulinid limestone. The Reading, as mapped in
Payne County, may not represent just one bed, but
rather several very thin lenses which formed at
approximately the same stratigraphic position.

Harveyville Shale Member —The Harveyville is
a sequence of shale and sandstone, with locally
developed thin limestones. It is approximately 20
feet thick in northeastern Payne County and as
much as 60 feet thick in the southeast, where a
thin nodular limestone with crinoid debris and
bryozoans is rather persistent (Nakayama, 1955,
p. 24-25). Generally, gray shale is present north of
units of gray and red shale. Lenticular sandstones,
most commonly less than 10 feet thick, are de-
veloped at various positions within the Harvey-
ville. The section is sparsely fossiliferous, except
for the thin limestone in the south and the lower
part of the member in sec. 14, T. 19 N,, R. 5 E,,
where fusulinids, crinoid fragments, bryozoans,
brachiopods, and pelecypods were noted by Fenog-
lio (1957, p. 29).

Elmont Limestone Member.—In northeastern
Payne County the Elmont consists of two lime-
stone units, each less than 2 feet thick, and an
intervening shale; the total thickness here is
about 10 feet. In the southeast, the Elmont is rep-
resented by a single limestone unit about 2 feet
thick, which generally is composed of two beds.
According to Nakayama (1955, p. 25), the Elmont
is an 8-foot unit of arenaceous limestone in sec. 12,
T.18 N, R.5E.

The lower limestone unit in the northeast is
generally lighter colored than the upper unit, and
it may be mottled red and gray. Limestones of the
Elmont are fossiliferous; fusulinids, crinoid frag-
ments, bryozoans, and pelecypods were noted by
Nakayama (1955, p. 26) and Fenoglio (1957, p.
30-31). In Pawnee County, the lower limestone
unit and associated shale of the 25-foot-thick
Elmont contain abundant fusulinids.

Gano Shale

The Gano Shale is a shale-sandstone sequence
which ranges in thickness from 50 to 60 feet on
outerop to approximately 125 feet in the shallow
subsurface (pl. 2). Shale beds are generally red
and (or) gray. The prominent units of the Gano are
an argillaceous, nodular limestone (IPga-40),
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which contains abundant myalinid-type pelecy-
pods, and a sandstone, which occurs in the lower
part of the shale in the Yale-Norfolk area (fig. 3).
The limestone, generally less than 3 feet thick, is
15 to 25 feet below the Grayhorse Limestone
(Nakayama, 1955, p. 27; Fenoglio, 1957, p. 33). In
northeastern Payne County, the limestone is un-
derlain by a thin coal, which Fenoglio (1957, p.
32-33) correlates with the Larton coal in the
French Creek Shale of Kansas. The abundant
myalinid-type pelecypods are present above the
coal. Other fossils in the limestone include crinoid
fragments, bryozoans, brachiopods, pelecypods,
gastropods, and cephalopods (Nakayama, 1955, p.
27; Fenoglio, 1957, p. 34).

Figure 3. Sandstone inlower part of Gano Shale in eastern
part of Yale, showing prominent medium-scale cross-
bedding.

The sandstone overlying the Elmont is fine
grained and crossbedded; it ranges from 10 to 15
feet in thickness. Medium-scale crossbedding in-
dicates a paleocurrent direction of N. 10° E. Both
limestone and sandstone units are developed
locally at other stratigraphic positions within the
Gano. Because of the presence of coal, the Gano
exhibits more of a cyclic sequence than other
Pennsylvanian formations in Payne County.

Grayhorse Limestone

The Grayhorse Limestone, the Pony Creek
Shale, and the Brownville Limestone had pre-
viously been considered members of the Wood Sid-
ing Formation in northeastern Payne County,
where the unit is rather prominent. The thickness
ranges from 30 to 10 feet, and the thickest section
isin the SEVisec. 15, T. 19 N, R. 5 E. South of the
Cimarron River the thickness is generally 1 foot, a
characteristic value also for northeastern Lincoln
County (West, 1955, p. 21).

The Grayhorse is a light-gray, fossiliferous
limestone. North of the Cimarron River, fusuli-
nids are abundant; south of the river the unit is
sandy and contains numerous crinoid stems (fig.
4). The Grayhorse also contains corals, bryozoans,
brachiopods, pelecypods, and gastropods.

Figure 4. Grayhorse Limestone in northeasternmost part
of sec. 16, T. 19 N, R. 5 E., overlying thin shale and
sandstone. The limestone contains abundant fusulinids.

Apparently the Grayhorse and Brownville were
inaccurately defined in Pawnee County by Greig
(1959, p. 62-71), who designated the myalinid-
bearing limestone in the Gano Shale as the
Grayhorse and the fusulinid-bearing Grayhorse
Limestone Member as the Brownville.

Pony Creek Shale

This formation generally is composed of shale
and lenticular sandstone units, along with a thin
limestone lens locally. The thickness is approx-
imately 45 feet in northeastern Payne County
(Fenoglio, 1957, p. 37) and 70 feet in the southeast-
ern part of the County (Nakayama, 1955, p. 30).
The shale is gray and red, with red being more
common southward. A 4-foot conglomerate with
clay and carbonate pebbles is present in the upper
part of the Pony Creek in the NEVasec. 2, T. 19 N.,
R. 5 E. Fossils in the limestone lenses include
fusulinids, crinoid fragments, bryozoans, and
brachiopods.

Brownville Limestone

The thin Brownville Limestone is poorly ex-
pressed topographically. The best exposure is an
outlierinsec. 1, T. 19 N, R. 5 E., where the unit is
a gray, coarsely crystalline limestone (Fenoglio,
1957, p. 42). Elsewhere, it is mottled gray and red,
with some limonite stain and nodules. The Brown-
ville is commonly 1 foot thick, but in the NW¥4 sec.
22, T.19 N,,R. 5 E,, it is 11 feet thick and has an
intraformational conglomerate at the top. In sec.
21, T. 18 N., R. 5 E,, three thin limestones are
interbedded with gray shale in a section 3 feet
thick. The limestone contains various fossils:
fusulinids, crinoid fragments, bryozoans,
brachiopods, pelecypods, and gastropods were
noted by Nakayama (1955, p. 31) and Fenoglio
(1957, p. 43). :
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Admire Shale

In Payne County the Admire Shale is a se-
quence of red and gray shale, lenticular sandstone
units, and thin limestone lenses. Nakayama
(1955, p. 32) and Fenoglio (1957, p. 45) indicate
that the Admire is less than 100 feet thick on
outcrop, but it is approximately 150 feet thick in
the shallow subsurface (pl. 2). Generally, it is
poorly exposed on the slopes east of the prominent
escarpments or benches formed by the overlying
limestones. Stratigraphically, the Admire lies be-
tween the Brownville Limestone and the overly-
ing Americus Limestone. Fenoglio (1957, p. 44—
45) mistakenly considered the Americus Lime-
stone as the Five Point Limestone Member of the
Admire Shale, which is not recognized in Payne
County. That error in correlation resulted in
many errors in designations of units in the upper
part of the Vanoss Group.

Sandstone is prominent in the lower part of the
Admire. A crossbedded conglomerate is developed
in the lowermost part of the formation in sec. 7, T.
18 N,,R. 5 E. (Nakayama, 1955, p. 32). The fauna
of limestone lenses includes brachiopods and
pelecypods.

Foraker Limestone

The Foraker Limestone is composed of the
Americus Limestone Member, the Hughes Creek
Shale Member, and the Long Creek Limestone
Member, in ascending order. It is approximately
55 to 70 feet thick in Payne County. The Foraker is
60 to 70 feet thick in Pawnee County (Greig, 1959,
p. 79).

Americus Limestone Member.—This member is
about 6 feet thick in the northern part of Payne
County, where it is represented by bluish-gray
fossiliferous limestone commonly interbedded
with shale; in the south, it is only 1 foot thick. The
Americus is tentatively considered as one
arenaceous limestone bed in the southernmost
part of Payne County and the adjoining part of
Lincoln County (West, 1955, p. 26). In southern
Pawnee County, the Americus is 8 feet thick and is
composed of two limestones and interbedded shale
(Greig, 1959, p. 80-81). The Americus fauna in
Payne County consists of crinoid fragments, bryo-
zoans, brachiopods, pelecypods, gastropods, and a
shark tooth (Nakayama, 1955, p. 36: Fenoglio,
1957, p. 47).

Hughes Creek Shale Member—Gray and red
shale units and sandstone bodies compose the
Hughes Creek Shale Member, which is generally
40 to 50 feet thick. The shale overlying the Amer-
icus locally contains pelecypods and a shark tooth
in southeastern Payne County (Nakayama, 1955,
p. 36); a fissile black shale with carbonaceous ma-
terial is present at the top of a prominent sand-
stonein sec. 16, T. 19N, R. 5 E. (Fenoglio, 1957, p.

45). Gray shale is common directly below the over-
lying Long Creek Limestone Member. In the Twin
Mounds area, the Hughes Creek contains a prom-
inently exposed fine-grained sandstone, which
exhibits upward fining, parting lineation,
crossbedding, and convolute bedding. Directional
features in the sandstone indicate an average
paleocurrent direction of N. 10° W.

Long Creek Limestone Member.—Across Payne
County the Long Creek Limestone Member con-
sists of lower and upper limestones and an inter-
vening shale. The limestones are similar in lithol-
ogy and thickness. The member is 10 to 15 feet
thick, and each limestone is generally 2 feet or less
in thickness. Both limestones are dense, fossilifer-
ous, and light to dark gray. The lower part of the
lower unit is arenaceous, and the upper part is
conglomeratic. In parts of sec. 16, T. 19N, R. 5 E,
the lowest bed of the unit is a calcareous sand-
stone. Fusulinids are present in the upper lime-
stone, which also contains a 2-inch coal bed in
parts of southeastern Payne County (Nakayama,
1955, p. 37). Shale between the two limestones is
generally light gray and fossiliferous. A thin sand-
stone is present in the upper part of the shale in
sec. 17, T. 19 N,, R. 5 E. In addition to fusulinids,
fauna of the Long Creek consists of crinoid frag-
ments, bryozoans, brachiopods, pelecypods, gas-
tropods, and a trilobite (Nakayama, 1955, p. 37—
38; Fenoglio, 1957, p. 48, 50, 52-53).

Johnson Shale

The Johnson Shale is 40 to 60 feet thick and is
composed of red and gray shales with lenticular
sandstones. Exposures of the shale both in Payne
County and in Pawnee County (Greig, 1959, p. 86)
commonly are characterized by slumping. Shale
beds directly above the Long Creek and directly
below the overlying Red Eagle Limestone are
gray, whereas most of the other shale units are
red. Sandstone units increase in prominence
southward and are generally thin, but a sandstone
exposed along the Cimarron River is as thick as 20
feet (Nakayama, 1955, p. 38). Fusulinids in a
nodular limestone lens are the only fossils noted in
the Johnson Shale.

Red Eagle Limestone

The Red Eagle Limestone forms prominent es-
carpments across Payne County as it increases in
thickness southward from 6 to 11 feet. On the
outcrop, it appears as dark-gray, medium-
crystalline, fossiliferous limestone beds with in-
terbedded zones of very finely crystalline lime-
stone (fig. 5). The limestone is locally dolomitic,
and south of the Cimarron River it is red in color.
The very finely crystalline zones contain abun-
dant fusulinids. Other fossils that characterize the
unit are crinoid fragments and brachiopods.



















































































































































































































































