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PREFACE

The information made available to the people of the State in
this bulletin summarizes the data gathered by geologists in ap-
proximately twelve man-years of field work and of twenty-five
man-years of laboratory work, drafting and writing. Dr. Huff-
man devoted seven field seasons to the project and he directed
26 Master of Science theses in the area. Dr. Hugh D. Miser spent
weeks in the field with Dr. Huffman and his students,

The detailed mapping shown on the plates, the numerous
measured sections, and the precise stratigraphic material here pre-
sented are certain to be vital to development of limestone resources
and of ground-water supplies and to be widely used in further
search for petroleum and natural gas in the region. Careful funda-
mental research of this type is needed as an aid to industrial ex-
pansion in all parts of Oklahoma.

Carr C. BRANSON
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GEOLOGY OF THE SOUTH AND WEST FLANKS
or THE OzArxk UPLIFT,

NORTHEASTERN OKILAHOMA
By
Georce G. HurrMan et al.

Junior authors include Clyde G. Beckwith, Jr., James ¥. Bollman,
Robert Branson, Clemens P. Brauer, Philip Chandler, Harry
Christian, Norman DeGraffenreid, George Dobervich, Marvin
Douglass, Donald G. Harris, Thomas Wayne Hurt, Frank D. Kozak,
Ralph L. Lauderback, Thomas McBryde, Earl Lee Mills, Heolland
Mondy, Clarence Powell, Allen G. Siemens, I. D. Simpson, Edward
T. Smith, Jr., Elvis Snodgrass, R. C. Slocum, and Lester E. Stafford.

ABSTRACT

Northeastern Oklahoma lies on the southwestern flank of the
Ozark Uplift, a broad, asymmetrical dome which occuples an area
of approximately 40,000 square miles in Missouri, Arkansas, and
Oklahoma. Portions of Ottawa, Craig, Delaware, Mayes, Wagoner,
Muskogee, Cherokee, Adair, and Sequoyah Counties are included.

The Oklahoma Ozark Area lies in the drainage basin of the
Arkansas River. The northern portion is drained by the Grand
River which enters the Arkansas near Fort Gibson. The southern
part is drained by Bayou Manard, Boudinot Creek, Greenleaf Creek,
Cedar Creek, Illinois River, Vian Creek, Sallisaw Creek, and Liee
Creek.

The rocks exposed at the surface in the Oklahoma Ozarks
range in age from Precambrian to Middle Pennsylvanian. Locally
these are overlain by a thin veneer of terrace gravels and alluvium.

The Precambrian Spavinaw granite is overlain by the Lower
Ordovician Cotter dolomite in the vicinity of Spavinaw. In the
southern part of the area, the Cotter is succeeded by the Burgen
sandstone, Tyner shales and dolomite, Fite limestone, Fernvale lime-
stone, and Sylvan shale of Ordovician age. Upper Ordovician
Sylvan shale is overlain unconformably by the St. Clair limestone
of Silurian age, which is in turn succeeded by the Frisco limestone
and the Sallisaw sandstone and chert of Devonian age.

Devonian, Silurian, and Ordovician units are beveled northward
by unconformity and are overlapped by the Chattanooga black
shale and the basal Sylamore sandstone member (Late Devonian
or Early Mississippian) which lie on the Sallisaw formation near
Marble City and on the Cotter near Spavinaw.

The succeeding Osagean series, frequently referred to as the
“Boone chert’’, includes the St. Joe, Reeds Spring, and Keokuk.
The Qsagean is overlain unconformably by various lithiec units of
Moorefield and Hindsville age. The Hindsville limestone is overlain
by the Fayetteville black shale and Pitkin limestone of Upper Mis-
sissippian age. Lower Pennsylvanian strata include the Hale and
Bloyd formations; the overlying Atoka is assigned to the Middle
Pennsylvanian, Atoka series. Succeeding units of Desmoinesian age

1



2 ABSTRACT

truncate the Atoka northward in Mayes, Craig, and Ottawa Coun-
ties.

The formations strike in an arcuate pattern and dip away from
the axis of the uplift, toward the west in the northern part and to
the southwest and south in the southern part of the area. The gen-
eral regional dip of 25 to 50 feet per mile is interrupted by a series
of northeast-trending folds and faults whose alignment is roughly
parallel to the axis of the Ozark uplift. Steeper dips are associated
with beds in proximity to major faults.

The principal structural features in the Ozark Uplift of north-
eastern Oklahoma include the Miami syncline, Seneca graben, Horse
Creek anticline, Whiteoak Creek fault (new), Locust Grove fault, Lost
City fault (new), Clear Creek fault, Fourteenmile Creek fault, Gif-
ford fault (new), Double Spring Creek fault, Hulbert fault, Tahle-
quah fault, South Muskogee fault, Qualls-Welling fault, Greenleaf
Lake fault (new), South Qualls fault (new), Barber fault (new),
North Cookson fault, South Cookson fault (new), Wauhillau fault
(new), Blackgum fault, Red Springs fault (new), Linder Bend fault
(new), Webber’s Cove fault (new), Cedar Creek fault (new), Marble
City fault, Lyons fault, Church fault, Little Lee Creek fault (new),
Evansville fault, the North and the South Davidson faults and the
Baron graben (new). The location and trend of these are indicated.
Stratigraphic displacement on the major faults varies from a few feet
to over 700 feet.

Structural development in northeastern Oklahoma is closely
associated with the development of the Ozark geanticline, which
underwent successive submergences and emergences during Paleo-
zoic time. Southward tilting in pre-Chattanooga time is indicated
by northward truncation of older units and overlap by the Chatta-
nooga black shale, which rests on Devonian near Marble City and
Lower Ordovician near Spavinaw. Renewed southward. tilting in both
pre-Hale and pre-Atoka time is indicated by northward truncation
of the Pitkin and Bloyd formations respectively.

Final deformation took place during Pennsylvanian time. The
folds and faults are post-Atoka and pre-Tiawsah in age (early Senora)
mndicating deformation during Desmoinesian time. Parallelism of the
folds and faults in this area with those in the Arkansas Valley syn-
cline suggests a genetic relationship. It is believed that the defor-
mation in this area is largely of a tensional nature caused by the
stretehing of the rock layers across the end of the positive Ozark
structure during the loading of the McAlester Basin in Middle
Pennsylvanian time, following the relaxation of the forces which
deformed and thrust the Ouachita Mountains to the south.

The most important economic products are limestone, gravel,
ground-water and hydroelectric power. Minor amounts of coal,
building stone, tripoli, lead and zine, phosphate, and asphaltic sand-
stone are present. Oil and gas prospects are summarized.



INTRODUCTION

Scope and purpose of investigation: This report is the result
of a coordinated project under the joint sponsorship of the Okla-
homa Geological Survey, the United States Geological Survey,
and the School of Geology, University of Oklahoma. The project
was designed to provide detailed information for the new state
geological map of Oklahoma, and to study in detail large areas
which are now flooded by the Fort Gibson and Tenkiller Ferry
Reservoirs on the Grand and Illinois Rivers. In addition, several
pertinent stratigraphic problems involving Mississippian  strata
and their correlations with the rocks in the Arbuckle region added
impetus to the academic phase of the study.

The primary objectives of the study include: (1) detailed in-
vestigation and mapping of pre-Atokan units, (2) measurement
and description of typical stratigraphic sections, (3) collection and
identification of faunas from each lithic unit, (4) careful map-
ping and interpretation of structural relationships, and (5) a gen-
eral appraisal of economic products associated with the rock units.

Location and Description of Area: The area under investiga-
tion comprises approximately 1,675 square miles on the south
and west flanks of the Ozark Uplift in northeastern Oklahoma.
It includes an arcuate belt from the Oklahoma-Arkansas boundary
westward to the Arkansas River near Gore, thence northward to
the vicinity of Vinita, extending from the north line of T. 12 N,
into T. 26 N. and covering parts of Rs. 19 through 27 E. Portions
of Adair, Cherokee, Sequoyah, Muskogee, Wagoner, Mayes, and
Craig Counties are included (Figure 1).

History of previous investigations: According to Drake (1897,
p. 327) Nuttall made several excursions into this region during
his memorable travels in castern Oklahoma. He recorded his
trips up the Arkansas River to the Verdigris River, a trip up
Grand River to the salt springs (near Chouteau), and short ex-
cursions in the vicinity of Sallisaw and Lee Creeks.

The first notable work of geologic nature in northeastern
Oklahoma was by Drake (1897). He discussed the general strati-
graphy and structure of the area and made a sketch map showing
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the approximate position of the Mississippian-Pennsylvanian con-
tact.

In 1903, Major G. D. Fitzhugh investigated the economic
possibilities of the St. Clair limestone for the Kansas City South-
ern Railroad and prepared a report for that organization (Ham,
1943, p. 3). The Tahlequah and Muskogee Quadrangles were
mapped by Taff and the geologic folios describing these areas were
published in 1905 and 1906. The Wyandotte Quadrangle was map-
ped by Siebenthal (1907) and Ohern mapped the Vinita Quad-
rangle (1914). As a result of his work in the Wyandotte Quad-
rangle and adjoining areas, Siebenthal (1907) published a paper
entitled “The Mineral Resources of Northeastern Oklahoma”..

Snider (1912) published a preliminary report on the lead and
zinc resources of the state. This was followed (1915) by a com-
prehensive report on the geology of northeastern Oklahoma with
emphasis on the Chester group and its fauna.

Mather (1915) published a detailed report on the fauna of
the “Morrow Group” in which he included numerous forms col-
lected from northeastern Oklahoma.

The subsurface stratigraphy of northeastern Oklahoma was
discussed by Aurin, Clark, and Trager (1921). Schuchert (1922)
discussed the faunas of certain “unmapped Devonian” units near
Marble City and Gould (1925) included the Ozark Mountain
section and the Carboniferous of northeastern Oklahoma in “Index
to the Stratigraphy of Oklahoma”.

Buchanan (1927) discussed the distribution and correlation of
the Mississippian of Oklahoma. As a part of a series of articles
entitled “Oil and Gas in Oklahoma” published by the Oklahoma
Geological Survey (1930), Ireland summarized the geology of
Ottawa, Delaware, and Craig Counties; Cram reviewed the geology
of Cherokee and Adair Counties; and the geology of northern Se-
quoyah County was included in a report by Stone and Cooper.

The “Geology of the Miami-Picher Zinc and Lead District”
was published by Weidman (1932) and a careful study of the
Tri-State District was completed by Fowler and Lyden (1930).

From 1930 to 1934, Cline made extensive studies on the “Osage
formations of the Southern Ozark Region, Missouri, Arkansas,

and Oklahoma”. This was followed by Laudon (1939) with his
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work on the “Osage subseries of Northeastern Oklahoma”.

The Pennsylvanian stratigraphy of the Muskogee-Porum Dis-
trict of Muskogee and McIntosh Counties was studied by Wilson
and Newell (1937). They divided the Atoka formation into sev-
eral prominent sandstone members separated by unnamed shales.

In 1943, the Oklahoma Geological Survey (Ham, et al.) issued
a mineral report on the St. Clair limestone near Marble City.
The same year, members of the survey investigated the relation-
ship of the Spavinaw granite and the overlying Cotter dolomite
near Spavinaw, Oklahoma, and made possible more precise dating
of the igneous mass (Ham and Dott, 1943).

Studies by Moore (1947) resulted in the extension of the Ar-
kansas subdivisions of the Morrow series into northeastern Okla-
homa. Laudon (1948) reviewed the Mississippian relations in the
Ozark area, comparing and contrasting them with conditions in
other parts of North America.

Since June 1949, graduate students working with the senior
author have completed several theses in this area. These include
those by Beckwith (1950), Bollman (1950), Branson (1952),
Brauer (1952), Chandler (1950), Christian (1953), DeGraffenreid
(1951), Dobervich (1951), Douglass (1951), Hurt (1951), Kozak
(1951), Lauderback (1952), McBryde (1952), Mills (1951), Mondy
(1951), Powell (1950), Siemens (1950), Simpson (1951), Smith
(1952), Slocum (1954), Snodgrass (1951), and Stafford (1951).
The results of these have been summarized by the senior author
(1951, 1953). Published theses include those by Brauer (Shale
Shaker (1952), Douglass (Tulsa Geol. Soc. Digest 1952), Simp-
son (Tulsa Geol. Soc. Digest 1952), and DeGraffenreid (Shale
Shaker 1952).

Additional studies of a closely related nature have been com-
pleted by Speer in Ottawa County (1951), by Gore in the Spavinaw,
Salina, and Spring Creek Areas of Mayes, Cherokee, and Dela-
ware Counties (1952), and by Montgomery (1951) along the
Illinois River. Stratigraphic studies of pre-Osagean units from
the vicinity of Flint (sec. 24, T. 20 N. R. 24 E.) to Qualls (sec.
35, T. 15 N,, R. 21 E.) were made during the summer of 1952 by
John Graves (unpublished report). Mapping and differentiation
of post-Boone rocks in portions of Delaware and northern Adair
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Counties were made by Slocum (1955). Comparison of Meramec
and lower Chester strata in Oklahoma with those in southwestern
Missouri and northwestern Arkansas were recently completed

(Harris, 1956).
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GEOGRAPHY

Climate: Northeastern Oklahoma is in a belt of warm, humid,
continental-type climate. Wide seasonal variations are character-
istic. The summer months are warm with temperatures fre-
quently reaching 100 degrees and with an average of about 78
degrees. The winters are usudlly mild although zero temperatures
and blizzards are not uncommon. The average winter tempera-
ture is about 38 degrees. The annual rainfall is approximately 40
inches and the growing season is about 200 days.

Cities and towns: The western edge of the area under dis-
cussion is located approximately 35 miles east of Tulsa and the
southwestern corner is near Muskogee. The area includes within
its boundaries four county seat towns, several villages, and numer-
ous rural communities with the typical country store, filling sta-
tion, and school.

The larger of the towns serve as the county seats of govern-
ment. These are Vinita, county seat of Craig County with a
population of 5,518; Pryor, the county seat of Mayes County with
4,486 inhabitants; Tahlequah, county seat of Cherokee County
with a population of 4,750; and Stilwell, county seat of Adair
County with 1,813, Wagoner, county seat of Wagoner county
(population 4,395) 1s located three miles west of the western edge
of the area and Sallisaw, county seat of Sequoyah County, lies
several miles to the south (population 2,885).

Smaller towns include Ketchum (254), Langley (204), Pen-
sacola (48), Strang (201), Spavinaw (213), Salina (905), Adair
(299), Locust Grove, (730), Hulbert (approximately 300), Fort
Gibson (1,496), Braggs (374), Marble City (385). Rural com-
munities include Qualls, Blackgum, Gideon, Pettit, Barber, Cook-
son, Welling, Wauhillau, Bidding Springs, Baron, Lyons, Murphy,
and Bunch.

Roads and Railroads: Northeastern Oklahoma is traversed by
several state and federal highways. Secondary roads are in poor
condition and in general are unsurfaced. In the northern por-
tions of the area, as in Mayes and southern Craig Counties, sec-
ondary roads follow the section lines and are numerous. In east-
ern Wagoner, Cherokee, Adair, and northern Sequoyah Counties,
secondary roads follow the stream valleys, are few, and are in a
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poor state of repair.

The main north-south highways which serve this area are
(1) Highway 69 from Muskogee to Vinita, paralleling the western
border, (2) Highway 82 from Vian to Tahlequah along the east
side of Tenkiller Ferry Reservoir, thence northwestward to Locust
Grove, Spavinaw, Langley and the junction with highways 60,
66, and 69 east of Vinita, and (3) Highway 59 from Sallisaw
through the eastern part of the area through Stilwell and Baron.
The new northeast turnpike from Tulsa to Joplin cuts across
the northwest corner of the area.

East-west roads include (1) Highway 62 which connects
Muskogee, Fort Gibson, Tahlequah, and Westville; (2) Highway
51 from Wagoner to Hulbert, Tahlequah and Stilwell; (3) High-
way 33 from Chouteau to Locust Grove, thence eastward to Siloam
Springs, Arkansas; (4) Highway 28 from Adair to Pensacola
and Langley; (5) Highway 20 from Pryor to Spavinaw; and
(6) Highways 60, 66, and 69 from Vinita eastward across southern
Craig County.

Five railroads service the area. These are (1) St. Louis and
San Francisco (Frisco), which passes through Vinita from Tulsa
to St. Louis; (2) Missouri, Kansas and Texas, which connects
Muskogee, Wagoner, Chouteau, Pryor, and Vinita; (3) Kansas,
Oklahoma, and Gulf, which connects Muskogee, Fort Gibsen,
Okay, Wagoner, Murphy, Locust Grove, Salina, Strang, and Ket-
chum; (4) Missouri Pacific, which enters the area at Wagoner,
passes through Okay, Fort Gibson, and Braggs, paralleling the
Arkansas River; and (5) Kansas City Southern, which connects
Sallisaw, Marble City, Bunch, Stilwell, and Baron.

Industries: The principal industry in northeastern Oklahoma
is agriculture. The type and products depend upon the topography
and soil. Excellent crops are grown in river bottoms and on the
relatively flat surface which extends from near Pryor to Vinita and
beyond. Principal products include wheat, corn, and hay. In
Cherokee and Adair Counties, where the topography is rugged,
the growing of strawberries on the chert-covered hills and the rais-
ing of vegetables in the valleys constitute the important agricul-
tural crops. A canning factory at Stilwell processes fruits and vege-
tables from this region.
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Cattle raising is an important industry with individual herds
varying from a few range cattle to several hundred head. Some
dairying occurs in the Pryor and Vinita areas.

Lumbering and quarrying constitute important industries,
especially in the southeastern portion of the area. Large con-
struction. projects as Fort Gibson and Tenkiller Ferry Dams have
provided work for many local inhabitants. During the war, the
Oklahoma Ordnance Plant located southeast of Pryor employed
several hundred people. Today, several new industries including
a paper mill, a wall-board factory, and an implement company are
located southeast of Pryor where water and electrical power are
available through the Grand River Dam Authority.

Development of the Tenkiller Ferry, Fort Gibson, and Grand
Lake areas for recreational purposes has increased greatly the num-
ber of tourists, vacationists, and sportsmen who visit this area and
as a result, there is increased demand for grocery stores, cafes,
motels, and boat concessions.

PHYSIOGRAPHY

Physiographic Setting: The Ozark Uplift is a broad, asym-
metrical dome which occupies an area of approximately 40,000
square miles in Missouri, Arkansas, and Oklahoma. It is bounded
on the southwest by the Mississippi Lowlands, on the south by the
Arkansas Valley, on the west and northwest by the Prairie Plains
homocline. The axis trends northeast-southwest, passing through
the St. Francis Mountains of eastern Missouri and plunging south-
westward into northeastern Oklahoma.

The Ozark Region can be subdivided into three physiographic
provinces, the Salem Platform carved on Ordovician and older
rocks; the Springfield Structural Plain underlain largely by rocks
of Mississippian age, especially the Boone chert and limestones; and
the Boston Mountains, a dissected plateau capped by sandstone
strata of early and middle Pennsylvanian age.

The Ozark Uplift extends into northeastern Oklahoma, in-
cluding much of Ottawa, Delaware, Mayes, Wagoner, Muskogee,
Cherokee, Adair, and Sequoyah Counties. Its western boundary
coincides with the position of the Grand and Spring Rivers and
their east flowing tributaries and the southern boundary is roughly
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the northern side of the Arkansas River Valley. Westward, the
strata pass beneath the gently dipping beds of the Prairie Plains
homocline and southward beneath the Arkansas Valley syncline.

Topography and Drainage: The northern threefourths of the
area under investigation is in the Springfield Structural Plain with
a small portion west of the Grand River extending into the
Prairie Plains Province. The southern one-fourth lies in the Boston
Mountain Plateau.

The topography of the Springfield Plain is that of a deeply
dissected plateau. The upland surface formed on the cherts and
limestones of the “Boone formation” is characterized by flat divides
separated by deep, V-shaped stream valleys. A characteristic den-
dritic drainage pattern is formed.

West of the Grand River, thin Upper Mississippian and Penn-
sylvanian beds dip gently to the west to form the Prairie Plains
homocline. Here the surface is gently rolling with low, east-facing
escarpments and isolated buttes capped by resistant sandstone.
Obsequent and subsequent drainage is developed by the eastward
flowing tributary streams.

South of the Springfield Structural Plain is a narrow belt of
rugged topography of the Boston Mountain Plateau, Here a series
of northeast trending faults separates the area into prominent
fault blocks with steep escarpment faces and gentle dip slopes
capped by the resistant sandstones of the Atoka. Stream dissection
has cut deep valleys through the ridges while major drainage
lines are developed in the softer shales and limestone valleys
paralleling the faulting.

The entire region lies in the drainage basin of the Arkansas
River. The northern portion is drained by the Grand River, which
is formed by the confluence of the Neosho and Spring Rivers near
Wyandotte in Ottawa County and which flows southward into
the Arkansas River near Fort Gibson. The Grand River is a mature
stream with a broad, fertile floodplain. West flowing tributaries
of the Grand River, including Lost Creck, Cowskin (Elk) River,
Honey Creck, Sycamore Creek, Spavinaw Creek, Salina Creek,
Spring Creek, Big Hollow Creek, Clear Creek, Fourteenmile Creek,
Hickory Creek, Ranger Creek, and Flower Creek, flow across the
limestones and cherts of the Osage series. They are typically
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spring-fed and remarkably clear. From the west, the Grand River
receives the waters of Cow Creek, Coal Creck, Hudson Creek, Horse
Creek, Cabin Creek, Pryor Creek, Wolf Creek, Cole Creek, Brush
Creek, Cat Creek, and Flat Rock Creek. These streams flow across
the sandstones and shales of the Fayetteville, Atoka, and McAlester
formations. They are sluggish, muddy, intermittent, and flow in
channels only slightly below the general level of the land sur-
face.

The southern and southeastern portions of this area are
drained by Bayou Manard, Boudinot Creek, Greenleaf Creek,
Cedar Creek, the Illinois River, Vian Creek, Sallisaw Creek, and
Lee Creck. Main tributaries of the Illinois River include Flint
Creek, Barren Fork, Caney Creek, Tahlequah Creek, Parkhill
Creek, Hog Valley Creek, Dry Creek, Elk Creek, Signboard Creek,
Burnt Cabin Creek, Salt Creek, Terrapin Creek, Linder Bend
Creck, Swimmer Creek, Moonshine Hollow Creck, and Deep
Branch Creek. The drainage pattern is well adjusted to the struc-
tural control.

Relief and Elevations: 'The maximum relief in this area is
approximately 1,300 feet. Highest elevation of 1,750 feet is on the
north end of Bugger Mountain (sec. 11, T. 16 N, R. 26 E.). Other
points of maximum elevation include Sugar Mountain (sec. 28,
T. 16 N., R. 23 E.) which is 1,200 feet; 1,550 feet in the southwest
corner of Adair County, and 1,700 feet on Ross Mountain on the
Oklahoma-Arkansas boundary. The lowest point of 450 feet is
along the Arkansas River, sec. 34, T. 13 N.,, R. 20 E.

The surface of the Springfield Platcau slopes to the west,
southwest, and south. In general, the valleys have been cut 200
to 300 feet below the general level while outliers and ridges rise
250 to 400 feet above the Boone surface.

Relief in the Boston Mountain Plateau is greater where valleys
300 to 500 feet deep are not uncommon. Tilting of fault blocks
gives a stairstep effect, resulting in long, high, narrow ridges
capped by gently dipping strata.

West of the Grand River, the relief is low and the surface
gently undulating.
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STRATIGRAPHY

General Statement

The rocks exposed at the surface over this area range in age
from Precambrian, represented by the Spavinaw granite, to Middle
Pennsylvanian Atoka, Hartshorne and McAlester formations.
Locally these are overlain by a thin veneer of terrace gravels and
alluvium of Pleistocene and Recent age (see figure 2).

The Precambrian is overlain unconformably by the Lower
Ordovician Cotter dolomite near Spavinaw (T. 22 N., R. 22 E.).
In the subsurface of Ottawa County (to the northeast) nearly
1,500 feet of Cambrian and Lower Ordovician strata intervene
(Ireland, 1944). The Cotter is exposed near Qualls (Cherokee
County) in sec. 35, T. 15 N, R. 21 E. where it is succeeded by the
Burgen sandstone, Tyner shale and dolomite, Fite limestone,
Fernvale limestone, and Sylvan shale, all of Ordovician age. Late
Ordovician Sylvan shale is overlain unconformably by the St.
Clair limestone of Silurian age, which is succeeded by the Frisco
limestone and the Sallisaw formation of Devonian age.

Devonian, Silurian, and Ordovician units are beveled north-
ward by unconformity and are overlapped by the Chattanooga
black shale and its basal Sylamore sandstone member cf late De-
vonian and early Mississippian age. The Chattanooga formation
lies upon the Sallisaw formation (Devonian) near Marble City
and upon the Cotter dolomite (Ordovician) near Spavinaw (Fig-
ure 3).

The Mississippian system is represented in ascending order by
the St. Joe, Reeds Spring, and Keokuk formations of Osagean age,
the Moorefield formation of probable Meramec age, and the
Hindsville, Fayetteville, and Pitkin formations, which are assigned
to the Chesterian series.

The Upper Mississippian Pitkin formation is beveled northward
by pre-Pennsylvanian erosion and is absent north of the former
site of Yonkers in T. 18 N. The succeeding Morrow series, com-
prised of the Hale and Bloyd formations, is truncated by pre-
Atoka unconformity and is overlapped northward by Atoka and
younger units (Figure 4). The Bloyd is absent north of Union
Mission (T. 19 N.) and the Hale has not been recognized north
of Pensacola in T. 23 N. Northward, Atoka and younger Penn-
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sylvanian beds overlie the Fayetteville unconformably. In northern
Mayes County and in Craig and Ottawa counties, shales of pos-
sible Hartshorne age (Branson, 1955) and the Warner sandstone
member of the McAlester formation overlap the Atoka and rest
upon eroded Mississippian strata.

Extensive high level and intermediate terrace gravels are
present along the Grand River and east of the Arkansas flood-
plain. Many of the valleys are floored with deposits of Recent
alluvium.

PreEcaMBRIAN Rocks
Spavinaw Granite

History of Nomenclature: The Spavinaw granite was named
by Drake (1897) for exposures along Spavinaw Creck, Mayes
County, Oklahoma.

Distribution: The Spavinaw granite is exposed in five small
areas in the west one-half of sec. 15, T. 22 N, R. 21 E. The four
larger exposures are in a straight line which trends N. 30° - 40° E.
The belt of outcrop is about 1,600 feet long and from 100 to 300
feet wide (Ireland, 1930, pp. 7-8). The exposures are surrounded
by Cotter dolomite, which dips away from the granite hills at
angles of 5 to 10 degrees. A typical exposure is shown in Figure 5.

Character: 'The Spavinaw granite is a red, coarse-grained
granitoid rock. The principal constituent is orthoclase, which gives
the rock its distinctive red color. The quartz grains are micro-
scopic while the hornblendes and micas are altered to chlorite.

A detailed description by Drake (1897) follows:

“Feldspars, quartz, chlorite, and magnetite are the principal minerals
of the rock, while hornblende and epidoie occur gsparingly. A holocrys-
talline texture is shown throughout the rock. The most striking and general
microscopic feature is its granophyritic and micropegmatitic. texture.
Through most of the feldspar crystals, quartz is intergrown in a most
intimate manner, so thai each feldspar shows radiating or alterating
quartz and feldspar im each crystal, the included quartz plates or prisms
show the same orientation. Quartz occurs sparingly isolated in the larger
crystals, but very rarely shows its outline. Feldspars are the predomin-
ating minerals. They are principally orthoclase, but plagioclase crystals
are rather common. The feldspars have a fine granular appearance and a
reddish color. Phenocrysts of feldspar are quite common but they do not
show crystal faces. Magnetite occurs in small opaque masses many of
which show ecrystal outlines. They show a slight grouping through the
rock and in places give a blended appearance to the crystals, The horn-
blende is the greenish variety and of rather uncommon occurrence. The
chlorite is common and occurs in greenish bands, spherular aggregates,
and minute particles. Epidote is of rather common appearance”
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Stratigraphic Relations: The base of the Spavinaw granite is
unknown. The granite is overlain unconformably by the Cotter
dolomite, which contains detrital layers of granite fragments and
boulders (Ham and Dott, 1943, p. 1628).

Age and Correlation: There have been, in general, two op-
inions concerning the age of the Spavinaw granite. Onec is that
the granite is a dike intruded in post-Ordovician time; the other
postulates that it is a Precambrian ridge. A careful summary of
opinions concerning the age of the granite was presented by Ire-
land (1930). Petrographic studies by Tolman and Landes (1939)
indicated that detrital material in the Cotter dolomite was de-
rived from a hill of weathered Spavinaw granite exposed during
Cotter deposition. Subsequent studies by Ham and Dott (1943)
indicate that (1) detrital materials in the Cotter dolomite were
derived from the weathering of a granite with petrographic charac-
ters similar to those of the Spavinaw granite, (2) that progressively
younger beds of Cotter dolomite overlap successively higher por-
tions of the granite ridge, and (3) the alignment of the granite mass
and the present dips of the dolomite on the limbs are the result of
post-Mississippian, probably Pennsylvanian, folding and have no
genetic relation to the granite,

The Spavinaw granite is now assigned to the Precambrian.

OrpoviciaN SysteEM
Cotter Dolomite

History of nomenclature: The Cotter dolomite was named by
Ulrich (1911) for exposures at Cotter, Baxter County, Arkansas.
Although originally included in the Jefferson City by Ulrich, it
was later concluded that the Jefferson City limestone at the type
locality is older than the beds at Cotter, Arkansas. These beds
were originally referred to as the “Turkey Mountain” and as the
“Ordovician Siliceous Limestone” (White, 1930, pp- 28-29) in
northeastern Oklahoma.

Distribution: The southernmost exposure of the Cotter dolo-
mite is in sec. 35, T. 15 N, R. 21 E. near Qualls, Oklahoma, where
only the upper 4 feet is exposed. It is well developed near Spavinaw
where the upper 17 feet is exposed at the south end of the Spavi-
naw dam in sec. 15, T. 22 N, R. 21 E. and a maximum of 175
feet is present along Spavinaw Creck where the underlying Spavi-
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naw granite is brought to the surface. East of this area, Cotter
dolomite is present along Spavinaw Creek (T. 22 N, Rs. 22 and
23 E.), and along Spring Creck (sec. 36, T. 19 N,, R. 21 E.).
East of the area of maps included in this report, the Cotter is
exposed near Flint (secs. 23 and 26, T. 20 N,, R. 24 E.) and along
the Illinois River (secs. 5, 6, 7 and 8, T. 19 N,, R. 25 E.).

Character and thickness: The Cotter consists largely of white
to gray dolomite with minor amounts of sandstone, shale, chert,
and intraformational conglomerate. The lower part of the ex-
posed portion is made up of massive layers of white, slightly sandy
dolomite separated by thin layers of gray dolomite and bands of
tan chert. Massive- to thin-bedded, dense to finely crystalline, gray
dolomite forms the middle part. Overlying is a 3 to 4 foot zone
of intraformational conglomerate composed of fragments of hard,
cherty dolomite in a matrix of sightly sandy, oolitic dolomite. The
upper portion consists of beds of massive, gray to white, finely
crystalline dolomite with masses of gray-white to tan, vitreous
chert having a concentric pattern suggestive of silicified algal
structures (cryptozoons). Locally, stringers of white, fine-grained
sandstone are present in upper portions.

The Cotter dolomite is silicified near its contact with the
Spavinaw granite. Pyrite, dolomite, calcite, and quartz are present
in crystal form in vugs and cavities. The silicification dies out
within a short distance on either side of the granite masses.

The thickness of the Cotter dolomite in subsurface in north-
castern Oklahoma ranges from zero to 270 feet with a fairly
uniform thickness of 125 to 180 feet (Ireland, 1944). A maxi-
mum thickness of 125 feet has been measured in the Spavinaw
area by Gore (1952).

Stratigraphic relations: The Cotter rests unconformably upon
the Spavinaw granite. It contains arkosic bands and pebbles of
weathered granite of the Spavinaw type (Ham and Dott, 1943).
The dolomite overlaps the granite masses and thins across irregu-
larities in the basement surface. The Cotter is succeeded discon-
formably by the Burgen sandstone near Qualls and along the
Illinois River (outside of area of report). Near Spavinaw, the
Chattanooga black shale is in contact with the Cotter except in
several small areas where a thin bed of Burgen (?) sandstone in-
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tervenes. Gore (1952, p. 156) has described cavities in the Cotter
filled with Burgen sandstone.

Paleontology: The Cotter is sparsely fossiliferous. Numerous
silicified cryptozoons appear in upper portions. Earlier workers
have reported Turritoma milaniformis, Orospira bigranosa, Liospira
(?) sp., Liospira, Eotomaria, Ecclyomphalus, Archiracella, and
Maclurites (Ireland, 1930, p. 16).

Age and Correlation: The Cotter dolomite is classed as Lower
Ordovician, Canadian, in age. It is considered equivalent to the
Cotter dolomite of Arkansas and resembles the West Spring Creek
formation of the upper part of the Arbuckle group in south central
Oklahoma (Ham, personal communication, August, 1952).

Burgen Sandstone

History of nomenclature: The Burgen sandstone was named
by Tatf (1905) for exposures in Burgen Hollow, six miles north-
cast of Tahlequah in northern Cherokee County, Oklahoma.

Distribution: The Burgen is exposed near Qualls, sec. 35, T.
15 N, R. 21 E,, and along the north bank of Spring Creek in sec.
12, T. 19 N., R. 20 E. Small, isolated exposures of white sandstone
between Cotter dolomite and the Chattanooga have been referred
to the Burgen by Gore (1952). The Burgen is well exposed out-
side the map area along the Ilinois River near Ellersville, Scraper,
and Chewey and along Flint Creek in southern Delaware County
at Flint, Oklahoma.

Gharacter and thickness: The Burgen formation, although pre-
dominantly sandstone, contains minor amounts of shale and thin
dolomitic limestone. The sandstone is white to gray or yellow,
relatively soft, and is loosely cemented except in upper portions
where it is well cemented and is case-hardened to form resistant
beds. The sand grains are medium to fine in size, angular to
rounded in shape, and many exhibit secondary enlargement. Frost-
ing, pitting, and etching are common. The cementing material
is commonly silica with varying amounts of iron oxide. Traces
of magnetite and zircon are present.

Thin beds of green, fissile shale and sandy dolomite are present
in upper portions.
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The Burgen has a thickness of 72 feet near Qualls where the
entire thickness is exposed. Twenty-six feet is exposed along
Spring Creek in sec. 12, T. 19 N,, R. 20 E. It 1s meagerly repre-
sented in the Spavinaw area.

Outside the immediate map area, a thickness of over 100 feet
was reported by Taff (1905) along the Illinois River and a water
well near McSpaddin Falls northeast of Tahlequah penctrated 136
feet without reaching the base (Graves, 1952).

Stratigraphic relations: The Burgen sandstone rests uncon-
formably upon the Cotter dolomite. Locally, as along Spavinaw
Creek, caves and solution channels in the Cotter are filled with
Burgen-like sandstones (Gore 1952). The Burgen is succeeded
conformably by the Tyner shale in southern exposures but is
truncated by the pre-Chattanooga erosion north of T. 19 N,
where it is succeeded by the Sylamore sandstone member of the
Chattanooga formation.

Paleontology: The Burgen is sparingly fossiliferous. Fucoidal
markings are abundant in some layers. Cram (1930) collected a
small fauna near McSpaddin Falls (sec. 1, T. 17 N, R. 22 E.)
which contained Matheria, Psiloconcha, Raphistomina, Lophospira,
Primitia, Aparchites (?), and a patelloid shell resembling Palac-
acmacea.

Age and correlation: Satisfactory age assignment and correla-
tion of the Burgen have not been accomplished. It has been cor-
related by Snider (1915), Giles (1930), Croneis (1930) and others
with the St. Peter sandstone, which has been assigned to the
Middle Ordovician. Ulrich (Cram, 1930, p. 12) suggested that
the Burgen is younger than the St. Peter and is equivalent to the
sandstone at the base of the Bromide in the Arbuckle region.
White (1926) stated that the “True Wilcox” of the driller occurs
above the Burgen horizon although Edson (1927) (1935) corre-
lated the Burgen with the “True Wilcox” of the subsurface. Cram
(1930) tentatively assigned the Burgen to the Oil Creek formation
of the Arbuckle Mountains. Decker and Merritt (1931) recog-
nied Tyner and Burgen lithologies in the McLish formation of
the Arbuckles. Disney and Cronenwett (1955) compared the
Burgen with the sandstone of the Oil Creek.
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Precise dating of the Burgen is dependent upon correct cor-
relation of the overlying Tyner with which it is conformable and
possibly gradational. If the Tyner is the equivalent of the Bromide,
as postulated by the senior author, then the Burgen is probably
equivalent to the Lower Bromide sand (Tulip Creek).

Tyner Formation

History of nomenclature: The Tyner formation was named
by Taff (1905) for exposures along Tyner Creck, a tributary of
Barren Fork in northern Adair County near the town of Proctor.
As originally defined, the Tyner included the beds between the
Burgen sandstone and the Chattanooga black shale. Cram (1930)
restricted the term Tyner to the lower 80 feet of green, fissile
shale and thin sandy dolomite and applied the terms Fite and
Fernvale to two distinctly different limestones formerly placed

in the upper part of the Tyner by Taff.

Distribution: The Tyner formation is exposed along the west
bank of Spring Creek, sec. 12, T. 19 N., R. 20 E.; along Clear
Creek in secs. 30 and 31, T. 18 N, R. 20 E.; near Qualls in sec.
35, T. 15 N, R. 21 E. and in sec. 2, T. 14 N,, R. 21 E.: on the
north end of Blackgum Mountain, sec. 32, T. 14 N, R. 22 E. ;
along the Illinois River in secs. 30 and 31, T. 16 N,, R. 23 E.; in
Deep Hollow at the junction of secs. 17, 18, 19, 20, T. 16 N., R.
23 E.; and on Cornshell Mountain, sec. 25, T. 16 N., R. 22 E.

Excellent exposures of the Tyner occur along the Illinois
River and along Barren Fork northeast of Tahlequah near Eller-
ville, Scraper, Chewey, Proctor, and in Baumgarner Hollow.

Character and Thickness: The Tyner is characterized by
varying lithologies including shale, sandstone, dolomite, and lime-
stone. The shales are dominantly blue-green although maroon
and brown shale is locally present. Some of the shales are com-
pact, sandy, or dolomitic, others are soft and earthy. The dolo-
mites are tan to buff, thin- to heavy-bedded, and vary from soft
and earthy to hard and sandy. The sandstones are hard, cal-
carcous, and dolomitic. They grade laterally into thin beds of
sandy dolomite. Limestone is restricted to the uppermost Tyner
where a buff, dense, finely crystalline, dolomitic limestone im-
mediately underlies the Fite limestone.
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Cram (1930, pp. 16-17) divided the Tyner into three parts;
(1) a lower Tyner dolomite and green shale; (2) middle Tyner
green shale, and (3) upper Tyner cherty, dolomitic limestone.
These subdivisions can be recognized throughout much of north-
eastern Oklahoma.

Exposed thicknesses of the Tyner vary from 8 feet near Black-
gum to over 90 feet on Cornshell Mountain, sec. 25, T. 16 N,, R.
22 E. A total thickness of 79 feet is present near Qualls where
both the upper and lower contacts are exposed. The Tyner thins
northward by truncation and overlap of the Chattanooga, which
lies on the Burgen and Cotter north of T. 19 N.

Stratigraphic relations: The Tyner rests conformably upon the
Burgen sandstone. It is succeeded conformably by the Fite lime-
stecne in southern exposures. Near the contact, buff, dolomitic
limestone alternates with white, lithographic limestone of the Fite
to form a narrow transition one. The Fite is beveled by pre-Chatta-
nooga erosion north of T. 18 N. where the Chattanooga rests on
Tyner or older beds.

Paleontology: A fauna collected by Taff (1905) and identified
by Ulrich included Camarocladia rugosa Ulrich, Hesperorthis
tricenaria (Conrad), Liospira americana Billings, Lophospira sp.
of. L. perangulata, Hormotoma gracilis, Leperditia sp. cf. L. fabu-
lites, Ceraurus pleurexanthemus Greene, Psiloconcha inornata Ul-
rich, Psiloconcha sinuata Ulrich, Psiloconcha sp. cf. P. subovalis
Ulrich, Rhytima sp. and W hiteavesia sp.

Cram (1930) listed in addition Streptelasma (1), Eurydictya,
Ctenodonta, Hormotoma sp. cf. H. salteri, Pterygometopus, and
Leperditella. A fauna consisting of Rafinesquina, Ctenodonta,
Hormotoma, Leperditia fabulites, Leperditia sp., Leperditella, and
Lophospira was reported by Montgomery (1951, p. 152).

These fossils came from the upper part of the Tyner forma-
tion from exposures along the Illinois River northeast of Tahle-
quah.

Age and Correlation: Precise age and correlation of the Tyner
are questionable. Taff assigned the Tyner to the Lorraine (Upper
Ordovician) and Trenton and Black River on the basis of fossils
(1905). Edson correlated the Tyner with the “post-Wilcox” beds
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in the mid-continent and the Bromide in the Arbuckle Mountains
(1927). According to Cram (1930) the upper part of the Tyner
can be traced into the Bromide of the subsurface; the middle
Tyner is gradually replaced by the “Wilcox” sand to the west;
and the lower Tyner occurs far down in the Simpson section. The
senior author has compared the upper Tyner with the dolomite
development in the upper Bromide and the green shales with
similar shales in the Marshall zone and possibly the Tulip Creek
of subsurface.

The presence of Camarocladia rugosa, Hesperorthis tricenaria,
and Leperditia fabulites suggests that the upper Tyner is equivalent
in part at least with the Gratton-Witten sequence of Virginia, the
Camp Nelson of Kentucky, the Plattin of Missouri, and the Platte-
ville of Towa, which have been classed as Black River.

Fite Limestone
History of nomenclature: The Fite limestone was originally

included in the Tyner formation by Taff (1905). It was named
and described by Cram (1930) for exposures on the estate of Dr.
Fite (sec. 11, T. 17 N,, R. 22 E.) northeast of Tahlequah.

Distribution: The Fite limestone crops out near Qualls (sec.
35, T. I5 N,, R. 21 E.); at the base of the north side of Blackgum
Mountain, sec. 32, T. 14 N,, R. 22 E. (now flooded by Tenkiller
Lake); along Horseshoe Bend of the Illinois River in secs. 25 and
36, T. 16 N., R. 22E. and secs. 19, 30 and 31, T.16 N, R. 23 E.; in
Deep Hollow, secs. 19 and 20, T. 16 N., R. 23 E. Additional ex-
posures are present along the Illinois River northeast of Tahle-
quah. It is absent by truncation north of T. 18 N.

Character and thickness: The Fite limestone is predominantly
a light gray, dense, lithographic limestone characterized by specks
and streaks of clear calcite to give the rock a distinctive appear-
ance on fresh surface. Near the base is a three-foot bed of buff,
sandy dolomite of the “Tyner-type” underlain by two feet of gray,
lithographic limestone of the Fite lithology. Upper beds are
massive where fresh but weather into layers 4 to 20 inches in
thickness.

The Fite maintains a relatively uniform thickness of 8 feet
throughout much of the area. A maximum of 16 feet 9 inches is
present along Horseshoe Bend of the Illinois River, secs. 30 and
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31, T. 16 N, R. 23 E.

Stratigraphic relations: The Fite limestone is believed to lie
conformably above the Tyner formation. Alternating ledges of
Tyner and Fite lithologies in basal portions are thought to repre-
sent transition from the dominantly dolomite facies of the Tyner
to the lithographic limestone of the Fite. The Fite is succeeded
unconformably by the Fernvale limestone as indicated by the
abrupt change of facies, the welded contact, and the marked faunal

change.

Paleontology: Fossils are rare and are difficult to remove
from the Fite limestone in identifiable condition. Fossils col-
lected by Cram (1930) at the type locality include Tetradium sp.,
Colpomya cf. faba, Cyrtodonta aff. C. billingsi, Lophospira per-
angulata, Liospira cf. micula, Dalmanclla jugosa, Plectambonites
(Sowerbyella) sp., Leperditia caecigena, and Isochilina sp.

Montgomery (1951) collected Colpomya sp., Lophospira sp.
Dalmanella sp., Liospira sp., Leperditia caecigena, and Isochiling
sp. from the same locality.

Age and Correlation: According to Cram (1930) the Fite
was originally classed as Black River by Ulrich, then later as of
pre-Fernvale, Richmond age.

Edson (1927) had previously recognized three subdivisions in
the Viola in the Arbuckle Mountains, (1) a lower dense, litho-
graphic limestone as much as 200 feet in thickness, of upper Black
River age, (2) 700 feet of limestones carrying graptolites at the
base, Trentonian or Cincinnatian in age, and (3) a coarsely crys-
talline, gray, buff, or reddish-brown, fossiliferous limestone, in
places 50 feet in thickness, Richmondian in age. Near Tahlequah
she recognized the upper coarsely crystalline member (now known
as Fernvale) underlain by a few feet of the lower lithographic
member (now the Fite) with all of the thick, middle Viola miss-
ing.

Cram (1930) tentatively correlated the Fite with a similar
limestone in subsurface known as the “dense lime”. Disney and
Cronenwett have compared it with dense limestones in the Viola
(1955).

The senior author is of the opinion that the Fite limestone
is the equivalent of the upper Bromide “dense” of the Arbuckle
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Mountains. This opinion has been concurred in by both William
E. Ham and Kaspar Arbenz who have examined the Fite limestone
in the field with the senior author. It is believed to be equivalent
to the upper part of the Platteville of the Upper Mississippi Valley,
part of the Plattin of Missouri, and the Witten of Virginia. This
places it as late Black River (Bolarian) or early Trentonian in
age.
Fernvale Limestone

History of nomenclature: The Fernvale was named by Hayes
and Ulrich (1903) for exposures near Fernvale, Tennessee. The
term was extended into northeastern Oklahoma by Cram (1930)

and applied to beds having a similar faunal and lithological char-
acter.

Distribution: The Fernvale limestone forms a prominent
cliff in the Qualls area (sec. 35, T. 15 N., R. 21 E.) and on the
Moeller Ranch (sec. 2, T. 14 N, R. 21 E.). It is brought to the
surface by folding between secs. 14 and 15, T. 15 N, R. 20 E. It
is well developed at the base of Blackgum Mountain (sec. 32, T. 14
N, R. 22 E.) where it is now concealed beneath the waters of
Tenkiller Lake. Excellent exposures are along the Illinois River
at Horseshoe Bend, secs. 25 and 36, T. 16 N., R. 22 E. and secs.
19, 30, and 31, T. 16 N, R. 23 E.; in Deep Hollow, secs. 19 and
20, T. 16 N, R. 23 E.; and along Highway 10 northeast of Tah-
lequah (sec. 12, T. 17 N,, R. 22 E.) just south of the Fite Ranch
gate. It is truncated northward by pre-Chattanooga erosion.

Character and thickness: The Fernvale formation is a massive,
coarsely crystalline, fossiliferous, crinoidal limestone. It is light
gray to pink and it weathers to a lead-gray. Together with the
underlying Fite, it forms a conspicuous bluff throughout the area
of exposure.

The Fernvale varies from zero feet in thickness northeast of
Tahlequah to a maximum of 18 feet near Qualls. A uniform thick-
ness of 14 feet is present in the Horseshoe Bend and Deep Hollow
localities southeast of Tahlequah.

Stratigraphic relations: The Fernvale lies unconformably upon
the Fite limestone and is succeeded conformably by the Sylvan
shale in exposures south and east of Tahlequah. Northeast of
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Tahlequah, it is overlain unconformably by the Chattanooga black
shale.

Paleontology: The Fernvale limestone is highly fossiliferous.
Silicified shells of Lepidocyclus capax (formerly Rhynchotrema)
and Plaesiomys subquadratus are abundant on upper surfaces of
beds. The fauna collected from the Fernvale is listed in Table 1.

Age and Correlation: The Fernvale limestone of northeastern
Oklahoma is correlated with the Fernvale of Tennessee and the
Fernvale of the Arbuckle region, classed as Upper Ordovician,
Richmondian in age.

TABLE 1

FAuNA FROM THE FErRNVALE ForMmaTION

Brachiopoda

Austinella kankakensis (McChesney)
Austinells whitfieldi (Winchell)

Glyptorthis pulchra Wang

Hebertella occidentalis var. sinuata Hall
Hebertella frankfortensis Foerste
Hesperorthis sp. aff. H. tricenaria (Conrad)
Lepidocyclus capax (Conrad)

Lepidocyclus laddi- Wang

Onniella quadrata Wang

Plaesiomys bellistriatus Wang

Plaesiomys subguadratus (Hall)
Plectambonites clarksvillensis Bassler
Plectambonites rugosus Meek

Strophomena sp. cf. S. incurvata (Shepard)
Tetraphalerella planodorsata Winchell and Schuchert

Mollusca
Ephippiorthoceras laddi Foerste

Sylvan Shale
History of nomenclature: The Sylvan shale was named by
Taff (1902) for exposures near the village of Sylvan, Johnston
County, Oklahoma. It is present in the Arbuckle Mountains of
south-central Oklahoma and is widespread throughout the sub-
surface of the state. A green shale found below the St. Clair lime-
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stone in a drill hole near Marble City, Sequoyah County, Okla-
homa, was referred to the Sylvan by White (1928) who stated
“The author is inclined to believe that a more diligent search of
this area may yet discover an exposure of the base of the St.
Clair in contact with the underlying: Sylvan”. A corresponding
shale (42 feet in thickness) was described by Lantz (1950) from
the Arkansas-Louisiana Gas Company No. 1 Barton in Franklin
County, Arkansas, near the town of Ozark and a similar shale
has been found in borings south of Marble City, Oklahoma (Cram,
1930).
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