Cliff of ealearcous sandstone of the Hale formation, fty feet high, showing
pitted weathering (hat is characteristic of the Hale formation in most of its
castern exposures.  The pitted character results from leaching of calcarcous
material.  Bunch Mountain, sce. 15, I, 14 N, R 24 1., Adair County, Okla-
homa. (Measured scction No. 23).
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THE MORROW SERIES OF
NORTHEASTERN OKLAHOMA
by

CARL A. MoORE

ABSTRACT

Detailed field work during the summers of 1938 and 1939,
and subsequent study of insoluble residues of field samples, have
yielded additional data on the character of the Morrow series,
lower Pennsylvanian age, in northeastern Oklahoma. Sufficient
information is at hand to permit the clear recognition of the
major divisions of the Morrow in Oklahoma: the Hals forma-
tion at the base and the Bloyd formation above. The Bloyd for-
mation in Oklahoma contains representatives of both the Brent-
wood and Kessier limestone lentils as recognized in the vicinity
of the village of Morrow, Washington County, Arkansas.

The known western limit of the limestone that is thought to
represent the Kessler member is about 4 miles west-southwest
of Stilwell, Oklahoma. The limestone beds of the Hale and Bloyd
formations can be differentiated by a study of their insoluble
residues, as well as by their stratigraphic position.

There is a disconformable contact between the Pitkin lime-
stone (Chester) and the Hale formation in almost all the sections
in Adair County and in eastern Cherokee County. In central
and western Cherokee County and in Muskogee County, this
contact is poorly exposed and more difficult to find. At the base
of the Hale in Adair County and in many sections in Cherokee
County there is a highly ferruginous, calcareous, phosphatic,
conglomeratic bed averaging less than 0.5 foot in thickness. This
conglomeratic bed served as a marker between the somewhat
similar beds of the Pitkin and Hale in Cherokee County.

The Morrow series is the basal Pennsylvanian in this area,
and is considered middle Pottsville in age. The Morrow should
be defined to include the beds between the Pitkin formation of
the Chester series (Mississippian), and the Atoka formation of
the Des Moines series, upper Pottsville (Pennsylvanian). There
is evidence of a slight amount of eastward tilting of the Pitkin
limestone and older formations before deposition of the Hale
sandstone. The contact with the overlying Atoka sandstone is
a well-marked erosional unconformity.
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INTRODUCTION

Scope and Purpose of the Investigation. This re.port repre-
sents a detailed study of the outcrops of the Morrow series of rocks
in northeastern Oklahoma, in an area lying generally north :}nd east
of the Arkansas River and east of the Neosho (Grand) River.

The primary purposes of this investigation were ('1) to study
the lithology of the Morrow series from the type section on Hale
Mountain, Washington County, Arkansas, westward into Okl?-
ma; (2) to measure in detail the exposures of .Morrow ro<.:ks "f
the area; (3) to collect samples, make and study m§oluble residues;
(4) to describe the subdivisions of the Mor.row series of north.ea.st-
ern Oklahoma, and to present basic data, including characterlstl.cs
of insoluble residues, for correlating these units where exposed in
different parts of the area, with rocks of the same age encountered
in wells drilled for oil and gas in other parts of the state.
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Fic. 1. Index map of Oklahoma showing location of area covered by this report.

Location of the Area. The outcrop area of the Morrow series

in northeastern Oklahoma is around the southwest edge of the

Ozark Plateau. (See figure 1.) This area includes the southern part
of Adair County, much of Cherokee County, southern Mayes Coun-
ty, the eastern edge of Wagoner County, the eastern part of Mus-
kogee County, and the northwestern part of Sequoyah County. I.n
addition, 4 sections were measured in western Arlfansas as a ba§ls
for a better understanding of the westward extension of this series
of rocks into Oklahoma.
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PREVIOUS INVESTIGATIONS

The first mention of rocks of Morrow age was by Simonds!
in his report on the geology of Washington County, Arkansas. He
recognized four subdivisions of what is now called the Morrow
series the Washington shale and sandstone at the base, the Pen-
tremital limestone, the Coal-bearing shale, and the Kessler limestone
at the top. These subdivisions were erected solely on the basis of
stratigraphy and lithology rather than on the basis of fossils, and
Simonds himself realized that his subdivisions were subject to
change when the fossils should be studied.

Simonds included these rocks in the lower Carboniferous
(Mississippian) and assigned them to “Chester-St. Louis-Warsaw”’
age, following the classification of H. S. Williams.2 The Marshall
shale (Fayetteville) and the Archimedes limestone (Pitkin) were
added to the above stratigraphic units and all of them were in-
cluded by Branner® in the Boston group, named for the Boston
Mountains where these rocks are best exposed. The Boston group
was considered upper Mississippian in age, and equivalent to the
Genevieve group of H. S. Williams.*

Credit for naming the Morrow, however, has been given to
Adams and Ulrich.® They described the Morrow as a “. . . variable
formation consisting of shales in which are some thin limestones
and occasional sandstone beds. The basal portion is usually a sand-
stone or sandy shale. Above this there is the limestone . . . called the
Pentremital limestone by the Arkansas survey . . . the name “Brent-
wood” is applied to it in this report. . . . The third member has

-usually been designated the Coal-bearing shale. In the vicinity of

Fayetteville . . . a bed of coal is found in this shale. . . .

1

“ . . there is a stratum of limestone above the Coal-bearing
shale which forms a variable lens, and . . . has been described as

the Kessler limestone. . . . Above it there are a few feet of shales

* Simonds, F. W., “The Geology of Washington County”: Geol. Survey of Ark.

Ann. Rep. of 1888, Vol. IV, pp. 75-105, 1891.

? Williams, H. S,, “Correlation Papers, Devonian and Carboniferous”: U. S.

Geol. Survey, Bull. 80, 1891, ’

* Branner, John C., “The Geology of Washington County”: Geol. Survey of

Ark. Ann. Rep. of 1888, Vol. IV, table on p. xiii, 1891.

* Williams, H. S., op. cit., 1891.

* Adams, George I, “Zinc and Lead Deposits of Northern Arkansas, with a Sec-

tion on the Determination and Correlation of Formations,” by E. O. Ulrich:
U. S. Geol. Survey Prof. Paper 24, pp. 28; 109-113, 1904,
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and sandstones which belong to the Morrow formation. The upper
limit . . . is rather indefinite, but at many places is marked by the
presence of heavy sandstones which carry quartz pebbles.”  The
Morrow was classified as a formation at the base of the Pennsyl-
vanian, and Ulrich regarded it as early Pottsville age.

Drake® contributed the first notable geological report dealing
with northeastern Oklahoma, and although correct only in a broad
sense, his map showed the distinction between the Mississippian
and Pennsylvanian rocks.

In 19057 and 1906°, Taff mapped the areal geology of Adair,
Cherokee, and Muskogee Counties, and described each formation
in considerable detail, in addition to outlining the geologic history
of the area. Purdue® mapped the Winslow, Arkansas, quadrangle
and delineated the Hale and Bloyd formations, and the Brentwood
and Kessler members of the Bloyd.

Croneis®® gave the name “Baldwin” to the thin coal in the
“Coal-bearing shale” between the Brentwood and Kessler lime-
stones.

Reports of a reconnaissance nature dealing with the stratig-
raphy and structure of northeastern Oklahoma were made by
Snider,!* Mather,'? Aurin, Clark and Trager,'* and Gould.** Only
a few recent papers deal with the geology of the Morrow series of

* Drake, N. F,, “A Geological Reconnaissance of the Coal Tields of Indian Ter-
ritory” : Contributions to Biology from the Hopkins Seaside Laboratory (Le-
fand” Stanford Jr. University) No. 14, 1897; also Proc. Am. Phil. Soc., Vol.
26, No. 156, pp. 326-419, 1898.

" Taff, J. A, U. S. Geol. Survey Geol. Atlas, Tahlequah Folio (No. 122), 1905.
s Taff, J. A, U. S. Geol. Survey Geol. Atlas, Muscogee Folio (No. 132), 1906.

° pPurdue, A. H. U. S. Geol. Survey Geol. Atlas, Winslow Folio (No. 154), 1907.
© Croneis, Carey, “Geology of the Arkansas Paleozoic Area”: Ark. Geol. Survey,
Bull. 3, p. 82, 1930.

% Gpider, L. C., “The Geology of a Portion of Northeastern Oklahoma”: Okla.
Geol. Survey Bull. 24, 1915.

2 Mather, Kirtley ., “The Fauna of the Morrow Group of Arkansas and Okla-
homa” : Denison Univ., Sci. Lab., Bull, Vol. 18, pp. 59-284, 1915.

# Aurin. F. L., Clark, G. C., and Trager, F. A., “Notes on the Sub-surface pre-
Pennsylvanian Stratigraphy of the Northern Mid-Continent Oil Fields”: Bull.
Amer. Assoc. Petrol. Geol., Vol. 5, pp. 115-153, 1921.

* Gould, Chas. N., “Index to the Stratigraphy of Oklahomia”: Okla. Geol. Survey
Budl. 35, 1925.
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the area in more detail : Cran1,®® Harlton, 1® and Newell.'" dn 1938,
Harlton® applied the term Morrow series to the upper part of his
“Bendian system.”

PRESENT INVESTIGATION

Previous to the initiation of this project, the Morrow had been
studied in Oklahoma principally in the vicinity of Muskogee and
Fort Gibson, and the beds of this area were correlated with the
type section of the Morrow in Arkansas on the basis of lithologic
similarity.

Reconnaissance observations by some workers in Oklahoma
raised doubts regarding correlations of the Morrow units in Okla-
homa with those in Arkansas, and it was suggested by Mr. Dott
that the Morrow series should be studied in detail across the area
from the Arkansas-Oklahoma state line to the vicinity of Musko-
gee. He suggested that the study begin with the section on Hale
Mountain, previously described in detail by Giles and Brewster,"
and consist of detailed study and measurements of as many exposed
sections as possible in Adair and Cherokee Counties. It was thought
that the rocks could be correlated, section to section, across the
area, and thus establish the identity of the units of the Morrow series
near Muskogee.

About the same time, it was learned that Girty and Henbest,
of the U. S. Geological Survey, were undertaking a study of the
fauna of the Morrow, and Dott suggested that insoluble residues
might offer diagnostic criteria, and thus give another approach for
differentiation and correlation of the different units—an approach

that would be applicable to subsurface geology in prospecting for
oil and gas.

® Cram, Ira H., “Cherokee and Adair Counties,” in “Oil and Gas in Oklah ma’ :
Okla. Ceol. Swrvev Bull. 40, Vol. III, pp. 531-586, 193 i also
published as Bull. 40-QQ. PP » 1930, This chapter also
* Harlton, Bruce H,, “Carboniferous Stratigraphy of the Quachitas with Special
ISthA(tly of the Bendian”: Bull. Amer. Assoc. Petrol. Geol., Vol. 18, pp 1018-1049,
':GN.elwell, I\zor;nanl\}).,!“Carbltgniferouls) Stratigraphy,” in Wilson, Charles W, Jr,,
“Geology of the Muskogee-Porum District Muskoge d McIntosh C ft
(?klahoma”: Okla. Geol. Survey Bull. 57, 1937, gee an chtos ounties,
** Harlton, Bruce H.,"‘Stratigraphy of the Bendian of the Oklahoma Salient of
t9hle5 (?ggschlta Mountains” ; Bull, Amer. Assoc. Petrol. Geol, Vol. 22, pp. 852-
» éiles, ‘Albert W. and Brewster, Eugene B, “Hale Mountain Section in North-
west Arkansas”: Bull. Amer. Assoc. Petrol. Geol., Vol. 14, pp. 121-128, 1930.
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Field Procedure. 'This investigation was undertaken during
the summers of 1938 and 1939. The mapping was done on State
Mineral Survey culture base maps2® for the Adair County portion
of the work, on the scale of 1 inch to the mile, and on the U. S. Geo-
logical Survey topographic sheets of the Tahlequah and Muskogee
quadrangles, scale 1:125,000. Where larger scales were needed to
show details of sample locations, plats of 2 and 4 inches to the mile
were used. Complete mapping of the area was not undertaken, and
the mapping of Taff shown in the "'ahlequah and Muskogee folios
was followed in general. The reader is referred to the areal geologic
map of Cherokee and Adair Counties, Oklahoma, compiled by
Cram, and published with Oklahoma Geological Survey Bulletin

40-QQ.

As a general rule, the outcrops are fairly well exposed in creeks
and in gulleys up the sides of the many outliers in the area. Under-
brush is so thick at the bases of the outliers in Adair County that
it is a task to reach the hills from the roads. Blank portions of
the measured sections indicate covered intervals. The covered in-
tervals are most commonly due to: (1) sandstone blocks fallen
from the overlying Atoka formation; (2) clay, shale, and slope
wash; (3) locally dense underbrush, especially at the bases of small
cliffs. There are common evidences of recent landslides that have
obscured outcrops. In many places it is difficult to determine
whether beds are in place, especially the thin limestones inter-
bedded with shales.

A section was measured on nearly every outlier in Adair Coun-
ty and averaged about 2 miles apart. In Cherokee County, sections
were measured at selected points, roughly 4 to 6 miles apart. In
areas of doubtful correlations, additional sections were studied.
Series of stratigraphic sections from Arkansas westward to the
Muskogee area, with one or more in every township, are shown
graphically in the profiles (Plates XI-XV). These profiles illus-
trate the differences in the Morrow from the type section in Arkan-
sas to the vicinity of Muskogee.

All sections were measured carefully by means of aneroid
barometer, hand level, a 50-foot steel tape, and a 6-foot folding rule,
graduated to 0.1 foot. Representative samples were collected from

» Works Progress Administration Project No. 65-65-538, sponsored and directed
by the Oklahoma Geological Survey, 1936-1937.
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nearly all measured sections at every exposed change in lithology
for subsequent study of insoluble residues.

Laboratory Procedure. Each sample collected was given iden-
tical treatment, regardless of whether it was limestone, shale, sand-
stone, or conglomerate. The samplé was crushed to Yj-inch size
and two representative splits were placed in 2%5-inch vials, one for
acid treatment, the other for binocular examination. The large
fragment size was used to preserve large individual insoluble frag-
ments and structures. A sample averaging 17 to 20 grams was
weighed, placed in a 400-cc beaker, digested in a 5 percent solution
of commercial grade hydrochloric acid (HCl), and heated on a
sand bath until all reaction had ceased. This procedure took from
30 minutes to more than 2 hours. As the acid became saturated
with the soluble material and the residue had settled to the bottom
of the beaker, the spent acid was decanted and fresh acid was added.
Care was taken not to lose any of the fine particles of the residue.

Upon complete digestion, the contents of each beaker were
filtered through a previously weighed filter paper; the filter paper
and contents were dried in an oven, and the weight and percentage
of residue were determined.

Following this, the residue was washed from the filter paper
into another 400-cc beaker, using a small jet of water and a soft
camel’s hair brush. After thorough washing much of the clay and
silt were decanted. The sample was covered with about 100 cc. of
water, about 15 cc of 0.2 n KOH or NaOH was added, and this
solution was brought just to a vigorous boil in order to deflocculate
the clay in the residue.

Further washing at this stage made it possible to decant essen-
tially all the clay and fine silt, leaving only grains above a 1/32 to
1/64 mm size grade in the residue. These grains were washed out
of the beaker with acetone, dried and weighed in order to compute
the percentage of grains to the original weight of the sample. Final-
ly these mineral grains were returned to the vial for subsequent
study with the binocular and petrographic microscopes.

These residues and their detailed descriptions are now on file
in the offices of the Oklahoma Geological Survey at Norman, Ok-
lahoma.



14 MORROW SERIES OF NORTHEASTERN OKLAHOMA

ACKNOWLEDGMENTS

The writer takes this opportunity to acknowledge his in-
debtedness to Mr. Robert H. Dott, Director of the Oklahoma Geo-
logical Survey, for fostering this work as a special project of that
organization, for aid in the field, and for continued interest in the
development of the project. Professor A. C. Trowbridge, of the
State University of Iowa, guided the preparation of the first part
of the work, dealing with Adair County. Dr. H. G. Hershey, of
the Towa Geological Survey, supervised the preparation and study
of the insoluble residues of the first part of the work.

Through the kindness and cooperation of Professor G. Marshall
Kay, space was provided in the sedimentation laboratory at Colum-
bia University, New York City, for the preparation and study of
the insoluble residues of the second part of the work. Dr. H. N.
Coryell, of Columbia University, discussed the project with the
writer and offered many valuable suggestions.

During the summer of 1938, Mr. Charles Burton Moore, ]Jr.
assisted the writer in the field in Adair County. Mr. David Rich-
ards, then a student at the University of Oklahoma, ably assisted
the writer during the summer of 1939 in Cherokee County and ad-
joining areas.

GEOGRAPHY

Topographic Features. The area of cuttup ot the Morrow
series is around the southwest part of the Ozark Plateau physio-
graphic province,®' east of the Iltinois River and at the boundary
of the Springfield Plateau sub-province and the Boston Mountains
province west of that river.

The maximum regional relief of this area is about 1,300 feet,
the altitudes ranging from 1,750 feet on the north end of Bugger
Mountain, sec. 11, I'. 16 N., R. 26 E., Adair County, to 450 feet
along the Arkansas River in the northeast corner of T. 12 N,, R.
20 E., Muskogee County. The common topographic expression
of Morrow outcrops is in the buttes that rise above the plain of the
Ozark Plateau, which is developed on the Boone chert (Osage) of

2 Fenneman, Nevin M., “Physiography of Eastern United States,” McGraw-Hill
Book Co., Inc., pp. 635-662, 1938.
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Mississippian age. ‘The buttes are capped by Atoka sandstone, or
by upper Morrow heds where the Atoka has been removed.

In this area the Ozark Plateau slopes southwest and plunges
beneath the Atoka sandstone of the Boston Mountains to the south,
and beneath the Prairie Plains monocline to the west. The buttes
average about 300 feet high along the Arkansas-Oklahoma line and
in southern Adair County, but are only about 150 to 200 feet high
in most of Cherokee County.

Because of the nature of the topography most of the detailed
sections were measured on the buttes, and attempts were made to
correlate the various formations from one butte to another.

In Adair County, the Atoka sandstone commonly caps and
forms cliffs around the tops of the hills. The shales of the Bloyd
formation are immediately below the sandstone, and commonly
form a sloping area that is overgrown with brush, or one that has
been converted into pasture land. Good outcrops are not abun-
dant and diligent search was necessary in many areas to locate expos-
ures: for study.

The massive Hale sandstones and limestones form cliffs near
the base of the outliers. These cliffs are easily visible from the
roads in the area. For example, the cliffs on Stilwell Mountain, so
clearly seen from the town of Stilwell, are made up of Hale lime-
stones, with thin, interbedded sandstone members.

The Pitkin limestone underlies the Hale formation and be-
comes a part of the cliff. Many springs issue from the jointed Pit-
kin limestone at the contact with the underlying Fayetteville shale.
The Fayetteville shale forms the long, gentle slopes that extend
from the buttes to the Boone chert which underlies the Fayetteville
in this area. Complete sections of the Fayetteville were not seen.
The outcrop of the Fayetteville shale is perhaps the best farm land
in the area.

Drainage. The area is well drained by two rivers, several large
creeks, and innumerable smaller streams. The large creeks have
permanent flow but some of the smaller streams are dry during part
of the late summer. All drainage from the area is to the Arkansas
River that borders the area on the southwest. The Neosho (Grand)
River bounds the area on the west, and the Hlinois River flows in
a southwesterly direction through the central part.
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Accessibility of the Area. The area is served by U. S. highways
59, 62, and 64, and state highways 10 and 51. Most parts are
reached by good, all-weather roads. The highways are paved or
gravelled and trunk county roads are gravelled. Due to the topog-
raphy, there are very few section line roads except in the vicinity
of Muskogee.

The Kansas City Southern Railroad extends in a general
north-south direction across the eastern part of the area, connecting
Westville, Stilwell, and Sallisaw. The Missouri Pacific Railroad
connects Ft. Gibson and Sallisaw, generally paralleling the Arkan-
sas River along the southwest part. The Missouri-Kansas-Texas
Railroad passes just west of the area; and the Kansas, Oklahoma,
and Gulf Railroad crosses the northwest corner.

Economic Development. Farming and ranching are the most
important industries of the area. Nearly all the bottom land is de-
voted to farming and much of the upland is farmed or is devoted
to pasture.

Land along the creek bottom is utilized to some extent for or-
chards.

Lumbering in the southern and eastern parts of the area for-
merly was important. The old lumber trails and log roads still may
be found on the uplands and on steep slopes of the buttes. There
is a large sawmill at Evansville, Arkansas, that uses considerable
timber from the eastern edge of the area.

A series of primitive, earth-covered charcoal kilns were oper-
ated during the summer of 1938, along state highway 51 about 2
miles northwest of Stilwell. The charcoal was trucked to Baron,
Oklahoma, and shipped by rail from there. At the present time a
series of modern, brick, bee-hive type charcoal kilns is operating
at Baron. (See P1. 1.)

Although considerable oil and gas have been produced west of
the area in Muskogee and Wagoner Counties and some gas in
Sequoyah County to the south, there has been no commercial pro-
duction in this area. Several oil and gas showings have been re-
ported in test wells. According to Cram?? prospecting for oil and
gas cannot be encouraged in this area.
= Cram, Ira H., “Cherokee and Adair Counties,” in “Qil and Gas in Oklahoma”:

Okla. Geol. Survey Bull. 40, Vol. III, pp. 531-586, 1930.. This chapter also
published as Bull. 40-QQ.

PLATE L

Charcoal-making from native hardwoods is one of the principal manufacturing
industries of the arca, Charcoal kilns, Adair County, Oklahoma. A, Jarth-

covered kiln, northwest of Stilwell.

B.

Beehive type of kiln, at Baron.
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STRATIGRAPHY

Rocks exposed in the Oklahoma portion of the Ozark Plateau
range in age from pre-Cambrian to lower Pennsylvanian. Table I
shows the stratigraphic relationships of the rock units of the area,
and the position of the Morrow series in the section:

TABLE 1

CLASSIFICATION OF Rocks Exrosep 1n Oxkranoma
PorTION OF THE OzZARK MOUNTAINS

System Series Formation
Des Moines Atoka formation
Pennsylvanian Bloyd formation
Morrow

Hale formation

Chester Pitkin limestone
Fayetteville shale

“Grand River” limestone
Meramec* Batesville sandstone
Hindsville limestone
Moorefield shale

Mississippian
Keokuk limestone
Osage (“Boone”) Reeds Spring limestone
St. Joe limestone

Kinderhook Chattanooga shale
Sylamore sandstone

Devonian Sallisaw sandstone
Frisco limestone

Silurian St. Clair limestone

Fernvale limestone
Fite limestone
Ordovician Tyner shale
Burgen sandstone
Cotter dolomite

pre-Cambrian : Spavinaw granite

* “Mayes” of some authors. Divisions and names used by R. A. Brant, Tulsa
Geological Society Field Trip: Tulsa, to Choteau and Grand River and return,
October 18, 1941; Also Master's Thesis, University of Tulsa.

Gordon and Kinney regard the Batesville sandstone of the Batesville, Arkansas
area as basal Chester (“The Mississippian formations of the Batesville district,
Independence County, Arkansas”: U. S. Geol. Survey, Oil and Gas Investigations,
Preliminary Map 12, 1944.)
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Heretofore the stratigraphy of the Morrow series in north-
eastern Oklahoma has been studied only in a general way. Very
few detailed sections have been mcasured to determine its exact
composition, limits, divisions, and lateral variations. As a result
of the present study, the terms Hale and Bloyd formations are intro-
duced into Oklahoma as subdivisions of the Morrow. The Hale is
a thick calcareous sandstone in Arkansas and a sandy limestone to
fairly pure limestone in the western part of the area near Muskogee,
Okla. The Bloyd contains thin limestones interbedded with shale
that probably represent the Brentwood limestone of Arkansas, and
a limestone in eastern Adair County that is questionably correlated
with the Kessler, A coal bed was found in the Bloyd shale at one
locality that is thought to be approximately in the position of the
Baldwin coal of Arkansas.

The Pitkin limestone underlies the Hale disconformably, and
the Atoka formation overlies the Bloyd unconformably. The Pit-
kin and Atoka formations are included in the detailed discussion of
this paper to show the general relations of the Morrow series to the
adjacent formations.

MISSISSIPPIAN SYSTEM
CHESTER SERIES
PITKIN LIMESTONE

The Pitkin limestone underlies the Morrow series in all meas-
ured sections, and a short description of this formation is pertinent
here. 'The Pitkin is the youngest formation of the Chester series in
northeastern Oklahoma. It rests on the Fayetteville shale appar-
ently conformably, and is in turn overlain by the Hale formation
of the Morrow series. ' :

Distribution and Character. The Pitkin is characteristically
a massive limestone, but two distinct lithologic zones have been
observed. In addition to the massive beds, an argillaceous to
granular zone may be recognized in many exposures in Adair
County. (See fig. 2.) Texture of the limestone ranges from very
coarsely crystalline to fine and sublithographic crystalline. (See
table IL.) It is light to dark blue gray in color.
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Massive Zone. In the upper few feet of this zone the lime-
stone is highly spotted and stained with limonite, is locally oolitic
near the base, commonly carries resinous-appearing beds near the

top, weathers blocky with a knobby surface, and is highly jointed
in many places.

TABLE II
TEXTURAL Divisions of LimesTong Usep 1N THis REPORT
over 3 mm — very coarsely crystalline
3 -1 mm - coarsely crystalline
1-% mm —coarse medium crystalline
3 - 3 mm — medium crystalline
1 -3 mm— fine medium crystalline
} - 5 mm — fine crystalline
Below 7 mm — very fine crystalline

Visible with a 7X hand lens — sublithographic crystalline
crystalline.

(The size grade refers to either crystals or grains or both.)

The massive zone is the most common throughout the southern
part of Adair County and all of Cherokee County. It is locally
very fossiliferous and carries many forms such as Stenoscisma
(Camerophoria) explanata, Diaphragmus elegans, and Archimedes

HALE
GRANULAR
70 P
(T ARGILLACEOUS
ZONE . .
- Fic. 2. Diagram showing the two lithologic
I zones that may be recognized in the
Pitkin limestone, Adair County, Ok-
lahoma.
T
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K
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== FAYETTEVILLE




20 MORROW SERIES OF NORTHEASTERN OKLAHOMA

s. 1. spp. which were used as the Mississippian markers. William H.
Faston discussed and described the fauna of the Pitkin limestone
of Arkansas2?® in which he listed 130 genera and 208 species. Faunal
studies of the Pitkin in Oklahoma show generic and specific similar-
ities with the Pitkin of Arkansas, indicating the equivalency of the
Pitkin rocks over the entire area of outcrop in the western part of
the Ozark Mountains.

Argillaceous to Granular Zone. This zone is a succession of
thin, knobby, blue gray, argillaceous limestones interbedded with
dark blue, slightly calcareous shales; and in some places coarsely
crystalline, granular limestone beds are present. It serves asa good
marker where the conglomeratic base of the Hale formation is not
exposed or is too thin to be noted. The zone averages less than 10
feet thick. '

The calcareous shales of this zone are characterized by an
abundance of large brachiopods and large mollusks: Echinoconchus
alternatus, Linoproductus prattenianus, Allorisma walkeri, Platy-
ceras subrotundum. ‘The Mississippian index fossils, Archimedes
s. L spp., Diaphragmus elegans, and Stenoscisma (Camerophoria)
explanata, were found but are not as abundant as in the lower, mas-
sive, zone. In general the massive and argillaceous zones carry identi-
cal faunas, the only variations are due to the inherent difference in
ecological conditions during the deposition of massive limestone
versus successive beds of argillaceous limestones and calcareous

shales. The faunal study also points out the equivalence of the new-.

ly recognized upper zone of the Pitkin of northeastern Oklahoma
to that of the type area around Pitkin, Washington County, Arkan-
sas.

Coarsely crystalline, granular phases of this zone were noted
in measured sections 22, 46, 51 and 52, all in Adair County. In
these sections the argillaceous portion of the zone is not present and
the massive zone is overlain by the granular limestones. On Gittin’
Down Mountain, secs. 14, 15, 22 and 23, T'. 15 N., R. 24 E. (No.
46),2* the Pitkin is 64 feet thick and is composed entirely of mas-
sive bedded, very coarsely crystalline to rather granular, very
crinoidal, blue gray limestone, spotted and stained with limonite.

2 Faston, William H., “The Fauna of the Pitkin Formation of Arkansas”: Jour.
Paleontology, Vol. 17, No. 2, pp. 125-154, 1943

» Numbers in parentheses denote numbers of measured sections. These sections
are numbered from west to east and from south to north. .
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It weathers crinoidal and thin bedded, especially in the upper part,
is fossiliferous, and carries a trace of phosphate.

At the top of the Pitkin and below the conglomerate of the
Hale limestone, on the southeast end of Stilwell Mountain, secs. 1
and 2, T. 15 N.,, R. 25 E. (No. 52), beds of granular limestone
were found in the top of this zone, with argillaceous limestones and
calcareous shales beneath. This is an outcrop to study a complete
section of the Pitkin limestone in eastern Oklahoma.

This upper zone of the Pitkin was not recognized in Cherokee
County. Evidently it comprises the very top part of the Pitkin and
was protected from the post-Pitkin erosion in local areas. The oc-
currence of this zone in Adair County points to a pre-Hale eastward

" tilting so that the Hale rests on older Pitkin beds in Cherokee

County.

Thickness. 'The Pitkin limestone is generally well represented
on outcrops in the entire area south and east of McBride, Oklahoma,
where it averages about 30 feet thick.

In the profiles across T. 13 N., and T. 14 N, the Pitkin aver-
ages about 25 feet thick, ranging from a maximum of 40 feet at
Davidson, Arkansas, secs. 14 and 23, T. 12 N, R. 33 W. (No. 4),
to a minimum of 17 feet in the Terrapin Creek section, sec. 29, T.
14, N, R. 23 E. (No. 20).

In the profile across T. 15 N., however, the Pitkin is thicker
and has a wider range of thickness. It is 21 feet thick on Hale
Mountain, Arkansas; 70 feet on Goat Mountain, sec. 7, T. 15 N, R.
25 E. (No. 53) ; thins again in western Cherokee County, and thick-
ens to a maximum of 82 feet in the River Bluff section, in sec.
32,T. 15 N, R. 20 E. (No. 33).

The Pitkin is fairly uniform in thickness and averages about
29 feet across T. 16 N.

Character of Insoluble Residues. Perhaps the most distinctive
single character of the Pitkin residues is the low percentage of grain
residue.2® The amount of grain residue is commonly 0.5 percent,
far below the percentage of error, and should be called a trace.

* The term “grain residue” is used here to designate the insoluble residue after
the removal of the clay and fine silt size grades by treatment with KOH and/or
NaOH, and by decantation.
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The average major size grade of the quartz, which is the pre-
dominant mineral in the residues, is 1/8 to 1/16 mm., and it may
be poorly sorted or well sorted. FEuhedral secondary quartz crystals
averaging 1/8 x 1/32 mm. in size were found in many Pitkin sam-
ples. (See PL II B.) These crystals characterize the massive zone.

In the argillaceous to granular zone the percentage of grain
residues is larger, as much as 10 percent of the residues; a higher
percentage of clay is present; and many residues are composed of
as much as half limonite and limonitic-stained material.

Considerable material resembling organic substance was found
in many of the Pitkin residues. This is a black, opaque, tar-like
material, insoluble in carbon tetrachloride, alcohol, and gasoline,
and has a high fusion point.

This study indicates that the Pitkin is not everywhere iden-
tiliable solely on the basis of the character of the insoluble residues,
and it is necessary to depend primarily on field relationships to rec-
ognize this limestone formation,

PENNSYLVANIAN SYSTEM
Morrow SERIES

Historical Statement. "I'he Morrow series is now considered to
be lower Pennsylvanian in age. However, because it lies uncon-
formably between typical Mississippian and typical Pennsylvanian,
and because of the equivocal nature of its fossils, the age of the
Morrow was long a moot question. In an early report by the
Arkansas Geological Survey Branner2® placed it in the Mississip-
pian hecause there seemed to be a greater break between the Morrow
and the overlying Atoka sandstone of Des Moines age, than be-
tween the Morrow and the underlying Pitkin limestone of Chester
age. Larly paleobotanists recognized the affinities of the Morrow
flora with that of the lower Pennsylvanian, and shortly after the
beginning of the present century, both Ulrich and Girty concluded
that the Morrow fauna, like the flora, indicates a lower Pennsyl-
vanian age. Mather’s study®” of the fauna tended to confirm this
conclusion.

# Branner, John C., “The Geology of Washington County”: Geol. Survey of
Ark. Ann. Rep. of 1888, Vol. IV, table on p. xiii, 1891.

# Mather, Kirtley, I,, “The Fauna of the Morrow Group of Arkansas and Ok-
lahoma” ; Denison Univ., Sci. Lab., Bull,, Vol. 18, pp. 59-284, 1915,
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This age assignment has been followed by all geologists, except
that R. C. Moore suggested that the top of the Mississippian be
raised to the top of the Morrow because of the very great magni-
tude of the unconformity above, as compared to the unconformity
at its base. 'This suggestion was made in oral presentation at the
sixteenth session of the International Geological Congress, Wash-
ington, 1933, and was published in 1936.2% In a paper published in
1934, he retained the same age assignment, but stated in a footnote
that “Study carried on since the completion of this paper leads to
the conclusion that preponderance of evidence favors the classifica-
tion of the Morrow and equivalent beds as Pennsylvanian.”?’ He
follows this classification in subsequent papers.

A recent study of the cephalopod fauna® from the Morrow
series indicates that although the cephalopods are related to both
the Mississippian and Pennsylvanian forms, they are more like the
Pennsylvanian.

General Statement. The section on Hale Mountain, southwest-
ern Washington County, Arkansas, along the road 1.5 to 2.0 miles
southwest of the village of Morrow, and 5 to 6 miles east of the
Oklahoma-Arkansas state line, is in the type area, and is one of
the classic sections of the Morrow series. It has been described in
detail by Giles and Brewster,® and was adopted as the starting
point for the present investigation.

The Hale Mountain section differs somewhat from other sec-
tions of the Morrow in northwestern Arkansas, and the present
investigation confirms earlier opinions that westward from Hale
Mountain, in Oklahoma, the Morrow rocks are characterized by
important lateral changes: the calcareous Hale sandstone grades
laterally into massive limestone, the Brentwood limestone grades
laterally into interbedded limestone and shale, and the Kessler has
been removed by erosion west of the middle of Adair County. The

® Moore, R. C., “‘Carboniferous’ Rocks of North America”: Int. Geol. Cong.,
Rep. 16th Session, 1933, Vol. 1, pp. 593-616, pls. 1-3, 1936.

® Moore, R. C, “The_ Origin and Age of the Boulder-Bearing Johns Valley
Shale in the Ouachita Mountains of Arkansas and Oklahoma”: Am. Jour. Sci.,
Sth Ser., Vol. 27, pp. 432-453, 1934.

® Miller, A. K., and Moore, Cart A, “Cephalopods From the Carboniferous Mor-
row Group of Northern Arkansas and Oklahoma”: Jour. Paleontology, Vol. 12,
pp. 341-354, 1938.

% Giles, Albert W., and Brewster, Eugene B., “Hale Mountain Scction in North-
west Arkansas”: Bull. dwmer. Assoc. Petro. Geol., Vol, 14, pp. 121-138, 1930.
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massive limestone near Ft. Gibson, long thought by geologists to
be Brentwood, has proved to be continuous with the Hale.

Attention should be called to the pronounced change in the
Morrow rocks from Adair County into Cherokee County. In
Adair County all the units of the Morrow are similar to those of
the type area in Arkansas. A few miles west of the Cherokee-Adair
county line, the Morrow is less than half its thickness on Hale
Mountain, and about two-thirds the thickness of this series in the
western part of Adair County. The Hale is represented in Chero-
kee County by a limestone formation that in many exposures, is
difficult to distinguish from the Pitkin limestone. That this lime-
stone of the Hale is equivalent to the sandstone farther east is evi-
denced by the similarity of the insoluble residues, by the thin con-
glomeratic bed at the base, and by the close similarity between the
Hale limestone in Cherokee County and the limestone beds directly
associated with the Hale sandstones in Adair County. A study of
the stratigraphic profiles will also assist in understanding that this
limestone is the equivalent of the sandstone.

The Bloyd formation thins progressively westward from Ark-
ansas into Cherokee County, but maintains a more or less uniform
thickness across Cherokee County to Muskogee. The Brentwood
limestone member loses its identity in Oklahoma, being a succes-
sion of shales with discontinuous limestone beds. There is a local
development of thin-bedded siltstone, which has been called a sandy
shale, in several sections in Cherokee County. Locally the shales
are calcareous and very fossiliferous.

The Kessler limestone is much thinner in Oklahoma, and is
recognizable primarily on the basis of its insoluble residue. Studies
indicate that it does not extend west of a north-south line roughly
4 miles west of Stilwell, Oklahoma. It has heen removed by pre-
Atoka erosion, and the sandstones of the Atoka rest on older beds
of the Bloyd toward the west and north. This erosion also accounts
for the irregular thickness of the Morrow series in Cherokee County.

HALE FORMATION

The Hale formation was named by Taff*? from Hale Moun-
tain, Washington County, Arkansas, to replace the preoccupied
term “Washington” given this unit by Simonds in 1891. It is the

® Taff, J. A, U. S. Geol. Survey Geol, Atlas, Tahlequah Folio (No, 122).
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oldest Pennsylvanian formation in this area, rests on the Pitkin
limestone of Mississippian age and is overlain by the Bloyd forma-
tion.

Distribution and Character. The Hale is present in every meas-
ured section in the area, and is generally the best exposed of all the
formations studied. In the eastern and central part of the area it
crops out in cliffs with the upper part of the Pitkin exposed and at
the top, in some places, the limestones or shales of the Bloyd (prob-
ably equivalent to Brentwood) are exposed.

In all sections the Hale rests on the eroded surface of the
Pitkin limestone, with the possible exception of a few of the sec-
tions in the northern part of the area near Pryor, Oklahoma, where
the Pitkin was not found. There is a conglomeratic bed at the bhase
of the Hale in most of the sections in the eastern and southeastern
parts of the area. This conglomerate averages less than a foot
in thickness, is made up of well rounded limonitic, shaly, limestone
pebbles and phosphate nodules, contained in a-very ferruginous and
calcareous, yellow brown matrix. The matrix is generally phos-
phatic and weathers to a hematite-red color. Re-worked Pitkin fos-
sils and pebbles have been found in the conglomerate,

The character and variations of the Hale formation in the
different measured sections is discussed by townships. Names and
numbers of measured sections give a cross reference to Appendix
A and Plates.

PROFILE ACROSS TOWNSHIPS 13 AND 14 NORTH
(Plate X)

Starting from the measured section at Davidson, Arkansas,
secs. 14 and 23, T. 12 N., R. 33 W, (No. 4), this profile extends
westward through Bunch, Oklahoma, to Greenleaf Dam, south of
Braggs, Oklahoma. At Davidson, Arkansas, the Hale is made up
of a basal 6-foot bed of sandy, fissile shale, followed by 4 feet of
calcareous sandstone, cross bedded and irregularly bedded, medium
to fine grained. Above a thick concealed interval there is a well-
exposed outcrop of typical calcareous Hale sandstone that weathers
pitted and cavernous.

On the south end of Ross Mountain, secs. 34 and 35, T. 15 N.,
R. 26 E. (No. 68), the Hale is similar to that at Davidson, Arkan-
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sas: a basal 7-foot sandstone, thin bedded, argillaceous, greenish,
and essentially non-calcareous; followed by 6 feet of sandy, fissile
shale, and a thick concealed interval. Next above is 29 feet of cal-
careous sandstone, thick-bedded, and weathering pitted in horizontal
flutings. Above this sandstone is 24 feet of very sandy limestone
that is very coarsely crystalline and very crinoidal in the lower part.

At the Salem School section, sec. 31, T'. 15 N., R. 26 E. (No.
66), the Hale is thinner and consists of typical calcareous Hale
sandstone,

On Welch Mountain, sec. 33, 1. 15 N., R. 25 E. (No. 58),
the Hale is entirely limestone except the basal conglomerate, which
is calcareous and contains pebbles of Pitkin limestone and “Boone”
chert. The limestones are generally medium to very coarse crys-
talline, and blue gray in color. There is one oolitic bed that was
not found in place.

The sections on High Mountain, secs. 2, 3, 10 and 11, T. 14
N., R. 24 E. (No. 21), and Bunch Mountain, sec 15, T. 14 N., R.
24 i, (No. 23), exhibit the Hale composed of typically weathered
calcareous sandstones with thin limestone beds that are crinoidal
and very coarsely crystalline. (See frontispiece.)

In eastern Cherokee County, Elk Creek section, sec. 23, 'I'. 14
N, R. 23 E. (No. 19), the Hale is made up of limestone that is
light gray, locally very sandy, generally coarsely crystalline and
crinoidal. ‘There are three thin calcareous sandstone beds in the
unit. Three miles to the west, in the L'errapin Creck section, sec.
29, T. 14 N, R. 23 W. (No. 20), the Hale is poorly exposed. It
carries limestone beds that are sandy, that have a typical Hale grain
residue and weather pitted and cavernous. In addition there is an
8-foot bed of sandy blue gray shale near the top.

One of the best exposed and most instructive sections in this
part of the area is the Blackgum section, secs, 32 and 33, T, 14 N,
R. 22 E,, and secs. 4 and 5, T. 13 N, R, 22 &, (No. 11). 'The basal
part of the Hale is irregularly bedded sandstone with thin shaly
partings, medium to fine grained, and is essentially non-calcareous.
(See P IIT A.) 'I'he upper 10 feet of the Hale is of fine sandstone
that is slightly calcareous, irregularly bedded, blue gray in color
with a greenish cast. The limestone on top of this bed is assigned
to the Bloyd on lithologic appearance and on the basis of the study
of insoluble residues.

HALY, FORMATION 27

In neither the Linder Creek section, sec. 3, 'I'. 13 N., R, 21 L.
(No. 9) nor the Greenleaf Dam section, sec. 2, 13 N., R. 20 L.
(No. 6), is the base of the Hale exposed. In the former the Hale
is generally poorly exposed and is made up of irregularly bedded
limestones that are light blue gray, coarsely crystalline, crinoidal,
and weather granular. At Greenleaf Dam, at the lake level in 1939,
there was a 3-foot bed of calcareous sandstone followed by gener-
ally thin bedded limestones that contain local sandy inclusions and
crinoid stems replaced with orange calcite.

The McLain section, sec. 28, T'. 13 N, R. 20 E. (No. 8), is
difficult to correlate precisely with adjacent sections because of gen-
erally poorly exposed beds. A 1-foot bed of dark gray, fine, sand-
stone is called the base of the Hale. The bed is followed by 8 feet
of blue gray fissile shale with limy concretions and lenses. The
questionable top of the Hale is placed within a limestone-shale in-
terval where the lithologic character of the limestone seems to
change sufficiently to warrant a formation break.

PROFILE ACROSS TOWNSHIP 15 NORTIX
(Plate XI)

This profile is perhaps the best in which to study the outcrop
of the Morrow series of rocks in northeastern Oklahoma. It ex-
tends from the type section area on Hale Mountain, Washington
County, Arkansas westward to the vicinity of Muskogee, Oklahoma.
The attempt is made to correlate beds between adjacent measured
sections to determine the facies changes from the type section west-
ward. It is believed that in this way it is possible to correctly in-
terpret the Morrow sections near Muskogee, and to correlate these
beds with the type section.

The Hale is a mappable unit across the area of outcrop and
can generally be differentiated upon close study of its lithology,
the field relationships, and on the basis of the insoluble residues.

Giles and Brewster®® described the Hale formation on Hale
Mountain, Arkansas, and pointed out that the basal 16 feet is con-
cealed. Above this concealed interval the Hale is composed of cal-
careous sandstone with a few thin shales and one limestone bed. See
appendix A for detailed description of this section.

® Giles, Albert W., and Brewster, Eugene B., 0p. cit.
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Across the middle of the southern part of Adair County the
Hale contains more sandstone with a decrease in the amount of
shale, and locally, limestone beds are well developed.

The Hale is entirely sandstone in T'. 15 N., R. 26 E. Two sec-
tions were measured in this township but a full thickness of the
Hale was not exposed in either. The basal part is thin bedded sand-
stone, gray on fresh exposures, weathering brown to buff, is some-
what cross bedded locally, and contains shaly beds. Massive beds
of slightly calcareous sandstone are found in the middle of the
measured sections.

Westward in T. 15 N., R. 25 E., the base of the Hale is marked
by a calcareous conglomerate bed, ranging from 0.2 to 1.0 foot in
thickness, directly overlain by a 1-foot bed of blue, non-calcareous,
fissile shale. Both these beds show a positive test for phosphate.
Above these basal beds the Hale is composed of massive, light
brown sandstone, locally calcareous, commonly cross bedded, and
invariably carrying typical “Hale weathered” beds. A yellow sandy
shale is present in the Hale on Taylor Mountain, sec. 13, T. 15 N.,
R. 25 E. (No. 54).

The Hale is thinner in Gittin’ Down Mountain, secs. 14, 15, 22,
and 23, T. 15 N., R. 24 E. (No. 46), because of the locally thick-
ened Pitkin that seems to have formed a pre-Hale topographic high.
Here there is no conglomerate at its base, and the Hale consists en-
tirely of massive-bedded and cross-bedded, non-calcareous to slight-
ly calcareous sandstone. Local beds of typical ‘“Hale weathering”
are found in Bowles Mountain, secs. 22, 27 and 28, T. 15 N, R. 24
E., 2 miles south of Gittin’ Down Mountain; however, the Hale
is thicker and the calcareous conglomerate bed is found at its base.
In this section, the upper part of the Hale is made up of light blue
gray limestone, very coarsely crystalline and extremely crinoidal.
Thin shale beds separate the limestone beds. These beds are assigned
to the Hale chiefly on the character of the insoluble residues.

One of the best and most instructive exposures of the Hale for-
mation in the western part of Adair County is in the Hungry Moun-
tain District, EV4 sec. 16, T. 15 N., R. 24 E. (No. 47), where 60 feet
of Hale is well exposed in a road cut. The base is a 6-foot bed of
very sandy limestone followed by a thin but persistent 6-inch bed of
blue clay shale weathering yellow brown and buff, and carrying
phosphatic pebbles that yielded 3.12 per cent phosphate on analysis.
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Locally there is a second thin shale parting separated from the first
by a 6-inch conglomeratic layer overlain by 12 feet of sandstones
and shale. The sandstones are very thin and are interbedded with
heavily limonitic-stained shales. Cross-bedded, calcareous sand-
stones are well developed. (See PL. IV A). Limestone reefs, which
are very sandy, and which appear cross-bedded and fluted on weath-
ered surfaces, occur within this zone, (Pl. IV B). The syngenetic
origin of these reefs is indicated by the fact that thin resistant sand-
stone beds may be traced laterally to a reef, thence up and through
it, and back to their original level. This situation illustrates the
extreme variability of the Hale, from limestone to sandstone within
a very short distance. Evidently weathering removes most of the
calcareous material from the reefs and the non-calcareous honey-
combed exposures, typical “Hale weathering,” remain. Thin-bedded
sandstones with shaly partings, and a massive bed that weathers
characteristically pitted and cavernous, complete the section.

On County Line Hill, sec 24, T. 15 N., R. 23 E. (No. 40), the
Hale consists of massive bedded, very calcareous sandstone, and
local limestone lenses. These limestone beds are typical of the Hale
limestone in that they are coarsely crystalline, very crinoidal, and
are of granular texture. In the Barber section, secs. 28 and 33, T.
15 N., R. 23 E. (No. 39), the entire exposed Hale is massive lime-
stone, brown gray, locally oolitic and sandy, coarsely crystalline,
and very crinoidal. This massive limestone is underlain by Archi-
medes-bearing Pitkin limestone, and the insoluble residues are very
similar to the calcareous sandstone residues of the Hale farther east.

Two sections were measured in T. 15 N, R. 22 E. In both
these the base of the Hale consists of sandy limestone. The North
Pettit section, secs. 14 and 15, T. 15 N. R. 22 E. (No. 36), has a
calcareous conglomerate at the base that is similar in all respects to
the typical Hale basal conglomerate to the east. The Hale seems
to grade upward into the limestones and shales of the Bloyd, and
in neither section was the top of the Hale identified with certainty.
The limestones in the Hale are light gray to cream gray, coarse to
coarse-medium-crystalline, crinoidal, and weather in horizontal flut-
ings, which seem to be characteristic of the Hale in many sections.
The insoluble residues also indicate this limestone to be Hale.

In the West Zeb sections, secs. 3 and 10, T. 15 N, R. 21 E.
(No. 34), the beds assigned to the Hale formation consist of lime-
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stone. These limestone beds are locally sandy, locally oolitic, vari-
ably crystalline, and near the top weather in large horizontal flutings.
Both the base and top of the Hale are questionable, but the lime-
stones assigned to the Hale have typical insoluble residues.

The section in the eastern part of Nigger Hollow, sec. 7, T 15
N, R. 21 E. (No. 35), may be used to iliustrate the differentiation
of the Pitkin and Hale limestones. Here the Pitkin is characteristi-
cally rubbly, sublithographic crystalline in texture and carries Archi-
mmedes. ‘The insoluble residue is 4.8 per cent with a grain residue
of 0.8 per cent. At its base the Hale limestone is very sandy: in-
soluble residue 41.7 per cent, grain residue 38.5 per cent, and the
limestone weathers pitted and cavernous and in horizontal flutings.
(See PL III B.) All of the lower and middle limestone beds of
the Hale formation in this section have an insoluble residue of clean
sand. The top of the Hale is placed at a 1-foot greenish, argillace-
ous, sandstone bed.

One of the best exposed sections of the Hale near Muskogee,
Oklahoma, is along old state highway 10, up Braggs Mountain, sec.
29, T. 15, N., R. 20 E. (No. 32). In this section there is a'cal-
careous conglomerate less than a foot thick at the base of the Hale.
This bed is followed by 18 feet of massive, sandy limestone and 6
feet of thin bedded, very sandy greenish limestone, overlain by 28
feet of massive, blue gray limestones with thin shale partings. These
limestones weather rather fluted near the top. A section was meas-
ured along the new road up Braggs Mountain, in secs. 21 and 28,
T. 15 N., R. 20 E., from the Fayetteville to the Atoka (No. 31).
This section is very similar to that along old state highway 10, (No.
32). 'The limestones in the lower part of the upper 28-foot zone
have an insoluble residue of clean quartz sand with a high percen-
tage of limonite. Blue gray, fissile shale overlies the upper lime-
stone. Because of vertical continuity of the limestone beds, and
the absence of any lithologic break, the zone from the base of the
calcareous conglomerate to the base of the blue gray fissile shale is
assigned to the Hale formation.

Goose Neck Bend section, SE14 sec. 26, T. 15 N, R. 19 E.
(No. 29), is the westernmost outcrop of the Morrow series in
this latitude. T'o the west and southwest the Morrow dips beneath the
Atoka sandstones. The Hale is fairly well exposed, except the
base, which is covered by river alluvium, At the exposure, 34 feet
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of massive blue gray limestone, very coarsely crystalline and very
crinoidal, with numerous shale interbeds, and an upper 0.5-foot bed
of conglomeratic limestone, are assigned to the Hale. The upper
conglomeratic bed is considered to be the top of the Hale. Poorly
exposed blue gray, fissile shale lies above the conglomeratic bed.

PROFILE ACROSS TOWNSHIP 16 NORTH
(Plate XII)

This cross section extends from Hale Mountain, Washington
County, Arkansas, westward through Wauhillan, Parkhill, the
hills south and west of T'ahlequah and ends at the classic Keough
Quarry section north of Ft. Gibson, Oklahoma. The abrupt thin-
ning of the Morrow series from Adair into Cherokee County is
graphically shown. Measured sections west of Parkhill contain less
than 100 feet of Morrow, as compared to the thick sections of
the series in Adair County which average over 100 feet. In these
sections the Hale formation averages about 30 feet thick, and may
be recognized at the base of the Morrow series.

To help in correlating from the type section on Hale Mountain
into Oklahoma, a section was measured in sec. 10, T. 13N., R. 33
W., near Tolu, in Arkansas. In this section, the Hale is composed
of calcareous sandstone, very sandy limestone, and massive, non-
calcareous, medium-grained sandstone. By studying this particular
section a satisfactory correlation is possible from the type section
to the thinner section on Bugger Mountain in Oklahoma.

On Bugger Mountain, secs. 11 and 14, T. 16 N,, R. 26 E.
(No. 84), the Hale consists of a basal 1-foot shale member carry-
ing a silty sandstone bed, followed by 12 feet of calcareous sand-
stone, 13 feet of locally oolitic, sandy limestone, and 8 feet of
massive, calcareous sandstone.

The base of the Hale on Spade Mountain, secs. 1 and 12, T.
16 N., R.'24 E. (No. 78), consists of sandy shale with thin sand-
stone beds that appear to cut across the bedding planes of the shale.
Above this, the Hale is made up of massive bedded sandstone. The
non-calcareous portions make a steep cliff, (See P1. V A.) and the

‘calcareous portions weather typically pitted and cavernous. The

Hale is 100 feet thick in Spade Mountain—the thickest in this
part of the area.
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At Wauhillau, secs. 19 and 20, T. 16 N., R. 24 E. (No. 79), ‘

the Hale is very similar to that on Spade Mountain except that it
contains two shale beds.

On Sugar Mountain, sec. 21, 1. 16 N, R. 23 E. (No. 77),
the Hale is poorly exposed but there are 18 feet of massive bedded
gray limestone at the top. This limestone is assigned to the Hale
formation because of the character of the insoluble residues.

One of the best sections of the Hale near Tahlequah, Okla-
hotna, is the Parkhill section, sec. 27,1, 16 N, R. 22 E. (No. 76),
where the entire Morrow series is well exposed along a new cut
on the road toward Cookson, Oklahoma. The basal bed of the
Hale is a sandy limestone (calcareous sandstone) that is massive,
light gray, coarse medium to coarse crystalline, and weathers into
cross bedded flutings (PL V B).

The three sections measured south and west of Tahlequah,
Oklahoma, sec. 5, T. 16 N., R. 22 E. (No. 74), sec. 26, T. 17 N,,
R. 21 E. (No. 89), and sec. 6, T.16 N., R. 22 E. (No. 75), all show
the Hale to be entirely limestone, but in sec. 5, T. 16 N, R. 22 E.
(No. 74), there is a sandy bed at the base. The limestone is generally
massive bedded, of various shades of gray, variably crystalline, lo-
cally fossiliferous and weathers smooth and uneven. The individual
beds form small benches around the sides of the low hills, and
most outcrops are poorly exposed. In most samples, the insoluble
residues are chiefly clean quartz sand, with traces of drusy quartz.

In the rather poor section on Bobtail Branch, sec. 8, T. 16 N,
R. 21 E. (No. 72), there is a good contact of the Hale and Pitkin.
Limestone that appears granular, that is, very coarsely crystalline
and crinoidal, light gray in color, and highly fossiliferous, rests on
the jointed, light blue limestone of the Pitkin formation. Beds
assigned to the Hale are limestones with interbedded shales, locally
oolitic, and locally weathering thin-bedded and fluted.

The Blacksmith section, sec. 10, 7. 16 N., R. 20 E. (No. 70),
is rather well exposed. The base of the Hale is placed above the
highest Archimedes, where the insoluble residues consist of clean,
white, crystalline quartz, largely secondary, with minor amounts
of quartz sand grains. Alternating beds of limestone and shale make
up the Hale section.

A. Closc-up view of argillaccous phase of Pitkin limestone.

B.

PLATE IL

AT AR RS
R '{Eli;l"-’ ' ,é‘ﬂaw.‘ .

et S .I"\'

eastern extension of Stilwell Mountain, secs. 1 and 2 '1¥V§§t Is\}(.leRof ;gui}—

Adair County, Oklahoma. (Measured section No. 52).

Grain residue of Pitkin limestc i
L - stone showing abundance of g

2\‘5“'!2 crystals. Sample from Bunch Mountain, sec. cl; ’FCCI(XK}\F}F) Rcu;‘id;?l
air County, Oklahoma. (Measured section No. 23)'. ' co -



PLATE IIL

‘SuLIOLpTAM D) JO DINIBU SNOLLIDALD put panid d aox "(¢g "ON UONIDS PaInsedy)
1 128 N ST L ‘81 pue /£ "$298 'WO[[0H 13851N, Jo 3aed Ised ap ur pasodxd DITH O} Jo dUOISIUL] spueg g

"AUOISHUI] UM U0 $ISIT I3

4 A Jo pesy dyJ,

sSunaed  £[eys ‘uiy) pue ‘Suippaq JemBoadr s doN (Il ON .:cruum poanseay)  BWOUENO AUno)
‘uoeULIO! JEF] . JO Paq duojspues Jeseqg Y

20404y " gz M "N bl L CEf PuT Zg "S99S5 "LONDDS umsiarlg




PLATE IV.

A. Cross-bedding in sandstone of the Hale formation, Hungry Mountain dis-
trict, 1514 scc. 16, T. 15 N, R. 24 ., Adair County. Oklahoma. ( Measured
section No. 47). This view is ncar the level of the limestone reefs shown
below.

B. limestone rcef in Hale Formation, adjacent to view above. One of the re-

sistant sandstone layers thay be traced laterally up to, and through the upper
part of the reef.
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PLATE VIL

A. Coal in Bloyd formation 0.6 mile east of Bayou Manard, along Oklahoma
State highway No. 10. The coal is 0.8 foot thick, and lics immediately he-
low massive sandstone of the basal Atoka formation, and above typical dark
shale of the Bloyd formation. This is the only known exposure of coal in
the Morrow series in northcastern Oklahoma, and is of interest hecause of
its possible relationship with the Baldwin coal of the Bloyd formation in
northwestern Arkansas. NE% sec. 20, T. 15 N, R. 20 E., Muskogee County,
Oklahoma.

B. Typical exposurc of thin limestone beds in the Bloyd shale. Ross Mountain,
(Mcasured scction No, 61), sec. 13, T. 15 N.,, R. 26 E, Adair County,
Oklahotma, .



PLATE VIIIL

A. Kessler limestone member of Bloyd formation, northeast side of Salt Creck
anticline. Beds dip approximately 25 degrees. (Measured section No. 15),
sec. 18, T. 13 N, R. 26 E., Sequoyah County, Oklahoma.

B. Thin-bedded siltstone of the Atoka formation. South end of Welch Moun-
tain, sec. 5, T. 14 N, R, 25 E,, Adair County, Oklahoma.
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The Flower Creek section, sec. 19, T'. 16 N., R. 20 E. (No.
71), was measured and studied as a check on the classic Keough
Quarry section, sec. 25, T. 16 N., R. 19 E. (No. 69). In the
Flower Creek section there is limestone conglomerate at the base
of the Hale that carries a high percentage of phosphate. Above
the conglomerate bed the Hale is composed of massive to thin
bedded, light to cream gray limestone, locally sandy and locally
very fossiliferous,

The Keough Quarry section has been visited and studied
by a great number of geologists, principally because of the well
known bed so rich in Pentremites that occurs in the Bloyd forma-
tion. As in other sections in this part of the area, the Hale here is
principally limestone with thin shale partings, (see Frontispiece.)
The lower 17 feet is massive, pink,.coarsely crystalline limestone
with a conglomeratic, uneven-bedded limestone, and greenish-gray,
calcareous shale near the top. Insoluble residues indicate that these
limestones all belong to the Hale formation.

NORTH-SOUTH PROFILE ALONG WESTERN EDGE OF AREA
(Plate XIII)

From south to north this profile includes the westernmost
sections measured in the area, i. e., along the line at which the
Morrow rocks dip beneath the Atoka sandstones and shales along
the Neosho (Grand) River. It extends from south of Muskogee,
T. 13 N,, R. 19 E., northward to the last recognized Mcrrow
outcrop in T'. 22 N., R. 20 E.

The Hale is made up chiefly of limestone in this part nf the
area. At the south end it averages some 50 feet thick and contains
several shale beds. Northward it becomes thinner, contains less
shale, and is made up of irregularly bedded light blue gray litne-
stone beds. The sections in the south half of the profile have been
described in connection with the east-west profiles.

In the Hulbert section, sec. 34, T'. 17 N.,, R, 20 E. (No. 87),
the Hale has a 2-foot sandstone at its base, containing Calamites
and other plant remains. Above the sandstone the Hale consists of
limestones that are gray, very coarsely crystalline, and weather
cross-bedded and uneven.

Differentiation between the limestones of the Pitkin and the
Hale in the Clear Creek section, sec. 6, T'. 17 N., R. 20 E. (No. 86),
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is based principally on insoluble residues. -The Hale is light gray(i
very coarsely crystalline limestone that is unevenly bedded an
locally is sandy.

Two important and well exposed sections were measured near
Vonkers : Fast Yonkers section, sec. 6,'T. 18 N, R. 20 E. (No. 92),
and Yonkers section, sec. 10, T. 18 N., R. 19 E. (_No. 91). The
East Yonkers section has 8 feet of very sandy limestone at tl'lle
base. 'This bed is followed by generally uneven bedded, 'coa{sily
crystalline limestone that contains several shale heds. The insoluble
residues are made up principally of clean qL}artz sand. Four{(eeg‘
feet of Bloyd formation overlies the .Hale in t'he Fast Yon ers
section. The Yonkers section is unique it that.lt is the only section
west and north of Parkhill, Oklahoma, in which the Hale consxsts{
of alternating thin beds of sandy shale, calcareous sandstone, an(‘E
sandy limestone. Above the thin-bcdd.ed zone the Hale consists 0
sandy light gray limestone, tlf.xin, fissile, shale beds and an ?ptll)]e_r
blue gray limestone. Pentremites were found near ‘the -top of this
limestone, ‘T'he Hale is overlain by the Atoka in this section.

Near Cedar Crest, Oklahoma, in sec. 8, T. 19 N, R. 20 L.
(No. 94), the Morrow is represented by only 47 feet <?f Hale. I.t
ijs gray and brown gray limestone, coarsely crystalline, and is
sandy at the basal part.

The northernmost exposure of the Morrow was fs)und in sec.
20, T. 22 N, R. 20 E,, as reported by Snider.®* In this study one
bo,ul(ler was found consisting of limestone, blue gra}i,‘ co?.rselnlﬁ-
dium crystalline, crinoidal, weathering rather granular. 'The insoluble
residue indicates a correlation with the Hale beds to the south.

NORTH-SIDE PROFILE THROUGH CENTRAL PART OF AREA
(Plate XIV)

This profile extends from Marble City, Oklaho_ma, in T: 13
N, R. 23 E., where the classic Quarry Mountain section was meas-
ured and studied, northward through Pettit, "I'ahlequah, to Gideon,
Oklahoma, T. 18 N, R. 21 E.

In the Quarry Mountain section, sec. 14,. T. .13 N., R. 23 E.
(No. 12), near Marble City, a complete section 1S exposed from

% Qpider, L. C., “The Geology of a Portion of Northeastern Oklahoma”: Okla.

Geol. Survey Bull. 24, 1915.
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the St. Clair limestone (Silurian) into the Atoka formation. Here
the Hale consists of a basal 1-foot bed of sandy oolitic limestone
that seems to grade into the limestone above. The remainder of

the Hale is made up of alternating limestones and shales, with a
3-foot bed of sandstone marking the top.

Northward this profile contains the following previously dis-
cussed sections: the Terrapin Creek section, sec. 29, T. 14 N, R.
23 E. (No. 20); North Pettit section, secs. 14 and 15, T. 15 N,
R. 22 E. (No. 36); Parkhill section, secs. 26 and 27, T. 16 N. R.
22 E. (No. 76) ; south Tahlequah section, sec. 5, T. 16 N., R. 22 E.
(No. 74) ; and Pecan Creek section, sec. 26 T. 17 N., R. 21 E. (No.
89). 'The Gideon section, sec. 36, T. 18 N., R. 21 E. (No. 93),
at the north end of the profile is important because of its proximity
to the north edge of the Morrow sea. Here the entire Morrow is
only 36 feet thick compared with 93 feet in the Pecan Creek sec-
tion and 56 feet in the Tom Patch section, sec. 3, T. 17 N, R. 21
E. (No. 88), the decrease probably being the result of non-deposi-
tion and overlap against the old shore line.

Thickness. The Hale has a wide range of thickness through-
out the area, much of which is believed to be due to conditions of
deposition rather than to widespread pre-Bloyd erosion.

Across T.. 13 N., the Hale thickens from 30 feet in the Quarry
Mountain section, sec. 14 T. 13 N., R. 23 E. (No. 12), to 58 feet
in the McLain section, sec. 28 T\ 13 N., R. 20 E. (No. 8), on the
west bank of the Arkansas River.

From a thickness of 95 feet at Davidson, Arkansas, secs. 14
and 23, T. 12 N., R. 33 W. (No. 4), the Hale thickens to 104 feet
on the south end of Ross Mountain, secs. 34 and 35, T. 15 N,, R.
26 E., Oklahoma (No. 68). It is rather irregular in thickness in
the western part of Adair County, averaging about 61 feet, and is
somewhat thinner in eastern Cherokee County. Near Blackgum,
Oklahoma, secs. 4 and 5, T. 13 N., R. 22 E., and secs. 32 and 33,
T. 14 N., R. 22 E. (No. 11), the westernmost complete section of
the Hale in this cross section, it is 35 feet thick.

Across T'. 15 N., the Hale thickens from 89 feet on Hale
Mountain, Arkansas, to 138 feet on Ross Mountain, secs. 12 and
13,T. 15 N., R. 26 E. (No. 61), and then thins to 69 feet on Taylor

‘ Mountain, sec. 13, T. 15 N., R. 25 E. (No. 54), and to 52 feet on

Gittin’ Down Mountain, secs. 14, 15, 22 and 23, 'I'. 15 N., R. 24 E.
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is thi rer the topographic high in
No. 46), where the Hale is thinner ov er‘t ' ‘
t(he Pitkin. In Cherokee County the Hale is 63 feet thick on Coun-
ty Line Hill, secs. 24, .15 N., R. 23 E. (No. 40), and then aver-
ages about 45 feet thick across the county.

The profile across T. 16 N., illustrates the westward thinning
from Hale Mountain to Bugger Mountain, sec. 14{ T.16 N., R. 26
E. (No. 84). The Hale reaches its maximum -th.lckness, 100 feet,
in the northern part of the area on Spade Mountain, secs. 1 ar}d 12,
T. 16 N., R. 26 E. (No. 78), and it is more than 75 feet thick at
\\./auhillau, Oklahoma. Across Cherokee County to the Keough
Quarry north of Ft. Gibson, the Hale averages only about 25 feet
in thickness.

Across T. 17 N., and extending on northward al_ong 'ﬂ;{e
Neosho (Grand) River, the Hale averages about 45 feet in thlch-
ness. North of Yonkers, erosion has removed the Bloyd so that the
Atoka rests on the Hale formation.

Stratigraphic Relations. The Hale lies discon_formably on the
Pitkin limestone. (See Pl VI A.) This contact, in all but a very
few sections is marked by a change from limestone to sand§t011e or
to sandy limestone and by a basal conglom.erate. The difference
between insoluble residues is generally especially well marked.

The Hale-Bloyd contact is conformabl.e and the contact is
generally drawn at the top of a continuous limestone or sandstogle
bed assignable to the Hale. \/Vher'e the contact must be drawn be-
tween limestones there is less certainty.

In the eastern part of the area the Hale-]?:loyd contact is com-
monly placed above a blue-gray limestone that is very coarsel_z'1 cry.sl;
talline, has a very crinoidal texture, an.(l an insoluble resi }1e ld
which the major grade of the quartz 1s 1/4-1/8.mm s;ze,lalr)ll
below a brown gray, platy fossiliferous'hmestone with an insoluble
residue that is characterized by the major grade of q.uartz blemg a
very fine sand. This distinct change in l.lthology and in the charac-
ter of the insoluble residues is apparent in nearly all places. v

In the western part of the area the Hale-B.loy(! contact 1sdpl:;celd
at the top of a persistent limestone aboYe which mterbed(.le shale
and limestone beds come in. Below this cor.xtact the resxdt;es aIre
generally made up of clean quartz sand, typical of the Hale. In
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the overlying beds the residues are smaller in percentage and con-
tain large amounts of clay and drusy quartz,

Age and Correlation. The Hale formation contains the oldest
Pennsylvanian rocks of northeastern Oklahoma. From a study of
cephalopod fauna, Miller and Owen conclude that the Hale for-
mation is of the same age as the Union Valley limestone at the base
of the Morrow in the Arbuckle Mountains.

. .. last May, John Owen and I completed a detailed study
of the Union Valley cephalopods, which are fairly numerous
and varied, and submitted it to the Journal of Paleontology
for publication. We were able to recognize nine cephalopod
species from the upper or arenaceous limestone portion of
the Union Valley. The two most abundant forms in the
Union Valley (Cravenoceras? morrowense and Glaphyrites
oblatus) are also the most abundant cephalopods from the
Hale. Furthermore, the Hale and Union Valley have other
cephalopods in common: Pronorites arkansasensis, Gastrio-
cevas branneri, Lioceras cf. L. liratum and Mooreoceras? sp.
- A direct comparison with Hale specimens convinced me that
the similarity is genuine. In summary it can be said that all
nine of the species of cephalopods known from the Union
Valley are congeneric with Hale forms, and at least five or
six of them are conspecific. These facts lead me inescapably to
the conclusion that the upper or limestone member of the
Union Valley formation should be correlated with the cep-
halopod-bearing portion of the Hale formation.®

The Union Valley limestone has been correlated with the Prim-
rose calcareous sandstone formerly assigned to the upper part of
the Springer formation in the Ardmore basin. It is now thought
that the Hale formation is to be correlated with the entire Union
Valley formation of the Arbuckle Mountains and with the Prim-
rose sandstone of the Ardmore Basin.

Harlton®® correlated the Union Valley limestone with a silice-
ous limestone formerly regarded as the base of the Wapanucka for-
mation in the frontal Ouachita Mountains, to which he applied the
name Primrose because of its probable equivalence to the Primrose

* Miller, A. K., Personal Communication. Miller, A. K., and Owen Britt, “The
Cephalopod Fauna of the Pennsylvanian Union Valley Formation of Oklahoma” :
Jour, Paleontology, Vol. 18, No. 5, pp. 417-428, 1944,

* Harlton, Bruce H., “Stratigraphy of the Bendian of the Oklahoma Salient of

the Ouachita Mountains”: Bull. Amer. Assoc. Petro. Geol., Vol. 22, pp. 852-
915, 1938.
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sandstone of the Ardmore basin. He also assigned the upper 400
to 500 feet of beds formerly classified as upper Jackfork to the
Union Valley sandstone, and placed this unit at the base of the
Morrow.

Hollingsworth® stated that *“. . . he might go so far as to
correlate the limestone at the top of the Union Valley with the lower
) . . 11)
‘Johns Valley’ shale of the Ouachita Mountains.

Character of Insoluble Residues. The most distinctive feature
of the Hale residues is the clean quartz sand, the small amounts of
clay, and the general absence of drusy quartz. (See figs. 3-8.)

In the eastern part of the arca the Hale residues are character-
ized by quartz grains 1/4-1/8 mm in major .g.rade size, generally
well frosted and ranging from angular to curvilinear in shape. The
residues contain very small percentages to a complete absence .of
secondary euhedral quartz or drusy quartz. The percentage of in-
soluble and grain residues is characteristically much higher than
cither the Pitkin or Bloyd residues. (See PL. VI B.)

In the western part of the area, however, it is more diﬂ:lClillt to
distinguish the Hale and the Bloyd residues. The Hale residues
are generally characterized by the presence of clean quartz sand as
elsewhere, and by the lack of drusy quartz anfl secondary euh.edral
quartz crystals. Muscovite may be present in the Hale residues
but is not necessarily diagnostic. In this part of the area the per-
centage of insoluble residue may be quite low and the major grade
of the quartz in the residues will range frf)m .1/8-1/16 mm to
1/2-1/4 mm, with the coarser grades predominating.

BLOYD FORMATION

I'he Bloyd formation was named by Purdue® from Bloyd
Mountain, 9 miles south of Fayetteville, Washington County, Ar-
kansas. At the type locality, the previously named Brentwood
limestone was recognized as a lower limestone' lentil and the Kessler
as an upper limestone lentil. No name was given th?‘ shale betvyeeg
the Brentwood and Kessler, other than the term anl;bearmg
shale, as used by Simonds in his early report.*® Croneis*® has ap-
- ’33,'3355‘,1‘."&‘: I(}. X"Ggszr.s?:frlvf;m&'ﬁ;f '5?:111.3;:' Winslow Folio (No. 154), 1907,
® Simonds, F. W., “The Geology of Washington County”: Geol. Survey of
Ark. All!lv,'RL‘[’. of 1888, Vol. 1V, pp. 75-105, 1891.

© Croneis, Carey, “Geology of the Arkansas Paleozoic Area”: Ark. Geol, Survey
Bull. 3, 1930.
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plied the name Baldwin to the coal bed in this shale. At the type
locality, 6 to 10 feet of calcareous, black shale intervenes between
the top of the Hale formation and the base of the Brentwood lime-
stone; and on Bloyd Mountain, and on Hale Mountain as well,

there is an upper shale, between the Kessler and the base of the
overlying Atoka formation.

This description fits the sections in Washington County, Ar-
kansas, very well, and all five units are easily recognizable. - T'o the
south, in secs. 14 and 23, T. 12 N., R. 33 W, near Davidson, Ar-
kansas, and in Oklahoma, this. clean-cut distinction is not at all
apparent. From data gathered from a large number of detailed
sections, it is evident that the Brentwood loses its identity in Okla-
homa, and becomes indistinguishable in a sequence of alternating
thin, discontinuous limestones and interbedded shale of the lower
Bloyd. The equivalents of the “Coal bearing” shales become locally
calcareous, with discontinuous limestone beds, Hence, a given
measured section may show an almost continuous limestone outcrop,

and an adjacent section consist of shale with a very few thin lime-
stone beds.

Giles and Brewster*! in the Hale Mountain section, described
three limestone beds, that they assigned to the Kessler, as massive,
locally sandy, somewhat cross-bedded, fossiliferous, variably crys-
talline in texture, and weathering shaly, fluted, and with a choc-
olate brown color. Above these limestones is 64 feet of thin hedded

to fissile, gray clay shale with two 1-foot limestone beds, and a
1-foot sandstone bed.

The extent of the Kessler limestone in Oklahoma has never
been determined satisfactorily. Newell*2 tentatively assigned to
Kessler(?) a “3-foot bed of hard bluish-gray limestone” in the
midst of 68 feet of shale, in his section 79, along highway 10, over
the Braggs Mountain escarpment, in sec. 29, I’ 15 N., R. 20 E.
This particular bed is believed by the writer to he one of the lime-
stone beds in the position of the Brentwood member.

The Kessler limestone member was questionably recognized
in Adair ‘County, Oklahoma, as far west as the west line of

* Giles, Alhert W. and Brewster, Eugene B., “Hale Mountain Section in North-
west Arkansas”: Bull. Amer. Assoc. Petrol. Geol,, Vol 14, pp. 121-138, 1930.
“ Newell, Norman D., “Carboniferous Stratigraphy,” in Wilson, Charles W., Jr.,

“Geology of the Muskogee-Porum District, Muskogee and Mclntosh Counties,
Oklahoma”: Okla. Geol. Survey Bull. 57, 1937,
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R. 25 L., beyond which, pre-Atoka erosion has cut into the
Bloyd below the horizon of the Kessler. In eastern Adair County,
a limestone near the top of the Morrow is probably equivalent to
the limestone called Kessler on Hale Mountain, although in only
one place does it resemble that unit as described by Giles anAd Brew-
ster. Generally it is gray to brown-gray, medium to coarsely crys-
talline, and is fossiliferous. Its maximum thickness is less than
12 feet. The unit considered Kessler in this study contains a char-
acteristic insoluble residue that is a good guide in correlation, and

in distinguishing it from the limestone of the middle and lower
Bloyd.

The shale above the Kessler is well developed and exposed on
Hale Mountain, but occurs only in isolated places in Oklahoma, and
is poorly exposed. In many sections in the eastern part of the area,
the Kessler limestone lies inmmediately below the Atoka sandstone,
and is commonly covered by slope wash and rubble from the over-
lying Atoka.

COAL IN THE BLOYD FORMATION

A new highway cut between Muskogee and Camp Gruber, Ok-

lahoma, has revealed the only coal observed by the writer in the
Morrow series of rocks in Oklahoma. It is located in the NE14 sec.
20, T 15 N., R, 20 E., Muskogee County, 1.75 miles east of the
Missouri Pacific Railroad underpass, and 0.6 miles east of Bayou
Manard, on the south side of state highway 10. The coal lies
above a thick section of Bloyd shale and below the massive Atoka
sandstone, and is therefore one of, if not the oldest, coal in Okl?-
homa. (See PL. VII A.) The following section was measured in

company with A. H. Hanson and J. O. Beach in the summer of
1944.

The maximuwn thickness of coal, and the place where it is best
exposed, is approximately in the center of the small hill and about
20 feet above the level of the highway. The lateral extent of the
coal outcrop is only about 300 feet because both the east and west
slopes of the hill are deeply weathered and mantle rock and soil
obscure the coal beyond the limits of the outcrop.
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SECTION OF UPPER BLOYD SHALE, ROAD CUT ALONG
HIGHWAY 10, NEi4 SEC. 20, T.15 N, R. 20 E.
DES MOINES SERIES THICKNESS
ATOKA FORMATION (feet)
ous
8. Shale, covered, estimated at caps the 1}.]51"

On top of Braggs Mounfain, southeast of the coal outcrop, about
2 miles along the highway, this shale is silty, green to gray green
and locally is carbonaceous; and carries a small coal bed less

than 3 feet in arcal extent in the road cut,
7. Coody sandstone, light gray, fine grained with medium grains toward
the base; few thin papery carbonaceous streaks locally calcareous.
Lower 2 inches is greenish brown, carhonaceous with included

coaly particles, fairly soft, medium grained with a few coarse

grains. The lower 12 feet forms the prominent cliff above the coal 18
MORROW SERIES
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9. Pope Chapel sandstone, very fine grained, iron stained, fossilifer

6. Coal, carries impurities of pyrite and shale 0.8
5. Shale, thin bedded, highly carbonaceous 0.4
4. Shale, gray, soft sandy. Resembles underclay on weathering ... 0.5
3. Sandstone, fine to very fine grained, thin bedded, soft; gray and

green in color; locally very shaly with the amounts of shale vary-

ing along the strike. Carries plant remains 3.0
2. Shale, blue gray, fissile, ironstone concretions ; thin sandstone streaks

in the upper 2 to 3 feet 25.0
1. Limestone in south road ditch, east of coal outcrop, blue gray, me-

dium crystalline, crinoidal and granular; fossiliferous; Pentremites,

Yrinoid stems, arms, plates, and calices, Bryozoa, Brachiopods, at

east : 6.0

Residue: approximately 1 per cent. Quartz major grades 1/16-1/35

mm, principal subsidary grade 1/8-1/16 mm. Angular. Some
glauconite.

Coal in the upper Morrow in Oklahoma was observed by Taff.
In the Tahlequah folio, he states:

“The shale between the main limestone and the thinner
beds of limestone near the top of the (Morrow) formation
contain a thin bed of coal at one locality in the Muskogee
quadrangle and at a number of places in northwestern Ar-

kansas, some of which are in the Fayetteville quad-
rangle . . )’

In the Muskogee folio,** under the heading “Shale of the
Morrow formation” he states:

“The deposits above the main limestone consist of blue
and black shale, with thin beds of Hmestone and sandstone

locally developed and more rarely with thin coal in the lower
~part . ..”

;’g(ﬁaﬁ, J. A, U. S. Geol. Survey Geol. Atlas, Tahlequah Folio (No. 122), p. 2,

‘1‘9(')%2'11?, J. A, U. S. Geol. Survey Geol. Atlas, Muscogee Folio (No. 132), p. 6,
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A direct correlation with the Baldwin coal of Arkansas is not
certain, though at the time of writing the Tahlequah Folio, Taff
certainly was of that opinion, and it seems reasonable to conclude
that these coals are of approximately the same age.

Distribution and Character. Much new information is avail-
able on the character of the Bloyd formation from this study. In
order to interpret these data more clearly, this formation is de-
scribed by profiles of measured sections in order to evaluate the
relationship between the adjacent sections and thereby facilitate
correlation of this part of the Morrow series westward across north-
castern Oklahoma from the section on Hale Mountain, Washington
County, Arkansas.

PROTILE ACROSS TOWNSHIPS 13 AND 14 NorTH
(Plate X)

T'he Bloyd is 191 feet thick on the Arkansas-Oklahoma State
line at Davidson, Arkansas, secs. 14 and 23, T. 12 N, R. 33 W.
(No. 4), and is made up of blue gray fissile clay shale with thin
limestone beds. It is poorly exposed at the top. .

The upper shale of the Bloyd formation, above the Kessler
limestone, is doubtfully recognized along a tributary of Little Lee
Creek, in sec. 8, T. 14 N., R. 26 E., Adair County, Oklahoma (No.
28), and farther south in sec. 24, T. 14 N,, R. 25 E.

There is very little change in the lithology of the Bloyd west-
ward through Adair County into eastern Cherokee County. Being
predominantly a shale formation, it is poorly exposed, and the top
is generally difficult to determine. A good Bloyd-Atoka contact
was studied on High Mountain, secs. 2, 3, 10, and 11, T. 14 N, R,
24 X (No. 21), where 10 feet of dirty black, fissile shale is over-
lain by a thick bed of massive, somewhat cross-bedded, Atoka sand-
stone.

In the Blackgum section, secs. 32 and 33, T.14 N, R 22 E,,
and secs. 4 and 5, T. 13 N, R. 22 E. (No. 11), a complete section
of the Bloyd was studied. Attention should he called to the prom-
inent bed of siltstone approximately in the middle of the section.

A typical western Cherokee County section is well exposed at
Greenleaf Lake, sec. 2, T. 13 N, R. 20 E. (No. 6). The thick
uneven-bedded, medium to coarsely crystalline limestone beds are
very typical of the Bloyd: of this area.
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PROFILE ACROSS TOWNSHIP 15 ~NorTH
(Plate XI)

This profile extends westward from the classic section on Hale
Mountain, south of Morrow, Washington County, Arkansas, (No.
1), where the Brentwood limestone member consists of massive,
fossiliferous, gray to brown, medium- to coarse-grained limestone
:/'6 feet thick. Next above it is fissile, blue gray shale, with clay:
ironstone concretions, 89 feet thick, overlain by 3 limestones and
int(?rbedded shales aggregating 30 feet, which Giles and Brewster*®
assign to the Kessler. Above the Kessler is 64 feet of thin-bedded
to fissile gray clay shale with two l-foot limestone beds, and a
1-foot sandstone.

The Bloyd is well exposed on the north end of Muskrat Moun-
tain, sec. 21, T. 15 N., R. 26 E. Oklahoma, (No. 64). In this area
the Bloyd consists of a thick shale with thin limestone beds. (See
Pl .VII B.) The limestones are generally blue-gray to dark gray,
variably crystalline, locally crinoidal, and typically weather platy
and crinoidal. On the southwest side of Muskrat Mountain in secs.
28 and 29, T. 15 N,, R. 26 E. (No. 65), 5 feet of limestone near the
top of the Bloyd was assigned to the Kessler. It is followed by 15
feet of shale.

South of Stilwell, on Taylor Mountain, sec. 13, T. 15 N., R.
25 E. (No. 54), the limestones of the lower Bloyd are well exposed.
These limestones are medium to coarsely crystalline, gray to black,
rather fossiliferous, locally very crinoidal, and weather platy.

On Soap Mountain, secs. 24 and 25, T, 15 N, R. 25 E. (No.
56), two upper limestone beds are assigned to the Kessler. These
limestone beds are massive, buff to gray, oolitic, locally very cri-
noidal and otherwise fossiliferous, and weather more or less simooth
and even. Above the upper limestone bed is 6 feet of the upper
shale, and above the shale the base of the Atoka sandstone.

On the north end of Welch Mountain, sec. 33, T. 15 N, R.

25 L. (No. 58), a brown to blue-gray, variably crystalline lime-

stone bed, 7.6 feet thick, with a basal conglomerate, was assigned

to the Kessler. It weathers thin-bedded and brown. No overlying

iélale1 was observed, and the Atoka sandstone probably rests on the
essler.

# Giles, Albert W. and Brewster, Fugene B., op. cit.
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"I'he upper part of the Bloyd was studied on the south end of
Double Mountain, sec. 24, T. 15 N., R, 25 E. (No. 59), where 2
feet of limestone assigned to Kessler was observed, separated from
the Atoka sandstone by an estimated 2 feet of shale.

In the western part of Adair County the Bloyd is fairly well
exposed, and on Bowles Mountain, secs. 27 and 28, T. 15 N, R,
24 E. (No. 50), consists of an alternating seties of limestone and
shale. The Kessler limestone has been removed by pre-Atoka ero-
sion in this part of the area, and the Atoka sandstone rests on the
shales of the Bloyd. The contact is generally obscured by sandstone
blocks from the Atoka, and by slope wash.

The Bloyd is poorly exposed in I. 15 N., R. 23 E., where it
consists of shale and thin limestone beds.

In T. 15 N., R. 22 E., however, the Bloyd is fairly well ex-
posed and includes limestone beds, and a buff-brown siltstone, aver-
aging less than 10 feet thick. Near the top the limestone is tough,
brown-gray, and weathers very rubbly and uneven. Some of the
limestones show large blue splotches on weathered surfaces, a char-
acteristic of many of the limestones of the Bloyd in this area.

In the South Pettit section, sec. 28, T. 15 N., R. 22 E. (No.
37), the Bloyd is thicker than elsewhere in the vicinity, and the

Atoka sandstone rests directly on a limestone of the Bloyd. This".

limestone is uneven-hedded, dark blue-gray to brown-gray, with a
somewhat greenish cast, coarse medium to coarse crystalline, weath-
ers uneven-bedded to almost fissile. The grain residue is very
coarse: major grade of quartz ¥5-14 mm, with a prominent 1-4
mm grade; it is very poorly sorted. The large quartz grains re-
semble vein quartz and have a velvety finish. - There is some ques-
tion as to whether this bed is Kessler or older. The residue and
position suggest the Kessler, but the locality is almost 18 miles west
of exposures in which Kessler is more confidently identified, and
the presence of Kessler at this place could be accounted for only as
an erosion remnant on the pre-Atoka surface. The writer concludes
that the limestone belongs to the pre-Kessler portion of the Bloyd.

Practically all the exposed Bloyd in the East Nigger Hollow
section, sec. 7, T. 15 N,, R. 21 E. (No. 35), is limestone. Due to
the low slope of the hill the shales are covered by alluvium and by
slope wash. The limestones are generally variably crystalline in
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texture, locally fossiliferous, gray to blue-or brown-gray in color,
and weather smooth with some light blue beds.

'I.‘he Bloyd is thicker here than in any of the adjacent sections,
due either ‘.co faulting, which was not observed, ot to preservation
of a local hill in the Morrow during the period of pre-Atoka erosion.

Perhaps the best exposed sections of the Bloyd near Muskogee,
Oklahoma, are along old route of state highway 10, up Braggs
Mountain, sec. 29, T. 15 N., R, 20 E. (No. 32) and East Braggs
Mountain section, secs. 21 and 28, T. 15 N., R. 20 E.. (No. 31).
Here the Bloyd consists of blue gray fissile clay shale with 1- to 3-
foot beds of blue gray to buff, fine crystalline limestone. There is
a 2-foot bed of buff to greenish thin-bedded siitstone 20 feet above
the Dase.

Two and a half miles west of Braggs Mountain, in Goose Neck
Bend section, sec. 26, T. 15 N., R. 19 E., west of Arkansas River
(No. 29), there is a fairly good exposure of the Bloyd. It is the
typical shale series with thin, fine to medium crystalline blue-gray
limestones.

PROFILE ACROSS TOWNSHIP 16 NORTH
(Plate XII)

The Bloyd is well exposed on Bugger Mountain, sec. 14, T.
16 N., R. 26 E. (No. 84). Here it is 102 feet thick with a basal
limestone section 35 feet thick that probably corresponds to the
lower limestone member (Brentwood) of the Bloyd formation on
Hale Mountain, Washington County, Arkansas. Above the pre-
dominantly limestone section the formation consists of blue gray,
fissile clay shales with thin limestone beds.

The 3-foot limestone capping West Stilwell Mountain, sec. 33,
T. 16 N, R. 25 E. (No. 82), is assigned to the Kessler.

On Spade Mountain, secs. 1 and 12, T. 16 N., R. 24 E. (No.
78}, a good section of the Bloyd was obtained. A 1-foot sandstone
bed occurs about 30 feet below the top of the formation. In gen-
eral the limestones are thin, uneven bedded, locally fossiliferous,
and weather platy to knobby and uneven.

. The best exposure of the Bloyd near Tahlequah, Oklahoma,
is the Parkhill section along the road up the mountain in sec. 27,
T. 16 N., R. 22 E. (No. 76). There the Bloyd is 77.8 feet thick
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and consists of argillaceous limestone beds at the base, a thick in-
terval of buff colored siltstone, a few limestone beds, and 23 feet
of shale at the top.

The Bloyd is thin in the sections immediately south and west
of Tahlequah where it consists of the common sequence of inter-
bedded limestones and shales. ‘The limestones are variably crystal-
line, and locally argillaceous. There is a 2-foot very calcareous
sandstone bed near the top in the Pecan Creek section, sec. 26, T.
17 N, R. 21 E. (No. 83).

In the Blacksmith section, sec. 10, T. 16 N., R. 20 E. (No.
70), the Bloyd is shale and siltstone. It is made up, from bottom
to top, of greenish to buff siltstone; and 21 feet of blue gray, fissile,
clay shale.

In the classic Keough quarry section, north of Fort Gibson,
sec. 25, T. 16 N., R. 19 E. (No. 69), the Bloyd is 85 feet thick,
well exposed, and contains the famous Pentremites zone. The ex-
posure is predominantly shale with thin gray, coarsely crystalline,
fossiliferous limestone beds. (See frontispiece.)

NORTH-SOUTH PROFILE ALONG WESTERN EDGE OF AREA
(Plate XIII)

This profile extends along the Neosho (Grand) River, con-
tains the westernmost sections measured in the area, and yields in-
formation on the nature and thickness of the Bloyd where this for-
mation dips beneath the Atoka sandstones. Most sections were
measured along road cuts where the Bloyd is well exposed. Here
again, the measured sections comprising the south half have already
been described in the east-west profiles.

The Bloyd section south and west of Hulbert, Oklahoma, sec.
34, T. 17 N, R. 19 E. (No. 85), is one of the best exposed sections
in this part of the area. It consists of blue gray, fissile shale with
three blue gray, medium to very fine crystalline limestone beds. It
is well exposed along the road cut.

Only 14 feet of Bloyd is present in the East Yonkers section,
sec. 6, T. 18 N, R. 20 E. (No. 92). The upper part was removed
by pre-Atoka erosion. It consists of limestones and shale beds,
the limestones being brown to gray, argillaceous, and locally quite
fossiliferous. No beds assignable to the Bloyd were found north
ot this measured section.
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NORTH-SOUTH PROFILE THROUGH CENTRAL PART OF AREA
(Plate XIV)

Although not a part of this profile, the measured section on the
Salt Creek Uplift, sec. 18, T. 13 N., R. 25 E., (No. 15), is the
southeasternmost outcrop of Morrow rocks in the general area.
:Alternating argillaceous limestones, with coarse crystalline masses
in an amorphous matrix, and blue gray fissile clay shales, are as-
signed to the Kessler member of the Bloyd, (See PL VIII A.) The

limestones are fossiliferous, and a few poor specimens of Pentre-
mites were found.

In the Quarry Mountain section, sec. 14, T'. 13 N., R. 23 E.
(No. 12), the Bloyd consists of blue gray, fissile clay shale with
some limonite concretions, and thin limestone beds. The limestones
are blue gray, medium to fine crystalline, uniformly crystalline, and
are moderately fossiliferous.

Measured sections north of Marble City have already been dis-
cussed in connection with the east-west profiles. - Only 13 feet are
quiestionably assigned to the Bloyd in the Gideon section, sec. 36, T.
I8 N, R. 21 E. (No. 93). A 4-foot buff to greenish siltstone bed
may correlate with the siltstone beds in adjacent measured sections.
This abnormally thin section is believed to be due to non-deposition
of the complete Bloyd section, and, in part, to pre-Atoka erosion.

Thickness. 'The maximum thickness of the Bloyd is in the
eastern part of the area, along the Arkansas-Oklahoma line. From
there it thins progressively westward. In general the Bloyd main-
tains a rather uniform thickness to the middle of Adair County, and
then it thins abruptly in eastern Cherokee County. It is thin west-
ward to Muskogee where it dips beneath the Atoka sandstones.
Abnormally thin sections are found in the northern part of the area
north and east of McBride, Oklahoma.

In each. of the profiles, the Bloyd has a minimum thickness
about the middle of the area, and thickens both eastward, and to-
ward the west edge of the area.

Across T. 13 N., the Bloyd is 132 feet thick in the Quarry
Mountain section, sec. 14, T. 13 N., 23 E. (No. 12) and thins to
107 feet and 66 feet respectively, in the Bluffs section, secs: 26 and
27, T. 13 N,, R. 20 E. (No. 7), and the McLain section, sec. 28
T. 13 N., R. 20 E. (No. 8). ’
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The Bloyd is considerably thicker across T. 14 N., being 191
feet thick at Davidson, Arkansas, secs. 14 and 23, T. 12 N,, R. 33
W. (No. 4).

In the north end of Welch Mountain, sec. 33, T. 15 N., R. 25
E. (No. 58), the Bloyd is 118.6 feet thick and averages 147 feet
westward to the eastern part of Cherokee County. At Blackgum,
Oklahoma, it is only 103.8 feet thick but thickens to 115.2 feet in
the Greenleaf Lake section, sec. 2, T. 13 N., R. 20 E. (No. 6).

From the section on Hale Mountain, Washington County, Ar-
kansas, in the profile across I'. 15 N., the Bloyd averages 176 feet
in thickness as far west as the ‘l'aylor Mountain section, sec. 13,
T. 15 N, R. 25 E. (No. 54). From here it thins rather abruptly
westward and is very irregular in thickness westward to Muskogee,
averaging 108 feet.

Across T. 16 N., the Bloyd is greatly thinned. On Hale
Mountain, Arkansas, it is 260 feet, and thins to 120 feet on Bugger
Mountain, secs. 14 and 23, T, 16 N., R, 26 E, (No. 84). On Spade
Mountain, secs. 1 and, 12, T. 16 N., R. 24 E. (No. 78), the Bloyd
is 150 feet thick and then thins westward into Cherokee County
where it maintains a more or less uniform thickness of about 60
feet. At the Keough Quarry, sec. 25 and 26, T. 16 N, R, 19 E,
(No. 69), the Bloyd is 85 feet thick. :

From McBride, Oklahoma, northward, the Bloyd is greatly
thinned probably because of non-deposition adjacent to the old
shore line of the Morrow Sea. In places the Bloyd was removed
by pre-Atoka erosion, and is missing north of Yonkers,. Oklz'lhoma.
In this general area the Bloyd averages about 32 feet in thickness
ranging from a trace to 62 feet where present.

Stratigraphic Relations. The Bloyd formation is conformable
with the underlying Hale formation, but is separated from th'e over-
lying Atoka formation by a pronounced erosional unconformity that
accounts for much of the variation in thickness of the Bloyd across
the area. Pre-Atoka erosion cut progressively deeper into the for-
mation from east to west, indicating a regional eastward tilting
prior to Atoka deposition.

Character of Insoluble Residues. The percentage of insoluble
residue in the limestones of the lower Bloyd (Brentwood equivalent)
averages around 5 per cent, with a grain residue of less than 1 per
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cent. In the eastern part of the area, the quartz grains generally are
in the 1/8-1/16 mm size grade, are angular, moderately frosted, and
generally secondary euhedral crystals of quartz are present. (See Pl,
IX A.) This feature of secondary euhedral quartz crystals in this
part of the area is an important factor in distinguishing between
residues of the Hale and limestones of the Bioyd. (See figs. 3-8.)
The euhedral crystals generally average about 1/4x1/16 mm in size,
with a length to width ratio of 4:1. Drusy quartz is present in sonie
of the residues in this part of the area.

In the western part of the area the residues of the Bloyd lime-
stones .almost invariably contain drusy quartz and a considerable
amount of clay. The major grade of quartz is 1/8-1/16 mm. The
percentage of quartz grains varies inversely with the combined per-

centage of drusy quartz and secondary euhedral and subhedral
quartz crystals.

The insoluble residues of the Kessler limestone member are
different from those of the limestone of the lower Bloyd. The Kessler
on Hale Mountain has percentages of insoluble residues ranging
from 20 per cent to 50 per cent, and there is a prominent 1/2-1/4
mm size grade of quartz grains. (See Pl IX B.) The grains are
poorly sorted, mostly angular, with varying degrees of frosting, and
many of the subhedral secondary quartz crystals have smaller

euhedral authegenic crystals (average 1/16x 1/64 mm in size)
growing on them.

All limestones referred to the Kessler have a higher percentage
of insoluble residues than the limestones assigned to the lower Bloyd,
and the residues contain a prominent 1/2-1/4 mm, or a 1-1/2 mm

size grade, of quartz grains. Secondary euhedral crystals may or
may not be present.

An arenaceous foraminifera, Endothyra sp., occurs in the
Kessler samples from Soap Mountain, secs. 24 and 25, T. 15 N.,
R. 25 E. (No. 56), and from the north end of Welch Mountain,
sec. 33, T. 15 N., R. 25 E. (No. 58). These foraminifera were not
found in any other samples in Adair County or in the area of the
Kessler outcrop, and may be used as a local index fossil for the
Kessler. This criterion, however, does not hold true farther to
the west because similar foraminifera are found indiscriminately
through many of the residues of limestones of the lower Bloyd.
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Drs MoINES SERIES

General Statement. In the present classification of Pennsyl-
vanian rocks of Oklahoma, all strata between the top of the Morrow
series, and the base of the Missouri series are referred to the Des
Moines series. In the Ardmore basin, equivalent rocks are included
in the upper Dornick Hills and Deese formations.

ATOKA FORMATION

All sections measured in the Morrow series of rocks in north-
eastern Oklahoma were carried at least to the base of the Atoka
sandstone, and where possible, to the tops of hills, so as to include
a portion of the Atoka formation. Locally thin-bedded, generally
medium- to coarse-grained, cross-bedded sandstone rests on the
upper part of the Bloyd in all parts of the area except northward
from Yonkers, where the Bloyd was removed by pre-Atoka erosion,
and the Atoka is in contact with the Hale formation.

In the area adjacent to Ft. Gibson and Muskogee, this basal
Atoka sandstone probably is equivalent to the Coody sandstone
member of the Atoka formation, as defined and recognized by
Wilson and Newell in the Muskogee-Porum district.*® Whether the
Coody or some other member of the Atoka is represented by the
basal Atoka sandstones in parts of the area more distantly removed
from the Muskogee-Porum district, remains for future study to
determine. ’

These post-Morrow beds in Adair and most of Cherokee Coun-
ties formerly were called Winslow,*” and in Wagoner and Mayes
counties, have been referred to the Cherokee. Cronies®® first used the
term Atoka for the beds called Winslow in Arkansas, and Wilson*?
recognized Atoka, Hartshorne, McAlester, and Savanna formations
in the Muskogee area, replacing the general term Winslow.

Distiibution and Character. The Atoka formation consists of
interbedded shale, siltstone, and sandstone (PL VIII B). It caps

* Newell, Norman D., “Carboniferous Stratigraphy,” in Wilson, Charles W., Jr.,
“Geology of the Muskogce-Porum District, Muskogee and Mclntosh -Counties,
Oklahoma”: Okla. Geol. Survey Bull. 57, 1937.

" Taff, J. A, U. S. Geol. Survey Geol. Atlas, Tahlequal Tolio (No. 122), 1905;
and, M uscogee Folio (No, 132), 1906. .

“ Croteis, Carcy, “Geology of the Arkansas Palcozoic Arca”: Ark. Geol. Sur-
ey Bull. 3, 1930, L

“ Wilson, C. W., Jr., “Geology of the Muskogee-Porum District, Muskogee and
McIntosh Counties, Oklahoma,” with a chapter on “Carboniferous Stratigraphy,”
by Norman D. Newell: Okla. Geol. Survey Bull. 57, 1937.
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most of the hills in the area, and crops out extensively immediately
to the south.

Atoka sandstone blocks have slumiped down and covered the
slopes of the hills, in many places mantling the shale outcrops be-
low. This is especially true in the eastern part of the area where
the Morrow series is thickest, and contains more shale in the upper
part of the Bloyd formation. The lower contact of the Atoka was
seen in only a few places in Adair County, but was studied in near-
ly all sections measured in Cherokee County and adjoining areas.

In the southern part of the area, the basal Atoka consists of
18 to 20 feet of massive bedded, non-calcareous, light gray, locally
crossed-bedded sandstone that weathers yellow-brown.

" In the Parkhill section, sec. 27, T. 16 N., R. 22 E. (No. 76), the
exposed Atoka consists of the following, from top to bottom :

Shale: brown; with clay seams. Poorly exposed

Sandstone; thin bedded with thin clay and shaly beds ................... 150
Sandstone: massive bedded, non-calcareous; medium grained; rather
cross-bedded ; heavily iron stained
Total 37.0

Very commonly the basal few inches of the Atoka sandstone
is slightly calcareous because of reworked limestone and calcareous

material from the underlying Bloyd formation that is incorporated
in the sandstone.

Along old state highway 10 up Braggs Mountain, sec. 29, T.
15 N., R. 20 E., Newell called the 45-50 feet of exposed sandstone
above the Morrow series, Coody sandstone. Here the sandstone
is massive bedded, with several thin-bedded layers; it is cross-
bedded, and contains a few plant fossils.

Southwest of Tahlequah, sec. 5, T. 16 N., R. 22 E., (No. 74),
the lowest sandstone bed of the Atoka is a very fine sand with the
major size grade of quartz 1/8-1/16 mm.

A good exposure of the Atoka in the Blacksmith sectié)ll, sec.
10, T. 16 N., R. 20 E. (No. 70), shows the following section:

Feet
Sandstone: massive bedded 1?.60
Shale: sandy (siltstone); weathers very red 7.0

Sandstong: massive and thin bedded; yellow brown and gray; fine
to medium grained; heavily iron stained

Total 23.0
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A similar section may be studied along Flower Creek, sec. 19,
T.15 N, R. 20 E. (No.71):

Feet

Sandstone: massive bedded, medium grained; few local coarse lenses 20.0
Siltstone : blue black with a greenish hue; well jointed. Major grade
of quartz, 1/32-1/64 mm, principal subsidiary grade 1/16-1/32

mm, trace of fine sand grains 4.0

Sandstone: massive bedded; fine grained; ripple marked and cross
bedded

Total 30.0

There is an excellent continuous exposure of the Atoka sand-
stone in successive cliffs from the NW1j sec. 25, T. 13 N., R. 22
E., at the Indian schoo! house, thence down the main tributary to
Vian creek in sec. 23, T. 13 N., R. 22 E.

Stratigraphic Relations. The Atoka formation rests uncon-
formably on the members of the Morrow series. In the eastern

part of the area it rests on the upper Bloyd limestone member; in

the western part on the lower Bloyd, and in the northern part, on
the Hale, depending on the amount of pre-Atoka erosion.

At no place in the area is the top of the Atoka present. The
upper part of the formation as described in the Muskogee-Porum
area has been removed by erosion.

Character of Insoluble Residues. 'The basal Atoka sandstone
is composed of poorly sorted sand, the major size grade of the
quartz grains is 1/8-1/16 mm, or a very fine sand; the grains are
angular and appear freshly broken with no signs of frosting or
abrasion.

Residues from the overlying siltstone are composed almost en-
tirely of quartz of coarse silt grade; major grade size 1/16-1/32
mm, well sorted, angular, with very little frosting.

SUMMARY OF RESULTS OF STRATIGRAPHIC AND

INSOLUBLE RESIDUE STUDIES
(Figures 3-8)

The primary purpose of this investigation was to discover
criteria whereby rocks of the Morrow series of northeastern Ok-
lahoma could be correlated with equivalent rocks in the type area
of northwestern Arkansas. The problem was approached in a two-
fold manner: the measurement and study of all exposures, begin-
ning at the classic Hale Mountain section near Morrow, Washing-
ton County, Arkansas; and the collection of samples and prepara-
tion and study of insoluble residues from the Morrow beds of Ok-
lahoma.

Comparison of the various sections brought out certain defi-
nite relationships and marked variations. The upper Mississippian
Pitkin limestone is easily distinguished from the basal Morrow.
The Hale formation is a definite lithologic unit that can be rec-
ognized throughout the area. In Oklahoma it is much more cal-
careous than in Arkansas, being increasingly so from east to west.
In the vicinity of Fort Gibson and Muskogee, it is a fairly pure
limestone, and for this reason, the Hale formation in that area
formerly was believed to be Brentwood (lower Bloyd).

The Bloyd formation in Oklahoma, on the other hand, has
little resemblance to the Bloyd of many of the Arkansas exposures.
1t is principally shale, with thin, lenticular limestone ledges inter-
bedded. Although the Brentwood limestone member is doubtless
represented in a zone of interbedded shale and limestone, very few
exposures ‘contain thick, massive limestones so chardcteristic of
the Brentwood in Arkansas. A limestone in the upper part of the
Bloyd in eastern Adair County is thought to be the équivalent to the
unit on Hale Mountain that has been assigned to the Kessler, al-
though its character in Oklahoma exposures is considerably dif-
ferent.

Insoluble residue studies had not been attempted in this series
before, on any large scale. Hence, it was necessary to determine
if there are any significant differences in the residues of the Pitkin,
Hale, Bloyd, and Atoka formations. Such proved to be the case;
distinctive differences in the residues were noted, and when in-
soluble data were plotted graphically beside the detailed lithologic
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section, they were found to be of great value in correlating adjacent
measured sections. (See figs. 3-8.)

The residues, (fig. 3) of the beds on Hale Mountain show well
marked differences between the Pitkin, Hale, Bloyd, and Atoka
formations and hetween the Brentwood and Kessler members of the
Bloyd. Similarly, in eastern Oklahoma, the same differences were
noted. Westward, however, as the lithology of each formation
changes, insoluble residues change also but to a lesser degree. (See
figs. 3-8.) These changes were easily determined and correlations
were carried forward.

From this rather complete study of insoluble residues of the
Morrow series and adjacent formations both below and above, it
may be stated that this method of detailed study has considerable
merit, and when properly used, provides clear and usually unques-
tionable criteria for making correlations. No one feature of the
residues alone, however, is diagnotic.

Differences in percentage of residues, amount of clay in the
residues, and the nature and size of the quartz grains, served to
separate the Hale and Bloyd residues.

In a like manner the percentage of residues and the occurrence
of euhedral quartz crystals differentiate the Pitkin and Hale resi-
dues. The percentage of residues, absence of clay in the residues,
the nature of the quartz grains, the absence of secondary or sub-
hedral quartz crystals, and the almost universal presence of heavy
limonite staining, serve to separate the Atoka residues from any
of the other residues. All these differences in the residues, when
plotted graphically besides the detailed lithologic section, provide
good evidence on which to make correlations.

STRUCTURE
(Plate XV)

Structure of the rocks of the area was studied only incidentally
in the course of this investigation. General features have been de-
scribed by Taff,®® Snider, ' Cram,’2 and Wilson®® and are shown
on the Geologic Map of Oklahoma.

The area of outcrop of the Morrow series is along the south-
west flank of the Ozark dome. In the northeastern portion of the
area the rocks are flat-lying and this portion is characterized by a
number of buttes, consisting of outliers of younger rocks rising
above the relatively flat plain underlain by the Osage (Boone).
Most of these buttes, locally called “mountains,” are capped by
rocks of the Morrow series, and it is in them that many of the data
for this report were obtained.

Southwest of an arc drawn roughly through Church, Lyons,
Barber, Parkhill, and Tahlequah, the dip of the rocks is much
greater. In this part of the area, the regional south and southwest
dip is modified by a system of nearly parallel faults and folds that
trend N. 45° E. to N. 60° E., giving a broad pattern of fault blocks
or slices, most of which have been tilted southeast. There are sev-
eral exceptions wherein the rocks have been elevated or depressed
without notable tilting, and a few have been downwarpsd medially,
with corresponding elevation of the rocks along the margins, re-
sulting in shallow, faulted synclines. One block contains a subsid-
iary anticline.

All the faults terminate to the east and northeast, or are un-
recognized, in the thick limestones and cherts of the Osage (Boone).
Ounly one, that in the valley of Bayou Manard, seems definitely to
pass beyond the Arkansas River valley, and probably is continuous
with the Muskogee fault (south) as mapped by Wilson.* Many of
the others pass into anticlinal folds before reaching Arkansas River,

¥ Taff, J. A, U. S. Geol. Survey Geol. Atlas, Tehlequah Folio (No. 122), 1905;
and, Muscogee Folio (No. 132), 1906.

% Snider, L. C., “The Geology of a Portion of Northeastern Oklahoma”: Okla.
Geol. Survey Bull. 24, 1915, :

¥ Cram, Ira H., “Cherokee and Adair Counties,” in “QOil and Gas in Oklahioma"” :
Okla. Geol. Survey Bull. 40, Vol, 111, pp. 531-586, 1930. This chapter also pub-
lished as Bull. 40-QQ. .

® Wilson, C. W., Jr. op. cit.

% Wilson, C. W., Jr., op. cit.
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and several of the folds associated with faults in the Ozark area ap-
pear to be related to structural features of the Muskogee-Porum
district, west of Arkansas River. For identification in the follow-

ing discussion, local names are proposed for the individual fault
blocks. :

The entire region was subjected to southward tilting and prob-
ably some local folding prior to Mississippian time, resulting in
progressively decper erosion from south to north, the truncation
of all beds from Sallisaw sandstone (Devonian) to Cotter dolomite
(Ordovician) between Marble City and Spavinaw, and overlap by
the Chattanooga Shale.”* However, in general, the regional faults
and associated folds resulted from Pennsylvanian deformation. It
is believed that the faulting and folding of this area, together with
similiar structural features of the Arkansas Valley syncline, to the
south, are genetically related, in some manner, to the extensive de-
formation of the Ouachita Mountains.

MAJOR FEATURES

The southernmost of the major fault blocks, called Blackgum,
extends from Tps. 12 and 13 N., R. 22 E., northeastward to T,
I5 N, R. 24 E., being bounded on the southeast by a fault, or series
of faults extending from near Vian, through Marble City and
Bunch, to near Lyons. In the vicinity of Marble City, this fault
shows niore stratigraphic displacement than any other in the region,
for the St. Clair limestone (Silurian) has been brought into con-
tact with Atoka sandstone (Pennsylvanian). The North bounding
fault extends from the NE corner T. 13 N,, R, 21 E,, to sec. 25, T,
15 N,, R. 23 E. 'The rocks in this block are elevated by both bound-
ing faults, with corresponding depression of the medial portion, re-
sulting in a shallow, faulted syncline, which, by its alignment, may
be continuous with the Porum syncline of southern Muskogee
County. '

Adjacent to, and northwest of the Blackgum fault block is the
Cookson block, divided into two segments by a short fault in the
vicinity of Cookson. 'I'he northern segment has been elevated with
respect to adjacent blocks, and also has heen arched to a sufficient
extent near the town of Cookson that the Illinois River has cut

* Cram, Ira H., “Cherokee and Adair Countics,” in “Oil and Gas in Oklahoma” :

Okla. Geol. Survey Bull. 40, Vol. 1II, pp, 531-586, 1930. This chapt 1 -
lished as Bull. 40-QQ. 19 chapter also pub
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through the entire Osage (Boone), exposing the underlying Chat-
tanooga shale. The southern segment has been depressed with re-
spect to both the Blackgum and the northern segment of the Cook-
son blocks, and tilted slightly to the south. Southwest from Cook-
son, the faults disappear, and the areal geology indicates that the
Cookson block and the north limb of the Blackgum block merge
into an anticline which extends southwest to the Arkansas River.
Its trend and alignment suggests a continuation with the Warner
uplift of the Muskogee -Porum district.

Northwest of the Cookson fault block is the Pettit fault block
which appears to have been subjected to simple southward tilting,
though there is a suggestion in the areal geology of slight down-
ward wraping in its medial portion, with the further implication
that this downwrap may be related to the Rattlesnake Mountain syn-
cline of the Muskogee-Porum district. The north bounding fault
passes into an anticlinal fold in the vicinity of Greenleaf, and this
fold extends to the Arkansas River. There is no marked anticlinal
feature in the Muskogee-Porum district to correspond with this
anticline, but there is a striking relationship between the north
bounding fault of the Pettit block and the Keefeton fault of the Mus-
kogee-Porum district. Both bear the same apparent relation to

‘the anticline just described, and both are upthrown in the same

direction.

The fault block north of the Pettit block, which is called the
Braggs fault block, is likewise tilted southward, and contains, near
its northern margin, an anticlinal fold that is named the Nigger
Hollow anticline. It is bounded on the north by the Muskogee
fault (south) whose trace lies near and parallel to Bayou Manard,
extending from the vicinity of Parkhill and Tahlequah, across the
Arkansas River valley, to the vicinity of Muskogee.

North of Ft. Gibson, is a series of faults, and tilted blocks
not named on the map, whose regional relations are more obscure,
owing partly to imperfect knowledge of the structure of rocks west
of Neosho (Grand) River, in Wagoner County. The best descrip-
tion of the structure of this area is given by Cram.®

% Cram, Ira H., op. cit. pp. 575, 578.
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MINOR FEATURES

A few minor features were noted in the course of this
investigation which have not been described heretofore, and are
worthy of mention.

Insoluble residue
Grain residue
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The north and south Davidson faults, named for Davidson, Ar-
kansas, extend about 2 miles into Oklahoma, in secs. 7 and 18, T.
14 N, R, 27 E., and secs. 12 and 13 T. 14 N,, R. 26 E. The Atoka
is faulted down against the Hale, and the upper part of the Bloyd
formation is in contact with the Fayetteville shale, indicating a T
throw of 125 to 150 feet. Both faults are downthrown to the
south, and the intervening block is tilted northward, q
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Three miles east of Stilwell, Qklahoma, is a short, east-west
fault that brings the Wedington sandstone member of the Fayette-
ville shale in contact with Osage (Boone) chert. This small fault
may continue eastward, either as a minor fold, or a fault concealed
by chert rubble, and join the Evansville fault in Arkansas.®
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Particular attention should be called to the steep monoclinal
dip south of Church, Oklahoma, along the northern part of T. 14
N., R. 26 E, where the general southward dip from the Ozark dome
increases abruptly from about 30 feet per mile to over 70 feet per
mile, Westward, in T. 14 N, R. 25 E,, this flexure passes into S
a fault which probably was produced by local failure of the rocks
along the line of increased dip. The fault is downthrown to the
south and Atoka sandstone is in contact with Osage (Boone) chert,
indicating a stratigraphic displacement of at least 300 feet. Many o
small springs issue along this fault trace.
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Nigger Hollow anticline, in secs. 12 and 13, T, 15 N., R. 20
E., extending into secs. 7 and 18, I 15 N, R. 21 E., is a small,
well-defined fold near the north margin of the Braggs fault block.
Meremec (“Mayes”) limestone, mapped as Boone, but described
as part of the Fayetteville, by Taff*® is exposed in the crest of the
structure. A sharp syncline intervenes between the Nigger Hollow
anticline and the Muskogee fault.
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vey Bull. 3, 1930.
® Taff, J. A, U. S. Geol. Survey Geol. Atlas, Muscogee Folio (No. 132), 1906.

® Croneis, Carey, “Geology of the Arkansas Paleozoic Area”: Ark. Geol. Sur- n
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Washington County, Arkansas.

Fic. 3. Correlation of insoluble residue data with stratigraphic section measured on
Hale Mountain,
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APPENDIX
Té é : i: MEASURED STRATIGRAPHIC SECTIONS
o : . OF THE,
E H . T MORROW SERIES IN NORTHEASTERN OKLAHOMA
&% % ; 1. ?F/::n};: (l;fl(e):JI\II\TI-:;,N SIZ,C;‘ION, WgSHINGTON COUNTY, ARK.
, Al ., an rewster, Fugene B. Hale Mountain section in
northwest Ark: : " i
) ?“5'3? Py 19:mr).ansas Am. Assoc. Petroleum Geologists, Bull., vol. 14, pp.
e o LR .
§ % eTN 28 g (Winslow) Atoka formation
O = £ \ - . " . 3 SU
0 Te h . R Feet
- g é:%: ‘. "l"""‘”"""l“ - 52 2 112, Conglomer‘ate with small white quartz Jin a matrix of €
o) g4 Se . ] . Sa _:"ZD g_):tlig(;.]-gramed, dark brown sandstone with limonite con-
=~ g &< ° £ b S
e PRI RE] 111. Coarse-grained, friable, yellowish iron-stai 07
> 5 ) 5 . E:-BQ :‘22 %ngid rained, & yellowish brown, iron-stained, cross- 250
e 02§ £, €8 ¢ ickness of the (Winslow) Atoka .
O N g |- oi\ . ?o”i Bloi'floshacle abo]vt:i Kessler limestone) 7
~ Q = . Conceale
l_ y j - . . e zo-m_ %83 '(I:‘hin-b(lzdged, ﬁbs:li)lle, gray clay shale llg
®) < 3 MM 1§ = =Ll . Concealed probably shale 12.5
o5 & i AN 107. Thin-bedded, fissile, gray clay shal
o0 Z &° ’ s §§ $ 5 ;i 106.  Concealed, probably gsh':le vl : g(S)
N < - F s 3§ g 3‘@,_, 105. Hard, fine-grained, light yellowish gray rippled sandstone... 1.0
g N S . N . gne 104, Thm-bedgied, fissile, gray clay shale 8.0
L 2 ; 3 g \ . g 103. Sandy, limonitic, concretionary leached limestone, weather-
Z 3z 5 N N ) ing yellow to chocolate-brown 0.5
3 3 & i W T 102. Thin-bedded, fissile, gray clay shale 5.0
9 . 9 T8 101. Sam_dy,d Ipross-bedd«::d, fossiliferous, brownish, medium-
A 8 . 8 g&\ g&igge imestone, weathering to chocolate-brown with fluted
o w . ; ) | ; 0.5
quw o s L87 100. Thin-bedded fissile, gray clay shale
L 8 é —E 8 3 Eé% :I‘hickness of Bloyd shale ab!(:ve Kessler ...oveieeererern gi(s)
0 " e <3 . s 2'« - Kessler limestone member of Bloyd shale .
DNV 2 e, o =99 99. Massive, sandy, cross-bedded, fossiliferous, brownish, me-
2 Q 2 & 3 2 e “ §§ glutmd-grau}ed limestone, weathering to chocolate-brown with
5532 . 2 29 uted surface 4.0
< 8:( s B : A .S;B‘é gg Iﬁss:lp, gray clay shale with clay-iron concretions ............. 3.0
o Z3EE A assive, locally sandy and micaceous, fossiliferous, dark
L _ o bﬂ§ £ glraly to dbrol:vmsh, medium grained limestone, weathering
2 2 . ) 1, ,O_E 3g % Em y 1{anb ¢l ocollate-brown . . ; 6.0
PRNPS g : S 32ES o Fray_l.fo rown clay shale with clay-iron concretions ........... 11.0
S £l \ §5 §§ - . Fossiliferous, sandy, ferruginous limestone weathering
I § g ° § $§s W, ’ brown, soft, and porous 0.5
Y ¢ N i§ §§§ §§ E gg %{ray_to brown clay shale with clay-iron concretions ... 1.0
% 335 ¢ % E$§ e 3 assive and thin-bedded, very fossiliferous, dark gray, fine
: g5 § §§5 §!§ zieg%a:-:e-‘gvgzlt?led,. congllo;neratlc limestone with limonite con-
2 K 8 E WE t X ering sha 5
& E . B W Thickness of the Kesslery 33(3)
Bloyd shale below Kessler limestone )
92. Gray to brown clay shale with clay-iron concretions ... 20.5
- 91. Gray, sandy, micaceous platy shale ... ... 2.5
90. Gray to brown clay with clay-iron concretions ... 55
89. %ray. to brown clay shale 'with cl_ay-iron concretions 33.0
| ] 88. f oofstsﬂ;i:éo;z sandy, ferruginous limestone weathering
¥rOLY as018 L3 HinLid AvY y rous 05
\ 87. Gray to brown clay shale with clay-iron concretions ........... 12.0
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Feet Hale4 4forxlclation fossil | ) . Feet
i is : . assive, fossiliferous, yellowish rown, medium- to fine-
86. Massive, coarse-grained, very fossiliferous, medium gray L5 . %rainedl, closely jointed “sandstone gg
limestone - - y . Concealed )
85. Ferruginous, sandy clay limestone weathering brown, very 0.5 42. Massive, brown, cross-bedded, fine-grained calcareous sand.
fossiliferous, with trilobites . : 13.0 stone with calcite crystals, weathering yellowish brown, pitted
84. Gray to brown clay shale with clay-iron concretions .............. 89.0 and cavernous 23.0
Thickness of Bloyd shale he(llo“; Il{essler ................................. . 41, Concorte df l 20
imestone member of Bloyd shale - 40. Massive, fossiliferous, brownish limestone with large calcite
Brerg;ooildz{;;ve, fossiliferous, brownish gray conglomeratic lime- 03 crystals, weathering reddish and forming a steep bluff on
stone weatherinig brown and limonitic . . 30 . outcrop . h . 45
82. Massive, fossiliferous, dark gray, coarse-grained limestone 30 39, Massive, fossiliferous, brown, calcareous, medium- to fme-
81. Concealed : - A ; . grained sandstone, locally conglomeratic and with calcite
80. Massive, fossiliferous; medium gray, medium-grained lime- 10 crystals in some be'ds, weathering to fluted surface ... 13.0
stone : . : 1'0 38. Gray clay shale with clay-iron concretions ... 1.0
79. Massive, fossiliferous, dark gray, fine-grained lupestone‘....;i . 37. Brownish gray, ﬁne-graqu sandstonq _______ 05
78. Massive, fossiliferous, dark gray, fine- to medium-graine 10 36. Cray clay shale with clay-iron concretions 25
limestone - 35 35. Sandy, micaceous, brownish gray shale ... 3.5
77. Thin-bedded, bluish gray, fissile clay shale ... - . 3. Cor_lcealed : . . 65
76. Massive, very fossiliferous, coarsely crystalline gray lime- 40 33. Thin-bedded, brown, rippled coarse- to medium-grained sand-
stone weathering brownish ..... 11-0 stone 20
75. Thin-bedded, bluish gray, fissile clay _shalg ....................... o K 32. Cot}cealed 16.5
74. Massive, fossiliferous, dark gray, bituminous fine-graine 0.5 ... . Thickness of the Hale 89.5
limestone . - 20 Pitkin limestone ., o . L .
73. Massive, fossiliferous, dark gray, fine-grained limestone ... 10 31. Massive, fossiliferous, gray, coarse-grained crinoidal lime-
72: Concealed v : . stone with Archimedes and calcite crystals . 3.5
71. Massive, fossiliferous, brownish, very coarse-grained lime- 10 30. Massive, fossiliferous, dark gray limestone wit
stone with large calcite crystals 15 and calcite crystals 1_§
70. Conccaled, probably limestone 2 i . 29. Concealed - - 1.5
69. Massive, fossiliferous, brownish, very coarse-grained lime- L3 28. Dark gray, fos§1!|icrol|s limestone . - 1.0
stone with large calcite crystals '5 27. Dark_ gray, foss:ll_ff_frous limestone with large calcx_te crystals 1.5
68. Concealed -« . 0. 26. Massive, non-fossiliferous, dark gray medium-grained lime-
67. Massive, fossiliferous, medium-grained brownish limestone L3 stone e . . 1.0
with calcite crystals . E 25. Dense, non_-fosslleerpys, light gray cherty limestone ........... 0.5
66. Massive, fossiliferous, dark gray, medium- to coarse- 5 24. Coarse-grained, fossiliferous gray limestone ... 1.0

. grained 'limestone with calcite crystals g-s 23. Mass!ve, foss;l!ferous, gray medium-grained limestone 3.0
65. Concealed, probably shale . . - 22. Massive, fossiliferous, gray cherty limestone 1.0
64. Massive, fossiliferous, brownish gray, coarse-grained lime- 15 21. Concealed ... . — 3.0

stone : . 1o 20. Massive, fossﬂlferqus,_ gray, coarsely crystalline limestone.... 3.0
63. Massive, fossiliferous, light gray crystalline limestone ... : Thickness of the Pitkin 21.5
62. Massive, fossiliferous, medium gray, very coarse-grained 25 Fayctteville shale . )

" limestone . - 5 1 Gray clay shale with small clay concretions ... 5.5
61. Massive, fossiliferous, sandy, brown fine-grained limestone :15.0 18. Concealed : - 20
60. Massive, fossiliferous, medium gray, coarse-grained limestone 05 17. Gray clay shale with small clay concretions ... 0.7
59. Concealed, probably limestone . . 22 16. Concealed . . 0.5
58. Massive, fossiliferous, gray to pink, coarse-grained limestone 03 %i 8g?yegllaé’ shale with small clay concretions .........oo............ 8;

. . 1ceale ,
gg %;;;cs(;:?dfossili ferous, gray to pink, coarse-grained limestone 1.0 13. Gray clay shale with small clay concretions ............... 9.0
55, Massive: very fossiliferous, brownish, coarse-grained lime- 2s 12. Concealed ‘ 9.0

" stone . . 3 . 'Thickness of shale above Wedington member ... 31.7

54, Massive, fossiliferous, dark gray, fine-grained limestone ... 0. Wedington sandstone memhe:: . .

53, Massive, fossiliferous, pink, very coarse-grained limestone.... 1.0 1. Tgpmost bed massive, brown coarse- to medium-grained

52. Massive, fossiliferous, dark gray fine-grained limestone 0-2 micaccous sandstone 2.5

51, Massive, fossiliferous, brownish limestone .............. SRR 8 2 10. Brown, flaggy sandstone g - 2.5

50. Massive, fossiliferous, dark, bituminous fine-grained limestone 0. 9. Gray clay shale with clay concretions and with § sandstone

49, Massive, very fossiliferous, brownish limestone ............. 1.5 layers % inch to 2 inches thick interbedded with the shales 30

48, Massivc: fossiliferous, light gray coarse-grained limestone.... l'g 8. Concealed . . 5.0

47. Massive, fossiliferous, pink coarse-grained limestone ............ 0. Jixposed thickness of Wedington 13.0

46. Massive fossiliferous, light gray coarse-grained limestonc... 2.0 Fayetteville shale

45, Massive, fossiliferous, dark gray, medium- to coarse-grained Concealed, probably dark gray clay shale ... 27.5
" limestone 7.0 6. Dark gray clay shale with clay concretions . 19.5

Thickness of the Brentwood 76.5 5. Concealed, probably shale 25.5
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Feet
4. Black, fissile clay shale 3(;;
3. Concealed, proli»ablyl b:ack shale A
2. Black, fissite clay shale ... — .
Thi’::lmess of shale below Wedington MEMDEE -ceeeerercaresmmenrmracmsene 1120
Boon(i.lm}lgelsutgnteo bluish gray, fossiliferous, coarse-grained crystalline 50
limestone with large ripple MATKS corevemeraeecmsrmsmsremersennens 29
Exposed thickness of Boone R
2. TOLU, ARKANSAS SECTION, SEC. 3, T. 13 N, R. 33 W.
Pennsylvanian .
Des Moinefs series
Atoka formation .
025. Sandstote to top of hill : %gg
Yixposed thickness of Atoka .
Morrow series
Bloyd formation 280
24, Covered ... - 29
%% ]S..li‘;l:stal-l-e: black, medium crystalline, sandy; thin, bedded, 22
-bedded .
an(%Ncgtocs:s lggd: 22.94 correlated with Kessler member of
Bloyd Formation. Total thickness 34 .fcct.) 140
21. Shale: blue gray, fissile, limonite CONCTEtioNS .oreeeuieermsrrmmmrasess 14.0 )
. 20. Covered - ; . . o
19. Shale: blue gray, fissile, limonite CONCIEtiONS ..ooovwmecimcssmsssase 12.0
18. Covered 29
17. Shalc:dpoorly EXPOSEL s - 50
llg E(i:‘rlxi‘;one': hlue gray to green gray, medium with large 20
" calcite masses; platy, crinoidal fossiliferous ..o - 29
14. Covered R

.......... L 40
13. Shale .. . . e -
12. Limestonc: bluc gray, medium with coarse crystals; wea

platy and brown; Pentremites . 38

o Shale e . e Tt sy - X

11}) ilill:lgslonc: blue gray, medium, \Ylth large calcite masses; 40
uneven bedded ; weathers iron stained and platy .oeees 00

0, Covered o emreeasbesassarasserieresas s ascas e — .
Lstimated thickness of Bloyd .. .. 158.0

. Hale formation . . . o
H 8. Sandstonc: yellow brown, medium grained, iron stained ;

tough, slightly calcarcous _ bdled 6.0
7. Covered: includes some poorly exposed, thin cross-bedc 210

andstone  beds ... e e :
6. S:Q,'amlstone: heavily stained; weathers pitted and cavernous.... égg
5 Covered, probably SANASEONC .y 0o — X
4 Limcsloncp with thin sandy lenses: coarse, crinoidal, iron 40

O Tt © 20
3. COVEIEd  oormmmsrsmreeaesmsmrssimssnesieenees

i ined; cross-
2. Sandstone: yellow brown, calcareous, medium gra H S
bedded, thin to uneven bedded; with gray medium crystalline 2.0
TIMCSEONE  TEIISES onvemermsmssmanasrsmsssemmasessss s sssssss om0 80:0
Thickness of Hale .
Mississippian
Chester serics
Pitkin limestone

1. Limeston%:lgray, fine; jointed 220
Covered below .
Ex‘{)osed thickness of Pitkin . 220

MEASURED STRATIGRAPHIC SECTIONS 69

3. EVANSVILLE, ARKANSAS, SECTION. STARTS 05 MILE

SOUTHEAST OF EVANSVILLE AND EXTENDS UP THE
HILL IN SEC. 27, T. 13 N,, R. 33 W.

Pennsylvanian

Morrow series
Bloyd formation
28. Covered 5.6

27. Limestone: gray black, coarse medium; weathers smooth and
in parallel flutings; fossiliferous, crinoidal
26. Shale: blue gray, fissile; weathers yellow brown buff . 4.0
25, Conglomerate: mostly limonitic pebbles with limestone;
Pleurodictyum (Michelinia) and large crinoid stems

............ 2

24, Limestone: dark blue gray and brown gray; fossiliferous ...... 6.

23. Shale: blue gray, fissile 4
22. Limestone: light gray; very coarse, crinoidal; weathers yel-

low with a bumpy surface 14

21. Covered: probably limestone

2
20. Limestone: Light gray, very coarsely crystalline; weathers
smooth; crinoidal : 13
Exposed thickness of Bloyd 69
Hale formation

19. Shale: yellow brown buff, sandy 4.0
18. Sandstone: greenish gray, ferruginous; grades into lime-
stone helow 1.5
17. Limestone: light blue gray, coarsely crystalline; some sandy
beds; weathers evenly; fossiliferous 2.0
16. Sandstone: blue gray on slightly weathered surface; thin-
bedded ; weathers red and slightly pitted ..o ree 85
15. Covered 4.0
14. Shale: blue gray, fissile 55
13. Limestone: black to gray, coarse medium; weathers platy;
fossiliferous 1.0
12. Shale: blue gray, fissile 1.0
11. Limestone: gray black to brown, very coarse crystalline;
weathers smooth and crinoidal 11.5
10. Shale: blue gray, fissile 10.6
9. Limestone: black, very coarsely and evenly crystalline;
weathers crinoidal and platy; fossiliferous ... 1.0
8. Shale: blue gray, fissile ......... 2.0
7. Shale: blue gray, massive bedded 2.0
6. Covered 4.6
5. Shale: yellow brown; weathers light yellow and limonite
stained oo 13.0
4. Limestone: dark blue gray, very coarsely crystalline; weath-
ers crinoidal and in big pittings; fossiliferous ... 5.5
3. Covered 40
2. Sandstone: dirty yellow green color; very shaly ... 0.5
1. Shale: blue gray 4.0
Covered below
Exposed thickness of Hale 86.2

4. DAVIDSON, ARKANSAS SECTION, SECS. 14,23, T. 12 N, R. 33 W.

Pennsylvanian
Des Moines series
Atoka formation
38. Covered to top of hill, sandstone rubble . 11.0
37. Sandstone: yellow brown with light gray streaks, fine
grained ; thin to uneven bedded i
Exposed thickness of Atoka : 24.0
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Morrow scries Feet
Bloyd formation

36. Covered 14.0
35. Shale: blue gray, fissile 20.0
34, Covered 220

33. Shale: blue gray, fissile, limonite concretions; contains two
sandy beds .. - 320

32. Limestone: blue to blue gray, fine with sublithographic lenses,
oolitic; weathers platy with crossing calcite veins ... 8.0
31. Limestone 10.0

30. Limestone: blue gray, fine crystalline, well jointed; weathers
light blue splotched with brown; fossiliferous, Spirifer,

Productids 3.0

29. Shale: blue gray, fissile; limonite concretions ... 20.0

28. Shale: dirty blue gray, iron stained; weathers fissile 1.0

27. Shale: blue gray, fissile; limonite concretions ...... 220

26. Limestone: brown, thin-bedded; poorly exposed 0.5

25. Shale: blue gray, fissile; limonite concretions ... . 40

24. Limestone: blue gray to hrown gray, very co: uneven
bedded; locally fossiliferous and crinoidal 4.0

23. Shale: blue gray, fissile, limonite concretions ... . 100

22. Limestone: blue to blue gray, fine with sublithographic crys-
talline lenses; weathers platy and with crossing calcite veins;
fossiliferous 1.0

21, Shale: blue gray, fissile, limonite concretions ... 11.0

20. Limestone: brown gray, coarse; iron stained red; crinoidal,
fossiliferous, bryozoans, brachiopods 4.0

19. Shale: blue gray, fissile, limonite concretions ... 5.0
Thickness of Bloyd 191.5

Hale formation

18. Sandstone: thin-bedded, calcareous 5.0

*17. Sandstone, very calcarcous: yellow brown, fine grained ;
cross-bedded and thin-bedded; weathers pitted and cavernous 34.0

16. Limestone, sandy : light gray medium, even crystalline; thin-
bedded, cross-bedded 6.0

15. Covered 34.0

14. Shalc: poorly exposed 6.0

13. Sandstone, calcarcous: yellow brown, medium to fine grained;
cross bedded, irregularly bedded 40

12. Shale: blue gray, fissile with few sandy shale beds ............... 6.0
Thickness of Hale 95.0

Mississippian
Chester series
Pitkin limestone '

11. Limcstone: at top, gray, coarse even crystalline; uneven
bedded, crinoidal; at base, brown gray, coarse, crinoidal,
uneven bedded; weathers irrcgular, fluted and spalls off......... 36.0

10. Limecstone: gray, medium, well jointed; weathers light blue;
fossilifcrous ........ 4.0
Thickness of Pitkin 400

Fayctteville shale

9. Covered and shale 100.0

Lstimated thickness of Fayetteville 100.0
Meramec? series

Limestone : dark blue gray, very fine to sublithographic crys-

talline; weathers jointed and light blue 6.0

7. Shale: black 5.0

6. Limestone: thin-bedded to fissile, shaly ..o 1.0

5. Shale: black - 60

4. Iimestone: dark gray to black, coarse even crystalline; fos-
siliferous 20

-

MEASURED STRATIGRAPHIC SECTIONS 71
Feet
3. Shale: black, fissile, well jointed 18.0

2. Lln}estone, few shale breaks: brown gray, coarse medium crys- )
talline; weathers light blue and uneven 18.0

. Estimated thickness of Meramec? i 56.0

Osage series )
Chert: 38.0

Covered below

5. LOWER VIAN CREEK SECTION. SEC. 9, T. 12 N, R. 22 E.

Pennsylvanian
Des Moines series
Atolza formation
. Covered and poorly exposed sandstone t i
S t:
3. Sandstone: massive bedded © top of hill

Exposed thick o0
Morrow s ness of Atoka 6.0

Bloyd formation

%. ihale - 4.0
. Limestone with few shale beds; blue tob ’
coarse; weathers granular; fossilife%g?x)s, orown Bray, very 50.0
Sarse sy peathers granular; fOSSiliferous i .
Exposed thickness of Bloyd : 54.0
6.  GREENLEAF DAM SECTION. SEC. 2, T. 13 N, R. 20 L.
Pennsylvanian

Des Moines series
Atoka formation
20. Covered, sandy soil 64.0

19. tslﬁﬂflt?;?igeed light gray to yellow brown, medium grained; 8
Exposed thickness of Atoka 72.0

Morrow series
Bloyd formation
18. Covered

17. Shale: blue gray, fissile, limonite concretions ... igg
16. Limestone: brown gray, fine even crystalline; weathers ’
smooth and light blue splotched, brittle 3.5
%i éxmestone: at base gray to brown, medium; thin-bedded ....... 16.8
1% Llilr’;lnlees:tgx?:}-h{)ls::p(g)xs-:d: g:: gray, ﬁssilg, limonite concretions 15,2
oo cross-beﬁ‘ded se, iron stained red; uneven and 132
12, Sl'mle: blue gray, fissile, limonite concretions .............. 1.0
11. Limestone, conglomeratic: brown gray, fine medium matrix ; ’
weathers -sandy; fossiliferous, Pleurodictyum (x‘llx'chelinia)’
ccphalopods; carries limonite pebbles witl trace phosphate. T10
10. Shale: poorly exposed ...oomerececreieeeereeeee. 358
9. Limestone: blue_gray, very coarse; uneven bedded; weathers ’
granular and thin-bedded; crinoidal ' 5.6
8. Shale: blue gray, fissile, limonite concretions’ few covered .
intervals ' : 334
Thickness of Bloyd 1152
Hale7 fo;matiou .
. Limestone: blue gray in 1 i ;
thin-bedded in losleryllalf ower part and gray in upper half; 1
g. Shale: calcareous, buff

Limestone, very sandy: gra i
. : y, earthy to fine crystalline ; -
ers sandy and iron stained ! Y ; weath

Shale: blue gray, fissile, limonite concretions

>
=S on
(3,39, } no
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3.

2.

1.
7. BLUFFS
Pennsylvanian

Des Moines scrics
Atoka formation

. Feet
Limestone: blue gray, fine medium; weathers thin-bedded,
spalls off and is uneven bedded; crinoid stems replaced by
orange calcite .. . 3.5
Limestone: blue gray, very coarse crystalline; granular and
cross-bedded; fossiliferous, crinoidal . 5.0
Sandstone, calcareous: medium grained; weathers pitted and
cavernous. Scems to grade into limestone above .eoeeerceeeeee 3.0
Covered helow by water of Greenleaf Lake.
Exposed thickness of Hale 26.0
SECTION. SEC. 26, T. 13 N,, R, 20 L.
Covered to top of hill ... 26.0
Sandstone: thin-bedded, forms cliff 6.0
Covered .. 14.0
Sandstone: massive bedded 3.0
COVEICA e eee e emas s eeaos st ee e rene e sbees 19.0
Sandstone: yellow brown, coarse grained; cross-bedded, thin-
to massive-bedded 6.0
Sandstone, calcareous: buff to gray, medium to fine, even
grained; thin-bedded; weathers buff brown, calcareous ....... 4.0
F.xposed Thickness of Atoka 78.0

Morrow serics
Bloyd formation
27.

Limestone: gray, very coarse; uncven bedded and cross-
bedded; weathers granular. Upper 1-foot fine crystalline and

Hale formation
1

weathers rubbly 6.0
Shale: poorly exposed 20.0
Limestone: poorly exposed 20
Shale 7.0
Limestone: poorly exposed 1.0
Shale 6.0
Litestone, poorly exposed: rubbly limestone pebbles on slope,

blue gray with greenish lenses; fossiliferous ......oiieorennns 20
Shale: poorly exposed . 9.0
Litmestone: gray with greenish streaks, sublithographic;

weathers smooth and in big pittings 3.0
Shale: poorly exposed . 2.0
Limestone, few shale breaks; brown to brown gray with

greenish lenses, very coarse; uneven-bedded; weathers fluted;

coarsely crinoidal 14.0
Limestone: gray with greenish argillaceous streaks, sandy;

weathers rubbly 2.0
Shale: poorly exposed 12.0
Limestone: very rubbly 4.0
Shale: poorly exposed 20
Limestone: brown gray, fine even crystalline; uneven bedded;

weathers rubbly 10.0
Shale: poorly exposed, includes a 1-foot limestone bed .......... 5.0
Thickness of Bloyd : 107.0
Limestone: blue gray with brown gray lenses; uneven bedded, 30
rubbl A
Slmley: blue gray, fissile, limonite concretions; includes two

thin argillaccous limestone beds 0.5 foot thick ..coeeevrorrereveecees 8.0
Limestone, sandy: blue gray with brown lenses, fine; uneven

bedded 4.0

MEASURED STRATIGRAPHIC SECTIONS

Shale: blue gray, fissile, sandy

ahove

Limestone, sandy: buff gray to brown gray; grades into shale

fossiliferous

Shale: blue gray, fissile; somewhat calcareous near top and

Covered: may include two thin argill
ac
Shale: blue gray, fissile g cous beds

Nwh v N

Limestone, sandy: blue gray, fine,
very sandy

argillaceous; weathers

1. Limcf'tone:d brO\i\in gray, coarse mediun;
smooth, and spalls off. Grades into li
&pooth, and sp mestone above
Exposed thickness of Hale

weathers brown,

8. McCLAIN SECTION. SEC. 28, T. I3 N, R. 20 E.

Pennsylvanian
Des Moines series
Atoka formation

Poorly exposed to top of hill
34. Sandstone pon

Exposed Th.ickness of Atoka

Morrow series
Bloyd formation

3 Shale: blue gray, fissile; limonite concretions

3.
32. Limestone: dark gray to blue gray, fine medium with

few

coarse crystals; uneven-bedded; weathers smooth, pitted and

well jointed

31. Shale

30. Limestone: weathers thin-bedded .

29. Limestone: light gray, v
rubbly and uneven bedded

ery fine to sublithographic; weathers

28, Shale :

27. Limestone: neutral gray,

2. arg;ebedded and smooth; fossiliferous, Hustedia

coarse, well jointed; weathers un-

25. Limestone: yellow gray, coarse with lar,
weathers uneven bedded and granular

ge calcite masses;

24. Shale

23. Limestone: buff to gray, very coarse,

weathers granular; crinoi g
22. Shale .- oidal, large brachiopods ...

21. Limestone: gray, fine medium to fine; uneven bedded, well

jointed; weathers s th; ili
20, lginte s smooth; fossiliferous

large calcite masses;

Estimated thickness of Bloyd

Hale formation
19. Limestone: blue gray to brown gray,

coarse crystals, large calcite masses
surface

coarse medium with very
; weathers very sandy on

18. Shale

17. Limestone: blue gray with

brown gray lenses, medium with

large calcite masses; weathers in light blue splotches and

rubbly; fossiliferous

16. Shale: sandy
15. Limestone :
crinoidal, fossiliferous

14, Shale

blue gray; weathers granular and thin bedded;

13. Limestone: blue
weathers buff

=)

Feet
4.0

2.0
4.0
8.0
5.0
4.0
S1.0

o0
(= Y]

o
o

e Sveats

....
oo oo oo oo oo ooos

Mo B AN

Saw

B
[=F=]
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Feet
8.0
. Shale ’ .

11% gl:;lc: poorly exposed, may include some limestone ... lgg
10. Shale: blue gray, fissile, limy concretions and limy lenses ....... - .
9: Sandstone, calcareous: dark gray, fine-grained, argillaceous; 10
weathers limonite stained 59

Estimated Thickness of Hale

Mississippian
Chester selrxes
itkin limestone . ) i
Pltkg.l Limestone: gray, fine medium; weathers ﬂuted! fossxllferogs 2.0
7. Limestone, granular: very coarse crystalline with some sub-

lithographic beds, few shale breaks igg

6. Covered p— X

Ecs):imated thickness of Pitkin ... 28.0

Fayetteville shale 140
5. Covered ...

i large calcite
. nestone: blue gray to gray, very coarse, 3 IC1
4 ll;;lzllsscs; uneven bedded ; weathers locally thin bedded; fossilif-

erous, Archimedes gg
3. Shale: dark gray to black 20
* C d . » . . N
%. Lgngfone: blue, sublithographic; jointed, brittle «cevenrrveeeeenes 6}53
Exposed thickness of Fayetteville I
9. LINDER CREEK. SEC, 3, T. 13 N, R. 21 E.
Pennsylvanian .
Des Moine{s series
ation .
Ato]k; 823cr:'d: sandstone rubbly and sandy soil ... lgg
16. Sandstone: massive bedded g
" Cov(elrcd 1 posed 6.0
14. Sandstone: poorly ex ‘
Exposed thickness of Atoka 420
Morrow series _
$ t . »
Blof.‘?. f%ﬁ;i‘e l:mt;lue gray, fissile, limonite concretions .....oocecereeeeee 1@8
12, Covered - ’ . . 80
: bl , fissile, limonite concretions ....... S—— o .
}(l) E?:xlccstolx)leu:c d%n:lelcy blue gray, very coarse, calcite veins, brittle; 30
" weathers brown and dsmooth o
H ly expose . A
g. Elill?llccstoin)lzo:rg’rowg gray, very fine even crystalline; weathers L0
" buff brown and kngbb)ll; f]qssxh{;:rous e 10
1 bl ray, fissile; limonite conc RS —— - :
g' Is,lill?llcestoncu:e i%lclzdes granular, knobby and thin-bedded beds; 100
" lower few feet brown gray, fine even crystalline ... 9.0
S. Shale: blue gray, fissile, limonite concretions o
4, Covered 200

Estimated thickness of Bloyd
ation Lo
Hale foi:;:;:elstone: at top, blue to blue gray, fine medium; uneveg
bedded, well jointed; weathers in light blue splotches and
somewhat rubbly ; lower part is light blue gray, very coarse;
weathers granular, crinoidal, iron stained red ..ol 00
Covered e X
Sandstone, calcareous: gray to brow'n gray, fine gra_med,
weathers rough and iron stained; residue shows 51% insol- 10
uble i
TExposed thickness of Hale 270

=N
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10. TENKILLER SECTION. NE% SEC, 15. T. 13 N, R. 21 E.

Pennsylvanian
Des Moines series
Atoka formation Feet
Covered to top of hill
26. Sandstone; massive bedded 3.0
25. Covered . 20.0
Exposed thickness of Atoka 23.0

Morrow series
Bloyd formation

24. Shale: poorly exposed 16.0
23. Limestone: gray to blue gray, very fine with sublithographic

lenses, greenish argillaceous streaks; weathers iron stained
buff and rubbly

3.0
22. Shale: blue gray, fissile, limonite concretions ... 8.0
21. Limestone: gray, medium to very fine, argillaceous bands
and streaks; weathers thin-bedded and iron stained 1.0
20. Shale: blue gray, fissile, limonite concretions ... 5.0
19. Shale: greenish buff; grades into shale above and helow . 2.0
18. Shale: blue gray, fissile, limonite concretions .. 50
17. Limestone: gray, fine with coarse crystals; uneven-bedded;
weathers smooth and locally thin-bedded ; oolitic, crinoidal... 2.0
16. Shale: blue gray, fissile, limonite concretions ... .. 6.0
15. Shale, calcareous: blue to buff gray, fissile, travertine-like
concretions on surface; seems to grade into shale above........ 1.0
14. Shale: blue gray fissile, limonite concretions ... 13.0
13.  Limestone . 1.0
12. Shale: blue gray, fissile, limonite concretions 4.5
11. Limestone: gray to blue gray, fine with coars
tals; weathers smooth and futed 1.5
10. Shale: blue gray, fissile, limonite concretions ... ... 8.0
9. Limestone: blue gray, fine to very fine crystalline; uneven
bedded, well jointed: weathers rough and rubbly ... . 20
8. Shale: blue gray, fissile, limonite concretions. Includes a
2-foot shaly limestone bed that is slightly conglomeratic ....... 18.0
Thickness of Bloyd . 97.0
Hale formation
7. Limestone: blue gray to brown gray on weathering, fine with
few coarse crystals; uneven bedded; weathers cross-bedded ;
fossiliferous : 20
6. Shale: blue gray, fissile, limonite concretions ... 10.0
5. Siltstone: brown to buff, well jointed, iron stained 2.0
4. Limestone: gray, medium with coarse crystals; weathers
smooth; fossiliferous, crinoidal 20
3. Shale 5.0
2. Limestone: gray, fine to very fine; weathers smooth; fossilif-
erous 3.0
1. Shale: poorly exposed 5.0
Covered below
Exposed thickness of Hale 29.0
11. BLACKGUM SECTION. STARTS IN SECS. 32, 33, T. 14 N, R.
22 E., AND ENDS IN SECS. 45 T.13 N, R. 22 E.
Pennsylvanian
Des Moines series
Atoka formation
31. Sandstone: thin-bedded 8.0
Exposed thickness of Atoka . 80
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77
Morrow series Feet 12. QUARRY MOUNTAIN SECTION. SEC. 14, T. 13 N., R. 23 E,
Bloyd formation Pennsylvanian ! v .
30. Covered 9.0 : :
29. Shale: blue gray, fissile, limonite concretions _......omeceeceee 4.0 DesAlt\gﬁznefsosﬁgi‘s ' Feet
28. Limestone: dark bluc gray, fine, even crystalline with few 49. Cove "31", Sand d shal .
coarse medium crystals; platy; moderately fossiliferous ... 2.0 48 Sgndrf : ~andy an bSJSY soil 54.0
27. Shale: blue gray, fissile; well jointed; poorly exposed in lower 112 . 47, Cove:eilne' massive bedded 23
part . 3 N H - - A
26. Limestone: blue to purplish blue gray, fine; uneven bedded, 32 %zntés;zc&ne. massive bedded, in a cliff 16.0
sandy, argillaceous streaks; brachiopods ............. . 15 4. Sil: tone : Y 140
25. Shale: blue gray, fissile, limonite concretions ... 4.0 43, Covirel:le. greenish, thin-bedded 6.0
24. Limestone: blue gray to purplish blue gray, sublithographic 42, Sandstone: o e 26.0
to fine crystalline, argillaceous; uneven bedded; bryozoans, " Exposed ﬁ.frln{asswef 2\ T{ 8.0
productids, Composita, Spirifer - 20 M “XpOS ickness of Atoka 138.0
23. Shale: blue gray, fissile, limonite concretions ... 45 olr3r10w series
22. Limestone: blue gray, unevenly crystalline; uneven bedded; oyd formation
weathers sandy and moderately iron stained buff 2.0 4L, Shale A - 4.0
21. Shale: blue gray, fissile, limonite concretions 3.0 40. Limestone: greenish gray, coarse medium, sandy, thin-bedded
20. Limestone: gray to blue gray, coarse with sublithographic 3 and granular; weathers platy - 2.0
crystalline lenses; weathers smooth and with rubbly beds; 9. Shale: blue gray, fissile, limonite conCretions ... 40.0
fossiliferous, crinoidal 20 38. Limestone: fine crystalline; weathers rubbly at top; few
19. Shale: blue gray, fissile, limonite concretions ... 30 3 shale breaks 19.0
18. Siltstone: buff, iron stained, fissile; seems to grade into shale - Limestone: blue gray, very coarse; weathers granular; very
above 1.0 crinoidal, extremely fossiliferous, bryozoans, productids,
17. Shale: blue gray, fissile, limonite concretions, some sandy 36 gg”l'f’”‘”a' gastropods 40
beds; poorly exposed near base 15.6 35 Hale - . 30
16. Limestone: blue to blue gray, fine; uneven bedded; weathers - Limestone: blue gray, fine medium; uneven bedded, hard;
pitted, glauconitic 8.0 " weath?rs rubbly ; moderately fossiliferous ... 4.0
15. Shale: blue gray, fissile, limonite concretions ... 6.0 3. Shale: poorly exposed : - 16.0
14. Limestone: blue gray, medium, sandy and argillaceous, heavily . Limestone: blue gray, medium even crystalline; weathers
iron stained: thin-bedded 20 2 smooth and jointed; fossiliferous, Productids, Spirifer............ 5.0
13. Shalc: blue gray, fissile, limonite concretions ... 2.5 T IS}_]ale: po?rly exposed : 17.0
12. Limestone: gray with purplish cast, coarse medium to coarse - Limestone: blue gray, coarse even crystalline; weathers
i crystalline; uneven bedded, one thin shale break ... 70 10 JS(;::;:d and granular; crinoid stems replaced by buff calcite.... gg
. Shale 1.0 - Dl .
10. Limestone: light blue, very fine with coarse crystals, green- %g Ié:lllmlestone 2.0
ish calcite masses; weathers smooth, uneven bedded, and . Th"-le """"" y 4.0
rubbly at top; crinoidal 2.5 1cl.<ness of Bloyd Formation 1320
Thickness of Bloyd 1038 Hale formation .
Hale formation 27. Sandstone: light gray, medium grained; casts of crinoid stems,
9, Sandstone: blue gray with a greenish cast, calcareous, trace Hustedio 3.0
phosphatic 10.2 26. Shale - 70
8. Covered 162 25. Limestone: light gray, medium even crystalline; weathers
7. Limestone, sandy: dark blue with greenish streaks; fossilif- 24 lSl}tol thin beds and granular beds; fossiliferous .........ocurmmn.ee 40
erous 2.0 g hale 40
6. Sandstone: medium- to fine-grained; irregularly bedded, thin 23. Limestone: gray, well jointed; weathers smooth and buff ..... 3.0
shaly partings and streaks, disconformable contact on lime- 22. Shale 3.0
stone 6.5 21. Limestone, poorly exposed: light gray to buff gray, fine even
Thickness of Haie 34.9 crystalline, locally coarse crystalline 5.0
Mississippian 20. Limestone: sandy, medium crystalline, oolitic; crinoidal,
Chester series Peniremites abundant, bryozoans; seems to grade into lime-
Pitkin limestone . aﬁﬁ{lmbove 1.0
Limestone: gray to light gray, coarse; uneven bedded; fos- s e ickness of Hale 30.0
siliferous, crinoidal 3.0 Mississipian :
4, Shale: blue gray to purple, rather fissile ...ooooncroriseccncne 3.0 Chester series
3. Limestone: dark blue gray, coarse; fossiliferous and crinoidal, Pitkin limestone
large crinoid calyx, 3 by 2.5 inches, Pentremites, Linoproductus 4.5 19. Limestone: dark gray, very fine with coarse crystalline lenses;
2. Covered 13.0 weathers light blue and well jointed; fossiliferous ............. 2.0
1. Limestone: blue gray 2.0 18. Limestone 10.0
Covered below 17. Shale 40
Exposed thickness of Pitkin 25.5 16. Limestone 8.0
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N Feet Feet
15. Limestone: gray, very fine to sublithographic, brittle; weath- 43. Shale: poorl d 15.2
: K e X : y expose: .
ers light blue; r'nl(()glerately fossiliferous 228 42. Limestott)le: dark blue gray, medium; lower part weathers un-
’!‘lnckness of Pitkin i even bedded and rubbly; Dielasma, productids, Composita.... 4.0 .
Fayetteville shale 12.0 41. Shale: poorly exposed 30
14. Covered, probably shale 10 40. Covered 11.2
13. Limestone 20 39. Limestone: dark blue gray, sublithographic bands in medium
12, Shale 10 crystalline matrix; weathers with fossil markings on sur-
11. Limestone ... . : face; Composita 290
10, Shale: calcareous, trace phosphatic 4.0 38. Covered 56
Thickness of Fayetteville 200 37. Shale: blue gray, fissile, litnonite concretions ................ 1.0
Meramec? scries - 36. Covered (spring issues at base) 10.2
9. Limestone: dense at top, shaly below, fossiliferous ... 40 35. Shale 3.5
8. Covered : : 5.0 34, Limestone: gray, coarse even crystalline, glauconitic; weath-
7. Limestone: dark gray at base, lighter gray near top, coarse, ers uneven; crinoidal 2.0
" even crystalline, glauconite specks; carbonaceous odor when 33. Covered 9.0
struck with a hammer; many thin shale breaks ... %‘5‘3 32. Limestone: blue gray with brown lenses; cross-bedded ; weath-
_ Thickness of Meramec . ers fluted; Pentremites abundant 20
Osage series . 28.0 31. Shale 2.0
6. Chert; gray, well jointed 3.0 30. Limestone: gray, medium with coarse crystals; uneven
Thickness of Osage 28 bedded; weathers rubbly and crinoidal 20
Kin((:lﬁrhOOk SCHC!; ) 29, Shale: poorly hcxposed 5 l 4 5.5
attancoga shale L. . Limestone: light gray, coarse medium, glauconite spotted;
5. Shale: blue black, fissile, well jointed 400 28. Limestone: light gray » B potted; o
Thickness of Chattanooga 40.0 27. Shale: poorly exposed 11.2
Sylamore sandstone 26, Limestone: purplish gray, coarse medium with large blue
4. Sandstone, poorly exposed: brown black pebbles and few green argillaceous bands; weathers smooth with iron stained
chert fragments 8.0 inclusions 1.0
Thickness of Sylamore - 8.0 25. Shale: blue gray, fissile, limonite concretions ... 45
Devonian 24. Siltstone: fissile, iron stainted on bedding planes 3.0
Sallisaw_sandstone . 40 23, Shale: blue gray, fissile, limonite concretions ... 5.6
3. Sandstone: even grained 40 22, Siltstone: fissile, iron stained on bedding planes 3.0
. Thickness of Sallisaw s 21. Shale: blue gray, fissile, limonite concretions 4.0
Frisco limestone Thickness of Bloyd 148.5
2, Limestone: . 6.0 Hale formation
Thickness of Frisco 6.0 20. Limestone: gray to blue gray, coarse medium; weathers
Silurian Lo smooth; crinoidal, fossiliferous 40
St. Clair limestone | . 19. Shale: poorly exposed 2.0
1. Limestone: light gray to pink; very coarse; base concealed 6.0 18. Limestone, very sandy: gray, medium with black calcite crys-
by fault ... . 96. tals; grades laterally into a sandstone; weathers fluted;
Exposed thickness of St. Clair 96.0 fossil casts 40
D 1 17. Shale 0.5
13. WEST QUARRY MOUNTAIN SECTION. Wi SEC. 15, T. 13 16. Limestone: gray to black, black calcite crystals, coarse; cri-
+ R 23 E. noidal ", 4.0
Pennsylvanian 15. Shale: poorly exposed 4.0
Des Moines serics : 14. Limestone, very sandy, especially in lower part: blue gray
Atoka formation with greenish hue, very coarse to coarse crystalline, heavily
52, Covered to top of spur of hill 18.0 iron stained 10.0
51. Sandstone: poorly exposed 1.0 Thickness of Hale 28.5
50. Covered ... 16.0 Mississippian ’
49. Shale: poorly exposed 7.3 Chester serics
48, Sandstone: poorly exposed e 2.0 Pitkin limcstone
Lxposed thickness of Atoka 4.5 13. Limestone: brown gray, coarse to coarse medium; weathers
Morrow series blue gray; coarsely crinoidal, Archimedes; disconformable
Bloyd formation - . . contact with limestone above 1.0
47. Shale: blue gray, fissile, limonite concretions ......ccceeeerecennns 11.2 12. Limestone 8.0
46. Shale: poorly exposed ... " 112 11. Limestone: blue gray, mcdium to coarse meditm; granular
- 45. Shale: blue gray, fissile, limonite concretions .............. poeenes 5.6 and uneven beds; Archimedes and Peniremites abundant ....... 1.0
44, Limestone: greenish in upper part, coarse, shaly inclusions; 10. Covered: probably shale 8.0
cross-bedded and thin-bedded; fossiliferous, corals, bryozoans, 9. Limestone: dark blue gray, rubbly 2.0
Pentremites, Composita 80 Estimated thickness of Pitkin 20.0
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Chester-Meramec? serics Feet
8.

NPT

Osage series
1

Limestone_ and shale: limestone sublithographic crystalline,
averaging 4 inches thick; thin, uneven, calcareous shale seams,

with slightly calcareous black pebbles - 14.0
Limestone and shale: limestones average 3 inches thick; shaly,

blue gray sublithographic; weather rubbly. Shale; black,

well jointed, carbonaceous
Shale
Chert and cherty limestone
Shale
Linestone: grades into shale above .....
Limestone: black to blue black, shaly, thin-bedded
Estimated thickness of Chester-Meramec? series

coovooo

Chert

14. CIRCLE A RANCH SECTION., SEC. 30, T. 13 N, R. 23 E.

Pennsylvanian

Des Moines serics
Atoka formation

24.
23.
22.

Covered to top of hill

Sandstone: poorly exposed
Shale: sandy
Covered
Exposed thickness of Atoka

(=37
Nogo
cooo

Morrow series

Bloyd formation
21.
20.-

19,
18.

EN

4.

3.

Shale: poorly exposed
Limestone: blue, fine; weathers yellow buff, smooth and in
big pittings
Shale: blue gray, fissile, limonite concretions ..........ccoocuneee
Siftstone: blue gray, calcareous; weathers fissile, peculiar
“worm” impressions :

Shale: blue gray, fissile, limonite concretions .............o....
Limestone: gray to blue gray; crinoidal, fossiliferous ............
Shale
Limestone: blue, coarse medium; uneven bedded; weathers
brown and crinoidal, and rubbly in upper part .....cccccooerreneeannc
Shale: calcareous
Limestone: blue gray
Covered
Limestone with few shale breaks
Shale: buff, calcareous; very fossiliferous, abundant Pen-
trenites
Limestone, few discontinuous shale breaks: gray blue in the
upper part, fine medium with very coarse crystals; uneven
and irregular bedded, cross-bedded; very crinoidal, extreme-
ly fossiliferous, Plewrodictyum (Michelinia), bryozoans, Pen-
tremites, Composita, Spirifer 12.0

o N

O=wS Nhvw
tn oo oo oo oo °©

—

—

o B

Covered 13.0-

Limestone; very coarse; weathers granular and fluted; cri-
noidal, bryozoans abundant; scems to grade into limestone

below ... 3.0
Limestone: hlue gray, buff bands and streaks; carries banded

“algal” pebbles; weathers buff and rubbly ..., 2.0
Shale 10.0
Covered 12.0
Thickness of Bloyd 1340

Hale formation

T2

Limestone: dark gray with black calcite crystals, medium with

MEASURED STRATIGRAPHIC SECTIONS 81

Feet
very coarse crystals; weathers brown gray, thin-bedded and
platy; crinoidal

40
1. Limestone: granular; few thin shale streaks ... . 140
Covered below )
Exposed thickness of Hale 18.0
15. SALT CREEK SECTION. SEC. 18, T. 13 N, R. 26 E,,
SEC. 13, T, 13 N, R. 25 E.
Pennsylvanian
Morrow series
Bloyd formation
Covered above by sandstone rubble
11. Limestone: brown gray, coarse medium to medium; weathers
smooth and jointed; crinoidal, fossiliferous ... - 1.5
10. Shale 50
9. Limestone: blue gray, coarse to coarse medium; weathers
“chocolate brownish” and shaly; very fossiliferous especial-
ly on weathered surface, crinoidal with large crinoid stems ... 3.0
8. Shale with thin limestone beds 8.0
7. Limestone: blue, earthy matrix with coarse and very coarse
crystalline masses, shaly; very fossiliferous, Pentremites........ 0.5
6. Shale 4.0
5. Limestone 0.5
4. Shale 7.0
3. Limestone: blue, coarse crystalline masses; thin-bedded ; very
fossiliferous, Composita 0.8
2. Limestone: blue to blue gray, variably crystalline; unevenly
bedded, conglomeratic at base; very fossiliferous, Pleuro-
dictyum  (Michelinia) 22
(Beds 2-11 correlated with Kessler member,)
1. Shale, poorly exposed, may be referable to Bloyd below
Kessler member 10.0
Exposed thickness of Bloyd 425

16. W. QUALLS SECTION. SEC. 11, T. 14 N,, R. 21 E.

Pennsylvanian
Des Moines series

Atoka formation
27. Sandstone: poorly exposed 6.0
26. Sandstone: medium grained, cross-bedded, heavily iron stained 10.0
* Exposed thickness of Atoka 16.0
Morrow series .
Bloyd formation

25. Shale : 10.0

24, Limestone: brown gray, very coarse; weathers thin bedded
and granular; crinoidal, fossiliferous 3.0
23. Shale 50
22, Limestone: light blue on weathering, poorly exposed: ............ 1.0
21. Shale: blue gray, fissile, limonite concretions ................... 5.0

20. Limestone: blue gray, fine medium, few coarse crystals, well
jointed; weathers thin bedded ..o 6.0

19. Limestone: gray, very coarse; weathers granular and rubbly;
crinoidal; many thin shale beds . 20.0

18. Limestone: gray, sublithographic, with black calcite crystals:

very fossiliferous, Pleurodictyum (Michelinia), productids,
Spirifer, immature “Gastrioceras” 2.0
17. Limestone: some is granular, some thin bedded to knobby ... 8.0
ig Shale et eee e 2.0

Limestone: gray, fine with sublithographic lenses, brittle;
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. Feet Feet
1 »éleathe:ls smooth ; fossiliferous, Pestremites ..o 1.‘;.0 }g Ehale: poorly exposed 10.0
. Covere 0 . Limestone: blue gray, coarse the s .
13, Shale 120 smooth; crinoidal cven crystalline; weathers
Hale £ Estimated thickness of Bloyd 920 }i Ehale: poorly exposed 3.5
ale formation . Limestone: light gray, fine with m . il ’
2. Limestone: blue gray-black, coarse; weathers smooth; moder- erous, crinoidal gray any coarse crystals; fossilif- 25
ately crinoidal, fossiliferous 2.0 13. Shale 50
11. Covered 2.0 Estimated thickness of Bloyd 1209
lg. léimest?]ue: very coarse, crinoidal :1’.0 Hale formation .
. Covere .0 12. Sandstone: medi i i i :
8. Sandstone: light gray, medium grained, slightly calcareous, ironed Staines’dll;llr)loggr;:ne}ii(,msec;’ictc,mfl{)?ge,c;;g:;l];;cf ogf_’,g:av'ly
heavily iron stained 1.0 corals, Spirifer, Composita, trilobite pygidium yozoars, 10
7. Covered - 3.0 11. Covered ... r-=mm WO RVETTIN s .
6. Limestone: dark gray, coarse; fossiliferous; granular bed 10. Limestone: blue to purplish gray: thin and uneven bedded. 1.0
near middle . 7.0 weathers crinoidal; very fossiliferous < 5
5. Limestone: light gray to cream gray, fine even crystalline; 9. Covered 3.5
weathers platy; moderately fossiliferous .micconcniianns 1.0 8. Shale: buff, iron streaked 20
Estimated thickness of Hale 20.0 7. Sandstone: yellow brown, medium grained, iron stained gg
Mississippian . . . . Estimated thickness of Hale ....... i 16.5
Chester series Mississippian :
Pitkin limestone : Chester series
. Covered 12.0 Pitkin limestone
3. Limestone: blue %r:;y, fine; weathers jointed and smooth; fos- 60 g gpvered o 0.1
siliferous, crinoida! 3 X . Limestone: blue to blue gray with blue agri ’
2. Limestone: blue gray, fine medium; weathers crinoidal iron lenses, fine with coarse Eryg’tals; weathexgs llrlsgle)?;? ??s’sdi?i?enrq
stained buff; fossiliferous 2.0 ous, crinoidal ! 20
1. Limestone: blue gray, fine, well jointed; very fossiliferous, 4. Covered 2%
Archimedes, Pentremites, Linoproducits .eovrceessorveneeiss 6.0 3. Limestone: dark blue gray, coarse even crystalline; weathers
Covered below smooth; moderately fossiliferous, crinoidal 20
Estimated exposed thickness of Pitkin 26.0 % glovleredh e 6.8
. hale: heavily iron i i
17. S. QUALLS SECTION. SEC. 13, T.14 N, R. 21 E. Coaid belmz. stained and streaked ...oeoooeeceveeeccnnieees 3.5
Pennsyl\ﬁniau Estimated exposed thickness of Pitkin 25.6
Des Moines serics 18. .
Atoka formation : . 8. GREENLEAF CREEK SECTION. SEC. 30, T. 14 N, R. 21 E.
Covered above . Atoka - formation :
3l. Sandstone: massive bedded, fine to medium grained, yellow Bloyd formation i 30.0
brown, iron stained 8.0 Hale formation 62.0
Exposed thickness of Atoka 8.0 Pitkin limestone égo
Morrow series Covered below. -0
Bloyd formation :
30. Covered 9.6 19. ELK CREEK SECTION. SEC. 23, T. 14 N, R. 23 E.
29. Shale: poorly exposed, sandy; buff on weathering 5.6 P lvani .
28. Shale: blue gray, fissile, limonite concretions 16.8 enﬁsy ‘1'&“’.3" .
27. Limestone: blue gray with greenish argillaceous bands, esA ﬁmes series
streaks and lenses, very coarse; reddish on weathering; to ga formation
coarsely crinoidal 20 - 49. Covered: sandstone rubble 30.0
26. Shale: sandy, fissile 1.0 3573 Sandstone: thin-bedded 10.0
25. Shale: poorly exposed 8.1 . Covered: may be mostly sandstone 30.0
24, Limestone: gray, coarse; very fossiliferous, bryozoans, 46. Sandstone = ........ 8.0
Pentremites, productids, Rhipidomella?, Spirifer, gastropods 3.0 F:xposed thickness of Atoka 78.0
23. Covered . : 13.2 Morrow series
22. Shale: poorly exposed, blue gray, fissile e, 11.2 Bloyd formation
21. Covered 224 45, Covered: probably shale 10.0
20. Limestone: very coarse, crinoidal, granular, few sandy inclu- 44, Shale 20
sions; weathers thin-bedded 3.0 43, Limestone, very sandy: thin-bedded; weathers iron stained 1.0
19. Covered 290 42. Shale 40
18, ILimestone: light gray, coarse even, crinoidal; weathers 41. Limestone: gray, sublithographic, compact; weathers smooth '
smooth; fossiliferous 3.0 and in light blue splotches; fossiliferous .o, 2.0
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40, Covered
39, Shale: blue gray, fissile, limonite concretions ...
38. Limestone: gray, medium with coarse crystals; weathers
rubbly and spalls off
37. Covered ...
36. Limcstone: blue to blue gray, very fine to sublithographic;
uneven hedded; weathers buff and rubbly ..oniiciienne
35. Covered
34. Limestone: gray to blue gray, fine to very fine, few coarse
crystals; weathers rough and moderately iron stained buff;
fossiliferous, crinoidal
33. Covered, poorly exposed shale in lower few feet ...........
32. Limestone: blue gray, heavily iron stained buff, very argillace-
ous; extremely fossiliferous, corals, Pentremites, crinoid base
31, Shale
30. Limestone: dark blue gray, medium, with coarse crystals;
weathers smooth and moderately iron stained buff ...
29. Shale, poorly exposed
28. Limestone: dark neutral gray, very fine to sublithographic;
conchoidal fracture, uneven bedded; weathers smooth; mod-
erately fossiliferous
27. Shale: poorly exposed
26. Limestone: blue gray, fine medium; uneven bedded, jointed,
thin-bedded on weathering; fossiliferous, Aulopora, Spirifer,
Dictyoclostus
25. Limestone
24, Limestone: black, coarse medium with very coarse crystalline
lenses; weathers granular and crinoidal
23. Shale
22, Limestone: dark blue gray, coarse, iron spotted; weathers
smooth; crinoidal
21. Shale
Thickness of Bloyd

Hale formation

20. Limestone: locally sandy; weathers thin-bedded ...........ccc.e.
19, Limestone: blue gray, medium to fine medium, with coarse
crystals, oolitic, iron spotted; weathers in light blue splotches
and rubbly
18. Limestone, very sandy: light gray; thin uneven bedded; high-
ly glauconitic
17. Sandstone, calcareous: light gray, iron spotted, fine grained;
cross-bedded
16. Limestone
15. Shale: poorly exposed
14. Limestone: light gray, medium, sandy streaks, uneven bedded;
weathers rough and rubbly; fossiliferous, abundant bryozoans
13. Limestone: blue gray, very coarse, large calcite masses; gran-
ular on weathering; very crinoidal, fossiliferous
12. Limestone: light gray, medium grained; uneven bedded;
weathers thin-bedded; fossiliferous
11. Limestone
10. Limestone, very sandy: dark blue gray, medium, with lenscs
of very coarse crystals, argillaceous streaks, iron spotted .......
9, Sandstone, calcareous: yellow brown, fine grained; cross
bedded; few thin beds of pitted and cavernous weathering;
iron spotted and stained
8. Limcstone, sandy: heavily iron stained, very coarse; thin-
bedded; extremely crinoidal
Thickness of Hale

20
100

20
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Mississippian
Chester serics
Pitkin limestone
7. Limestone: many shale breaks; upper part light blue, jointed;
lower part neutral gray, very fine to sublithographic; well

jointed; weathers smooth and knobby; Archimedes, Pentre-
mites

Thickness of Pitkin
Fayetteville shale
6. Covered .
5. Sh;le: black, clayey at base; carries thin 3- to 4-inch limestone
s
4. Limestone: fossiliferous, corals, Archimedes, large crinoid
stems, Composita
3. Covered
Estimated thickness of Fayetteville
Meramec? series '
Limestone: with few thin shale beds
Thickness of Meramec?
Osage series
Chert

20. TERRAPIN CREEK SECTION. SEC. 29, T. 14 N, R. 23 E.

Pennsylvanian
Des Moines series
Atoka formation
32. Sandstone: cross-bedded, thin beds, ripple marks ranging
from 4 to 5 inches from crest to crest. Poorly exposed in
upper 8 feet
31. Covered
Estimated thickness of Atoka
Morrow series
Bloyd formation

30. Covered; evidences of blue gray shale in upper part ...
29. Limestone: neutral gray, medium to fine medium; weathers
into massive granular beds in upper part and thin-bedded in
lower part; almost a fossil coquina, small spired gastropods
abundant
28, Shale and covered
27. Shale: blue gray, fissile, limonite concretions .....................
26; Limestone: light gray to light blue gray, medium, with many
large calcite masses; weathers with light blue splotches and
pitted; very fossiliferous
25. Shale: blue gray, fissile, limonite concretions ...........cooeen.
24, Limestone: blue gray, coarse; weathers smooth and locally
thin-bedded and granular; fossiliferous, crinoidal, Spirifer....
23. Covered
22. Limestone: compact, poorly exposed
21. Covered
20. Limestone: blue gray to brown gray, very coarse; very thin-
bedded on weathering; very crinoidal
19. Limestone: gray, very fine; uncven bedded; weathers yellow
buff with blue splotches; fossiliferous, Pentremites ...............
18. Limestone-shale: thin limestone beds, blue, sublithographic,
crystalline, rubbly
17. Covered
16. Limestone: blue gray, very coarse; crinoidal
15. Shale: blue gray, fissile, limonite concretions
Estimated thickness of Bloyd

85

Feet
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Hale formation Feet
14. Limestone: gray with purplish hue, medium to fine medium;
weathers honeycombed 3.0
13. Covered 5.0
12. Shale, sandy: blue gray 8.0
11. Shale: blue gray, fissile, limonite concretions .........ccoeevveeeeeen 6.0
10. Limestone: blue to purplish gray, medium to fine medium;
uneven bedded; weathers thin-bedded 4.0
9. Covered . 13.0
8. Limestone: blue gray, medium; fossiliferous .......ocovoeeenen 4.0
7. Sandstone: very calcareous; blue gray, medium grained;
weathers fluted, pitted, and cavernous. Insoluble residue
shows 59% sand grains 3.0
6. Covered 20
5. Limestone: gray with black crystals, medium to fine medium;
weathers smooth 3.0
Thickness of Hale 51.0
Mississippian
Chester series
Pitkin limestone
4. Limestone and shale 17.0
Thickness of Pitkin 17.0
Fayetteville shale ' ’
Shale and covered 20.0
Thickness of Fayetteville 20.0
Meramec? serics
2. Limestone, with few thin shale beds: gray hrown, very coarse,
platy, crinoidal; weathers granular, Well exposed, discon-
formable, contact on Boone chert 20.0
Osage series
1. Chert and cherty limestone
21. HIGH MT. SECTION. SECS. 2, 3, 10 AND 11, T. 14 N, R. 24 E,
Pennsylvanian
Des Moines serics
Atoka formation
27. Sandstone: partly concealed 14.0
26, Covered 18.0
25. Siltstone: thin-bedded 5.0
24. Covered 52.0
23. Siltstone: thin-bedded 3.0
22. Sandstone: light gray; somewhat cross-bedded; weathers
yellow brown 18.0
Exposed thickness of Atoka 110.0
Morrow series
Bloyd formation
21, Shale: dirty black, fissile; good contact with overlying sand-
stone . 10.0
20. Covered : ~82.0
19. Limestone: gray, very coarse, granular, tough; weathers
smooth and crinoidal; fossiliferous 20
18. Covered 32.0
17. Limestone: light gray to ycllowish gray, medium to coarse
medium, some very coarse crystals; weathers smooth and buff 4.0
16, COVETEA e ceccr e e cessescssesessesssacussesserasasass sesaeae 3.0
15. Limestone: blue gray, fine to fine medium with coarse black
crystals; weathers yellow brown and rough ... 9.0
Thickness of Bloyd 142.0

Hale formation

14,

Limestone: dark blue gray to gray black, fine to sublithograph-
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Feet
ic; weathers knobby and rubbly; appears to cap the calcare-
ous sandstone below 2.0
13. Sandstone: calcareous 4.0
12. Covered 12.0
11, Limestone, very sandy: light gray; weathers in parallel hor-
izontal flutings 5.0
10. Limestone: gray, very coarse; weathers light blue, smooth to
- pitted 120
9, Sandstone, calcareous 33.0
Thickness of Hale 68.0
Mississippian
Chester series
Pitkin limestone
8. Limestone: dark blue to dark blue gray, fine medium with
very coarse black crystals; weathers crinoidal, rough and
jointed; fossiliferous 5.0
7. Covered 16.0
Estimated thickness of Pitkin 21.0
Fayetteville shale
6. Covered 29.0
5. Limestone: brown; very fossiliferous, many Archimedes........ 20
4. Covered | 19.0
3. Shale: blue black, limonite concretions 8.0
Estimated thickness of Fayetteville 58.0
Meramec? series .
2. Limestone: blue gray, variably crystalline; some thin shale
breaks 21.0
Thickness of Meramec? 21.0
Osage series
1. Chert
22. BEAVER MT., SECS. 8 and 17, T. 14 N, R. 24 E.
Pennsylvanian
Des Moines series
Atoka formation
26. Covered; sandy soil and siltstone rubble ..o 17.0
Estimated thickness of Atoka 17.0
Morrow series .
Bloyd formation
25. Shale: blue gray, fissile, limonite concretions ... 16.0
24, Limestone: blue to brown gray, fine to sublithographic; weath-
ers pitted; slightly fossiliferous; locally conglomeratic ........... 5.0
23. Covered 200
22. Shale: blue gray, fissile, limonite concretions 6.0
21. Limestone: brown gray and gray to black, very coa
weathers smooth and slightly crinoidal 3.0
20. Limestone and shale 10.0
19. Covered . 20
18. Limestone: dark blue brown gray, coarse medium; weathers
into well jointed blocks; fossiliferous 4.0
17. Covered 3.0
16. Limestone: blue gray, fine medium to fine, some coarse crys-
tals; weathers rough and somewhat pitted; moderately fos-
siliferous 3.0
15. Limestone: gray, fine; weathers SMOOtN .ooooereonionrmriccrccnncnnee 2.0
14. Covered 3.0
13. Limestone: dark blue black, much orange calcite, coarse; well

bedded; weathers in thin horizontal flutings; includes several
thin shale beds 28.0
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12. Limestone: brown gray, very coarse; weathers rough with
some thin bedded intervals
Thickness of Bloyd

Hale formation

11. Limestone: similar to bed 9; weathers with sandy inclusions
10. Covered
9, Limestone: gray with purplish tints, coarse; weathers rough
light blue gray; fossiliferous
Covered
Limestone: light gray to white or cream gray, coarse, glau-
conitic; weathers yellow brown, sandy and pitted .....ccooeereeeeee
Covered
Sandstone: some beds slightly calcareous; beds average 0.5
to 1 foot thick
Sandstone: slightly calcareous; thin-bedded; average % to
1-inch thick, irregularly bedded, ripple marked, thin shale
partings
3. Conglomerate, calcareous; very coarse, trace phosphatic, few

limonite pebbles

Thickness of Hale

» o N

Mississipian
Chester series

Pitkin limestone
2. Limestone: blue gray to gray black, very coarse; weathers
granular; crinoidal
1. Limestone: brown gray, sublithographic, breaks with a sub-
conchoidal fracture; weathers light blue and somewhat
blocky.

Covered below
Exposed thickness of Pitkin

23. BUNCH MT, SEC. 15, T. 14 N, R. 24 E. ’

Pennsylvanian
Des Moines series
Atoka formation
33. Covered: shale and sandstone rubble
32. Sandstone: massive bedded
Estimated thickness of Atoka

Morrow seties
Bloyd formation -

31. Covered: few poor expostres of shale

30. Limestone: blue gray, fine medium to medium; weathers

smooth with light blue splotches on surface; fossiliferous ...

29. Covercd

28, Limestone: brown gray, coarse to very coarse, granular;

weathers thin-bedded; fossiliferous

27. Limestone; blue gray brown, fine medium with very coarse

crystals: weathers buff and light blue and knobby

26. Shale: blue gray, fissile, limonite concretions

25. Covered

24. Limestone: blue gray with black crystals, fine medium; weath-

crs smooth and crinoidal

23. Covered

22. Limestone: gray, coarse; weathers smooth and platy; fossilif-
erous :

21, COVEICA oottt em e s et s s

20. Limestone: brown gray, coarse; weathers crinoidal; fossilifer-

ous

Feet
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Feet
19. Covered 250
Estimated thickness of Bloyd 149.0
Hale formation
18. Limestone: blue gray black, fine compact, tough; weathers
platy, in big pits and crinoidal 2.0
17. Covered 20
16. Limestone: blue gray, medium with larger crystals; weathers
rough, pitted, and platy; fossiliferous 6.0
15. Covered 11.0
14. Limestone: light gray, very coarse; weathers yellow brown
with horizontal parallel flutings 3.0
13. Sandstone: locally very calcareous 16.0
12, Limestone: very coarse: crinoidal 8.0
11, Sandstone, very calcareous: blue black, fine medium; weath-
ers pitted, cavernous and yellow brown 9.0
~ Thickness of Hale 57.0
Mississippian
Chester series
Pitkin limestone
10. Limestone: dark blue gray, coarse; thin-bedded and flaky to
platy; fossiliferous, trace phosphatic 1.0
9. Limestone: gray, fine to medium, locally oolitic; grades into
bed above 2.5
8. Limestone: dark blue gray, fine to fine medium; fossiliferous,
grades into bed above 1.0
7. Limestone: gray, fine medium and medium, oolitic near top;
weathers rough, blocky and buff 3.0
6. Covered 12.0
Estimated thickness of Pitkin 19.5
Fayetteville shale

Covered 19.0
4. Limestone: brown; many Archimedes 20
3. Covered 38.0
Estimated thickness of Fayetteville 59.0
20
2.0

Meramec? series
2. Limestone: blue gray, variably crystalline ........
Estimated thickness of Meramec?
Osage series
Chert

24. BEAVER MT, SEC. 18, T. 14 N, R, 24 E.

Penusylvanian
 Des Moines series
Atoka formation

20. Sandstone: thin-bedded 10.0
19. Covered 52.0
18. Sandstone: beds average 1 inch thick 6.0
17. Covered 66.0

Estimated thickness of Atoka 1340

Morrow series
Bloyél formation
1

. Covered 16.0
15. Shale: blue gray, fissile, limonite concretions ................ 4.0
14. Limestone: brownish blue gray, fine, tough; weathers in light

blue splotches 3.0
13. Shale: blue gray, fissile, limonite concretions .....ceoorcene 4.0
12. Covered 62.0
11. Limestone: weathers thin-bedded 4.0
10. Covered: includes several poorly exposed limestone beds ...... 45.0
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Feet
9. Limestone: blue gray and brown gray, very coarse; weathers
smooth and brown
8. Covered 6.0
Estimated thickness of Bloyd 147.0
Hale formation
Limestone, sandy: very coarse; weathers in horizontal flut-
ings : ; 6.0 -
6. Covered 21.0
5. Limestone: gray, fine medium, oolitic; weathers thin-bedded 3.0
4. Covered 10.0
3. Limestone, sandy: fossiliferous 4.0
2, Covered 17.0
Estimated thickness of Hale 61.0
Mississippian
Chester series
Pitkin limestone
1. Limestone, poorly exposed: more massive near the base ... 7.0
Covered below
Exposed thickness of Pitkin 70
25. BEAVER MT,, SECS. 19 AND 20, T. 14 N,, R. 24 E,
Pennsylvanian
Des Moines series
Atoka formation
32. Sandstone 4.0
31. Covered 28.0
30. Siltstone: greenish, thin-bedded, heavily limonite stained ........ 18.0
29. Covered 15.0
Estimated thickness of Atoka 65.0
Morrow series
Bloyd formation
28. Covered: includes some shale 15.0
27. Limestone: gray and blue gray, fine to sublithographic, some
coarse crystals, tough; weathers light blue and pitted .............. 5.0
26. Covered 17.0
25. Limestone: thin-bedded 20
24. Covercd 4.0
23. Limestone: dark blue gray, very coarse; weathers crinoidal
and smooth 20
22. Shale: blue gray, fissile, limonite concretions ... 11.0
21. Limestone: weathers light blue 3.0
20. Covered 6.0
19. Limestone 3.0
18, Covercd 12,0
17. Limcstone and shale: the limestone in the upper part is thin-
bedded and weathering buff, with light blue splotches ............ 30.0
16. Covered 11.0
15. Shale: blue gray, fissile, limonite concretions .................. 7.0
14. Limestone: gray to brown gray, very coarse, even crystalline;
few shafe heds 120
13. Covered, probably shale 5.0
Lstimated - thickness of Bloyd 145.0
Hale formation
12. Limestone: light gray, sandy; weathers light blue gray ... 10.0
11, Covered 11.0
10. Saudstone: calcareous; fossiliferous 40
9. Coveted: probably sandstone 10.0
8. Sandstone: calcareous; weathers pitted and cavernous ............ 5.0
7. Covered 6.0
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. Feet
6. Sandstone: very calcareous 4.0
Thickness of Hale 50.0

Mississippian
Chester series
Pitkin limestone
Limestone: gray, medium, with coarser crystalline beds;

. weathers light blue and somewhat blocky ....c.voeecveeceeerecre e 20.0
Thickness of Pitkin y 20.0
Fayetteville shale

4. Covered 16.0

3. Shale: blue black; contains two thin limestone beds'in upper
part 24.0
Thickness of Layetteville 40.0

Meramec? series

Litnestone: blue gray, variably crystalline; few thin shale
streaks in upper part 2.0
Thickness of Meramec? 22.0

Osage series
Chert and cherty limestone

26. BEAVER MT., SEC. 30, T. 14 N, R. 24 E.

Pennsylvanian

Des Moines series
Atoka formation
38. Covered, sandy soil and sandstonie rubble ....coooceirririiicnnneen.
37. Sandstone: thin-bedded, beds average 1 inch in thickness ...
36, Covered: includes poorly exposed sandstone and siltstone;
sandstone rubble and sandy soil 11
Estimated thickness of the Atoka 14

Morrow series

Bloggi formation

[
had

co oo

Nw

Covered 7
34. Limestone: gray, medium; weathers buff and light blue
splotched
33. Covered

32, Limestone: gray brown, medium; weathers buff and light
blue splotched
31. Covered 1
30. Limestone: gray, fine with coarse crystals; weathers smooth
- and crinoidal; fossiliferous
29. Covered 1
28, Limestone: blue gray, very coarse; weathers thin-bedded and
crinoidal; fossiliferous
27. Covered
26. Limestone: gray to brown gray, very coarse, glauconitic;
weathers smooth; crinoidal
25. Shale: blue gray, fissile, limonite concretions ...
24. Limestone: dark blue to blue black, medium; w
and smooth; many crinoid stems replaced by orange calcite,
fossiliferous 4
23. Covered 3
Estimated thickness of Bloyd 140
Hale formation
22. Limestone: very coarse, crinoidal, granular
21. Covered
20. Limestone: gray, coarse medium; weathers sandy ; fossiliferous
19. Sandstone: weathers pitted and cavernous
18. Covered
17. Shale: yellow brown
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: Feet
16. Sandstone, calcarcous; weathers yellow brown, pitted and
cavernous; fossiliferous 5.0
15. Covered 3.5
14. Limestone: gray, fine medium to medium, rubbly ; weathers
smooth, pitted and in large flutings; fossiliferous 5.0
13. Limestone: gray with parallel black bands, fine medi
coarse crystals, highly glauconitic; weathers in horizontal
flutings 1.0
12, Covered 30
11. Sandstone, calcarcous: light gray, medium; weathers yeltow
brown and cross bedded 7.6
10. Covered 45
9. Sandstone, calcareous: weathers pitted, cavernous and in hori-
zontal flutings 1.5
8. Covered 30
7. Limestone : brown gray ; thin-bedded to platy; weathers flaky;
fossiliferous : ; 1.0
Thickness of Hale 69.1
Mississippian
Chester series
Pitkin limestone
6. limestone: blue gray to brown gray, coarse medium ; weathers
smooth, in big pittings and blocky 10.0
5. Covered 10.0
Estimated thickness of the Pitkin 20.0
Fayetteville shale
4. Covered, probably shale .. 44.0
Estimated thickness of Fayetteville 44.0
Meramec? serics
3. Covered 30.0
Estimated thickness of Meramec? 30.0
Osage scries
2. Chert and cherty limestone, generally poorly exposed -.cuenen 186.0
Thickness of Osage 186.0
Kinderhook series
Sylamore sandstone
1. Sandstonc: light gray glassy, medium even grained ....cooeeere 20
Covered helow
Exposed thickness of Sylamore 2.0
27. CANTRELL MT, SEC. 6, T. 14 N, R. 25 E.
Pennsylvanian
Des Moines series
Atoka formation
18. Sandstone: ycllow brown; massive bedded wrmmmmrmsmmmnenes 8.0
17. Covered .. X 49.0
16. Siltstone: brown buff with greenish hue; thin-bedded .............. 16.0
15. Sandstonc: thin-bedded ... 8.0
Lxposed thickness of Atoka 81.0

Morrow scrics
Bloyd formation :

14, Covered: includes some blue gray fissile shale .o 127.0

13. Limestone: light blue gray, resinous  appearance, coarse;
weathers smooth and crinoidal .

12, Covered .. 10.0

11. Limestone: blue to purplish gray, coarse medium with larger
crystals; weathers smooth, crinoidal, and buff; fossiliferous E.O

10. Covered ... .
9. Limestone: light gray to dark gray, coarse medium, locally
sandy ; weathers pitted and rough; fossiliferous .....ccceeeneee
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Feet
8. Covered 11.0
7. Limestone: similar to bed 5 below - 2.0
6. Covered 5.0
& Limestone: gray to black with some brown coloring, medium
to coarse medium, large blue black shaly inclusions with
Pleurodictyum (Michelinia) ; weathers rough, dirty brown, and
crinoidal; fossiliferous 2.0
Estimated thickness of Bloyd 174.0
Hale formation
4. Covered 18.0
3. Sandstone, calcareous: cross-bedded near the base .oeen 37.0
2. Covered 5.0
Estimated thickness of Hale 60.0
Mississippian
Chester series
Pitkin limestone
1. Limestone: blue gray; very fossiliferous, Archimedes ............ 14.0
Covered below
Exposed thickness of Pitkin 14.0
28. SECTION ON A TRIBUTARY TO LITTLE LEE CREEK,
SEC.8, T. 14 N, R. 26 E.
Pennsylvanian
Des Moines series
Atoka formation
Covered to top of hill
24, Shale and siltstone: dirty yellow with greenish hue . 11.0
23. Covered 39.0
Estimated thickness of Atoka 50.0

Morrow series
Bloyd formation
22 Shale and covered: blue gray, fissile, limonite concretions ... 17.0

21, Limestone: blue gray to brown gray, variably crystalline;

weathers platy and crinoidal; upper half fossiliferous .-... 7.0
(Note: Beds 21, 22 correlated with Kessler member of
Bloyd formation, Total thickness 24 feet.)

20. Covered: fcw shale indications 17.0
19, Shale and covered: blue gray, fissile, limonite concretions........ 25.0
18. Limcstone: blue gray; weathers even and granular; extremely

crinoidal, many crinoid stems replaced with orange calcite ... 5.0
17, COVEICA oo reeeeceeernes e ne s ssns o sassssmams b s sec st e s eren st et 6.0
16. Limestone: dark blue gray; platy o massive bedded; crinoidal 2.0
15. Covered 15.0
14. Limestone: brown gray, coarse; platy to massive, crinoidal.... 2.0
13. Covered . 4.0
12. Shale: blue gray, fissile, limonite concretions ... 4.0
11. Limestone: gray black, coarse; weathers smooth ; fossiliferous

and crinoidal 3.0
10. Shale: blue gray, fissile, limonite CONCretions ..oooeiorrecnee 5.0
9. Covered 13.0

Estimated thickness of Bloyd 125.0

Hale formation

8. Sandstone: thin-bedded, limonite stained 1.0
7. Covered ... 8.2
6. Limestone: light blue gray, coarse; fossiliferous, very cri-

noidal, crinoid stems replaced by orange 1) [ 1 T 16.8
5. Limestone: dark blue gray, limonite and glauconite spotted.... 1.5
4. Shale, very sandy: steel blue black, somewhat fissile corecerrnreas 8.0
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Sandstone; calcareous
Limestone: gray, very coarse; forms small benches in the
cliff; crinoids
Sandstone, calcareous :
Covered below by bed of stream )
Exposed thickness of Hale

29. GOOSE NECK BEND. SEC. 26, T. 1§ N,, R. 19 E.

Pennsylvanian
Des Moines series
Atoka formation

20.
19.

Sandstone: massive bedded
Sandstone, calcareous: iron stained buff; cross-bedded and
thin uneven bedded ...
Exposed thickness of Atoka

Morrow series

Bloyd
18.

17.

16.
15.
14.
13.

12,

11.

10.

6.
5.
4.

formation
Covered
Shale: blue gray, fissile, limonite concretions; poorly exposed
Limestone: blue gray, medium, heavily iron stained; thin and
uneven bedded; weathers platy and spalls off ...coooericreccne
Covered
Shale: blue gray, fissile, limonite concretions ...
Limestone: gray, fine medium crystalline, coarse in lower part;
fossiliferous, crinoidal; few thin shale beds ...

Shale: poorly exposed
Limestone: blue gray, heavily iron stained, very coarse to
coarse; thin-hedded; weathers into small platy boulders ; cri-
noidal, fossiliferous
Shale: poorly exposed, includes a limestone bed that is light
blue on weathering
Limestone: blue gray to brown gray, medium crystalline with
coarse crystals and calcitc masses; massive- to thin-bedded;
weathers brown buff ; Pentremites
Shale: poorly ekposed
Limestone: gray, heavily iron spotted, coarse with very coarse
crystals; massive and thin, uneven bedded; crinoidal, fossili-
ferous, bryozoans
Shale: poorly exposed
Limestone: gray, coarse medium; crinoidal ..ooooooincnnes
Shale: poorly exposed
Estimated thickness of Bloyd

Hale formation

2.
1.

Limestone: conglomeratic
Limestone
Limestone : blue gray, heavily iron stained, very coarse with
large calcite crystals; weathers granular, crmonda ............
Covered below

Exposed thickness of Hale

30. WEST NIGGER HOLLOW SECTION. SEC. 12, T. 15 N,, R. 20 E.

Atoka formation
Bloyd formation
Hale formation

Pitkin

limestone

Feet
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31 EAST BRAGGS MOUNTAIN SECTION. SECS. 21 and 28, T, 15 N,
20 E. ALONG NEW ROAD CUT ON HIGHWAY 10 BETWEEN
MUSKOGEE AND BRAGGS

Pennsylvanian

Des Moines series
Atoka formation

45,

Sandstone: stained tan and buff, fine grained at base; locally
cross bedded. There is a trace of coal smut at base
Exposed thickness of Atoka

Morrow series
Bloyd formation

44,
43.
42.

41.
40.

39.
38.

Sandstone and sandy shale: fine, stained brown to tan ...
Shale: blue gray, fissile, seems to grade into sandy beds above
Limestone: blue gray, medium crystalline; weathers brown
gray; crinoidal, fossiliferous. Seems to occur as a lens in
the shale
Shale: blue gray, fissile
Limestone, poorly exposed: rubbly on weathering, weathers
into pseudo cross beds; extremely crinoidal oooiiiinaas
Shale, poorly exposed
Limestone : blue gray, very fine crystalline, few shale breaks;
crinoidal on weathering
Shale: fine silty, gray and buff with greenish cast ....cccooeenee
Covered, probably shale
Limestone: blue gray; weathers buff; Pentremites
Shale: blue gray, poorly exposed, fissile
Estimated thickness of Bloyd

Hale formation

3.
3.
3L,
30.
2.
28,
27,
26.
25,

Mississippian

Limestone: poorly exposed, blue gray, medium to fine crystal-
line; thin bedded, platy, may include some shale .............
Shale: calcareous, marly buff; fossiliferous nodules at top,
Composita, crinoid stems
Limestone as below, few thin shale beds ..o..ooiiiccvceicennenns
Limestone : brown gray, coarse to medium crystalline, cri-
noidal; massive bedded in lower part, locally platy in upper
part
Shale blue gray, fissile, weathers buff
Limestone: brown gray, fine sandy; weathers into pseudo
cross beds; upper part is platy; crinoidal ..o
Shale: blue gray, fissile; weathers iron stained buff; Pleuro-
dictyum (Michelinia)
Limestone: blue gray, very fine to sublithographic; fossilifer-
ous, brachiopods, fenestellids
Limestone: light blue gray, locally very sandy, fine granular,
fine crystalline; weathers into honeycombed sandy beds. Con-
glomerate beds 3 to 6 inches at base, red, very limy. (At the
time this section was measured the arrow on the highway
curve sign pointed to lower contact)
Estimated thickness of Hale

Chester series
Pitkin limestone

24,

23.

Limestone: light blue gray, fine crystalline; wcathers porous
and in pseudo cross beds; coquina-like beds of fossil frag-
ments, crinoidal. Basal 2 to to 3 feet is dense concretionary
limestone. Upper 3 feet oolitic, few glauconite specks; weath-
ers porous and in pseudo cross beds; Archimedes ...eoncenenees

Limestone, with thin dark shale breaks: rubbly, beds average
l-inch thick; concretionary, crinoidal

Feet
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22.

21.

20.
19.
18.
17.
16.

15.

Feet

Limestone: blue gray, very fine to dense crystalline; brown
gray on weathering; fossiliferous streaks, fenestellids,
Diaphragmus, crinoidal - 6.0
Shale: dark gray, with thin concretionary limestone beds that
average 2% inches thick; Archimedes; a 3-inch limestone bed

at top . .- 6.0
Limestone: brown blue gray, fine crystalling; fossiliferous,

Diaphragmus 6.0
Shale 0.3

Limestone: blue gray, medium crystalline; appears cross
bedded, limonite staining accentuates the cross bedding;
crinoidal ' 45
Shale: dark gray, soft. ... . p— - 0.3
Limestone: light blue ‘gray, dense, tiny calcite inclusions ;
breaks with conchoidal fracture; weathers light gray, buff... 17.0
Limestone: gray, blue gray, lithographic, appears rubbly lo-
cally, concretionary; upper part is more massive bedded ;
medium crystalline; crinoidal, extremely fossiliferous, Dia-
phragmus, Arichimedes 6.5
Estimated thickness of Pitkin 55.6

Fayetteville shale
14.

13.
12,

11.

&> ;. ANPY

(S

Meramelc ?

32. WEST

Shale and limestone: gray, concretionary ; limestone_beds av-
erage 4 inches thick, upper 6 inches is limestone; fossilifer-

ous, gastropods, productids . - 7.5
Limestone: gray brown; very fine crystalline; fossiliferous,
Compaosita, productids 12

Limestone: light blue gray, coarse to medium crystalline;
brown gray on weathering; carries a wedging shale bed in
top 2 feet; very crinoidal, Archimedes . 10.0
Limestone: blue gray, concretionary, dense, many thin shale

7.0
e s . .
Shale, with beds of concretionary limestone averaging 4 inches
thick: blue gray, dense; weathers buff tan .vervcenrnrs 18.0
Shale: gray to dark gray, fissile 110
Limestone as below 0.3
Shale: gray, fissile, silty . . 0.3
Limestone: gray brown to brown, shaly, silty, concretionary;
iron stained on weathering 0.3

Shale: gray to black, fissile; hard concretions with finely dis-
siminated pyrite in few beds; buff in basal part on weathering  45.0
Limestone: gray; beds average 1 foot thick; weathers buff
yellow; very fossiliferous, Composita abundant, Puncto-

spirifer, Diaphragmus - . 5.0
Sl;xgléz gray [;o black, fissile-jointed; weathers iron stained.... 17.0
Shale: tan, huff, soft, well jointed 12.0
Estimated thickness of Fayetteville 134.6
serics

Limestone: light gray to brownish, very fine (Mayes type),
shaly; fossiliferous ! 4.0

Covered below

BRAGGS MT. SECTION ALONG OLD ROUTE OF

HIGHWAY 10. SEC. 29, T. 15 N,, R. 20 E.

Pennsylvanian .
Des Moines scries

Atoka
53.

¥ . .
iggr.;gsltg::e: cross-bedded, several thin-bedded layers, few fossils 45.0
Exposed thickness of Atoka 45.0

MEASURED STRATIGRAPIIIC SECTIONS

Morrow series

Bloyd
52.
51

formation

Shale: blue gray, fissile, concretions; few covered intervals
Limestone: blue, with black calcite crystals, coarse medium
to fine medium; weathers iron stained buff
Shale and covered
Shale: buff with greenish cast, sandy; thin-bedded ...
Shale: plastic, iron streaked
Limestone: blue and buff mottled, fine medium; weathers buff;
moderately fossiliferous
Shale: blue gray
Limestone: blue gray, fine medium to fine; weathers rather
purplish, in thin uneven beds and rather rubbly ...
Shale: blue gray, fissile, poorly exposed
Limestone: blue, fine with medium crystalline bands and
lenses; even bedded; weathers uneven and rather rubbly;
moderately fossiliferous
Thickness of Bloyd

Hale formation

42,

41.
40.

39.

38.
37.

36.
35.
34.

33.
32.

Mississippian

Limestone: blue gray, fine medium matrix with coarse cry-
stals, has argillaceous streaks, crinoidal; weathers rather
fluted; upper few inches shaly -and extremely fossiliferous,
bryozoa, Plenrodictyum (Michelinia), Pentremites, crinoid re-
mains, Punctospirifer
Shale: blue gray
Limestone, sandy : light gray, very coarse to coarse; weathers
in uneven and fluted beds; crinoidal, fossiliferous ...
Limestone: blue to blue gray, fine crystalline; thi
moderately fossiliferous
Covered
Sandstone: slightly calcareous, medium- to fine-grained, heav-
ily iron stained; thin-bedded
Limestone : blue to blue gray with greenish hue, heavily iron
stained, very coarse, very crinoidal, trace phosphatic; thin-
bedded; grades into limestone helow
Limestone : dark blue, coarse; weathers smooth and spalls off ;
very fossiliferous, coarsely crinoidal
Limestone: blue to blue gray, very coarse; moderately iron
stained, small lenses appear very sandy ; upper part rather un-
even bedded and thinner bedded; weathers smooth, extremely
crinoidal; very fossiliferous
Limestone: very sandy, medium grained, ferruginous ...
Limestone: lower half is good conglomerate, upper half
glomeratic sandy limestone, contains limonite pebbles, iron
spotted and stained
Thickness of Hale

Chester series
Pitkin limestone

31
30.
29,
28.
27.

Limestone: light blue gray, fine medium to fine; weathers
smooth
Limestone : blue to blue gray, coarse; weathers with large cri-
noid stems on surface and fluted; coarsely crinoidal, Ethelo-
crinus (Eupachycrinus) base
Limestone; rubbly with thin shale partings ...
Limestone: blue to blue gray, coarse; weath
knobby ; Archimedes common
Limestone: neutral gray, variably crystalline, fine medium
Ienses in very coarse crystalline masses; very uneven bedded ;
weathers in cross bedded flutings and crinoidal; moderately
iron spotted, extremely crinoidal, somewhat oolitic

Feet-
36.6
3.0

DA R nd
o oo ooo
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98 MORROW SERIES OF NORTHEASTERN OKLAHOMA
Feet
26. Shale: black, fissile . 0.5
25 Limestone: dark bluc gray with black crystals, fine; weathers
jron stained ; somewhat oolitic 1.0
24. Shale: blue gray, fissile, sandy, calCarcous ..o 1.5
23. Limestone: blue to brown, very argillaccous; thin-bedded ;
fossilifcrous; seems to grade into [ Lo — .5
22. l.imestone: very coarse with large black calcite masses, some-
what oolitic, carries lenses of crinoidal material, 10 to 22 mm
thick 2.5
21. Limestone: brown gray, fine, brittle 0.5
20. Limestone: gray to brown gray, coarse; even bedded; fossilif-
erous, hrown crinoid remains 2.5
19. Limestoue: blue gray and brown gray, very coarse; coarsely
crinoidal, very fossilifcrous; trace phosphatic .eccismnsnsnenee 0.2
18. Shale: slightly calcareous 0.3
17. Limestone: rubbly and knobby . 4.0
16. Limestone: dark ncutral gray, brittle, rubbly and knobby;
thin uneven bedded, thin calcite veins; light blue buff on
weathering ; Diaphragmus 40
15. Shate: black, fissile . 40
14, Limestone: extremely crinoidal, extremely oolitic in Jower few
inches, black calcite crystals; uneven bedded ; weathers rough
and crinoidal; Archimedes 5.0
13. Limestone: and shale interbedded 1.0
12, Shale: black, contaius black calcite veins; buff on weathering 5.0
Thickness of Pitkin 67.2
Chester series ‘
Fayctteville shale
11. Shale and covered: black shale, poorly exposed ..omiminsins 204
10. Limestone: gray, sublithographic 0.5
9. Shale: black, fissile 5.6
8. Shale: poorly exposed 11.2
7. Shale: black, fissile, well jointed, trace phosphatic .cecevrccnenas 92
6. Shale: blue black, calcarcous 20
5 Shale: black, fissile, well jointed 5.6
4, Shale: poorly exposed, many covered intervals ...c.ocoeonineneenens 11.2
3. Limestone: poorly exposed 2.0
2. Covered 140
1. Limestone: dark blue gray, very fine; weathers jointed,
knobby, and buff 2.0
Covered below
Exposed thickness of Fayetteville 83.7 .
33. RIVER BLUFF SECTION. W SEC. 32, T. 15 N,, R. 20 E.
Pennsylvanian
Des Moines series
Atoka formation
23. Covered to top of hill, bed of sandstone 13.0
22, Sandstone, poorly exposed 6.0
Fxposed thickness of Atoka 19.0
Morrow series
Bloyd formation
21. Limestone: blue gray; uncven bedded; rubbly on weathering 3.0
20. Covered .. 240
19. Limestone: blue gray to brown gray, fine medium, with very
coarsc crystals; thin-bedded; appears sandy on weathering;
fossilifcrous, crinoidal 2.0
18. Covered 45.0

Mississippian
Chester series

Morrow series

MEASURED STRATIGRAPHIC SECTIONS

17. Limestone: gray, very fi i i
omestone: Ero% rath)ér :x;:b btl(;r sublithographic; weathers un-
16. Covered

Estimated thick
Haies foristimat ickness of Bloyd

Limestone:
14. Limestone: blue gray, medium, sandy lenses and stringers;
13. :

weathers red and purplish; fossili
: ; fossiliferous ...................
Sandstone: upper 3 feet well exposed, calcareous, fossilifer-

ous, phosphati -grai ; i
crinoiraal phatic, fine-grained; sandy limestone lenses that are

}% Shale: blue gray, fissile
. iI:lllr:ll'estone, very shaly: blue gray to brown gray, coarse med-
(Mi’l Ale'xt_remely' fossiliferous, bryozoans, Pleurodictyum
chelinia), crinoid stems; carries peculiar white and black

chert-like pebbles avera, i i i
hicnee pebbles @ ge 5 mm diameter, very iron stained....

Pitkin limestone

10. Limestone: blue gray to brown
: . gray, fine; many thin-
}iayers, grades laterally into oolitic, light buff gt%,ayt llit:ngggoised
ne, with some coarse crystalline crinoidal; weathers une .
and in cross-bedded flutings and spalls off ! e
Shale
Limestone

Limestone: gray to blue i i

: gray, sublithographic crystalline;
weathers smooth; crinoi ili ; s brachi
eath ooth; crinoidal, fossiliferous, bryozoans, brachi-
Shale: carries Archimedes ;

Limestone: rubbly; weathers light bluc :

Limestone: lowe
: r part, brown gray, fine to ve
ry fine;
buff and uneven: forms cliff ! Y fine; weathers

Thickness of Pitkin
Fayetteville shale
Covered

% El‘mle
. Limestone; poorly ex d
Covered below ¥ expose

Npw

Ealais

99
Feet

5.0
28.0
107.0

N
cob

@k RON
wo oo

SN
[e S NS

90.0

2.0

Exposed thickness of Fayetteville 112.0

34. WEST ZEB SECTION. SECS. 3 AND 10, T. 15 N,, R. 21 E.

Pennsylvanian
Des Moines series

Atoka formation

18. Sandstone: poorly exposed to t i
Bt ooty oprtokao op of hill, cross-bedded ..........

Bloyd formation
}g ggvcred
. ale: poorl
}i (S:ovcred y oxposed
. Shale: poorl d
ll% Epvcrcd v oxpose
. Limestone: Light blue gray and brown gray, fi i
" crystals and large calcite masses; weathe%s r{l’bbll;re f‘(‘),slgi‘li(f:g?;lslg
. Covered, poorly exposed shale at top !
Estimated thickness of Bloyd
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MORROW SERIES OF NORTHEASTERN OKLAHOMA

Hale formation .
10. Limestone: blue gray, medium with very fine crystalline
lenses ; uneven bedding ; weathers quite rubbly ....oimeicrincs

9. Limestone: upper part light blue gray; uncven bedded ; weath-
ers in large horizontal flutings in some beds; fossiliferous;
lower part hlue gray and brown gray; much limonite stain-
ing, very coarse; wcathers smooth and crinoidal .....cceriens

8. Covered: may be limestone
7. Limestone: blue gray, fine; uneven bedded; weathers uneven
and in big pittings; moderately crinoidal, fossiliferous, bry-
ozoa, Orthotctes, Phricodothyris  (Squamularia), -trilobite

Mississippian

Feet

pygidium 1.0
6. Limestone 5.0
5 Limestone, very sandy: yellow to brown gray, fine medium
with coarse crystals; weathers smooth, somewhat oolitic........ 1.0
4. Limestone .. 7.0
Thickness of Hale, 44.0
Chester series
Pitkin limestone
3. Limestone: dark blue gray, very coarse to coarse; weathers
rather fluted, considerable iron staining, crinoidal; oolitic beds 9.0
2. Limestone: light blue, sublithographic 20
1. Limestone: blue gray, coarse medium to medium; massive
bedded; weathers smooth; coarsely crinoidal, very fossilifer-
ous, Archimedes, Pentremites 18.0
Conccealed below
Exposed thickness of Pitkin 290
35. EAST NIGGER HOLLOW SECTION. SECS. 7 and 18, T. 15 N,
R. 21 E.
Pennsylvanian
Des Moines series
Atoka formation
45. Covered to top of hill: shaly soil and sandstone blocks ........ 20
44. Covered 8.0
43. Sandstone : 40
42, Covered 120
41. Sandstone: conglomeratic 2.0
Exposed thickness of Atoka 28.0
Morrow series
Bloyd formation
40. Covered 20 -
39, Limestone: dark gray with black calcite crystals, fine; weath-
ers smooth; fossiliferous 20
38. Covered 8.0
37. Limestone 2.0
36. Covered 8.0
35. Covered: probably shale . 15
34. Limestone: similar to bed 33 but more rubbly on weathering 4.0

33. Limestone: brown gray with a greenish cast, variably crys-

talline, medium to very fine with sublithographic lenses ; tough

weathers smooth; many small brachiopods, Punctospirifer, .

young Athyridace

32. Covered: probably shale

31. Limestone

30. Limestone: poor exposure
29, Covered: may include a 1-foot limestone bed ..
28, Limestone: light blue on weathered surface
27. Covered: limestone rubble, probably shale .

MEASURED STRATIGRAPHIC SECTIONS 101
26. Limestone: lower part contains thin-bedded lenses e
. - i c ’
» lslas some sublithographic crystalline beds ... ; upper part 11.2
o Llilalezt blue bgray, alcareous w......oorooo 15
. mestone : i i '
et tougrl?wn gray, fine medium to fine with few coarse
23. Covered o
22. Limestone i
g(l) Epvered, poorly exposed shale at base 288
5 cn-Im:S{IO'HG: blue gray with purplish hue, fine with few large ’
ystalline masses; weathers smooth and in pittings, jointed;
moderately fossiliferous ’ !
ig Egvered gg
. Limestone: blue gray, fine medium to fine; ’
Limestone; o , " ne; uneven bedded ;
jreathers bu and very rubbly with smooth massive lenses;
17. }(éovered gg
stimated thickness of Bloyd :
Y
Hale formation 16
16. Sandstone, calcareous; i i
1 3 greenish, medium to fine ined
Sanc ; H ish, ) grained, very
. fgdn laceous; uneven bedded; weathers iron stained buff and 10
. Limestone: simi H inoi )
. Ii;ossiliierousSlmllar to bed 14, very coarse; extremely crinoidal, 20
. Limestone: blue gray with a purplish hue i i '
t coarse med
:ﬁli-%’erg(l’lirse cryst;gls; thin-bedded lenses that are vl:rl;: ‘;,cl)ts]}

}g (S'Jovered , uneven bedded ; weathers .lron stained buff ; crinoidal 38
. Sandstone: medium grained i ; 1 ’
Conaelome e g , somewhat pitted; Calamites,

}(1) Ev:)vered ig
. Limeston i : ’
crinoidale (may not be in place) : coarse, granular, coarsely
9. Covered s
8. Limestone 3
g. I(Eg)vered 158
. Limestone: light gray with buff colored surfac i i '

. es, 1
;;el;y ucloarsbe dcr'ysitalh!lp masses; uneven bedding; r::gzlll:l‘:ar‘svlﬁ:
i. El}azlze ar beds; fossiliferous, Crurithyris (Ambocoelia) ... 28
, Limestone, very sandy: light gray to cream i )
. . T ra
E‘gvg‘lzxeour:e(illl'mllil weathers in horizontal ﬂutinggs )[')’ittrgsd:::g
; igh ; ili '
e nous, n%assgs iron spotted; fossiliferous, large crystal-
. Thickness of Hale 59
Mississippian 20

Chest.er series
Pitkin limestone

3.
2,
1.

Limestone: sublithographic; i
(I:-'il_rries Archimcdesg phic; weathers in rubbly boulders; 60

imestone: very coarse crystalline, granular; . ’
most fissile on weathering, moderat AR it

b ely iro ; i

Covered, probably {imestone y Iron spotted " crinoidal - A9
Covered below
Exposed thickness of Pitkin 28.0
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36. NORTH PETTIT SECTION. E¥ SEC. 15 AND W1, SEC. 14,
T. 15 N, R. 22 E.

Pennsylvanian . Feet
Des Moines series
Atoka formation 80
32. Sandstone &0
31. Covered 0
30. Sandstone 29
B S thin-bedded .10
7 . very thin-bedded ... . po— .
gg g;;gztgﬂz Z§a¥se and medium grained, heavily iron stained 1118
26. Sandstone: coarse to medium grained; cx:oss-bedded ......... 1.0
25 Shale: sandy, slightly calcareous; very thin-bedded s
Exposed thickness of Atoka i
Morrow series
Blo%"(‘l f(IJrilxlxllitslt(t))‘:lc: blue gray, fine with irregular sublithographic cryls-
" talline beds; uneven-bedded; weathers rubbly with blue 60
splotches; moderately fossiliferous, Spirifer rockymontants.... se
23. Covered . ae
22. Shale: blue gray, fissile . .
21. Covered g 29
20. Shale: blue gray, fissile 29
19. CO\"crcd 00
18. Shale .. - e
imest may not be in place) : brown gray, fine y
7. %::::‘;es“?:aethgrs ¥ough, irregular bedded and reddish .cccovceen ig
16. Shale: blue gray, fissile as
15. Covered )
14. Shale: brown, sandy o
13. Covered
Iistimated thickness of Bloyd 1110
Hale formation . P
i . dark gray, flakes of glauconite, coarse and g
12 }:lll:]?cs\t:c‘;letllc(r;s“ irgn yspottcd; coarsely crinoidal, moderately 30
fossiliferous . 8:0
11. Shale: bluc gray, fissile 80
d ... - -
]g E(i)lrxf:rsionc: light gray, fine to very fine, appears sandy ; weath 60
ers rough and uneven 60
8. Covered . T
i : to light brown gray, coarse to coarsc me 1
4 kllltl;‘eség:::fe ﬁ:ge crystalline masses; crinoidal, well ]OIIItef{,
some beds very coarse, crinoidal, granular, uneven, heavily 60
iron stalined, buff ¢
g. Eﬁ:,lcc;g:)lleruhl)ly,wc'lthers thin-bedded and s.palls off ... - 3.0
4. Limestone: conglomeratic and sandy, much iron staing]g) H
" fossiliferous, Pleurodictyum (Michelmia), Nuculana (Leda), 20
Chonetes, large clams; trace PhOSPhAtiC oocimmrmicicsiimsecssinnenes &
Thickness of Hale
Mississippian
G SC{:ICS tteville formation 60
itkin-Fayetteville to . .
Pltkg.l Ii%mcstone: light blue, fine crystalline &
2. Covered .o . — .
T(l)l‘ickncss of Pitkin-Fayétteville 21.0

Meramec? scrics

1. Limestonc: blue gray, variably crystalline; rounded chert 330
pchl)lesl ;(11t|bilse A
Concealed below .
E?cposed thickness of Meramec? 33.0

MEASURED STRATIGRAPHIC SECTIONS

37. SOUTH PETTIT SECTION. NEY% SEC. 28, T. 15 N,, R. 22 L.

Pennsylvanian
Des Moines series
Atoka formation

28. Sandstone: medium grained, beds average 2 to 3 inches thick,

Morrow series

basal 2 inches calcareous
LExposed thickness of Atoka

Bloyd formation

27.

26.
25.
24.

23.
22.
21.

20.

19,
18.

17.
16.
15.

14.
13.

12,
11.

10.
9.

Limestone: dark blue gray to brown gray with greenish cast,
coarse medium to coarse; weathers uneven bedded and quite
fissile; thin-bedded; iron spotted buff with greenish shale-like
masses included
Covered
Shale

Limestone: brown gray and blue gray, very fine to sublitho-
graphic; weathers fssile, rubbly, and uneven bedded; tough,

many thin-bedded layers averaging 6 to 8 inches thick
Covered

Shale
Limestone: dark blue gray to dark gray black, coarse; weath-
ers thin-bedded to almost fissile; very crinoidal, granular
Covered
SHALE oottt s e eeeee
Limestone: blue gray, very fine to sublithographic crystalline;
weathers in blue splotches and rubbly
Concealed

Shale
Limestone: light blue gray to dark blue gray, medium; weath-
ers rubbly and uneven; black calcite crinoid masses, very fos-
siliferous
Covered
Limestone: upper 6-feet, blue gray, fine medium with sublitho-
graphic crystalline masses; weathers rubbly and in horizon-
tal flutings; fossiliferous; lower 2-feet, blue gray and brown
gray, coarse; fossiliferous
Covered
Limestone: (may not be in place) dark gray, very fine to sub-
lithographic with coarse crystals; weathers smooth (loose
block of limestone carrying Pentremites)
Covered
Shale
Thickness of Bloyd

Hale formation

8.

7.
6.

Limestone: light gray, fine to sublithographic; weathers
rough, iron stained buff and brown; fossiliferous
Shale

Limestone : light gray with a faint greenish cast, medium to fine
medium, with sublithographic crystalline beds; weathers rubbly
Limestone: blue gray with a faint greenish cast; weathers
rubbly and in knobby masses
Limestone: light gray to cream gray, coarse to coarse
medium, carries large crystalline calcite masses and stringers;
weathers smooth; fossiliferous, crinoidal .........cooooiveereioeeennn..

Limestone: poorly exposed, sandy, tan to light gray, coarse;
thin-bedded to platy; weathers thin-bedded and rather cross-
bedded; fossiliferous; trace phosphate ..........

Thickness of Hale

Feet

cn
= o

10.0
3.0
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104 MORROW SERIES OF NORTHEASTERN OKLAHOMA
Mississippian
Chester series Feet
Pitkin limestone

2. Limestone: poorly exposed 15.0
Estimated thickness of Pitkin 15.0

Meramec? series
1. Covered to approximate top of Boone 25.0
Estimated thickness of Meramec? 25.0

38. STANDING ROCK SECTION. SEC. 36, T. 15 N,, R. 22 E.

Penusylvanian
Des Moines serics
Atoka formation

Covered to top of hill
8. Sandstone ... 6.0
Exposed thickness of Atoka over 6.0

Morrow series

Bloyd formation
7. Shale: blue gray, fissile, clay seams a few inches thick fi-

monite concretions; well jointed 22.4
6. Limestone: gray to greenish gray, sublithographic, rather ar-

gillaceous ; uneven-bedded; weathers rubbly .o 5.0
5. Shale: greenish, fissile, limonite concretions, calcareous

streaks; fossiliferous 4.0
4. Limestone and shale. Shale: greenish, fissile, thin clay scams.

Limestone : blue gray and greenish, fine; argillaceous streaks

and bands 3.0
3. Limestone: gray, very fine to sublithographic; weathers light

blue and rubbly 20 .
2. Shale: greenish, fissile, clay scams, heavily iron stained; well

jointed 4.0
1. Shale: blue gray, fissile, limonite concretions ... 4.0

Covered below

Exposed thickness of Bloyd 4.4

39. BARBER SECTION. SECS. 28 AND 33, T. 15 N,, R. 23 E.

Pennsylvanian
Des Moines series
Atoka formation
33. Covered to top of hill 120
32. Sandstone (in a cliff) : gray, medium grained, heavily iron
stained
Exposed thickness of Atoka 3 17.0

Morrow series
Bloyd formation
31. Covered, some shale indications 17.0
30. Limestonc: blue gray on fresh surface, sublithographic with
fine crystalline areas, few calcite masses; weathers with blue

splotches ; moderately crinoidal 2.5
29. Shale 4.0
28. Covered 30.0
27. TLimestone: brown gray, subilthographic crystalline, (may not

be in place) 1.0
26. Limestone: blue gray, fine medium few coarse crystals; weath-

ers iron stained and jointed; very fossiliferous ..o 2.0
25. Shale .. . . 60
24, Covered 7.0
23. Shale 20
22. Covered 15.0

%(1) E{}ale Fe:e(
. Limestone: blue, coarse medjum ¢t ium; weathers smecth 30
and reddich, e 3 nedium to medium; weathers smooth
19, oo red jointed; crinoidal 2.0
ig E}Jale 17.0
- Limestone: blue to brownish bl fi ium; some thins 6.0
o lue ! {: {ue, fine medium; some thin-
16, govc?i,d well Jomted weathers iron stained ... e ..... 1 m 25
stimated  thicki i 120s
Ha!les formation ness of Bloyd ..... 1265
. Limestone: light fum; vy ‘
vam, fossilifegous gray, fine medium; weathers thin-bedded ;
ig vaered 30
. Limestone: light blue i : - 350
12 Er'eathers unfven; fosli;l?{érggs medium, few larger crystals;
. Limestone: light " coarsely 60
N ir'inoidal, gragulargray' coarse; weathers smooth, coarsely
. Limestone: light b i
oolitie appeafs Sa;(c)l\;’m gra)_'.,“'ﬁne medium to fine crystalline,
L Estimated thickness of Hale 30
Mississipian 670
Chester series
Pitkin limestone
18. I(Eog)vered
. Limestone: gray, fine to very fine: joi ; iliferous, 180
brypzoa, Archimedes, Liuo[xfa:il;fcytu‘:e” Jointed; fossiliferous,
Thickness of Pitkin e
Fayetteville shale 310
8. Covered
7. Shale 2
css. Epvered 12
. fmestone ; ; - - 40
Cime gray, very fine; well bedded; moderately fossilif-
4. Covered s
3 g}l@li: black, fissile 158
hickness of F: i ;
Meramezc? serics ot Fayetteville 400
. Limestone: top 3 feet ' .
ne : ; gray, fine to very fi i
cryztal]me calcx'te_ masses; weathers )s,mc::)ihwu\ge!fle“{oqoilr;e‘
moderately fossiliferous. At base it is gra}: to blu]e mre :
ﬁgarse n[ledlum; weathers smooth, granular; fossilife%oiy’
1 Co‘:/(:::ij(;” ((]‘iella., tSyruggofhyri.r ..... : N 35.0
. 4 own to estimated t X
Estimated thickness of Mera(r)r?eco?f B — ‘1128
40. COUNTY LINE HILL, SEC. 24, T. 15 N,, R. 23 E.
Pennsylvanian
Morrow series
Hale formation
}i Epvered . 10
- Limestone: light gray to cream gray, c jum s 0
13 %rs rough, dark dirty blue, and piti,e'd 'Oafl;ssesii?fcedrl:t;", weath-
3 ;fmdstonc, calcareous ; S o
12. Covered, probably calcareous sandstone 10e
}(1) Egndstone, calcareous g.o
. Limestone: very coarse, crinoidal, and 0
5 gimestone: e, ,» and granular .. 3.0
s :Su stone: calcareous; many beds weather pitted and cavern- .
Exposed thickness of Hale ggg

MEASURED STRATIGRAPHIC SECTIONS 105




106 MORROW SERIES OF NORTHLASTERN OKLAHOMA

Mississippian .
Chester serics eet
Pitkin limestone fosslif
8. Limestone: dark blue gray, very coarse; tossiliferous .........
7. Limestone: gray, brittle, fine, subconchoidal fracture; weath-
ers in parallel grooves and _shaly
6. Limecstone: gray, fine medium with much very coarse matc-
rial; grades into shaly layer below; weathers brown and light
blue ..
5. Shale: black, some pebbles show tralcel'phosppate; upper part
knobby limestone; gray, with thin sha g partings ..oooeeeeoees }
Limestone : characteristically !)locky and ]omte_d on weathering }Sig
Yistimated thickness of Pitkin X

Fayetteville shale . . .
& 3. Covered to indications of brown limestone carrying Archimedes 27.0

2. Shale: dark gray to black, fissile. Poorly exposed at top ........ 51.0
Tistimated thickness of Fayetteville K

Meramec? serics . . .
“ 1. Limestone: blue gray, variably crystalline; several thin shale 30
beds. Poorly exposed in lower few feet to top of Boone ... 389

Estimated thickness of Meramec? SELIES  cuverarueceneraramassssvensaraas

8.0

41. SMALL HILL IN SW% SEC. 2, T. 15 N, R, 24 E.

Pennsylvanian
Morrow sertes

Hale formation .
8. Covered: sandstone rubble and sandy SOil woeoeeeirceenneee oo 34.7
7. Sandstone: yellow brown, calcareous; characteristically
weathered X 51.5
Txposed thickness of Hale .
Mississippian
Chester setl-xes
Pitkin limestone .
Limcstone: brown gray to cream gray, Very Coarse; brittle, 50
oolitic .. . . X
5. Limestone: gray to black, argillaceous; thin shale streaks..... 1.(5)
4. Shale: blue to black, fissile, very calcareous, trace phosphatic 0.
3. Limestone: gray to black, fine medium to fine ; weathers knobby 3%8
2. Covered . - . - - .
1. Limestone: dark gray, fine to sublithographic, well jointed;

weathers smooth 6.0
Covered below . 65
Exposed thickness of Pitkin .

42. ROCKY MOUNTAIN, SEC. 4, T. 15 N, R. 24 E.

Pennsylvanian _
Morrow serics

le forination . . . N
HalS. Sandstone: massive bedded, heavily limonite stained ; weath-

2.0

ers red .
14. Sandstone: slightly calcarcous; cross-bedded .eneiniennneeanee ﬁg
Exposed thickness of Hale X

Mississippian |
Chester serics

Pitkin limestone 170
13. Limecstone f

i ; in-bedded, some
12. Limestone: gray to brown gray; some thin-bedded,
jointed zones and crinoidal layers; weathers thin-bedded to

platy; trace phosphatic

MEASURED STRATIGRAPHIC SECTIONS
11, Covered
10. le‘egtone: upper part, blue gray, very coarse; crinoidal and
fossiliferous

9. Limestone: blue gray, platy
Thickness of Pitkin
Fayetteville shale

8. Covered
7. Shale: gray to black, fissile
6. Covered

Estimated thickness of Fayetteville
Meramec? series
. leesto_ne, poorly_ exposed: blue gray, fine to sublithographic
crystalline; well jointed; some crinoidal ...
Limestone: brown gray, coarse medium with several larger
crystals; trace phosphatic
Limestone, silty: blue gray, coarse; thin-bedded to platy;
trace phosphatic
Limestone: dark blue gray to black, very coarse; massive
bedded, tough; weathers evenly; crinoidal
Cov_ered to estimated top of “Boone”
Estimated thickness of Meramec?

43. HUNGRY MOUNTAIN SECTION, E% SEC. 9, T.15 N, R. 24 E.

Pennsylvanian
Des Moines series
Atoka formation
%g gandstone X
. Dandstone and covered: probably includes some shal
Exposed thickness of Atoka Y y beds
Morrow series
Bloyd formation
26. Covered
25. Shale: yellow brown to buff
24. Conglomerate: rounded limestone and limonitic pebbles; one
large Pleurodictywm (Michelinia) in the limestone; some of
the limonitic pebbles show traces of phosphate. May not be
in place '
23. Shale: blue gray, fissile
22. Limestone: dark blue gray, medium, tough; weathers buff
and smooth
21, Shale and covered: blue gray, fissile, limonite concretions....
20. Limestone: blue gray, coarse, tough, well jointed; weathers
platy and crinoidal; fossiliferous
19. Shale and covered: blue gray, fissile, limonite concretions....
18. Limestone oo
17. Shale and covered: blue gray, fissile, limonite concretions
16. Limestone: blue gray, coarse; weathers smooth; crinoidal
15. Shale: blue gray, fissile, limonite concretions ....
14. Limestone: blue, platy in part; fossiliferous ...
13. Shale: blue gray, fissile, limonite concretions ... .
12. Limestone and shale, poorly exposed: limestone purplish
dark blue gray, very coarse; weathers evenly and platy;
fossiliferous and crinoidal
Thickness of Bloyd
Hale formation
11, Covered: sandy soil
10. Sandstone: massive bedded

- N oA

107

Feet

TGy D) e
RXNAS BN =
cooo ocoo

B
S o=
wnow;

9.
28.
37.

NN
Qoo

oo

—

1

—

DLW WOLW 00w
conbbooo oo oo

110.0

8.0
2

9. Limestone: blue gray, very coarse; granular; weathers even
and in parallel flutings; very crinoidal
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8. Sandstone: lower 3 feet in beds 3 inches thick, typically weath-
ered; next 7 feet are limy sandstone, weathering in horizontal
paralle! flutings. Rest of the cliff is thick-bedded sandstone
weathering pitted and cavernous

7. Limestone: blue gray, coarse; fossiliferous

6. Sandstone, calcarcous: fossiliferous, trace phosphatic; v
ers in horizontal parallel flutings and rather cross-bedded;
seems to grade into bed above

5. Conglomerate: limonitic, calcareous; weathers red ...
Thickness of Hale

Mississipian
Chester series

Pitkin limestone :

4. 1imestone: blue gray, jointed; fossiliferous; upper 2 inches

shows trace phosphate

3. Limestone: dark gray, fine to sublithographic; weathers

knobby ; Allorisma walkeri

2. Shale: blue gray, fissile; phosphatic

1. Limestone: gray, darker in upper 1 foot, medium; weathers

smooth and fluted

Covered below
Exposed thickness of Pitkin

44. SMALL HILL IN SW% SEC. 11, NW#% SEC. 14, T.15 N, R. 24 E.

Pennsylvanian
Morrow serics
Bloyd formation

19. Limestone: blue gray, medium to fine medium, tough; weath-
ers smooth and platy

18. Covered

17. Limestone

16. Shale: blue gray, fissile, limonite concretions ...

15. Covered

14. Limestone: blue gray, very coarse; platy; extremely crinoidal

13. Covered: limestone ruhble, some coarse, some sublithographic
12. Shale: blue gray, fissile, limonite concretions ...
11. Covered

10. Limestone: blue gray, medium to coarse medium, tough, gran-
ular; fossiliferous
9, Covered: a sandstone boulder observed
8. Limestone: blue gray, very coarse; weathers smooth; cri-
noidal, fossiliferous
7. Covered
Exposed thickness of Bloyd
Hale formation
6. Covered: sandstone rubble and sandy soil ...
5. Sandstone: yellow brown; massive bedded; characteristic
Hale weathered
4. Sandstone, very calcareous: weathers cross-bedded; fossilif-
erous
Estimated thickness of Hale

Mississippian
Chester series
Pitkin limestone
3. Limestone: gray, medium .
2. . Limestone : similar to bed 1; fossiliferous, abundant capuloid-
type gastropods
1. Limestone: blue to brown gray, fine medium to fine ....e........
Covered below :
Exposed thickness of Pitkin
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MEASURED STRATIGRAPHIC SECTIONS

45. LITTLE ROCKY MOUNTAIN, SEC. 12, T. 15 N, R. 24 E,

Pennsylvanian
Morrow series
Hale formation
Covered: saudsto_ne rubble and sandy soil
4. Sand_stone: medium grained; weathers pitted cavernous, in
reddish and purplish bands ;
3. Covered
Exposed thickness of Hale
Mississippian
Chester series
Pitkin limestone
2. Covered ..
1. Limestone: light blue gray, coarse; crinoidal
Exposed thickness of Pitkin

46. GITTIN' DOWN MOUNTAIN, SW#% SEC. 14, SE3
NEY SEC, 22, NW% SEC. 23, T.15 N, R 34 & % SEC 15

Pennsylvanian
Des Moines series
Atoka formation
24. Covered: sandstone and siltstone rubble
23, Sandstone: massive bedded, forms cliff

Exposed thickness of Atoka
Morrow series
Bloyd formation

22. Shale: dark blue, gray fissile, limonite concretions; good ex-
posure of contact with overlying Atoka

21, Covered
20. g,l:mestone: blue gray, very coarse; weathers platy; fossilifer-

s

19. Covered
18. Shale: blue gray, fissile, limonite concretions .......ooooeeeeeo.
17. Limestone: dark blue gray, medium to coarse medium, tough;
weathers rubbly and knobhy ; fossiliferous, tritobite pygidium

16. Shale: blue gray, fissile, limonite concretions

15. Limestone: blue gray, coarse medium; weathers smooth and

crinoidal; crinoid stems replaced by orange calcite

14, Covered
Estimated thickness of Bloyd

Hale formation
13. Covered
12. Sandstone: calcareous; characteristically weathered; one
stack of very peculiar weathering—thin-bedded, pitted, with

joints inclined about 45 degrees to the vertical, crossing all beds

11, Sandstone: cross-bedded; gray to yellow brown on weathering
Thickness of Hale

Mississippian
Chester series
Pitkin limestone
10. Limestone: blue gray, very coarse; crinoidal, weathefs thin-
bedded, especially in upper part, and granular, trace phosphatic
Thickness of Pitkin
Fayetteville shale
. Covered
Shale: blue gray, fissile

Limestone: blue gray, medium; massive bedded .....cooooreremreennene
Shale: blue gray, fissile
Covered: probably shale
Estimated thickness pf Fayetteville
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Feet
Meramec? series

4. Limcstone: blue gray; massive bedded 1.0

3. Siltstone: gray, calcareous; beds average 0.5 inch to l-inch
thick; trace phosphatic 7.0

2. Limestone: gray blue gray, medium: beds 3 to 4 inches thick
with few thin-bedded zones; fossiliferous ... 6.0
1. Covered to estimated top of “Boone” 10.0
Estimated thickness of Meramec? 24.0

47. THE SADDLE IN THE HUNGRY MOUNTAIN DISTRICT, E%

SEC. 16, T. 15 N, R. 24 E.
Pennsylvanian
Morrow series
Hale formation

20. Covered: probably sandstone 8.0

19. Sandstone: massive bedded, ferruginous; weathers pitted, cav-
ernous and red 14.0

18. Sandstone: yellow gray; thin bedded; weathers red; yellow
brown shale partings that also weather red ...ooeeecveecrecneen 2.5
17. Sandstone: yellow brown; massive bedded ......ocooeeecreecnricccanne 3.0

16. Sandstonc: yellow gray; thin bedded; weathers red; many

yellow brown shale partings 13.7

15. Sandstone and limestone: zone of limestone reefs., Limestone,
sandy: weathers cross-bedded, pitted, and cavernous. Sand-
stone: thin beds with prominent yellow brown shale partings,
some thin blue gray shale partings 1 to 2 mm thick that weath-
er red 12.0

14. Shale and conglomerate: blue gray; weathers yellow brown,
buff, and whitish buff; contains pebbles that yielded 3.12 per
cent phosphate on analysis. There are two thin shale beds
separated by a thin conglomerate bed of limonitic pebbles in a

matrix of limestone 0.5
13. Limestone: very sandy 6.0
Exposed thickness of Hale 59.7

Mississipian
Chester series
Pitkin limestone

12. Limestone: blue gray; with gray shale beds and shale part-
ings; fossiliferous on hedding planes, Chonetes, Archimedes.
Shale bed 0.5 foot at top carries limestone pebbles l-inch in
diameter 20.0

11. Limestone: blue gray, very coarse; fossiliferous and crinoidal ;
few thin blue gray shale partings near top

10. Limestone: blue gray, fine to sublithographic;
knobby. A spring issues at the base of this limestone, over shale 1.0
Thickness of Pitkin 25.5

Fayetteville shale

9. Shale: blue black, fissile, limonite concretions 35.0
8. Shale: blue black, fissile, clay 23.0
7. Covered, probably shale 10.0
6. Shale: blue black, fissile 4.5

Thickness of Fayetteville 725

Meramec? serics
5. Limestonc: blue, very coarse; weathers yellowish and cri-

noidal; {fossiliferous 7.5

4. Limestone: gray, fine to sublithographic; weathers yellowish

and smooth .

MEASURED STRATIGRAPHIC SECTIONS 111

. Feet
3. Lu}:le?tone: blue, very coarse; weathers yellowish and cri-
noida

: . . 12.5
2. Siltstone: yellowish brown, slightly calcareous; thin bedded.... 9.8
1. Cm:ered to estimated top of “Boone” 18.0

Estimated thickness of Meramec? 48.0

~ 48, JACKSON MOUNTAIN, SEC. 17, T. 15 N,, R. 24 L.

Pennsylvanian
Des Moines series
Atoka formation
17. Covered 16.0
16. Sandstone: yellow brown, heavily limonite stained; two shaly

beds in lower part 23.0
Exposed thickness of Atoka 39.0
Morrow series '
Bloyd formation

15. Covered 98.0
14. Shale: blue gray, fissile, limonite concretions ... ... 5.0
13. Covered 8.0

12. Limestone: dark blue gray, very coarse; weathers crinoidal,
thin-bedded, and in grooves 5.0

1. Limestone: blue gray, variably crystalline; weathers smooth;
fossiliferous 5.0
Estimated thickness of Bloyd 121.0

Hale formation

10. Covered 13.0
9. Sandstone: massive bedded 2.0

8. Limestone: blue to brown, very coarse; weathers evenly, cri-

noidal, granular; represented by calcareous sandstone on east
side of hill i 6.0

7. Limestone: light buff to light blue gray, oolitic; weathers
smooth and crinoidal; fossiliferous 10.0
6. Covered 6.0

5. Sandstone: yellow brown, slightly calcareous; locally thin-
bedded; weathers smooth to pitted and cavernous ............ 10.0
4. Covered 15.0
3. Limestone: blue gray 5.0

2. Conglomerate: matrix of limestone, heavily limonite stained,
phosphatic : 0.5
Thickness of Hale 67.5

Mississippian

Chester series
Pitkin limestone
Limestone: dark gray, fine medium to fine, jointed, top part
somewhat knobby; fossiliferous
Covered below
Exposed thickness of Pitkin 5.5

49. BILL SANDERS MOUNTAIN, SECS. 21, 28, AND 29
T.15 N, R. 24 E.

Pennsylvanian
Des Moines series
Atoka formation .
30. Covered: sandstone rubble and sandy soil ..
29. Sandstone: yellow brown; massive bedded ...
Exposed thickness of Atoka
Morrow series
Bloyd formation
28. Covered 29.0
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27. Shale: blue gray, fissile, limonite concretions ...........eoeconeees
26, Covered .
25. Limecstone: blue gray, coarse medium, tough; weathers cri-
noidal ... :
24. Shalc: blue gray, fissile, limonite concretious ............... S
23. Limestonc: blue gray, coarse medium; weathers crinoidal,
smooth and rather sandy; many of crinoid stems replaced
- by orange calcite, trace phosphate .
22, Limestone: dark blue gray, with black calcite crystals, very
coarse; weathers crinoidal, fossiliferous; may not be in ?lace
21. Shalc: sandy, carries a thin sandstone lens near the middle
20. Covered
. Estimated thickness of Bloyd
Hale formation :
19. Covered ...
18. Sandstone: similar to bed 16 y
17. Limestone: purplish blue, coarse medium, tough ..o
16. Sandstone: yellow gray to yellow brown, calcareous; weath-
ers with many cross-bedded layers; fossiliferous ..
15. Covered
Estimated thickness of Hale

Mississippian _
Chester series

Pitkin limestone

14, Covered .

13. Limestone: includes few thin shale beds oo

12. Limestone: gray to black, coarse even crystalline; weathers

knobby and rather fluted ...

Estimated thickness of Pitkin

Fayectteville shale
11, Covered -
10, Limestone: gray blue gray, medium to coarse, tough; weath-

ers smooth
9. Covered .
8. Limestone, poor outcrop: dark blue gray, medium to very
coarse; weathers brown and crinoidal
7. Covered . .
Estimated thickness of Fayetteville

Meramec? scries .
Limestoue: blue gray, coarse; crinoidal
Shale: blue black, fissile ... .
Limestone, poor outcrop: blue gray, one bed is very fine to
sublithographic crystalline; weathers smooth; fossiliferous
Covered ...
Limestone, poorly exposed -
Covered to estimated top of “Boone
Estimated thickness of Meramec?
(Pre-Hale is too thick, probably due to local structure)

W Ao

50. BOWLES MOUNTAIN, Wi, SEC. 27, E¥%: SEC. 28,
T. 15 N, R. 24 E.

Pennsylvanian
Des Moines series
Atoka formation
37. Covered: includes some sandstone and shale
36. Sandstone: ycllow brown; massive bedded
Exposed thickness of Atoka
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Morrow series Feet

Bloyd formation
35. Covered, probably shale 39.0
34. Limestone: blue gray, very coarse; weathers light tan and

platy; fossiliferous 3.0
33. Covered: may include some shale .coovvoooovevnooo 23.0
32. Limestone: blue, very coarse; weathers smooth and platy ;
fossiliferous 2.0
31. . Shale: blue gray, fissile 3.0
30. Limestone: yellow gray, oolitic; weathers red and pitted........ 5.0
29, Shale: blue gray, fissile 6.0
28. Limestone: blue, fine, tough 2.0
27. Shale: blue gray, fissile 5.5
26. Limestone 3.5
25. Shale: blue gray, fissile : 0.5
24. Limestone: dark blue gray, extremely coarse ... 25
23. Shale; blue gray, fissile 20
22. Limestone 6.0
21. Covered 14.0
20. Limestone: light blue gray, coarse, extremely crinoidal;
weathers even 5.0
19. Shale: fissile, poorly exposed 2.0
Thickness of Bloyd 124.0
Hale formation
18. Limestone: similar to bed 17, irregular limonite content, con-
tains thin shale beds
17. Limestone: light blue gray, very coarse; weathers even; ex-
tremely crinoidal 2.0
16. Covered: probably mostly sandstone 22.0
15. Sandstone: with limy beds and limestone “reefs”; much cross
bedding 28.0
14. Couglomerate: limestone matrix, rounded limonite pebbles,
trace phosphatic; weathers red 0.4

13. Sandstone: similar to bed 15, contains a 1-foot hed of limy
sandstone and calcareous limonitic concretions, trace phosphatic 2.0

12. Sandstone: very calcareous, local limonitic concretions that
carry some phosphate 3.0

11. Shale: blue gray, fissile 0.3

10. Conglomerate: heavily limonite stained, limonite concretions,
trace phosphatic; fossiliferous 0.5
Thickness of Hale 82.2

Mississippian
Chester series
Pitkin limestone

9. Limestone: brown gray, fine medium to fine, tough, slight
trace phosphate; appears to grade upward into the calcareous
conglomerate above 1.5

8. Limestone: light gray, medium with some crystals 4-12 mm in
size, tough, highly oolitic, especially 3 feet above the base:

weathers thin-bedded to platy 8.0
7. Covered 38.0
6. Limeéstone and shale: some of the limestone is sublithographic;

very fossiliferous 15.0
5. Limestone: blue gray, tough; contains few thin shale beds;

weathers limonite yellow; fossiliferous, Archimedes ... 5.0

Thickness of Pitkin 67.5

Fayetteville shale

Shale: blue black, fissile, limonite concretions. One limestone
bed 2 feet thick near middle 6.0
Thickness of Jayetteville 26.0
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Meramec? series Feet

3. Limestone and shale: limestone lig]]jt gray, coarse; weathers
even amd pitted; crinoidal and fossiliferous. Lower few feet

darker in color and rather granular - 28.0
2. Shale: blue black to black fissile; poorly exposed in lower 150
art .
1. lziovcred to estimated top of “Boone” 5.0
Estimated thickness of Meramec? 48.0

51, BEAVER MOUNTAIN, SEC. 31, T. 15 N,, R. 24 E,,
EXTENDING INTO SEC. 6, T. 14 N,, R. 24 E.

Pennsylvanian .
Des Moines series
Atoka formation

40.0

29. Covered g

28. Siltstone: yellow brown with a greenish hue; thin-bedded ... 8.0

27. Covered 438

26, Sandstone By

25. Covered X
Estimated thickness of Atoka 1520

Morrow series
Bloyd formation
24. Covered , 10.0
23. Limestone: blue gray and brown, medium, tough, very sandy,
some black shale partings; weathers brown with ironstone

- bands 2;8
22, Covered . : i
21. Limestone: gray with purplish tint, medium, tough ................ 3.0
20. Covered 65.0
19. Limestone, some shale beds: blue gray, very coarse ............... 25.0
18. Covered 7.0
17. Limestone: dark blue gray, very coarse; weathers smooth,

crinoidal and brownish 6.0
16. Covered .. 40
Fstimated thickness of Bloyd 128.0
mation
Halk .foiimestone: simmilar to bed 13; weathers pitted and fluted ...... 6.0
14, Covered, probably limestone - 20
13. Limestone: light gray to white gray, medium to coarse med-
ium; weathers buff and gray; fossiliferous .......cevervcncecenns 3.0
12. Covered 29.0
11. Sandstone: . 8.0
10. Limestone, sandy: light gray, coarse medium; beds average
2 to 3 inches thick 4.0
Thickness of Hale 520

Mississippian
Chester series
Pitkin limestone

9. Limestone: dark blue gray, very coarsc; weathers thin-bedded 4.0
8. Limestonc: light gray with black crystals, medium; weathers
well jointed y 0.5
7. Limestone: gray to black, very coarse; weathers llgl}t blue...... 4.0
6. Limestone: gray, fine to sublithographic, subconchoidal frac- 200
ture .
Thickness of Pitkin 285
Fayetteville shale
Y Covered . 200
4. Limestone: brown; abundant Archimedes ........ooocoeeeeeenn 20
3. Covered - 58.0
Estimated thickness of Fayetteville 80.0

MEASURED STRATIGRAPHIC SECTIONS

Meramec? series
2. Limestone: gray to blue gray, coarse

1. Covered to estimated top of “Boone”
Estimated thickness of Meramec?

52, STILWELL MOUNTAIN, ACROSS SOUTHEAST
EXTENSION, SEC. 1, T. 15 N,, R. 25 E.

Pennsylvanian
Des Moines series
Atoka formation
21. Sandstone: medium to coarse; beds average 3 feet thick
20. Covered: sandstone rubble and sandy soil
Exposed thickness of Atoka
Morrow series
Bloyd formation
19. Covered
18. Limestone: grav brown with dark crystalline inclusions, fine

tfo sublithographic; weathers blue gray and in small fluted sur-
aces .

17. Covered

16. Shale: blue gray, fissile, limonite concretions; weathers yel-
low brown

15. Covered

14, Limestone: dark blue gray to brown gray, coarse, oolitic;
weathers somewhat platy

13. Covered
Estimated thickness of Bloyd

Hale formation
12. Covered

11, Sandstone: slightly calcareous, heavily limonite stained; mas-
sive bedded; weathers red
10. Covered, probably sandstone
9. Sandstone: calcareous with thin, sandy limestone beds (forms
cliff) ; weathers pitted and cavernous
8. Conglomerate: pebbles and concretions, sandstone cemented
with silica, pebbles rounded; weathers red
Estimated thickness of Hale

Mississipian
Chester series
Pitkin limestone
7. Limestone: dark blue gray, very coarse, even crystalline,
heavily limonite stained. Seems to occur as a discontinu.
ous wedge above the argillaceous limestone below and the
conglomeratic bed of the Hale above
Limestone: blue gray to dark blue gray; weathers knobby ...
Shale: with knobby limestone layers, trace phosphatic ............
Shale, very calcareous: dark blue, in part slightly phosphatic;
fossiliferous, large, Plenrodictyum (Michelinia), mollusca,
almost a crinoid stem coquina
3. Limestone and shale: limestone beds 2 to 3 inches thick, with
thin shale bands and partings that average 0.5 to 1 inch thick
2. Limestone: dark gray, fine to sublithographic with large black
crystals, tough; grades into bed above
1. Limestone: gray blue gray, very coarse, fossiliferous, cri-
noidal ; upper 2 to 3 feet much finer and almost non-fossilif-
crous; there is a thin-bedded zone 1 foot thick 2 feet above
base; weathers gray
Covered below
Exposed thickness of Pitkin
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53. GOAT MOUNTAIN, SE% SEC. 7, T. 15 N,, R. 25 E.

Pennsylvanian
Morrow series Feet
Bloyd formation
32. Shale: blue gray, fissile 7.0
31. Limestone: purplish and brown, fine; some thin shale beds ...... 15.0
Exposed thickness of Bloyd 220
Hale formation
30. Sandstone: ferruginous; massive bedded ......cooooorececieeeenenes 1.0
29. Limestone: dark blue gray, very coarse; weathers smooth;

28.

27.
26.
25.
24.
23.

22,
21.

Mississipian

Chester series
Pitkin limestone

20.

- 9.

Fayetteville shale

HNRANAN®E

many crinoid stems replaced by orange calcite 5.0
Lintestone: light blue gray, very coarse; crinoidal ... 14.0
Limestone: very coarse; weathers into a crinoid stem coquina;
extremely fossiliferous 50
Sandstone: calcareous; cross-bedded ; weathers in parallel hor-
izontal flutings 21.0
Sandstone: coarse, calcareous; weathers reddish and in char-
acteristic Hale-weathered beds - 13.0
Limestone: blue gray; weathers thin-bedded near base; fos-
siliferous 2.0
Conglomerate:; similar to bed 21 0.5
Shale: blue gray, fissile 0.5
Conglomerate: sandy pebbles and rounded limonite pebbles,
highly calcareous; weathers red 1.0
Thickness of the Hale 63.0
Limestone: dark blue gray, tough; top 1 foot fossiliferous and
crinoidal, Capuloid-type snails 2
Limestone: argillaceous, many thin shale partings that show
traces of phosphate; large mollusca, Allorisme walkeri .......... 2
Shale: blue gray, highly calcareous; trace phosphate ............. 0
Limestone: brownish blue gray, fine to sublithographic;

1 foot knobby 13.
Limestone: blue gray, very coarse; crinoidal ......ccoooovcveveenncees 2,
Limestone: blue gray, coarse medium to coarse; massive- to
thin-bedded and platy 3.
Covered: probably blue gray fissile shale . oiiecocicrecces 6.
Limestone 11
Limestone: light blue gray; fossiliferous .......cooceoocenns 3
Limestone 9
Limestone: light blue gray, coarse medium; weathers light
gray; cxtremely crinoidal, almost a crinoid stem coquina... 4.
Limestone ... 14
Thickness of the Pitkin 69.
Shale: blue gray, fissile 240
Limestone 3.0
Shale: blue gray, fissile 9.0
Limestone 8.0
Shale: blue gray, fissile 14.0
Limecstone ; . 50
Shale: blue gray, fissile; poorly exposed in lower part .......... 8.0
Covered to estimated top of “Boone” 12.0
Estimated thickness of Fayetteville 83.0

oo ooooo O Ao

MEASURED STRATIGRAPHIC SECTIONS

54. TAYLOR MOUNTAIN, SEC. 13, T. 15 N, R. 25 E.

Pennsylvanian
Des Moines series
Atoka formation

34.
33.

32.
31.
30.

Covered: sandstone rubble and sandy soil .o
Sandstone: yellow brown, somewhat cross-bedded; beds av-
erage 3 to 5 inches thick
Covered
Siltstone: gray with greenish hue; thin-bedded ; weathers platy
Covered :

Exposed thickness of the Atoka

Morrow series
Bloyd formation

29.
28,

13.

Covered
ngnegtone: blue gray, brownish hue, medium, many of the
crinoid stems replaced by orange calcite; weathers buff and
red; fossiliferous. Lower part more coarsely crystalline and
more fossiliferous
vaered and shale
Lxm;:s'tone: blue gray, medium; weathers buff and platy ;
fossiliferous

Covered
Shale: blue gray, fissile
Covered

Limestone: dark gray to black, coarse, crinoid stems replaced
by orange calcite; weathers fluted and platy; fossiliferous
Covered .

leqstoqe: light gray to buff brown, coarse; weathers smootl:
and in big pittings; fossiliferous, large crinoid stems abundant
Shale: blue gray, fissile, limonite concretions
Covered: probably mostly shale
Shale: blue gray, fissile
Lxmes.tone: blue gray, coarse medium to medium, limonitic
inclusions, tough; weathers smooth; fossiliferous
Shale: blue gray, fissile
Limestone: gray to black, very coarse; crinoidal, upper part
more fossiliferous - .
Covered
Estimated thickness of the Bloyd

Hale formation

12,
11,

10.

AN 20

e

Covered
Shale: yellow brown, very sandy, heavily stained and banded
with limonite
Sandstong, calcareous: light gray with dark gray bands 2 to
3ﬂ 1t1'1m thick; weathers thin-bedded and in parallel horizontal
utings
Sandstone: yellow brown; massive bedded and cross-bedded
Sand'stone_, very calcareous: brown; weathers thin-bedded
and in thin cross-bedded beds; fossiliferous, crinoidal ...
Covered, probably shale
Sandstone, calcareous: light gray, medium ...
Limestone, very sandy especially at top: ligh gray, coarse;
weathers thin-bedded and in paralle! horizontal flutin=s, re-
sistant ironstone beds 1 inch thick; slightly phosphatic; fos-
siliferous
Shale: dirty gray with black seams, fissile, trace phosphatic
Conglomerate: brown, limonite pebbles in a limestone matrix
trace phosphatic !
Estimated thickness of the Hale

35.0
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118 MORROW SERIES OF NORTHEASTERN OKLAHOMA

Mississippian
Chester serics Feet
Pitkin limestone
2. Limestone: brown gray, coarse mcdium; weathers evenly;
crinoidal . .
1. Limestone: blue gray to light blue gray, fine medium with
large crystals, some fine to sublithographic beds; weathers
smooth and jointed; fossiliferous
Covered below
Exposed thickness of the Pitkin . 33.0

55. DOUBLE MOUNTAIN (NORTH END), SEC. 23, T. 15
N, R. 25 E.

Pennsylvanian
Des Moines series
Atoka formation
17. Covered 46.0
Estimated thickness of Atoka 46.0
Morrow series
Bloyd formation

16. Covered, few poorly exposed shale beds

15. Shale: blue gray, fissile, limonite concretions 3.0
14. Limestone: fower half, dark blue gray to almost black, very
coarse; weathers smooth and crinoidal; upper half blue gray;
weathers in parallel horizontal flutings 2.5
13. Shale: blue gray, fissile, limonite concretions ........oecoeveveeeeees 3.5
12, Limestone: light brown gray to black, very coarse; weathers
stooth; crinoidal, moderately fossiliferous, much orange cal-
cite replacement 3.0
11. Covered 6.0
10. Limestone: blue gray, very coarse, appears granular, iron
stained red; extremely crinoidal . 8.0
9. Covered, may be shale 6.0
Estimated thickness of Bloyd 135.0
Hale formation
8. Limestone: gray with black crystals, coarse medium; weathers

even and jointed; crinoidal
Covered

9.0
6.0
Limestone: brown, medium with very coarse crystals; weath-
ers platy; fossiliferous, large Plenrodictyum (Michelinia)... 4.0
Covered 5.5
Limestone : light gray, very coarse; wecathers friable, extreme-
ly crinoidal, granular 224
Sandstone, very calcarcous: dark gray to black, medium to
coarse. (This bed is a sandy limestone in less than S0 feet
along the outcrop) 17.0
2. Conglomerate: very thin, or absent in places, considerable
phosphate, calcarcous, limonite pebbles; weathers red ........... 0.2
Estimated thickness of Hale 64.1
Mississippian
Chester serics
Pitkin limestone
1. Limestone: blue gray, coarse; weathers jointed and fractured 17.0

Covered bhelow
Iixposed thickness of Pitkin 17.0

W ko AN

MEASURED STRATIGRAPHIC SECTIONS

56. SOAP MOUNTAIN, SECS. 24 and 25, T. 15 N, R. 25 E.

Pennsylvanian
Des Moines series

Atoka formation
39. Covered, sandstone and siltstone rubble
Estimated thickness of Atoka

Morrow series

Bloyd formation
38. Covered
37. Limestone: buff gray, coarse medium; weathers even; moder-

ately fossiliferous

36. Covered
35. Limestone: blue gray, coarse; thin-bedded; weathers smooth;
fossiliferous, crinoidal
(Note Beds 35-38 correlated with Kessler member of

Bloyd formation. Estimated thickness of Kessler 18 feet.)

34. Covered
33. Shale: blue gray, fissile, few limonite concretions ....
32.. Limestone: blue gray, very coarse, much orange ca
placement; locally thin-bedded; weathers smooth and cri-
noidal ; fossnllferous

31. Covered
30. Limestone: light gray, coarse; weathers smooth; fossiliferous
29. Covered: much limestone rubble
28. Limestone: smoky gray, fine medium; some platy beds, some
beds well jointed; locally fossiliferous

27. Limestone: brown gray and blue gray, fine to sublithographic;
weathers blue, smooth, and platy

26. Limestone: brown to blue gray, fine with coarse crystals; fos-
siliferous

25. Covered ...
24. Limestone: blue gray, coarse; fossiliferous, many crinoid
stems replaced by orange calcite

23. Covered .
22, Llimeitone: blue gray, fine; weathers smooth, (may not be in
place

21, Shale: blue gray, fissile, limonite concretions
20. Covered
19. Shale: blue gray, fissile, limonite concretions .................
18. Limestone: black, medium; weathers smooth; fossiliferous,
crinoidal

17. Shale: blue gray, fissile, some limonite concretions
Thickness of Bloyd

Hale formation

16. Limestone: blue gray to brown gray, medium; weathers in
large pittings and somewhat jointed ...t
15. Sandstone, calcareous: characteristic Hale weathermg near
top; partly concealed
14. Sandstone: calcareous, thin-bedded
13. Sandstone: calcareous, large limy inclusions .....................
12, Limestone: yellow gray, coarse; fossiliferous, crinoidal .......
11. Conglomerate: yellow brown, calcareous matrix, slight trace
phosphate, limonite pebbles; weathers buff and red the upper
half of this bed contains rounded pebbles of blue shale and
grades upward into the next bed
Thickness of Hale

Mississippian
Chester series

Pitkin limestone
10. Limestone: gray blue gray, coarse medium, appears sandy,
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ki
[0
a
-

fossitiferous; upper 2 feet gray, fine to'sublithographic, with
large crystals, weathers :mooth and in large pits; fossiliferous
9. Covered to where a spring isstics over shale
LEstimated thickness of the Pitkin

Fayetteville shale
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8. Shale: blue black

7. Covered

.6. Shale: blue gray, limonite concretions
5. Shale: black to blue black

4. Limestone

3. Shale: black

% Limestone

Shale: black
Covered below
Exposed thickness of Fayetteville

~

57. NORTH END OF DAHLONLGAH HILL.
SEC. 30, T. 15 N, R. 25 E.

Pennsylvanian
Des Moines series
Atoka formation
17.

Sandstone: massive bedded 8.0
16. Covered: sandstone rubble 16.0
15, Sandstone: massive bedded 7.0
14. Covered ... 33.0
13. Sandstone: thin-bedded, in chiff 5.0
LExposed thickness of the Atoka 69.0
Morrow series
Bloyd formation
12. Covered: includes a few blue fissile shales with limonite con-
cretions ......... 118.0
11. Shale: blue gray, fissile, limonite concretions ........eeecveene 4.0
10. Limestone: dark blue gray, medium with very coarse crys-
tals; weathers smooth and crinoidal; fossiliferous, many
Pentremites : .
9. Iimestone: poor outcrop, includes a 2- to 3-foot very sandy
limestone bed; fossils preserved as €asts ...occccvccervceceonenc .0
8. Covered 6.0
Estimated thickness of Bloyd 150.0
Hale formation
Sandstone, calcaréous: yellow brown; beds range up to 1
inch thick; weathers in big pits 7.0
6. Limestone: similar to bed 4 7.0
5. Covered 5.0
4. Limestone: blue gray, granular, very coarse; weathers in hor-
izontal paralle! flutings and sandy; crinoidal .......ocoeiienaneee. 20.0
3. Sandstone, calcarcous: cross-bedded in lower 2 feet, beds av-
erage 1 to 2 inches thick, prominent ironstone bands; weath-
ers pitted and cavernous, especially in the upper part . 15.0
2. Conglomerate: calcareous, phosphatic nodules 0.1
Thickness of Hale . 54.1
Mississippian
Chester series
Pitkin limestone
1. Limestone: dark blue gray, fine medium; weathers jointed
and rough; f{ossiliferous 0
Exposed thickness of Pitkin 15.0

MEASURED STRATIGRAPHIC SECTIONS

§8. NORTH END EC‘,)F WELCH MOUNTAIN, SEC. 33,

T.15 N,

Pennsylvanian
Des Moines series
Atoka formation

35.

34.

33.
32.

Covered : sandstone rubble and sandy soil
Sandstone: yellow brown, medium; weathers red
Shale: thin-bedded to fissile, yellow brown
Covered
Estimated thickness of Atoka

Morrow series

Bloyd
31.

30.

29.

28.

27.
26.

25.
24,

23.
22,

21.

20.
19.
18,
17.

16.
15.

14.

formation

Covered
Limestone: brown and blue gray, fine; weathers blue and
pitted. Similar to bed 29, but differs markedly on weathering
Limestone: brown with few blue gray bands and inclusions,
fine to sublithographic; thin calcite veins across the beddmg,
weathers yellow and llght yellow brown; fossiliferous ...........
Limestone: gray, coarse medium, sandy ; 'weathers thin-bedded
to almost fissile, and brown; fossnllferous, trace phosphatic.....
Conglomerate: yellow brown, {imestone matrix, limonitic;
limestone pebbles tested 1.62 per cent phosphatic on analysis
Limestone: brown gray, coarse medium to medium; weathers
-red and yellow brown; moderately crinoidal ......oeeeces
(Note: Beds 26-31 correlated with Kessler member of
?lov;i formation. Estimated thickness of Kessler 11.6
eet
Covered: some poorly exposed blue gray, fissile shale beds...
Limestone: upper 5 fect blue gray to brown gray, \ery
coarse; weathers “chocolate” brown; fossiliferous, crinoidal
Covered
Limestone (may not be in place) : gray to black, very coarse;
weathers rough and somewhat thin-bedded ; extremely crinoidal
Covered
Limestone: upper 3 feet brown gray, coarse, medium; weath-
ers rough and somewhat thin-bedded
Covered !
Shale: blue gray, fissile, limonite concretions ...
Limestone: blue gray with a brownish hue, coarse medium
with very coarse crystals; weathers crinoidal; fossiliferous
Covered
Limestone: (may not be in place) blue gray, fine medium
with coarse crystals; weathers smooth
Covered and shale
Estimated thickness of the Bloyd

Hale formation

13.

12
11.

10.
9.
8.
7.

Limestone: brown gray, very coarse, granular, black shaly
inclusions; weathers smooth and crinoidal; {fossiliferous .......
Covered
Limestone: blue gray, medium with very coarse crystals;
weathers rough and jointed; crinoidal
Covered
Limestone: light gray to buff, fine and medium ; weathers pitted
Covered
Limestone: lower 5 feet black, very coarse, some orange cal-
cite replacement; upper 6 feet "blue gray to purplish, medium;
thin-bedded ; weathers crinoidal and smooth; fosslllierous

Limestone: extremely coarse, weathers granular and thin-
bedded; fossiliferous; extremely crinoidal
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122 MORROW SERIES OF NORTHEASTERN OKLAHOMA

5. Conglomerate: calcarcous, rounded chert pebbles and some

limestone pebbles with crinoid stems; weathers yellow brown
and red; fossiliferous
lhlckncss of Hale

Mississippian
Chester series
Pitkin limestone
4. Limestone: blue gray and brown gray, coarse to very coarse;
upper 5 feet smoky blue gray to blue, brittle, fine to sublitho-
graphic; knobby beds with thin blue black shale partings;
cliff formmg
Fstimated thickness of Pitkin
Fayetteville shale
Shale: blue gray, fissile
2, Covered ...
Estimated thickness of Fayetteville
Meramec? series
1. Limestone, occurs in a continuous outcrop: blue gray; some
thin beds, some shaly beds; fossiliferous
Covered below
Exposed thickness of Meramec?

59. DOHBZIBEEMOUNTAIN’ (SOUTH END), SEC. 34, T. 15

B3

Pennsylvanian
Des Moines series
Atoka formation
24, Covered, sandstone rubble and sandy soil
Estimated thickness of Atoka
Morrow series
Bloyd formation
23. Covered
22. Limestone: brown gray, rather platy, medium, glauconitic;
weathers shattered, buff ..
21. Covered: few indications of blue gray fissile shale ........ccoooeeeee
20. Limestone
19. Covered
18. Limestone: gray to black, very coarse; weathers red, fossilif-
erous; crinoidal
17. Covered: some limestone rubble
Estimated thickness of Bloyd
Hale formation
16. Limestone: blue gray, medium; weathers thin-bedded to platy
15. Limestone: blue gray, fine medium to medium; weathers
smooth; very fossiliferous, bryozoans
14. Shale: blue gray, fissile, limonite concretions .................
13. Covered
12. Limestone: blue gray and gray black, very coarse; weathers
smooth to pitted; fossiliferous, crinoidal .......coomnciicceiinens
11, Covered
10. Shale: blue gray, fissile, limonite concretions ........ccoooeeceen
9. 91ndstonc deeply weathcrcd some characteristic Hale weath-
ering
8. Covered
7. Limestone: gray, very co'lrse, crinoidal, some granular beds
Thickness of Hale
Mississippian
Chester serics
Pitkin limestone
6. Limestone: upper 2 feet gray, fine medium to fine; weathers

Feet
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Fect
smooth; sparsely fossiliferous; lower foot is argillaceous........ 4.0

5. Limestone: blue gray, coarse medium; weathers fluted; fos-
siliferous 4.5
4. Covered 27.0
Estimated thickness of Pitkin 35.5

Fayetteville shale
3. Shale: blue black, limonite concretions; few covered intervals 30.0
Estimated thickness of Fayetteville 30.0
Meramec? series
Limestone, in continuous otitcrop: hght blue, generally coarse;
some thin bedded, cherty mclusxons in lower 1 foot ...
Thickness of Meramec? 58.
Osage series
1. Chert and cherty limestone

%%
QO

60. NORTHEAST SPUR OF MUSKRAT AND ROSS MOUNTAINS,
SEC. 11, T. 15 N, R. 26 E.

Pennsylvanian
Morrow series
Hale formation
6. Sandstone: ferruginous; massive bedded near top with some

thinner beds below 31.0
5. Covered: probably sandstone 3.0
4, Sandstone, calcareous: yellow brown; weathers pitted with

grooves and ridges 5.0
3. Shale: yellow brown, plastic S— 40
2. Covered 60.0

Exposed thickness of the Hale 103.0

Mississippian

Chester series
Pitkin limestone
*1. Limestone: blue gray, medium with sublithographic crystalline
beds; fossiliferous, Linoproductus, Awiculopecten
Exposed thickness of Pitkin

61. NORTH END OF ROSS MOUNTAIN. SECS. 12 AND 13,
T. 15 N, R. 26 E.

Pennsylvanian
Des Moines series
Atoka formation

27. Covered to top of hill 32.0
26. Shale: yellow brown, ferruginous 4.0
25. Sandstone: yellow brown massive beds 1.5 to 2 feet thick...... 8.0
Fstimated thickness of Atoka 44.0
Morrow series
Bloyd formation
24, Covered: sandstone rubble 52.0
23. Shale: blue gray, fissile 2.0
22, Covered 3.0
21. Shale: blue gray, fissile 30
20. Covered: sandstone rubble » 46.0
19. Sandstone: poor outcrop, gray to black, medium grained;
some conglomeratic blocks observed at this level around the hill 2.0
18. Shale: blue gray, fissile, limonite concretions (includes many
covered intervals) 37.0
17. Sandstone: may not be in place 1.0
16. Shale: blue gray, fissile, lilnonite concretions ... 3.0
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15.
14.
13.

12
11.

Feet

Limestone: dark blue gray, coarse medium to coarse, hard,
tough; weathers somewhat cross-bedded ...
Shale: blue gray, fissile, limonite concretions
Limestone and shale: limestone is gray blue gray, coarse;
weathers platy, reddish brown, crinoidal, and cross-bedded;
carries a prominent pebble bed 4 {eet from top ... 2
Shale: blue gray, fissile, limonite concretions 12.0
Covered
Tstimated thickness of the Bloyd

Hale formation

10. Covered 28.0
9. Sandstone: similar to bed 7 3.0
8. Covered 2.0
7. Sandstone: gray, tough; massive-bedded .vrerrorrommerieeeees 8.0
6. Covered . 13.0
5. Sandstone: yellow brown to gray; very thin-bedded ........... 5.0
4. Covered 23.0
3. Shale: yellow brown, sandy 6.0
2. Covered . . . 220
1. Sandstone: gray thin-bedded, one to two inches thick, ripple
marks, somewhat cross bedded; weathers ferruginous; near
top becomes more thin-bedded and shaly .
Estimated thickness of the Hale 138.0
62. NORTH SPUR OIF MUSKRAT MOUNTAIN.,
SEC. 14, T. 15 N, R. 26 E.
Pennsylvanian
Morrow series
Hale formation
7. Covered to top of hill 10.0
6. Sandstone: massive bedded 5.5
5. Covered . , e 5.5
4, Sandstone: beds average 3 to 4 inches thick; characteristic
Hale weathering 10.0
3. Covered i 5.5
2. Sandstone: thin bedded, partly covered 100
Exposed thickness of the Hale 46.5
Mississippian
Chester se{ics
itkin limestone . .
Pltklll.1 Limestone : blue gray, lower 6 to 8 feet fine to stl-blnthograph.m,
upper part medium; upper few inches very argillaceous with
trace of phosphate; fossiliferous 28.0
Covered below o
Lixposed thickness of the Pitkin 280
63. NORTHERN POINT OFF MUSKRAT MOUNTAIN.
SEC. 15, T. 15 N,, R. 26 E.
Pennsylvanian
Morrow serics
Hale formation ) i
13. Sandstone: in part thin bedded with beds 0.5 to 1 inch thick 14.0
12. Sandstone: massive bedded 13.0
11. Covered : . 0.0
10. Sandstone: thick- and thin-bedded, highly cross bedded; char-
acteristic Hale weathering 15.8
9. Sandstone: massive bedded . 3.5
8. Covered: red sandy and clayey soil 10.0

Mississippian
Chester series

Hale formation
3.

MEASURED STRATIGRAPHIC SECTIONS

7. Sandstone: massive bedded

6. Sandstone: thin bedded

5. Sandstone: yellow brown; massive bedded, and cross bedded;
weathers bright yellow ochre color

4. Shale: blue gray, fissile, plastic (a spring issues over this shale)

3. Shale: yeflow brown, heavily stained with limonite; many
limonite pebbles that show trace phosphate .....oocoveeeeeecreecneeecn.

2. Sandstone: somewhat argillaceous; massive and thin-bedded
Exposed thickness of Hale

Pitkin limestone

Limestone : blue to light blue gray, sublithographic to fine med-
ium; fossiliferous, Archimedes, locally crinoidal
Iixposed thickness of Pitkin

64. MUSKRAT MOUNTAIN, SEC 21, T. 15 N, R. 26 E.

Pennsylvanian
Des Moines series

Atoka formation
25, quvered: slope covered with loose sandstone blocks and sandy
soi

24, Sandstone: white, fine grained; massive bedded
Estimated thickness of Atoka

Morrow series

Bloyd formation
23. Covered
22. Shale: blue gray, fissile, limonite concretions; many concealed

intervals
21. Limestone: dark gray, coarse, tough
20. Shale: blue gray, fissile, limonite concretions —..................
19. Shale: bluish to yellow brown, sandy; thin-bedded; weathers

ferruginous
18. Shale: blue gray, fissile, limonite concretions
17. Limestone: very platy
16. Shale: blue gray, fissile, limonite concretions ...................
15. Limestone and shale: limestone is dark blue to black, coarse

medium ; weathers platy; top bed rich in bryozoans
14. Shale: blue gray, fissile, limonite concretions .............o......
13. Limestone: black to blue black, tough; weathers light brown

and smooth; crinoidal and fossiliferous
12. Shale: blue gray, fissile
11. Limestone
10. Shale: blue gray, fissile
9. Limestone: light blue gray, coarse medium to coarse; weath-

ers smooth and even; slightly fossiliferous

8. Shale: blue gray, fissile, limonite concretions ..

7. Limestone: dark blue gray, coarse medium; fo

6. Shale: blue gray, fissile

5. Limestone: dark blue gray, coarse medium with some 2 to 3
mm crystals; weathers platy and crinoidal; fossiliferous

4, Shale: blue gray, fissile :
Lstimated thickness of Bloyd

Limestone: blue gray, very coarse, typical upper Hale lime-

stone, extremely crinoidal; weathers smooth and pitted
2. Covered
1. Sandstone

Covered below

Exposed thickness of the Hale
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65. SOUTHERN PART OF MUSKRAT MOUNTAIN AND NIGGER
JOE POINT, SECS. 28 AND 29, T. 15 N,, R. 26 E.

Pennsylvanian
Des Moines scrics Feet
Atoka formation
26. Covered: sandstone and siltstone rubble
25. Sandstone: gray.and brown, argillaceous; thin-bedded. .
24. Covered: sandstone and siltstone rubble, sandy soil ...........
Tstimated thickness of Atoka
Morrow series
Bloyd formation
23.

Shale: blue gray, fissile, limonite concretions ........ccwees 15.0
22. Limestone: brown, fine medium; capped by a thin-bedded to
platy layer; weathers chocolate brown; fossiliferous ........... 5.0

(Note: Beds 22 and 23 corrclated with Kessler member of
Bloyd formation. Total thickness 20 fect.)

21. Shale and covered: blue gray, fissile, limonite concretions........ 23.0

20. Limestone: blue gray to gray, fine; fossiliferous ..o 5.0

19. Shale and covered: blue gray, fissile, with limonite concretions 40.0

18. Limestone: blue gray, very coarse; weathers smooth; fos-
siliferous 6.0

17. Covered 72.0
Estimated thickness of Bloyd 166.0

Hale formation : .
16. Covered : 60.0

15. Sandstone: (at top of Nigger Joe Point, SE% sec. 29, T. 15
N., R. 26 E.) white and gray with yellow brown bands; thin

bedded ; weathers ferruginous 3.0
14. Covered 10.0

13. Sandstone: calcareous, many limy inclusions, trace phosphatic;

8 fcct below top is 0.5-foot limestone bed, crinoidal and very
coarse 310
12. Limestone, very sandy: blue gray; weathers ferruginous ... 5.0

11. Limestone: thin-bedded, trace phosphatic, lower 0.5 foot argil-
laceous with blue pebbles 2.8

10. Conglomerate: calcareous, limonitic pebbles that weather
red, trace phosphatic; grades upward into limestone ................ 0.5
Estimated thickness of Hale 1123

Mississippian .
Chester series
Pitkin limestone

9, Shale: blue gray 0.3

8. Limestonc: blue gray to brown gray, coarse medium to
coarse; fossiliferous 20

7. Limestone: partly covered, blue gray, chiefly fine to sublitho-
graphic 16.0
Thickness of the Pitkin 18.3

Fayetteville shale

6. Shale: blue gray, fissile, limonite concretions; contains one .
thin limestone bed : 30.0

5. Sandstone: ycliow brown, well jointed. This is Wedington
sandstone member of Fayetteville 10.0

4. Shale: black to blue black, few limonite concretions; poorly
exposed near base 94.0
Thickness of Fayetteville 134.0

Meramec? serics

3. Covered, some poorly exposed lMESONE .oooeomminiirenrieienees 26.0

2. Limestone: blue gray, coarse medium to medium; weathers
smooth and buff; fossiliferous, abundant small algal-like discs 5.0
1. Covered to estimated top of “Boone” 8.0

Estimated thickness of Meramec? 39.0

MEASURED STRATIGRAPHIC SECTIONS 127

66. SALEM SCHOOL SECTION, SEC. 31, T. 15 N, R. 26 E.

Penlr)xsylvanian

es Moines serics Feet

Atoka formation e

22. Covered: blocks of massive bedded sandstone and thin-bedded
siltstone cover the slope 28.0
Iistimated thickness of Atoka 28.0
Morrow series '
Bloyd formation

21. Covered, few shale indications at top 21.0
20. Shale: blue gray, fissile, limonite concretions .........ivw... 8.0
19. gflmestone: brown gray, fine; weathers with big shallow pit-

ings 3.0
18. Shale and covered: blue gray, fissile, limonite concretions...... 18.0
17. Limcstone: blue gray, very coarse; weathers granular ... 2.0
16. Shale and covered: blue gray, fissile, limonite concretions ... 31.0
15. Limestone: blue gray, very coarse; weathers smooth; fossilif-
. erous 10.0
14. Shale and covered: blue gray, fissile, limonite concretions...... 440
13. Limestone: black, coarse, crinoid stems replaced by orange

calcite; weathers platy 5.0
12. Shale: blue gray, fissile 4.0
11. Limestone: blue gray with black crystals; weathers smooth 5.0
10. Covered 3.0

Estimated thickness of Bloyd 154.0

Hale formation

9. Sandstone: massive bedded 1.0
8. Covered 14.0
7. Limestone: gray black, very coarse, crinoidal and sandy .......... 1.5
6. Sandstone, calcareous: yellow tan buff with blue gray limy

inclusions; weathers cross-bedded, pitted and cavernous, and

in horizontal flutings; slightly phosphatic 24.5
5. Covered 6.0
Estimated thickness of Hale 47.0
Mississippian
Chester series
Pitkin limestone
4. Covered 5.0
3. Limestone: blue gray; thin shale partings; fossiliferous ....... 3.0
2. Covered . 11.0
1. L1'me§tone: light blue gray, coarse medium; weathers knobby ;
crinoidal 10.0
Covered below
Exposed thickness of Pitkin 29.0
67. BELL SCHOOLHOUSE KNOB, SEC. 32, T. 15 N,, R. 26 E.
Pennsylvanian
Morrow series
Hale formation
6. Sandstone: calcareous; massive bedded; poorly exposed ... 25.0
5. Covered 20.0
4. Limestone, very sandy : blue gray ; thin-bedded, trace phosphatic 1.0
3. Covered 3.0
2. Conglomerate: with dark shale, limonite pebbles, sandy, cal-
carcous cement, trace phosphatic 0.3
Exposed thickness of Hale 49.3
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Mississipian

Chester series Feet .
Pitkin limestone Fayettevélle Sh;le Feet
1. Limestone: blue gray, medium with sublithographic beds; 4 ng;er? e sttt
weathers even and rubbly 17. 3 Coae'd’_m" stained, sandy ... - 87.0
FExposed thickness of Pitkin 17.0 . vered: few indications of haly soil - 7.0
Estimated thickness of F i - 66.0
Meramec? serjes ayetteville ... 160.0
68. SOUTH END OF ROSS MOUNTAIN, SECS. 34 AND 35, 2. Limestone: blue gray: fossil; ... 160.
T. 15 N, R. 26 E. weathered surface . Coiiierous, small algal-like discs on
Pennsylvanian 1 EO\{ered to top of Boone .. - 60
Des Moines serics : stimated thickness of Meramec ? 11.0
Atoka formation 69. K 17.0
3l. Covered: sandstone and siltstone rubble ... 25.0 - KEOUGH QUARRY, SEC. 25T.16 N, R. 19 E
30. Siltstone: light yellow brown with greenish huc; thin bedded, Pennsylvanian v g
beds average less than 1 inch thick, cross bedding on a small 80 Des Moines series
scale 1 2
29. Covered: siltstone rubble 20.0 At02k9a fgrmémon .
Estimated thickness of Atoka 53.0 % Ci‘;e:gé"‘e: f?lasslve bedded ... . P
Morrow serics 27. Sandston-e?agng tzg‘d Sg?ly soil and sandstone rubbfe ... 26.8
Bloyd formation ripple marked SOmn;etllll;:] bgr;med, Iron stained ; cross-bedded .
28. Covered 46.0 Exposed thick) eds T8
27. limestone: brown, blue gray, coarse; weathers smooth; fos- Morrow series ickness of Atoka ....... . 9
30 e 400
siliferous X oyd formation ’
26. Shale: blue gray, fissile, limonite concretions ... 30.0 26. Covered ...
25. Limestone: brown, fine and medium; weathers smooth and 2. E?;lees:tort:lue gray, fissile, limonite concretions 129
' e : : . e: : ... 10.
24. Shale: blue gray, fissile, limonite concretions ...........oeeoeieees 5.0 uneven-beddgga-y‘:,%abtilown ghr.ay, medium, some coarse crystals ;
23, Limestone 20 - crinoidal ... ! ers thin-bedded to platy; fossitiferous,
22, Shale: blue gray, fissile, limonite concretions ............o.eeue. 12.0 23. Shale: Poorly"&-ﬁ(;g;éam — 80
21. Limestone: dark blue gray, very coarse; weathers even and 22. Limestone: argiilaceouq' ; . 20.0
crinoidal; fossiliferous - 20 siliferous, bryozoans a;t,)u"c?" staine
20. Shale: blue gray, fissile, limonite concretions ................. 100 21. Limestone: Similar to b :jl :;lglt . 30
19. Limestone: blue gray, coarse medium; platy beds; weathers 20. Shale: Pentremites zot ¢ fossi 1.0
thin-bedded; fossiliferous 1.0 19.  Limestone: brown ara e, un gssxh erous along strike ... (.5
18. Shale: blue gray, fissile, limonite concretions .........coeeceenes 11.0 ly crinoidal fossi]ifer};’uv?r¥ e with coarse crystals; coarse.
Estimated thickness of the Bloyd 127.0 18. Shale: buff to gray ca?c,arecgt;sthl'-" shale breaks .. 8.0
Hale formation ' . . 2 si!iferous, cri‘noid re'mains, corais imestone concretio
17. Sandstone: gray to blue gray, very calcareous with lime- . le9§t0ne with two shale breaks: {i - R 1.5
stone inclusions; weathers pitted and ferruginous ................ 240 fossiliferous, Dentalium, o idal : ght gray, very coarse;
16. Covered 5.0. calyces ... i » crinotdal and with poorly preserved
15. Sandstone: limy inclusions; weathers cross-bedded and in 90 }g IS‘halle: similar to bed - 75
horizontal parallel flutings , . Limestone: dark bl % : - .05
14, Covered 310 material thin-bedcreed blff_l_(' argillaceous with coarse crinoidal
13. Sandstone: yellow buff, calcareous; massive bedded ............. 20 14. Shale: with thin limestone beds: very el 20
12. Sandstone: argillaceous, calcareous, and silty ; tracgb[;hospgate 6.0 13 ir.ace phosphatic ... ; very calcareou
11. Sandstone: greenish, argillaceous, few limonite pebbles; thin- . Limestone: dark gray, coarse w. e 6.0
bedded; weathers ferruginous ng 12 g;lclite masses ; cllfi;’:)leélacloa;zgsi‘;]ilft(]zlrcys;y coarse crystals, large
Thickness of Hale X - Shale: blue black to black, fissile AT 15
: A R s , calca ;
Mississipian mc!l hard, iron-stained bed ; fossiliierousr'eotles, includes a 6-
Chester series Hale £ Thickness of Bloyd ... ; trace phosphatic... 3.5
Pitkin limestone ale formation T 85.0
10. Limestone: blue gray, sublithographic 8.0 1. z«l:;gicoslfongl: gray, coarse medium; sandy beds and sandy in-
9. Limcstone: gray brown, jointed, fossiliferous ... . 100 beddeds- "t‘t are greenish buff, medium grained uneven
8. Shale with knobby limestone; fossiliferous, in part slightly 10. Shale: not so sandy in upper part ... ' 10.0
phosphatic. Limestone; blue gray, very coarse, very crinoidal 1.0 0. Limest gray with greenish cast, calcareous 0.3
7. Limestone: gray blue gray, fine, tough; weathers smooth 1o 8 Ijimcstgxl::: Sl’l'l::;"::] t(l)) 33(1 '7 ......... e 20
and pitted . ST »u cdded, conglomeratic; tra [ atic 0.
6. Limestone: few thin shale beds 290 7. g;é"eflsi;(l):le. I()lmkl; Very coarse with large calcite ccer\r'gt:l)ssx')htﬁill? 03
Thickness of Pitkin 59.0 sandy beds that show trace of phosphate, few i)lack,

small, low grade calcareous phosphatic pebbles in the limestone



130 MORROW SERIES OF NORTHEASTERN OKLAHOMA

Feet

and cspecially in sandy lenscs; extremely crinoidal, Pleuro-
dictynm (Michelinia), large corals, crinoidal bases, Composita,

Thickness of Hale

Mississippian
Chester serics

Pitkin limestone . . .
Limestone : gray with greenish hue, fine medium with coarse

crystals, greenish argillaceous streaks near top; extremely
rubbly and uneven bedded; few small black low grade phos-
phatic calcareous nodules ncar tpper part of bed ..t
5. Limestone: gray, fine with large calcite masses, jointed;
fossiliferous, Linoproducius, Composita
4. Limestone and shale: shale, calcareous, fissile; gularly
bedded; limestone in thin beds, gray, sublithographic; light
blue on weathering, knobby; Plenrodictyum (Michelinia.)....
3. Limestone: gray, fine to sublithographic; brittle, conchoidal
fracture
2. Limestone: poorly exposed below top; reddish brown on
weathering ... . :
1. Limestone: on floor of. quarry, brown with dark calcite cry-
stals, fine with coarse crystals, jointed; weathers by spalling
off locally; Archimedes, bryozoans, brachiopods ..ceeeeveeremncnanne
Covered below
Exposed thickness of Pitkin

70. BLACKSMITH SECTION, E% SEC. 10, T. 16 N, R. 20 E.

Pennsylvanian
Des Moines series
Atoka formation
35. Sandstone: on top of hill
34. Shale: sandy, weathers red
33. Sandstone: yellow brown and gray, heavily iron stained, fine
to medium grained; massive- and thin-bedded
Exposed thickness of Atoka
Motrow serics
Bloyd formation
32. Shale: blue gray, fissile; weathers buff
31. Shale: poorly exposed ..
30. Shale: buff, plastic, scems to grade into bed below
20. Siltstone: green to buff brown, moderately iron stained along
bedding planes, thin-bedded, jointed, carbonaceous ......ccoeuee-
28. Shale: poorly cxposed
Thickness of Bloyd
Hale formation
27. Limestone, argillaceous: blue gray, coarse medium; large
coral, extremely crinoidal, Composita
26. Shale: poorly exposed ...
25 Limestone: similar to bed 23, lower 1 foot glauconitic; Com-
posita, Spririfer
24. Shale . :
23 Limestone: blue gray, medium matrix with coarse crystals;
weathers thin and uneven bedded and crinoidal; fossitiferous
22. Shale: poorly exposed .o
21. Limestone: blue gray, iron spotted, coarse; upper part un-
even bedded; crinoidal
20. Shale: poorly exposed
19. Limestone: light gray to cream gray, fine, some 2-inch calcite
masses, jointed; weathers crinoidal; Pentremites abundant,

Dictvoclostus, Hustedia 14.5
27.3

LN o oL Wi
T [—X=] [=XJ,3 wnmo
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]zuge Plenrodict i Michelinia 7.6
y

Mississipian
Chester series
Pitkin limestone

18. Shale: di i : o
(A;::fbo:iolﬁ,};)blue gray, iron stained; fossiliferous, Crurithyris

17. Limestone: dark blue i 20
: darl gray, coarse, iron spotted and ined;
locally a crinoid st i isc X P e

1 (I::‘_inu: 2 jorinoid, :;r.n c‘gguma, isolated plates of Agassizo- 0

. Limestone: gray to buff gray, fine medium: incl '
. . T ; 1d -
%:]tél;)g;*?g):lz btetdf:l a fewh mcl"les thick, some tl‘li:l e:h:}geps;ﬂ:-

}i El_lal'e potted; weathers smooth gg

. Limestone: gray to blue gray, coarse with v ’
tals, brown calcite : tot iron Stained s’ Compositad.

}g Ebale: o exporsx;':lisses, tough iron stained; Composita?.... (?i(_)

. Limestone: similar to bed 10; weath i ?
top bed carries abundant largf's Arclziil;:d;gugh and irvegular;

i(l) I%l_'lale: POOL]Y  €XPOSEA ovveveoeoeoooeeemeeeees oo ig
5 béﬁ:les(;one:dlower part blue, fine to sublithographic; thinner '
¢ ed and rubbly near top; crinoidal, very f{ossiliferous

abundant Pentremiies, Archimedes ; 4
(9;' E?:le:t blue dgralgr,b})lasgc, calcareous 2'8
. nestorte ; dar ue black, fine with coarse ’
;andy, emits carbonaceous :Jdor when struck c‘:,);:}tlalﬁ;r;omugpz
. Le_w black nodules that contain trace phosphate .. T
z imestone: light blue; knobby on weathering 05
. Shale: poorly exposed 2.0
i. E?;l:t blue 1gray, fissile, plastic 1.0
. stone : alternating beds of blue gray, very fi i ’
: v, very fine to sublitho-
Ff;(l;:é)ill]ilfce'rgag gcrrqy, "éeliy ‘Eloarse.ly crystalline ; massive bedlde]g'
inoidal i i ;
Thickncss 5 tinoidal, gassizocrinus, iron spotted ... 3.6
Fayettevglle shale 346
hale: poorly exposed
2. Limestone: thin-bedded 10
1. Shale: black, fissile 7o
Covered below 70
Exposed thickness of Fayetteville 10.0

71. FLOWER CREEK SECTION. SEC. 19, T. 16 N., R, 20 E.

Pennsylvanian

Des Moines series
Atoka formation

24. Sandstone: medium grained, few coarse i
: d

%23 Shale: blue black, g'reenis.h hue; well joiEtrea(;,n?sanlj;S.e..s ........... 228
2 E:(;lgeséone: fine grained, iron stained; ripple marked, “Cross- i
Exposed thickness of Atoka 38'8

Morrow series -

Bloyd formation

21, Covered 24
fO. Shale: blue gray, fissile 3'8
llt? %;::leéstone: gray, medium, even; weathers ligh %8

. Limestone: blue gray, iron spotted; i ; '
weathers thin-bedded; {ossilifgroui i vpper 3 inches sandy; 2.0
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16. Shale, poorly exposed
Estimated thickness of Bloyd
Hale formation . .
15. Limestone: gray with greenish calcite masses, very fine
with coarse crystals ...

14. Limecstone: rough, irregular, and knobby! very sandy, green
argillaccous streaks and shaly partings, limonite concretions;
Pleurodictyum (Michelinia), bryozoans, Hustedia, Composita,
Derbyia?, Spirifer, trilobite pygidium .

13. Limestone: light to cream gray, coarse to coarse medium;
glauconitic .. : . .

12. Limestone: light gray, fine medium to medium; weathers
thin-bedded

11, Limestonc . e—
10. Limestone: coarse with large calcite masses, heav.ll'y iron
stained, granular; weathers knobby; crinoidal, fossitiferous,
Plewrodictyumn  (Michelinia) common

9. limestone: light gray, very coarse - - .
8. Limestone conglomerate: pebbles of shale, limonite and lime-
stone jn limestone matrix, very sandy, phosphatic; weathers
thin-hedded and uneven bedded
Thickness of Hale

Mississippian
Chester serics
Pitkin limestone

7. limestone: light neutral gray, sublithographic, qolitic —

6. Limestone: light gray, fine medium, moderately iron stained
buff ; weathers rubbly and uneven

5. Shale : . .

4. ljimestone: gray, coarse, granular, iron stained; weathers
simooth

3. Shale ........ . -

2. Limestone: blue gray, crinoidal;.fossiliferous .ovcoicrnees

1. Limestone and shale

Covered below o
Exposed thickness of Pitkin

72. BOBTAIL BRANCH SECTION. SEC. 8, T. 16 N, R. 21 E.

Pennsylvanian .
Des Moines series

Feet’

5.0
38.0

16.0

Atoka formation
Morrow serics

74.0

Bloyd formation

320

Hale formation

Mississippian
Chester serics

30.0

Pitkin limestoune

73. EUREKA SECTION. SEC. 21, T. 16 N, R. 21 E.

Pennsylvanian .
Des Moines series
Atoka formation .
16. Sandstone: thin-bedded, poorly exposed

Daag
oo

Exposed thickness of Atoka

Morrow series
Bloyd formation

46.0

15. Covered
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14. Limestone: blue gray, thin-b d ‘ i et
s gy, in-bedded ; weatl!ers thin-bedded and
;% Egvered ?8
- Limestone: light gray, coarse medjum: weathers B '
| lig y Ine H smooth;
ié g;vres:(l% crinoidal, some black crinoidal material ... 28
- Sandstone: yellow brown, coarse t i i ’
: v, .to medium grained, very
0 E :)%lgleydcalcareq s, heavily iron stained (may not be in place) 2.0
Estimated thickness of Bloyd 63.0
Hale formation 0
8. tl),el(ritzjis:itone: gray, coarse medium; weathers rough and thin-
7. Covered 1
¢ Shale %0
- Limestone: light blue gray, fine with sublitho i )
© lig ) graphic lenses;
\ {;ﬁz}g};g:lss in light blue splotches; moderately crinoidal, fos- 20
. Limestone : dark blu t i i )
; igry e Jarke an?i g;ﬁl);yo purplish, buff on bedding planes; 10
3 t : . e . *
wg;flfeg:esn::)%}:ltl gray to gray brown, oolitic in upper part;
Thickness of Hale o
Mississippian 260
Chester series
Pitkin limestone
2. Limestone: gray, fine medi ith H
: _}ginted e’ r;ther rubb?ym.?’ with coarse crystals; weathers 60
. Limestone with few thin sh. .
Cimestone with ew thin shale beds 12.0
Exposed thicknéss of Pitkin 18.0
74. SOUTH TAHLEQUAH SECTION. SEC. 5, T. 16 N, R. 22 E.
Pennsylvanian '
Des Moines series
Atoka formation
14, Sandstone: medi t i
ig govered edium to coarse grained 138
. Sandstone: fine to medium ined; i i
Bpoie e to m At()lm’grame ; massive bedded ... 2(2)8
Morrow series '
loyd formation
1. Covered 18.0
10. Limestone: blue gray and dove gray, fine with sublithographic )

crystalline lenses; weathers ligh :
granular beds ers light blue and rubbly, with local

9. Covered, poorly exposed shale ne b:
Estimated thickness of Bloyd .o
Hale formation

Limestone: dove gray, fine eve ine;
i : , fi n crystalline; weathers rough 4
Limestone: upper part light gray, fine with coarse crystal%; 0

very uneven bedded; weathers smooth an ;
iy founeven bec ; d uneven; moderate-

6. ;irrlré;stone: coarse crystalline, trace phosphatic; weathers very 180
Thickness of Hale 24%8
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Mississippian Feet
Chester series
Pitkin limestone gray to drab gray, sublithographic crystal-

imestone: blue 80
> {{::élfssg::fc thin shale heds at the base e
Estimated thickness of Pitkin .
Fayetteville shale : 2:158
d e . !
g gg;egef Septarian concretions 2468
d o exnonced. dark gray to black .eciiiiicnicniinncnsicnees . !
% (S:g;fg t:: poorly exposed, dark gray to black ommicenienns
" Covered below 640

Exposed thickness of Fayetteville .

JEC. 6, T. 16 N, R. 22 E.
ST TAHLEQUAH SECTION. SEC. 6,
7. YYIE’?‘O SEC. 1, T. 16 N, R. 21 E.)

Pennsylvanian .
Des Moines series

Atoé<0a {gimstig:e: yellow brown, medium to fine grained, well

3.0
Jolnted 4 ) 3.0
J]:Z);c'})gsed thickness of Atoka
Morrow scries .

Bloyd formation 60
29. Covered — 8
2. ke el T blithographic with black cal-

i . blue to bluc gray, sublithographic wi ; -
z. hlll:e\s/tu?::: a::(luim?dl masses 3 uneven bedded, jointed ; weath 40
crs rubbly and in light blue splotches i
26. Shale e
25. Covered 6o
2 e one s b ay. fine medium with few coarse
2 %;;:lizsaggl'le\;egltl}lieerzosg%‘:tlg;r f)gssiliferous, moderately crinoidal ‘213
%21 i}i]sllgstaﬁe: blue gray, “medium to fine medium; thin-bedded 20
" and granular; crinoidal 4%8
| L R— !
2 %‘lﬁ‘i&ated Thickness of Bloyd
Halle9 fog:i:]l;,tr;ne: yellow brown, n:ledium to fine medium gramed";. 20
) slightly calcareous; heavily iron stamle(‘l lesru -~ 28
18. Limestone: weathers in light blue splotch , vt 30
17 Covered b s i ith very coarse and coarse
i : bl ray, medium with very coarse an¢ Coars® 20
16. i:;;:z;g?ethiz ubeed[fiecl; granular on weathering ... as
11451 E?I‘l’l:!;i(olne: gray, very coarse to COarse, granular; weathers 20
13 i‘i]lz?:ts‘t‘o;nec r l’]tg‘i(rl:ll)ea;icd; “;;;l.l.l.ers rough and irregt.l-l.:ar ...... gg
1% }::::g:g:g neutral gl‘*';;,m'st-l.l;iithographic; weathers jointed, 30
) ight blue .. e
10 E:tl)l?(l{to?lgd é:—%\v, coarse to coa_:]sel medium ; weathers buff a.m:.\' 20
) inoidal’; iti us, crinoidal . -
9 gi‘r‘é?:ﬁﬁh’e:fﬁfgsﬁlt‘fggy to gray black, coarse even crystalline, 00
" oolitic; weathers rough .. 0o

Thickness of Hale ...

MEASURED STRATIGRAPHIC SECTIONS

Mississippian
Chester series

@Sy N

=N

Pitkin limestone
Limestone
Limestone: dark blue gray and brown gray, iron stained
along bedding planes, very coarse; crinoidal and fossiliferous
Limestone: light blue, sublithographic: jointed ...
Limestone: neutral gray, fine with sublithographic crystailine
lenses; jointed, uneven bedded; weathers thin-bedded and
rubbly; fossiliferous, Diaphragmus
Covered
Shale
Limestone
Limestone and interbedded shales: grades downward into

Fayetteville shale
Covered below
Exposed thickness of Pitkin

76. PARKHILL SECTION. SECS. 26 AND 27, T.16 N, R. 22 E,.
Pennsylvanian
Des Moines serjes

Atoka
35.
34.
33.

Morrow series

Bloyd
2

23.
22.
21.

20.
19.

18.
17.

formation
Covered: brown shale and clay soil
Sandstone: thin-bedded, shaly

l?a(ilddstone: medium grained, heavily iron stained; rather cross
edded

Exposed thickness of Atoka

formation
Shale: fissile; weathers buff
Shale: buff with greenish hue
Shale: blue, fissile, limonite concretions
Limestone: rubbly
Limestone: very fine to sublithographic; uneven bedded and
rubbly, fossiliferous lenses and discontinuous shaly beds ...
Shale: buff to yellow brown, includes a 0.3-foot limestone
similar to bed 26 .
Limestone : light blue gray, coarse medium; weathers smooth ;
moderately crinoidal

Siltstone : similar to bed 23 ..
Limestone: purplish blue gray, coarse medium; weathers
smooth and iron stained, coarsely crinoidal; discontinuous
along strike
Siltstone, with limy stringers; buff with greenish hue, appears
sandy and gritty
Limestone: blue medium with coarse crystals; upper 3 inches
shaly and fossiliferous
Shale: gray, plastic; includes 6-inch shaly limestone bed that
is very fossiliferous, dmplexus, Productids, Spirifer rocky-
montanis -
Limestone: dark blue gray, coarse to coarse medium; weath-
ers buff; crinoidal and {ossiliferous, Pleurodictyum (Mich-
clinia,) Pentremites, COMPOSHG oo
Shale: brown with greenish cast, blocky, ferruginous; in-
cludes a 6-inch sandstone bed, heavily iron stained that weath-
ers pitted
Limestone: shaly, rubbly, and contains 1- to Z-inch shale
beds; crinoidal on surface, Pentremites oo
Limestone: gray with blue gray bands, very fine to sublitho-
graphic; fossiliferous; grades into limestone above. ...
Thickness of Bloyd

135

Feet
6.0

290
2.0

& BoNwn
< COOoC

40.0

-
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n

19.8

3.0
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Feet
Hale formation
16. Shale: plastic, buff to light blue, somewhat variegated ... 1.0
15. Sandstone, calcareous: hecavily iron stained; weathers pitted
and cavernous; fossiliferous 1.0
14. Limestone: purplish blue to blue green, very fine, some coarse
crystals, clay inclusions and sandy; this seems to be reef-
like, grades laterally into a fissile shaly sandstone . 25
13. Shale: sandy, fossiliferous; weathers buff 20
12. Shale: mostly covered 20
11. Limestone: light gray, very coarsely crystalline; crinoidal;
upper 3 feet shaly 10.1
10. Shale: buff with greenish cast, fissile 2.0
9. Limestone: gray, coarse medium to coarse, some black cal-
cite masses; weathers buff and in uneven beds ...oveeeeerreenecensen 14.7
8. Limestone, sandy: light gray, coarse medium with large cal-
cite masses; uneven bedded, crinoidal 6.5
Thickness of Hale 4138
Mississippian :
Chester series
Pitkin limestone
7. Limestone: similiar to bed 5 05 .
6. Shale: calcareous, trace phosphatic; very fossiliferous, bry-
ozoans 0.5
5. Limestone: blue, fine medium to fine; conchoidal fracture; top
bed contains many Archimedes and a pebble layer s 6.0
4. Covered 3.0
3. Shale .. 50
2. Covered . 30
1. Limcstone: blue, jointed, sublithographic; fossiliferous,
Diaphragmus 6.0

Covered below
Exposed thickness of Pitkin 240

77. SUGAR MOUNTAIN SECTION, SE%, SEC. 21, T.16 N, R. 23 E.

Pennsylvanian
Des Moines series
Atoka formation ’
19. Sandstone: on top of hill 2.0
18. Covered 120
17. Sandstone: fine-grained; thin-bedded 1.0
16. Covered 70
15, Sandstone: blue gray, thin-bedded, calcareous; weathers iron
stained brown . 3.0
14. Sandstone: fine-grained 3.0
13. Sandstone: blue black, very fine grained, hard, carbonaceous,
well jointed 1.0
Estimated thickness of Atoka 29.0
Morrow series
Bloyd formation
12. Covered 410
11, Limestone: biue gray to brown gray, fine with coarse medium
crystals; weathers smooth, buff colored with light blue
splotches; crinoidal, very fossiliferous - 20
10. Covered ; 48.0
9. Shale: blue gray, fissile 2.0
8. Limestone: blue gray, very coarse, crinoidal, granular, iron
spotted ; weathers smooth and granular 4.0
7. Covered 1}(5)8

Estimated thickness of Bloyd

MEASURED STRATIGRAPHIC SLECTIONS

Hale6 formation

s

el

Mississippian

Limestone: lower i
pamestone o part, neutral gray, fine medium, hard;

YS.‘ovcred
andstone: light gray, fine-grai i i
. y grained, iron stain HAW
ggv;:dd, etlbundant plant remains, (,"alamiies ed buff; weath-
ed to approximate top of Pitki indicati
calqareous sandstone that mI;y be ilr:kg};c:ew indications of
Estimated thickness of Hale

hester series
Pitkin limestone

Fayeltteville shale

overed: ey idences of hmesto e, blue ra; coarse; mnasstv
n
y gray, arse; Imassive

Estimated thickness of Pitkin

Covered: to estimated top of “Boone,” evidences of shale

black, fissil i i
Meramec?l e, probably includes some beds assignable to the

Estimated thickness of Fayetteville

78. SPADE MOUNTAIN. SECS. 1 AND 12, T. 16 N, R. 24 E. SEC-

TION

STARTS ON EAST LINE OF SEC. 11, ABOUT 1/8

MILE NORTH OF SOUTH LINE OF THE SECTION.

Pennsylvanian
Des Moines series
Atoka formation

37.

Morrow series

Bloyd
36.

34,
33,
32,
31
30,

29.
28,

Sandstone: occurs as deepl h
B iopurs as Atg k); weathered loose blocks

firmation
imestone: blue gray, fine medium:
pla(tl)ij H fosgliferous, c;inoidal  weathers bumpy and
ote: Bed 36 correlated with Kessl
. » e
formation. Thickness 3.0 feet.) r member of Bloyd
E.hale; ﬁss%el, limonite concretions
tmestone : blue gray, coarse with lar, i
! . I ge calcite masses ; weath-
ers iron stained buff; i inoi ] di ;
it uft; fossiliferous, crinoid base, Plenrodictyum
Ehazle:t ﬁssilt}sl limonite concretions
andstone: fine-grained, ver i
b irop ine-graied, y calcareous, trace phosphatic,
IS‘bale:t ﬁsslllq, hlimonite concretions
imestone : light gray to da i i
o Eht gray rk gray, medium to fine medium;
Covered: probably shale
Limestone: gray to blue gray, coarse medium with very coarse

crystals, | H
foisilifse mggally granular beds; weathers knobby and rubbly;

ICJpvered: prgbably shale
imestone: blue gray and b ium;
weathers iron stained brownrown gray, fine medium; platy;
Epver:d: prb(;bably shale
imestone : blue gray, fine medium to medium ; b
weathers buff and smooth; fossilife oaag . edded;
I(ipvered: probably shale ’ rous, crinoidal
imestone : similar to bed 19, locally thin-|
Covered: probably shale : y thin-bedded
Shale: fissile, limonite concretions

137

Feet

N —
N~ hoo
oo & oo

32.0
32.0

43.0

n
oo

3.0

19.0

e iy N
oo Lo oo
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Feet
19. Limestone: blue gray and brown gray, medium with coarse
crystals; weathers iron stained; crinoidal ....ooninnens 2.0
18. Shale: fissile, limonite concretions 7.0
17. Limestone: blue gray, coarse medium to medium crystalline;
fossiliferous and crinoidal 4.0
16. Shale: fissile, limonite concretions 7.0
15. Limestone: brown gray with black argillaceous streaks, very
sandy; thin-bedded; Pentremites 1.0
14. Limestone: blue gray, medium; weathers in thin uneven
beds; fossiliferous, crinoidal 20
13. Shale: fissile, limonite concretions 6.0
12. Limestone 10.0

11. Limestone: neutral gray, sublithographic with black calcite
crystals, contains peculiar “limonite concretions” about 1 inch
in diameter ; weathers smooth and light blue .....coovreerereenreens

10. Limestone: gray, medium with coarse crystals; weathers
smooth; coarsely crinoidal .
Thickness of Bloyd 140.0

Hale formation

9. Sandstone: light gray, calcareous; weathers pitted and cav-
ernous 11.0
8. Covered: includes many beds of calcareous sandstone 70.0
7. Shale: similar to 20
6. Shale: blue black, fissile 1.0
5. Sandstone: yellow brown, medium grained; thin-bedded; high
in phosphate 2.0
4. Shale: yellow brown, ferruginous; carries thin sandstone beds,
average about 2 inches thick, extending across the shale bedding 11.2
3. Shale: yellow brown; weathers fissile; fossiliferous ... 1.0
2. Shale: blue black, fissile, poorly exposed 0
Thickness of Hale .2

Mississippian
hester scries
Pitkin limestone

1. Limestone: blue gray, poorly exposed 20.0
Covered below
Exposed thickness of Pitkin 20.0

79. WAUHILLAU SECTION. SEC. 19, T. 16 N,, R. 24 E.

Pennsylvanian
Morrow scrics
Hale formation

10. Sandstone: massive beds up to 6 and 8 inches thick weath-

ers red . 16.6
9. Shale: dirty yellow - 46
8. Saudstone: dirty yellow; beds average 2 or 3 inches thick ... 20
7. Shale: blue gray, fissile, limonite concretions; weathers yel-

lowish brown and light colored 17.8
6. Covered: probably sandstone 2.5
5. Sandstone: thin-bedded, beds average less than 1 inch thick... 2.0
4., Sandstone: beds 2 to 3 inches thick, well jointed _.ocovcerenena. 214
3. Covered 11.2
2. Shale: yellow brown; with thin sandstone beds, maximum

2 inches thick, extending across the shale bedding ........ooee. |
1. Shale: blue gray, fissile; weathers yellow brown to buff .......... 3.0

Covered below

Exposed thickness of the Hale 88.1

(This section may be too thick because of structure)
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80. COON MOUNTAIN. SEC. 35, T. 16 N, R. 24 E.

Pennsylvanian
Morrow series

Bloyd formation Feet
24. Limestone: on top of hill, fossiliferous
23. Shale: blue gray, fissile, limonite concretions .................. gg
22, L_l{nestone: blue gray, fine medium to medium, tough; fos- ’
siliferous : 5.0
21. Covered 17.0
20. Shale: blue gray, fissile, limonite concretions ... 100
19. Covered: limestone rubble 40
18. Limestone: blue gray, fine; well jointed ..oooooooorvvemooo.... 5.0
O T 50
16. Shale: blue gray, fissile, limonite concretions ........oo...... 30
15. Limestone: blue gray, fine, tough; weathers smooth . 10.0
14. Shale: blue gray, fissile, limonite concretions ... 8.0
13. Lxmgs_tone: blue gray, coarse medium to coarse; extremely
fossiliferous, bryozoans 3.0
12. Covered 10.0
Exposed thickness of Bloyd 91.0
Hal]e foimation
. Limestone: blue gray and brown gray;
10. Sandstone: thin-bedied gray; weathers platy -....... 28
9. Covered 180
8. Sandstone: typically weathered 430
7. eSandst:i)ne: yellow brown; massive (in a single bed) ; weath- '
rs re
6. Limestone: yellow gray with a resinous appearance, med- 60
ium; weathers smooth 15
5 anglomerqte: calcareous, coarse limestone matrix, with lim- )
g;:;‘ttl: and jasperoid pebbles; weathers red, considerable phos-
Thickness of Hale 8(1)g

Mississippian
Chester series
Pitkj;l lilimstone
. Limestone: blue gray, tough, fine; occurs in knobby layers
3. Shale: dark black to black, calcareous, sandy; fos,ysilifyerous 10
crushed brachiopods, Spirifer rockymontanus; trace phosphatic’ 1.0
2. Limestone: blue gray to buff with black calcite masses, fine

medium 5.0
1. Llfnestone: _dark gray, very coarse, tough; beds average 1 to )
-3 inches thick; weathers platy 16.0
Exposed thickness of Pitkin 230

81. WALKINGSTICK MOUNTAIN
SEC. 4, T. 16 N., R. 25 E. » SECTION MEASURED IN

Pennsylvanian
Morrow series
Bloyd formation
13. Limestone: massive, light blue gray, coarse medium, crystal-
line; weathers evenly; fossiliferous, crinoidal

Exposed thickness Of BIOYd oo %8

Hale formation .

12, Covered ... 4.0

11 an_:s'toue: light blue gray, coarse medium; weathers evenly : '
fossiliferous and crinoidal, carries an abundance of capuldid

snail shells 3.0

10. Covered 200
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Féet
9. Limestone: light blue gray, tough, medium; weathers evenly 4.0
8. Covered 7.5
7. Limestone: blue gray, very coarse; fossiliferous ..o.oooo....... 4.3

6. Limestone: similar to bed 7 but carries prominent green
streaks and trace of phosphate 1.0

5. Limestone: blue gray, extremely coarse and crinoidal ; fossilif-
erous, many crinoid stems replaced by limonite .......ocoenn. 6.0

4. Limestone: cream gray to light blue gray, oolitic, coarse
~ medium, glauconitic; weathers evenly; fossiliferous ................ 5.0
3. Covered 23.0
Estimated thickness of Hale 780

Mississippian

Chester series
Pitkin limestone
2. Covered and black shale 27.0
1. Limestone: gray to brown, medium to fine; weathers smooth 5.0
Covered below
Estimated exposed thickness of Pitkin 320

82. MOUNTAIN WEST OF STILWELL, OKLAHOMA, SEC. 33,
T.16 N, R. 25 E.

Pennsylvanian
Des Moines series
Atoka formation
17. Sandstone: thin-bedded, some shaly beds; poorly exposed ... 5.0
Exposed thickness of Atoka 5.0

Morrow series
Bloyd formation :
16. Limestone: brownish blue gray, fine medium with larger cry-
stals, tough; weathers rough and pitted .0
(Note: Bed 16 correlated with Kessler member of Bloyd
formation.)
15. Covered 520
14. Limestone: brown gray, coarse; massive bedded in upper and
lower part, middle friable and granular on weathering ; upper
and lower parts weather smooth; fossiliferous and coarsely

crinoidal 8.
13. Covered: may include two poorly exposed limestone outcrops 28.
12. Limestone: blue gray, coarse medium to coarse; weathers
smooth and crinoidal 4.
11. Covered: probably shale with some limestone ...............ocoeueec.nce. 21.
10. Limestone: blue gray, coarse; weathers smooth with few
pittings and flutings; extremely crinoidal “.........ccooeveimracerrvrannens 4.
9. Covered ... . 3.
8. Limestone: blue gray, very coarse and medium, rather sandy;
weathers red 3
7. Covered 17.
Estimated thickness of Bloyd 143,
Hale formation
6. Limestone: gray, very coarsc; thick bedded; fossiliferous,
crinoidal 3.0

5. Limestone: light blue gray to cream gray, medium to fine
medium ; massive to platy; wecathers shingly and some cross-
bedded, includes limy sandstone and sandy limestone members,
All weather fluted and cross-bedded with some very sandy beds  70.0

4, Limestone, conglomeratic: reddish brown to black, coarse;
weathers sandy, crinoidal, some limonite pebbles, trace phos-
phatic .
Thickness of the Hale 7

PN
(3,47, 1

oo oo oo oo
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Mississippian
hest‘er' series
Pitkin limestone Feet

3. Limestone: dark blue i

I ) t da gray to brown, fine medium

5 inclusions ; thick and thin bedded ; weathers knoleS}?me sandy

. l(;ove:ed: llg;estone rubble and shaly soil .
imestone: blue gray to brown gray. coarce
sandy inclusions Y n Brey, coarse m
Covered below
Exposed thickness of Pitkin

83. STI
o I%VgSEEL MOUNTAIN (NORTH END), SEC. 35, T. 16

Pennsylvanian
Morrow series
Hale formation

13. Covered: calcareous sandstone rubble and sandy soil

12, Limestone, very sandy : ith greenish streaks, 20
) y: dark blue gray with i
1 anrse medium; weathers fluted and pitted;gil'-g:s?illsi}f’efgr?ks’ 8.6
& L?r;ir(tfd: lnl)]estone rubble .. 80
9. lie_ddeilone. ight gray _to buff, coarse medium, oolitic; thin 1.2
. Limestone: ium; thick . |
; esro]:nis ?ne bh:xf. gray, coarse medium ; thick-bedded ; fossilif- 114
- Sandstone, calcareous: yellow brown. mei i rained; some. '
what cross-bedded .. yeow brown, medium grained; some-
. Exposed thickness of Hale . e
Mississippian 651
hester series
Pitkin limestone
Limestone: dark blue gra
i Y e
6. Limestone: dark blye ra; i H i 50
s ét;lssliliferouhs ;ktrace phogsphjgticm edlum coarses one bed quite 5.0
X ale: with knobby limestone beds 2 to 3 inches t ick, v ’
phale: wi by inches thick, very
lingg at:'e,lowale similar to bed 3 below; limestone similar to 10
imestone : i '
mest e: blue gray, coarse medium to coarse; weathers 05

ir_mondal, a microscopic coquina, trace phosphate
imestone: blue gray, coarse; massive-bedded ... 6.

Covered down to where ing i )
Covered Hown a spring issues over Fayetteville shale 23.0

Thickness of Pitkin

4

3. Shale: dark blue,mf'issile, very calcareous; hij
2

1

e . 400
84. BUGGER MT., SECS. 11, 14 AND 23, T.16 N, R, 26 E.
Pennsylvanian
Des Moines serics
Atoka formation
Covered sandstone rubbl d i
Estimated thickness of f\t:gl)(a B — ue
Morrow series e 1o
Bloyd formation
gg Ehale .
. Limestone: blue gray, fine medlumcr ---------------------------
L : , n ystalline; weathers buff
. Co?voerrzr:lge, extr.t.t-r-t?ily fosilhferous, many brachiopods .. 4.0
50. Limestone: brownish blue gra 50
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42.
41.

40.
39.

38.
37.

36.
35.

34.
33.

32.
31,

coarse crystals; weathers chocolate brown; fossiliferous ........
(Note: Beds 50-53 correlated with Kessler member of
Bloyd formation. Total thickness 14 feet.)
Covered
Shale: blue gray, fissile
Covered .
Shale: blue gray, fissile
Limestone: gray, fine medium crystalline with coarse crys-
tals; weathers platy; fossiliferous
Shale: blue gray, fissile
Limestone: gray black and brown gray, medium crystalline
with coarse crystals; weathers rough and crinoidal; fossilif-
erous
Shale: blue gray, fissile
Limestone: dark gray, tough, very coarse even crystalline;
weathers crinoidal and platy; fossiliferous ..
Shale: blue gray, fissile
Limestonc: blue gray, fine medium to fine crystalline; weath-
ers limonite stained buff
Shale: blue gray, fissile
Limestone: gray to gray black, medium to fine medium;
weathers smooth and buff
Limestone

Limestone: gray, coarse medium to coarse; weathers light

blue; fossiliferous
Limestone -
Limestone: dark blue gray, very coarse, even crystalline;
weathers smooth and dirty brown
Limestone .
Iimestone: dark blue gray to brownish, coarse medijum to
coarse; weathers smooth, crinoidal, limonite stained dirty
brown .
Thickness of Bloyd

Hale formation

29.
28.

Covered
Sandstone: cross-bedded, calcareous; weathers pitted and cav-
ernous
Limestone: cream gray with green streaks, medium crystal-
line; trace phosphate
Limestone
Limestone: medium crystalline, oolitic; thin-bedded to platy,
beds average 2 inches thick
Sandstone: light gray, calcareous; weathers yellow brown...
Clay: blue to purple, variegated when wet, plastic
Sandstone: yellow brown; [ T 31-4 [ [« AR——
Shale: yellow brown, fissile
Sandstone: similar to bed 19
Sandstone: light gray, medium grained, very stightly calcare-
ous; weathers yellow brown .
Sandstone: shaly, calcarecous; very thin-bedded, irregularly
bedded, ripple marks
Sandstone : light gray, medium grained, calcareous; weathers
yellow brown ..
Covered
Shalc: blue gray, fissile .. g :
Sandstone: brown with bluish streaks, micaceous, few lim-
onitic pebbles
Thickness of the Hale
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Mississippian
Chester series
Pitkin limestone

{g Shale: blue gray, fissile

12,
Fayetteville shale

Meramec? series
10.
9,
8.

AvaN

N

Limestone: light gray to brown, coarse medi ;
weathers blocky; fossiliferous dium to coarse;
Igmestone:_ brown, coarse with some fine crystalline inclu-
sions; weathers stnooth and thin-bedded
Exposed thickness of the Pitkin

Covered: includes some Pitkin in u
A : ! pper part
Estimated thickness of Fayetteville P

Limestone: light blue gray, very coarsely crystalline
Cgvered

Limestone: brown, some reddish brown crystals, fine medium
crystalline; weathers pitted and brown buff
Cgvered

Limestone: blue gray, very coarsely crystalline
Covered

Limestone: blue gray, coarse medium crystalline; crinoidal;

lf'na:sive bedded and thin bedded, somewhat platy in upper few
eel

Cgvered
Limestone: blue gray, coarse mediuin crystalline, glauconitic,
iron spotted; weathers crinoidal and yellow brown ...

Cov}elred to estimate top of “Boone,” heavily covered by slope
was

Estimated thickness of Meramec?

85. McBRIDE SECTION. SEC. 36, T. 17 N, R. 19 E.

Pennsylvanian
Des Moines series
Atoka formation

24,
23.
22.

Morrow series

Covered: sandy soil

Sandstone: medium grained, poorly exposed; few fossil casts
Covered

Estimated thickness of Atoka

Bloyd formation

21.
20.

19.
18.

17.
16.

15.
14,

13.
12.

11.

Shale: poorly exposed
Limestone: greenish gray, coarse; weathers smooth and mas-
sive bedded; crinoidal, fossiliferous, bryozoans .............
Shale: includes 0.5-foot limestone bed that is fossiliferous
and argillaceous
Sandstone: greenish with a yellow hue, very fine grained
calcareous; weathers pitted and iron stained '
Shale: poorly exposed
Limestone: blue to blue gray, fine medium; uneven bedded;
weathers buff; Spirifer ;
Shale; poorly exposed
Limestone: light gray, fine; uneven bedded; weathers jointed
and rough; crinoidal
Shale: poorly exposed
Limestone, poorly exposed: blue gray, coarse to coarse med-
ium; platy; crinoidal, Aulopore common
Shale: poorly exposed
Thickness of Bloyd

143
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Hale formation
10. Limestone: gray with greenish argillaceous lenses, coarse
to coarse medium; weathers rough
9. Shale: poorly exposed
8. Limestone: some beds poorly exposed "
7
6.

Limestone: blue gray, coarse medium to medium, coarsely
crinoidal
Limestone: blue gray; thin-bedded to platy; weathers brown

gray
Thickness of Hale

Mississippian
Chester series

Pitkin limestone
Limestone: upper part gray, sublithographic with coarse black
calcite crystals; weathers greenish gray; crinoidal; basal part
is brittle, gray to blue gray, very fine with coarse crystalline
lenses; uneven bedded, jointed; becomes sandy along strike ....

4. Limestone: gray, coarse medium with coarse crystals; weath-
ers in massive beds and jointed

3. Limestone: dark blue gray to gray, fine; weathers in mas-
sive beds

%. Litestone

Limestone: gray, fine medium with sublithographic crystalline
areas; weathers in massive beds
Covered below

Exposed thickness of Pitkin

86. CLEAR CREEK SECTION. SEC. 6, T. 17 N, R, 20 E.

Pennsylvanian
Des Moines series

Atoka formation
19. Covered: sandstone rubble and sandy soil .....ooeceeeecrnecane.ns
18. Sandstone: yellow brown iron stained, medium grained; thin

bedded and cross bedded
Exposed thickness of Atoka

Morrow series

Hale formation

17. Limestone: blue gray, coarse medium; thin bedded and platy,
well jointed; weathers brown

16. Limestone: gray, coarse medium, carries green argillaceous
streaks and lenses; uneven bedded; moderately crinoidal and
fossilifcrous ; tnany thin shale breaks

15. Limestone: light gray, very coarse; weathers smooth and
massive bedded

14. Limestone: very coarse; extremely uneven bedded, cross
bedded ; weathers thin and granufar

13. Limestone: light gray, medium ecven crystalline; appears
cross bedded; weathers granular and tends to spall off; one
bed very sandy and carries black pebble-like inclusions .....
Thickness of Hale L

Mississippian
Chester series

Pitkin limestone
12. Limestone: poorly exposed. Includes some thin shales ............
11. Limestone: blue gray; massive bedded
10. Covered

9. Limestone: gray, coarse med.i.um; weathers rough and rubbly;

fossiliferous . po—
8. Limestone: gray, very fine with coarse crystals; crinoidal,
fossiliferous in upper part. Poor OULCrop .o

Feet

...
SR B N
oo o (==

11.0
3.0

2.0
4.0

2.0
220
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Feet

7. Limestone: gray, sublithographic crystalline with some very

coarse beds; Linoproductus
Thickness of Pitkin

o
N oo
=1

Fayetteville shale

Coqered
Estimated thickness of Fayetteville

wen
SS
(==}

Meramec? series

W

2.

Limestone: gray, coarse medium; uneven bedded; fossilif-
erous, Archimedes, Diaphragmus, productids, Eumetria,
Spirifer, pelecypods, gastropods, trilobite pygidium
Covered
Limestone: black to dark gray, sublithographic lenses in

coarser matrix; crinoidal, fossiliferous, Archimedes, large
Bellerophon

Cov_ered 58
Estimated thickness of Meramec? 22,0

Osage series

1.

Chert and cherty limestone :
Covered below 160
Exposed thickness of Osage series 16.0

87. HULBERT SECTION, SEC. 34, T. 17 N, R. 20 E.

Pennsylvanian
Des Moines series
‘Atoka formation

18.

govgred above :
andstone: thin bedded, poorly ex d
Exposed thickness of At%oka v cxpose

S
oo

Morrow series
Bloyd formation

17.
16.

N®w

Ehale: poorly exposed
imestone: blue gray, very fine to sublithographic s thin-
bedded to platy, uneven bedded; fossiliferous graphe: o
Shale: blue gray, fissile, limonite concretions
Shale: blue gray to buff, sandy, fissile
Sl_mle: poorly exposed
Limestone: blue gray, fine with sublithographic crystalline
lenses; weathers buff; fossiliferous
I%hale
imestone: blue gray, medium with very coarse cr i

: Y ystalline
bands; thin-bedded and uneven bedded ; weathers iron stained ;
crinoidal ’
Shale: blue gray, stained buff
Shale: blue gray, locally very calcareous, fossiliferous
Shqle: poorly exposed
Thickness of Bloyd

-+

._.
= oW
oo oobo o

BN —

ot

o
P g
coobo

Hale6 formation

5
4
3.
2.

Limestone: light blue and gray, very coarse; weathers smooth
and granular; very crinoidal, fossiliferous .
E[lale:t blue gray to buff, calcareous, fissile ...
imestone: gray, very coarse; cross-bedde
bedded ; cririoidal ’
ghale: sandy :
andstone: iron stained; Calamites and other pl t i
Thickness of Hale ; pan’ remains 41.
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Mississippian
Chester serics
Pitkin limestone
1. Limestone: dove gray; weathers light blue, poorly exposed....
Covered below
LExposed thickness of Pitkin

88. TOM PATCH SECTION. SEC. 3, T. 17 N, R. 2L E.

Pennsylvanian
Des Moines series
Atoka formation
8. Sandstone rubble and sandy soil to top of hill ..orceennee
Exposed thickness of Atoka
Morrow series
Bloyd formation
Shale: poorly exposed
Limestone: blue gray; weathers shaly; very fossiliferous,
bryozoans, Peniremites abundant, Composita, gastropods .......
Shale: blue gray, fissile, limonite concretions ..o
Limestone: gray, coarse crystals in very fine crystallin
matrix ; weathers brownish, shaly and in big pittings ...
Shale: blue gray, fissile, limonite concretions
Thickness of Bloyd
Hale formation
Limestonec : gray, coarse with sublithographic crystalline arecas;
cross bedded; fossiliferous, crinoid plates and arms, Pentre-

aN

W RO

miles
1. Sandstone: heavily iron stained, medium to coarse grained;
thin-hedded, cross-bedded; weathers pitted and cavernous........

Covered below
Exposed thickness of Hale

89. PECAN CREEK SECTION. SEC. 26, T. 17 N, R. 21 E.

Pennsylvanian
Des Moines series
Atoka formation
32. Sandstone, medium grained
Exposed thickness of Atoka
Morrow series
Bloyd formation

31. Covered

30. Shale
29. Limestone: dark blue gray, fine even crystalline; weathers
rough and rubbly
28. Coverced, probably shale: may include a thin limestone bed.......
27. Sandstone: brown, medium grained, very calcareous, trace
phosphatic; limonite stained; fossiliferous viiicerns
26. Limestone: dove gray with black calcite crystals, very fine
with sublithographic crystalline lenses; weathers rubbly ...
25. Limestone: neutral gray with greenish cast, coarse with large
crystalline masses; weathers buff and argillaceous; very fos-
siliferous

24. Covered
23. Limestone: similar to bed 21
22. Covered .
21. Limestone: dark blue gray to purplish blue, fine medium
with coarse crystals; uneven and thin beds; moderately fos-
siliferous ...
20. Shale

Feet
4.0
40
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19. Limestone: gray to blue gray, fine even crystalline with few
coarse medium crystals; weathers buff and rough
18. Shale
Thickness of Bloyd
Hale formation
Limestone
16. Limestone: light gray, coarse; weathers iron stained buff
and brown; oolitic, crinoidal, very fossiliferous
15. Limestone
14. Limestone; neutral gray, fine even with coarse medium crys-
tal's;l : 1weathers iron stained buff and rubbly; moderately cri-
noida
13. Limestone, sandy : light gray, granular, coarse; uneven bedded,
buff to light brown on weathering; fossiliferous, crinoidal ...
12, Limestone: light gray, granular, very coarse; extremely cri-
noidal, crinoid stems white to cream gray
11. Limestone
Thickness of Hale

Mississippian
Chester series
Pitkin limestone
10. Limestone: neutral gray, very fine crystalline; weathers rough
and rubbly

9. Covered

8. Shale

7. Limestone: gray, very fine crystalline to earthy, well jointed;
weathers rough; moderately crinoidal

6. Limestone: dark blue gray, fine with small sublithographic
crystalline lenses and large crystalline masses, jointed; weath-
ers iron stained buff

5. Covered

4. Shale

3. Limestone: similar to bed 1

2. Limestone

1. Limestone: blue gray, coarse to coarse medium; ‘weathers

iron stained buff and rough; fossiliferous, productids, Comn-
postita
Covered below

Estimated thickness of Pitkin

90. CRITTENDEN SECTION. SEC. 30, T. 17 N, R. 21 E.

Pennsylvanian
Des Moines series
Atoka formation
23. Sandstone, poorly exposed
Exposed thickness of Atoka
Morrow series
Bloyd formation
22. Covered
21, Shale: poorly exposed
20. Limestone: gray with greenish streaks, coarse; weathers light
blue and light buff; fossiliferous

19. Shale

18. Limestone

17. Shale

16. Limestone: blue gray to brown gray, coarse; thin-bedded;
fossiliferous

8.0
1.0
1.0
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15. Covered
14. Limestone: thin-bedded, argiltaceous, very granular ...
13. Limestone, poorly exposed: brown and greenish gray; weath-
ers rubbly and uneven; fossiliferous
12. Limestone: blue gray, crinoid stems replaced by orange cal-
cite; uneven bedded; weathers brown and rough
11. Shale: poorly exposed
Thickness of Bloyd
Hale formation

10. Limestone: blue gray; uneven bedded to platy at top, cross
bedded, thin-bedded

9. Limestone: granular

8. Shale

7. Limestone

6. Limestone, argillaceous and sandy: blue gray to brown, med-

ium with very coarse crystals; weathers rough and jointed;
fossiliferous, crinoidal
Thickness of Hale
Mississippian
Chester series
Pitkin limestone
5. Limestone: light blue and brown gray, fine; weathers rough
and jointed :
4. Covered .
Fstimated thickness of Pitkin
Fayectteville shale
3. Covered
2. Limecstone .
1. Shale and covered to estimated top of Meramec? limestone......
Estimated thickness of Fayetteville

91. YONKERS SECTION. SEC. 10, T. 18 N,, R. 19 E,

Pennsylvanian
Des Moines serics
Atoka formation
22. Covered: sandy soil
Estimated thickness of Atoka
Morrow serics
Hale formation
21. limestone: bluc gray, coarse medium; weathers rubbly and
light blue; fossiliferous, Pentremites, corals, bryozoans; few
thin shale breaks . .
* 20, Limestone: blue gray with greenish argillaceous lenses, med-
ium; fossiliferous . .
19. Limestone: bluc gray, fine with sublithographic lenses; un-
even bedded; weathers smooth
18. Shale . , .
17. Limestone, very sandy: light gray, medium; weathers pitted,
uncven bedded and cross bedded
16. Shale: discontinuous along strike
15. Limestone: light gray, sandy pockets; weathers fluted and
cross bedded
14. Shale: heavily iron stained .
13. Alternating sandy shale, limy sandstone and sandy limestone
beds, 0.5 to 1 inch thick
12. Covered

20.0 .

20.0

16.0

MEASURED STRATIGRAPHIC SECTIONS

11. Sandstone : yellow brown, fine-grained ; massive bedded ; some
weather pitted

. . . . Thickness of Hale
Mississippian
Chester series
Pitkin limestone
10. Limestone: blue' gray, sublithographic; Archimedes, Dia-
phrogmus, Derbyia, thin shale bed 5 feet above base ...
9, Covered
Limestone: brown gray, coarse medium; weathers uneven
bedded and granular; heavily iron spotted

7. Limestone: gray, sublithographic; calcite veins ;
ue

Thickness of Pitkin
Fayetteville shale

6. Shale: black

5. Limestone: blue to blue gray, fine with large orange calcite
veins; weathers rough, crinoidal

4. Shale

3. Bed of septarian concretions

% Shale: black, well jointed

Limestone: weathers buff iron stained and irregular ..
Covered below

Exposed thickness of Fayetteville

92. E. YONKERS SECTION. SEC, 6, T.18 N, R. 20 E.

Pennsylvania
Des Moincs series
Atoka formation
21, Sandstone: light gray; abundant fucoids .o

20. Shale: sandy, platy; carries a sandstone bed; grades upward
into sandstone ...

Exposed thickness of Adtoka
Morrow series

Bloyd formation

19. Limestone: brown to green gray, very fine with coarse crys-

tals, argillaceous; fossiliferous, productids, Strobeus (Sphae-
rodoma)

18. Shale: poorly exposed
17. Limestone: poorly exposed

16. Shale
Thickness of Bloyd
Hale formation
15. legs_tone: yellow gray; very argillaceous; weathers rubbly ;
fossiliferous

14. Limestone
13. Limestone: light gray, coarse medium even crystalline; weath-
ers in thin, uneven beds
12. Limestone: few shale beds
11. Limestone: blue gray, coarse even crystalline; weathers thin-
be_dded and granular; crinoidal, fossiliferous, bryozoans .......
10. Lm}cstonc: light blue gray, medium with coarsc crystals, few
argillaccous beds; fossiliferous, large Thamnopora (Pachy-
pora), Pentremites
9. Limestone .
8. Limestone: gray, coarse medium with very coarse calcite
masses; uneven bedded; weathers smooth and irregular; cri-
noidal, Hustedia !
7. Limestone: sandy, iron stained
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Feet

6. Limestone, sandy: gray, fine; thin-bedded; fossiliferous,
Hustedia, productids 6.0
5. Sandstone: yellow brown, calcareous 2.0
Thickness of Hale 58.0

Mississippian
Chester series
Pitkin limestone
4. Covered . . 16.0
8. Limestone: gray, sublithographic to medium crystalline; fos-
siliferous, fenestellids, Archimedes, blastoids, productids,

Composita 4.0
Estimated thickness of Pitkin 20.0
Fayetteville shale :
Covered - . . 200
1. Limestone: gray, medium crystalline; Agassizocrinus base.... 4.0
Covered below .
Exposed thickness of Fayetteville 240
93. GIDEON SECTION. SEC. 36, T. 18 N, R. 21 E.
Pennsylvanian
Des Moines scries
Atoka formation
13. Sandstone and sandstone rubble, poorly exposed ..o 31.0
12. Sandstone: massive bedded 6.0
Exposed thickness of Atoka 370

Morrow series
Bloyd formation
11. Covered — 9.0
10. Shale: buff to greenish, sandy; thin-bedded to fissile, iron-

stained brown

Estimated thickness of Bloyd .- 13.0

Hale formation
9. Covered 13.0
Estimated thickness of Hale 13.0

Mississippian
Chester series
Pitkin limestone .

8. Limestone: light gray to white gray, fine to very fine; weath-
ers light blue; fossiliferous -

7. Limestone: blue gray, very coarse, large calcite masses;
weathers granular - .

6. Limestone: blue gray, very coarse; weathers jointed and light

5

4

> o

blue; crinoidal, Archimedes .
Limestone: light gray fine even crystalline, brittle; thin-bedded
Limestone: blue gray, Archimedes
Thickness of Pitkin
Fayectteville shale

3. Shale: black, fissile .

2. Limestone: dark blue gray, sublithographic; rubbly ...

1. Shale, poorly exposed
Covered below, shaly soil .
Exposed thickness of Fayetteville

94. CEDAR CREST SECTION. SEC. 8, T. 19 N,, R. 20 E.

Pennsylvanian
Des Moines serics
Atoka formation
13. Sandstone: poorly exposed 14.0

(3]
O hehAa OORN
o oo oooo o ©
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Feet

12 . . . .
cSr:-:)r;(Si—stt’ggged coarse and medium grained; thin-bedded  and

LExposed thick ¢
Morrow sepis ickness of Atoka 16

Hale formation
11.

Limestone, in a cliff: very
: very uneven bedded and cross-bedded :
at base, gray, fine medium with few coarse crystals; weathi,rs:
cross-bedded ; fossiliferous, crinoidal ; 28.0
lg. Eovered 0
. Limestone : brown gray, very coarse, sandy : i
¢ 3 y; weathers m
be_dded and thin-bedded, upper 4 feet cross-bedded ......... ;.l. ste 6.0
0
0

oo

8. Limestone poorly ex 2l ]

3 A posed : light gray, coarse medium + th
ers light blue and smooth crinoidal, ’ ili ) et

Thickness of Hale ! 2 Tossiliferous

Mississippian
hester series
Fayetteville shale

z (S:lovlered 11.0

3 hale: blue black, well exposed s

Thickn f ¢ i - By

Meramec? sk ess of Fayetteville 28.0
z{}lglel;g;eu s gray, sublithographic, brittle, conchoidal fracture,

4. Limestone ... £

3. Shale blue black, fissile . g'g

2. Limestone: dark gra i
e Y, coarse medium, granular :
Exposed thickness of Meramec? '8 ar; few shalc beds 0.

Osage series ) 430
Chert !
Covered below 00
Hale formation
Exposed thickness of Osage series 40.0

95. PRYOR SECTION. SEC. 20, T 21 N., R. 19 |
1% ML E. AND 1% MI. S. OF PRYOR IN EREEK

Covered above
Hale formation

Limestone, poorly exposed: blue gray and greeni

. : cet
coarse medium to coarse; thin beddeg, unevegn gelzlscllledg:l}:i'
rubbly in lowqr part; weathers brown gray; fossiliferous
corals, Pleurodtctyt_tm (Michelinia), crinoid remains, fenestel.
lids, bryozoans, Dictyoclostus, Spirifer ; 6.0
Covered below, black shale indications ’

96. GREENBRIAR SECTION. SEC. 20, T. 22 N, R. 20 E.
Hale formation i

scn)rlllael lll}rlx;lelstobr;le’ebed, poorly exposaed, occurs as boulders around
: gray, coarse medium, even cr ine; -
ers granular; crinoidal . ... ; yotalline; weath 2.0
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