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STRATIGRAPHY OF THE LATE PALEOZOIC ROCKS
OF THE OUACHITA MOUNTAINS, OKLAHOMA

L. M. CLiNgE*®

ABSTRACT

This paper describes some of the stratigraphic features of the
Quachita geosyneline of Oklahoma as they are believed to have been
during Late Mississippian and Early Pennsylvanian time. There is
considerable evidence that pre-Atoka sediments were deposited in
rather deep water. The lithologic characteristics of the Late Mississip-
pian and Early Pennsylvanian Stanley-Jackfork-Johns Valley-Atoka
stratigraphic sequence are comparable to the typical black-shale flysch
facies of the Eocene of the Alps and the Hocene and Cretaceous of the
Carpathians. The conclusion is reached that a predominantly deep-
water dark-shale and radiolarian-chert environment was pertodically
interrupted by turbidity currents flowing down the steep slopes of the
depositional trough and that these currents brought in sands foreign
to the black-shale environment. The presence. of convaelute bedding,
graded contacts of sandstones and overlying shales, of abundant flow
casts and groove casts on the under surfaces of the sandstones, the
general lack of cross-bedding and ripple marks, and the scarcity of
fossils except for planktonic and nektonic forms, support this thesis.

INTRODUCTION

THE QUACHITA FACIES
The arcuate pattern of folds which comprises the Quachita

Mountains (fig. 1) of southeastern Oklahoma and southwestern
Arkansas is but one portion of a sinuous foldbelt which extends
from western Texas eastward to within approximately 60 miles of
the buried extension of the southern Appalachian Mountains. The
foldbelt is now largely buried beneath relatively undisturbed Meso-
zoic and Cenozoic rocks but it is exposed in two arcuate uplifts, the
Marathon uplift of Trans-Pecos Texas and the Ouachita Mountains.
The Quachita facies has been encountered in the subsurface by num-
erous deep wells which start in Mesozoic or Cenozoic rocks (Mor-

gan, 1952, p. 2266-2274; Flawn, 1959, p. 20-29). Notwithstanding

s Professor of Geology, University of Wisconsin, Madison, Wisconsin.
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Fieure 1, Index Map, Ouachita Mountains, Oklahoma.

the fact that the Ouachitas and Marathons are several hundred air-
iine mules apart, and much farther apart when measured along the
winding course of the folds, the two geographic provinces have so
many things in common that their rocks are collectively referred to
as Ouac hita facies, in contrast to shelf or platform types of sediments
which comprise the Arbuckle facies to the north or west, as the case
may be. The stratigraphic column within the foldbelt also shows
some vertical variations in facies, the pre-Stanley section being rela-
tively thin; in fact, it is considerably thinner than the Arbuckle facies
and 1s characterized by cherts and dark graptolitic shales (fig. 2).
The Stanley-Jackfork-Johns Valley-Atoka sequence is much thicker
than the Arbuckle facies and contains much sandstone (fig. 3). In
the minds of some geologists the pre-Stanley section with the cherts
and novaculites constitutes the Ouachita facies, whereas, in the opin-
ion of others, the abnormally thick shale and sandstone sequence of
the Stanley and later rocks characterizes the Ouachita facies. ‘The
writer regards all portions of the Ouachita stratigraphic column as
belonging to the Ouachita facies because at all levels the lithology
differs appreciably from the Arbuckle facies, although there are
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OUACHITA FACIES 11

transitional zones coinciding approximately with the faulted belt of
the frontal Ouachitas. The earlier Ouachita deposits seem to rep-
resent a period of slow sedimentation in essentially a starved trough
whereas the post-Arkansas-novaculite sequence represents a much
more rapid period of sedimentation during a period of more active
tectonism.

Sedimentation appears to have been initiated in both the
Ouachita and Marathon areas in deep arcuate troughs. One is
tempted to suggest that the arcuate troughs were in relatively deep
sea trenches lying at the south margin of a stable continental area
which supported the shallow seas in which the miogeosynclinal
Arbuckle carbonate-bearing facies accumulated. If such was the
case, we should then note that the Marathon and Ouachita arcs were
convex toward the continent. However, we should not overlcok
other posstbilities—the possibility that a stable platform area existed
to the south of the Quachita-Marathon geosynclinal belt and the
possibility that deep drilling south of the present foldbelt will en-
counter relatively undisturbed rocks of shallow-water origin, but
not necessarily belonging to the Arbuckle facies.

Relatively flat-lying fossiliferous rocks of early Paleozoic age
are known to occur beneath Mesozoic and Cenozoic rocks in nearly
50 wells in the coastal plain of southeastern Georgia and northwest-
ern Florida (Applin, 1951, p. 1-28). It is noteworthy that this area
of relatively undisturbed Paleozoic rocks lies southeast of the crys-
talline rocks that constitute the Piedmont province. Several recent
workers (e.g., King, 1950) regard the Piedmont as including meta-
morphosed Paleozoic sediments, if indeed the bulk of the metamor-
phics are not Paleozoic. It is thus entirely possible that Paleozoic
rocks exist south of the Ouachita foldbelt and that ultimately they
will prove to be connected with the Paleozoics southeast of the Pied-
mont in Georgia and Florida. To the writer’s knowledge, the rela-
tionship of the southern Appalachians to the eastern Ouachitas has
not been definitely established, either by geological or geophysical
methods. One cannot help speculating as to whether they meet
approximately at right angles in the manner of the arcuate Palau
and West Caroline trenches of the western Pacific or whether the
two join by virgation, with the eastern Ouachitas curving southward
to parallel the buried southern Appalachians.

The Ouachita facies contains some characteristic rock types
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that contrast strongly with the lithology of the Arbuckle facies, with
the gradation taking place in a relatively narrow belt marking the
junction of the northern and western margin of the Quachita geo-
syncline and the south and east margin of the platform or shelf.
Thin but laterally persistent cherts, such as the Bigfork chert and
Arkansas novaculite, characterize the early Paleozoic rocks of the
Cuachita geosyncline, whereas their equivalents on the platform,
the Viola and Hunton formations, are limestones.

Dark graptolitic shales, which occur separately and also inter-
bedded with siliceous sediments, are perfectly at home in the
Ouachita environment, although they also occur in shales and in
fine-grained carbonates (some horizons of the Viola and Bromide)
in the Arbuckle facies.

At higher stratigraphic levels black siliceous shales, such as the
Chickasaw Creek and Wesley, some including thin beds of radio-
larian chert, occur at numerous horizons as high as the lower part
of the Atoka.

In the heart of the Ouachita Mountains in southeastern Okla-
homa, Late Mississippian and Early Pennsylvanian strata embraced
in the Stanley-Jackfork-Johns Valley-Atoka sequence have an aggre-
gate thickness of approximately 22,000 feet. The rocks are almost
entirely of clastic origin with shale predominating in the Stanley,
sandstone being the more important in the Jackfork, and with the
two rock types being in subequal proportions in the Atoka. Carbon-
ate rocks are noticeably absent in this upper part of the Ouachita
section, whereas they are fairly common in its stratigraphic equiva-
lents on the platform to the north and west. The Ouachita equiva-
lents of this part of the stratigraphic column are substantally thin-
ner on the platform area of northeastern Oklahoma.

The most characteristic lithologic feature of the Stanley-Jack-
fork stratigraphic sequence is the repeated alternation of dark shales
and gray sandstones. Details of lithology and sedimentary struc-
tures closely resemble the black-shale flysch facies of the Alps and
Carpathians of Europe.

HISTORY OF INVESTIGATION
In the summer of 1953 Cline began a study of the Late Paleo-

zoic strata of the central Quachita Mountains under the sponsorship
of Dr. C. W. Tomlinson and the work has continued during the
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summer months and vacation periods since that time. Cline’s initial
interest in the area stemmed from his interest in Mississippian and
Pennsylvanian stratigraphy and in the belief that the Ouachita geo-
syncline should contain strata transitional to the two systems. Map-
ping by Cline has shown that most of Harlton’s map units (Harl-
ton, 1938) of the Tuskahoma syncline are also present in the Lynn
Mountain syncline northeast of Antlers and that they extend almost
to the Arkansas line, some 70 air-line miles to the east (Cline, 1956a,
p. 427). Persistent beds were traced principally by surface mapping
aided by aerial photographs. Cline and Moretti (1956) described
two complete and unfaulted stratigraphic sections of the Jackfork
sandstone near the east end of Kiamichi Mountain and showed sev-
eral of Harlton’s map units to be present. Shelburne mapped the
- Boktukola syncline in the summers of 1956 and 1957 and his map
was published by the Dallas Geological Society in 1959.

At this writing, that portion of the Lynn Mountain syncline
lying west of Oklahoma Highway 2 (which crosses the syncline
between Clayton and Nashoba Junction) and extending west-south-
west to Antlers has been mapped in some detail by the author (plate
1) and reconnaissance mapping has extended eastward almost to
the Arkansas line. South of the Lynn Mountain syncline the next
major syncline is the Boktukola syncline, which contains a Stanley-
Jackfork-Atoka sequence that correlates with a similar sequence
in Kiamichi Mountain (Cline, 1956b, p. 50-53). Shelburne’s map-
ping has proved the persistence of several stratigraphic markers in
the Boktukola syncline east of Little River and he has successfully
traced them into Johnson’s (1954) map area in the syncline west of
Little River.

ACKNOWLEDGMENTS
I am grateful to the late Dr. C. W. Tomlinson for sponsoring

the work and for his continued interest in the geology of this area.
He reviewed many of the more controversial problems in the field
with the writer, offered many helpful suggestions, but he at no time
sought to impose his own ideas, rather allowing the writer com-
plete freedom to do the type of work that seemed most expedient
at each stage of the project. Dr. M. K. Elias has contributed sub-
stantially to the work, principally through the identification of fos-
sils. Mr. Bruce Harlton was kind enough to aid me in a restudy of
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who has done so much map work in the frontal Ouachitas, spent sev-
eral days in the field with me in the summer and fall of 1958 and
has made some very helpful suggestions; I appreciate the encourage-
ment he has given me. Several men interested in Ouachita geology
have accompanied me in the field at various times and made helpful
observations; among them are: Dr. Norman Williams, Director of
the Arkansas Geological Survey, Mr. Hugh Miser and Dr. Chalmer
Cooper of the United States Geological Survey, Mr. Horace Griley,
Mr. B. W. Miller, Dr. Allan Bennison, Dr. Norman Johnson, Mr.
E. C. Parker, Mr. William Hilseweck, Dr. Daniel Feray, Dr. Wil-
liam Jenkins, Mr. H. A. Sellin, and others. Finally, I wish to ac-
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STRATIGRAPHY

The rocks which crop out to form the main portion of the
Ouachita Mountains in southeastern Oklahoma belong principally
to the Stanley shale, Jackfork sandstone, Johns Valley shale, and
Atoka sandstone. This stratigraphic succession of Late Mississippian
and Early Pennsylvanian age attains an aggregate thickness of
nearly 22,000 feet in contrast to the thin pre-Stanley section (about
5,000 feet) exposed in the Choctaw anticlinorium in the “core”
of the Ouachitas. Pre-Stanley rocks crop out in only a few areas.
The principal areas are: (1) the Choctaw anticlinorium, which lies
at the south edge of the OQuachita outcrop belt and just north of the
overlapping Cretaceous rocks; (2) the Potato Hills (fig. 4), an
anticlinorium lying between the Kiamichi and Winding Stair
ranges; and (3) along some of the thrust faults in the frontal
Ouachitas, along the western and northern margins of the Ouachita
foldbelt (figs. 5, 6, 7).

There are some important facies changes between the carbon-
ate-bearing shelf deposits of the northeast Oklahoma platform and

Ficurg 4. The Potato Hills, as seen from Kiamichi Mountain, southeast of Albion,

form the ridge in front of Buffalo Mountain (on the distant skyline}. Cherts of the

Arkansas novaculite as well as clder Paleozoic rocks are exposed in the Potate Hills.

The complete thickness of the Stanley shale is exposed in the valley betwecn Kia-

michi Mountain and the Potate Hills. Buffalo Mountain is a syncline in which the
Jackfork sandstone is preserved.
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their more clastic equivalents in the Ouachita geosyncline. The
changes may be seen to develop between the Arkoma basin* and
the frontal Ouachitas, which province has several major thrust faults.
The faults interfere with the tracing of individual formations with
the inevitable result that there is a different stratigraphic terminol-
ogy for each of the major thrust blocks. These differences are
brought out in table 1.

Ficure 5. Aerial view of Black Knob Ridge, looking southwest from a point midway
between Stringtown and Atoka. The sigmoidal fold lies in sec. 6, T. 2'S., R. 12 E.,
in Atoka County. Cheris and graptclitic shales of the Ouachita facies are exposed
in the ridge. The rocks dip from 60 to 88 degrees to the left (southeast). The Ti
Valley fault lies along the right margin of the photograph. The lighter ridge on the
left is underlain by the Bigfork chert, the darker ridge on the right is held up by the

Arkansas novaculite.
(Photograph courtesy of Socony Mobil 0il Company)

The greatest change in facies and thickness takes place at the
Ti Valley fault, which has been a sort of Chinese Wall for Ouachita
stratigraphers. North of the fault the stratigraphy is not too dis-
similar from that of the Arkoma basin, the greatest change being in
the gradation of the Wapanucka limestone into the silty Chickachoc
chert (figs. 8, 9, 10, 11). South of the Ti Valley fault the Stanley
and Jackfork groups take their place in the section between the
Woodford chert and the Johns Valley shale and they thicken rapidly
southeastward into the central Ouachitas. The Johns Valley shale
is not greatly different from the Springer formation north of the

* The name Arkoma basin refers to the structural basin which flanks the Ouachita Moun-
tains on the north. This compound name, derived from the names Arkansas and Oklahoma, has
been suggested to do away with the current practice of using two names (Arkansas basin in
Arkansas and McAlester basin in Oklahoma) to designate the same unit. Ed.
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STRATIGRAPHIC CORRELATION
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18 CONVERGENCE IN STANLEY-JACKFORK SEQUENCE

Ficurk 6. Arkansas novaculite exposed in roadeuts of Oklahoma State Highway 3,
in sec. 14, T. 2 S., R. 11 E.,, one-half mile east of Atoka. Exposure is in Black Knob
Ridge, east side of Ti Valley fault.

fault and the Wesley shale and Game Refuge sandstone formation
of the upper Jackfork are partial Caney equivalents, the Game
Refuge pinching out somewhere north of the Windingstair fault.
Both the Stanley and Jackfork groups thicken rapidly to the
southeast, from zero near the Ti Valley fault to nearly 16,000 feet in
the Tuskahoma syncline, in a distance of 20 miles or less. The writer
believes that the thickening is primarily depositional and that the

Ficure 7. Aerial view of Southwest Stone Company duarry in 'Black.Knob_Ridge.
Womble shale, Bigferk chert and Arkansas novaculite, all of the Ouachita facies, are

exposed in the guarry.
(Photograph Courtesy of Socony Mobil Qil Company)
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20 STANLEY-JACKFORK CORRELATIONS

Ficure 9. Southeast-dipping spiculitic limestone and shale in upper part of Wapa-

nucka formation in sec. 1, T. 1 N., R. 12 E., one-half mile north of Chockie, Atoka

County. The limestene is bioclastic and conlains many spongce spicules. This facies
is characteristic of the outer edge of the shelf deposits.

thick Stanley-Jackfork sequence south of the Ti Valley fault is the
direct lateral equivalent of the main body of Caney shale north of
the fault. This interpretation is shown diagramatically in figure 3,
which is drawn so as to eliminate several thrust faults. From a study
of the geologic map, it appears to the writer that the rate of north-
ward thinning in the Stanley and Jackfork is not significantly inter-
rupted by the Windingstair, Jackfork Mountain and other thrust

Freure 10. Limestones and shales in lower part of Wapanucka formation in rcad-
cut of United States Highway 69, one-half mile north of Chockie, Atoka County.
The limestones are bioclastic and seem to be discontinuous.
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Ficurt 11. Spiculitic limesione in upper part of Wapanucka formation in quarry
one-half mile nerth of Chockie, Atoka County. The dark bands are silty and contain
abundant sponge spicules.

faults lying south of the Ti Valley fault. One might conclude,
therefore, that the thinning is more a function of original deposition
than of later faulting.

It can be demonstrated that there is considerable horizontal dis-
placement to the northwest along the faults of the frontal Ouachitas
(Hendricks, 1959, p. 44-56). Enthusiasts for long-distance low-angle
overthrusting have explained the differences in stratigraphy on op-
posite sides of the Ti Valley fault as the result of faulting which
moved the Stanley-Jackfork strata many miles from the original
depositional basin. But one does not have to look very far to see
another example of rapid convergence in a structural province where
faulting does not interfere with the tracing of beds. It is in the
Arkoma basin, just north of the Ouachitas. In northern Le Flore
County, the Atoka formation thins from 6,500 feet on the south to
1,850 feet only 21 miles away to the northwest (Knechtel, 1949, p.
15). The Tesnus formation of the Marathon uplift of West Texas,
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which 1s the facies analogue of the Stanley and probably is of the
same age, is reported by Fan and Shaw (1956, p. 258) to thin from
6,800 feet in the southeast part of the uplift to 300 feet in the north-
west part of the uplift, only 24 miles distant. Fan and Shaw at-
tribute the difference in thickness to differential subsidence during
sedimentation.

It scems likely that the Ti Valley fault developed along what
had been a hinge line during Stanley-Jackfork sedimentation, and
that the fault marks approximately the northern depositional limit
of that sequence. Thus, following the deposition of the Arkansas
novaculite there was a time of active tectonism in the Ouachita
geosyncline and the Stanley and Jackfork were deposited in a
rapidly subsiding trough.

MISSISSIPPIAN SYSTEM

STANLEY GROUP

The Stanley group attains its best development in the central
Quachitas where it comprises approximately 11,000 feet of strata,
prevailingly shaly but with sandstone becoming prominent in the
upper 1,500 feet. This thick body of shale is weak, both from the
standpoint of topographic expression and structural competence. It
is the great valley maker of the Ouachitas, characteristically forming
the flat floors of long, linear anticlinal valleys such as the Stanley
and McGee valleys, large areas of which are covered by alluvium.
This great mass of relatively incompetent shale, lying between the
more competent Arkansas novaculite and the Jackfork sandstone,
absorbed much of the punishment inflicted by Ouachita folding.
Consequently, it is badly deformed and drag folds are commonly
developed even where the structure of the enclosing competent rocks
is relatively simple; in some intensely deformed areas it seems to
have yielded in part by plastic flow. Because of this unfortunate
combination of poor outcrops and complicated structure, a complete
and undisturbed stratigraphic section of the Stanley has not been
described, notwithstanding the fact that it directly underlies about
40 percent of the Ouachita Mountains,



History of Nomenclature

The Stanley shale was named by Taff (1902, p. 4) for outcrops
in the valley of the Kiamichi River near Stanley in Pushmataha
County, Oklahoma. The community of Stanley (formerly spelled
Standley) is on the north side of the Kiamichi River in sec. 24, T.
1 N, R. 17 E. and can be reached by a good gravel road from Clay-
ton, which is 8 miles northeast. Taff regarded the Stanley as a for-
mation and assigned it to the Silurian. Unfortunately only the upper
one-half of the Stanley is exposed at Stanley where it is brought
to the surface by the Kiamichi River anticline.

In his report on “The slates of Arkansas,” Purdue (1909, p. 40
and the facing plate) spelled the name Stanley as it is spelled today
and he referred the formation to the Carboniferous. This procedure
was also followed by Miser (1917, p. 66) in a report on the “Manga-
nese deposits of the Caddo Gap and DeQueen quadrangles,
Arkansas.”

Little additional progress was made on partitioning the thick
Stanley succession until Harlton published his significant paper on
the “Stratigraphy of the Bendian of the Oklahoma salient of the
Quachita Mountains” in 1938. Making use of several distinctive and
thin, but persistent, dark siliceous shales as stratigraphic markers,
Harlton divided the Stanley into three formations; named in up-
ward order they are: the Tenmile Creek, Moyers, and Chickasaw
Creek. He demonstrated the persistence of the formations by map-
ping them at the south end of the Tuskahoma syncline, near Moyers,
and in the Round Prairie syncline northeast of Atoka, about 25 miles
west of Moyers. Harlton raised the Stanley to group rank and, to-
gether with the overlying Jackfork group, he included it in the
Pushmataha series of his newly proposed (and ill-fated) Bendian
system. He regarded the Bendian as intermediate between the Mis-
sissippian and Pennsylvanian systems. Harlton redefined the upper
boundary of the Stanley to include 600 feet of beds formerly in-
cluded in the Jackfork by Taff and others.

Hendricks, Gardner, Knechtel and Averitt (1947) mapped the
western and northwestern portions of the frontal Ouachitas with
considerable thoroughness, using some of Harlton’s siliceous shales
as key beds but they did not use his terminology and Harlton’s up-
permost Stanley Chickasaw Creek formation was restored to the
lower Jackfork and included in the Pennsylvanian.
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In 1953, Cline began geologic mapping in the central Ouachitas
and differentiated (1956a, 1956b, 1956¢) most of Harlton’s map units
in the western portion of the Lynn Mountain syncline (Cline and
Shelburne, 1959) and succeeded in recognizing most of them in
Kiamichi Mountain eastward almost to the Arkansas line (Cline
and Moretti, 1956).

In connection with field work on master’s theses, several Uni-
versity of Oklahoma students, working under the direction of Dr.
Kaspar Arbenz, used Harlton’s zonation in the Finley (McCollough,
1954), Snow (Willis, 1954), Medicine Springs (Johnson, 1954), and
Potato Hills (Miller, 1955; Roe, 1955; Seeley, 1955) areas. In doctor’s
theses at the University of Wisconsin, Shelburne (1959) differen-
tiated and mapped most of Harlton’s units in the Boktukola syn-
cline, the next syncline south of the Lynn Mountain syncline, and
Laudon (1959) made a regional study of the Stanley of the central
Ouachita Mountains. Shelburne’s thesis is slated for early publica-
tion as Bulletin 88 of the Oklahoma Geological Survey and it is
hoped that Laudon’s paper also will be published at an early date.

Classification Used in this Report

The nomenclature used in this report (table 2) is principally
after Harlton (1938), an exception being that the Stanley group is
referred to the Meramecian series of the Mississippian system.

The Chickasaw Creek formation is included in the Stanley
group for the following reasons: (1) Harlton, who was the first
geologist to successfully partition the Stanley and Jackfork groups,
included it in the Stanley, (2) the Chickasaw Creek is predomi-
nantly shale and logically can be included in the Stanley, and (3)
the Stanley and Jackfork are completely gradational and there is no
compelling reason why the Chickasaw Creek should be included in
the Jackfork.

Thickness and Distribution
Attaining a maximum thickness of about 11,000 feet in the cen-
tral Ouachitas, the Stanley thins rapidly westward and northward
toward the frontal Ouachitas. The Stanley is not present north of
the Ti Valley fault and it is possible that the fault marks the approxi-
mate original depositional limits of the group, and for that matter,
the Jackfork group. The rocks on the south side of the fault have
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TABLE 2

SUBDIVISION OF STANLEY GROUP, QUACHITA MOUNTAINS, OKLAIIOMA

System | Series Formation Member Bed

Chickasaw Creek

Siliceous shale

Moyers member at base

Upper member
Middle siliceous

shale bed at base

Mississippian
Meramecian

Tenmile Craek

Tuskahoma sili-
ceous shale bed

Lower member

Lower siliceous
shale bed

been displaced northward and westward, although the magnitude of
the horizontal movement is conjectural. Incomplete exposures of
the Stanley do not permit accurate measurements of it between the
central and frontal Quachitas, but rapid northwestward thinning in
the interval from the base of the Moyers to the top of the Chickasaw
Creek is quite evident, and one would logically suppose that the
Tenmile Creek formation thins at an equal rate,

From a study if the geologic map, it appears to the writer
that the rate of thinning in the Stanley is not significantly in-
terrupted by the Windingstaur, Jackfork Mountain and the other
thrust faults lying south of the Ti Valley fault, and one might con-
clude that the thinning is more a function of original deposition
than of post-depositional faulting. Disregarding the arguments con-
cerning the amount of horizontal displacement along the faults, the
fact remains that the Stanley group thins from approximately
10,500 or 11,000 fect at the south end of the Tuskahoma syncline to
zero north of the Ti Valley fault, a distance of not more than 23
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miles. The Stanley is conformable with the overlying Jackfork
sandstone, so the northwestward thinning in the Stanley was accom-
plished before Jackfork time. It is just possible that there is an un-
conformity at the base of the Stanley, particularly near the Ti Valley
fault, but the writer is of the opinion that there is northwestward
convergence at all stratigraphic levels within the Stanley in the
western part of the Quachitas. Consideration of all of the evidence
leads to the conclusion that rapid subsidence in the Stanley-Jackfork
depositional trough resulted in rapid thickening of the sediments
from the margin of the trough inward toward its axis. It may be
that the Stanley is too poorly exposed to permit one to determine
from outcrops whether the convergence is at all stratigraphic levels
but if this could be determined from surface geology it would be a
major step in solving many problems of Quachita geology.
Discontinuous outcrops and structural complications render it
impossible to describe and measure a continuous stratigraphic sec-
tion of the Stanley. The best place to compute the total thickness of
the Stanley on the outcrop seems to be between the Potato Hills and
Kiamichi Mountain in the vicinity of Albion in southeastern Push-
mataha County. The Stanley is gradational with the underlying
Arkansas novaculite in the Potato Hills and it is conformable with
the overlying Jackfork in the lower slopes of Kiamichi Mountain a
few miles to the south. Laudon (1959) calculated the Stanley to be
about 11,000 feet thick in this area. The writer believes that the

Bt

Ficure 12. Typical outcrops of Tenmile Creek formation of Stanley group, south-
east of Albion in northeastern Pushmataha County.
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Stanley is relatively undisturbed in this belt and that any faulting
that may be present on the south side of the Potato Hills (which
according to Miser is a fenster) does not significantly interfere with
calculation of the thickness of the Stanley group. Honess (1924)
estimated the thickness of the Stanley to be 10,000 feet on the Pickens
anticline, which lies between the Boktukola and Bethel synclines
and north of the Choctaw anticlinorium. Thus it seems that the
Stanley does not diminish in thickness in its southernmost outcrops.

Lithologic Characteristics

The Stanley group is predominantly composed of shale but
sandstone is common and siltstone occurs in subordinate amounts.
(figs. 12, 13). There are no persistent limestones and the small
amount of carbonate that is present occurs principally in cone-in-
cone concretions that occur at several levels. Bokman (1953, p. 155)
calculated the percentages of common rock types in several fresh
exposures of the Stanley and found these outcrops to contain 61 per-
cent shale, 32 percent graywacke sandstone, and 7 percent siltstone.
The exposures represent only a partial Stanley section and the writer
would estimate that sandstone comprises considerably less than 25
percent of the rock of the complete stratigraphic sequence of the
Stanley. In the lower five-sixths of the group, in which thin sand-
stones alternate with thicker shales, the sandstones comprise about
15 percent of the interval according to Laudon (1959, p. 32). Sand-

Ficure 13. Freshly exposed dark gray shales and interbedded sandéténcs of Tenmile
Creek formation in cutbank along Oklahoma State Highway 2, near Buzzard Creek
northeast of Snow, Pushmataha County,
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stone becomes increasingly important upward in the Stanley and, in
the 1,000 to 1,700 feet of strata comprising the Moyers formation,
sandstones constitute an estimated 35 to 40 percent of the rock. Sev-
eral thin but persistent blue-gray to black siliceous shales occur in
the group and form valuable stratigraphic markers. One or more
tuff beds have been observed in the lower part of the Stanley in
widely distributed areas in the Quachitas.

The shales of the Stanley are characteristically thin-bedded,
laminated, dark-gray to green-gray when fresh, but a moderate
amount of weathering results in an olive-green, fissile product which
upon more severe Weathering becomes more yellowish. These shales
are devoid of megascop1c fossils but probably contain spores and
other microscopic plant materials.

The dark siliceous shales are from a few inches to several feet
thick, are thin-bedded, and microscopic examination reveals that
they have exceedingly fine lamination. The dark color is produced
by sapropelic organic material and some finely divided pyrite, but
fine particles of silica make up a large part of the rock. All of the
siliceous shales contain abundant sponge spicules, conodonts, and
radiolarians and seem to have been so much the product of the same
type of environment that the individual shales of the Stanley cannot
be distinguished, the single exception being the Chickasaw Creek
siliceous shale which has some diagnostic white-mottled siliceous
areas in the dark matrix.

Stanley sandstones typically are composed of angular fine-
grained quartz grains embedded in a clay matrix. They are poorly
sorted, and have been classed as graywackes by Bokman (1953) and
Cline’ (1956b). Most of them are dirty, containing pieces of shale
and other rock fragments, including clay pockets and macerated
plant fragments but some are fairly clean, even orthoquartzitic in
composition, and are harder and better cemented than the more
typical friable varieties. The fresh; unaltered sandstones are gray
but they become successively green-gray, yellowish, and under some
cond1t1ons buff, as weathering becomes more advanced. Individual
strata appear to average between two and six inches in thickness but
some beds are as thick as twenty feet, are massive, essentially devoid
of bedding and tend to weather somewhat spheroidally. Some of the
beds exhibit good convolute bedding, a feature which seems to be
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independent of bed thickness, and many of them have remarkably
well-developed sole markings.

The Stanley exhibits the bedding characteristics of a black-shale
flysch facies, the chief feature being a remarkable alternation of thin
sandstone beds with somewhat thicker shales. Aggregates of several
closely spaced sandstone beds occur at several levels in the Stanley,
but their lateral persistence has not been studied in detail. Laudon
(1959) states that he was unable to trace any group of sandstones for
any considerable distance, but this may have been because of poor
outcrops. The writer is of the opinion that some of the thicker
sandstone sequences may persist over considerable distances. The
sandstone-shale contacts are clean and sharp, the contact at the base
of the sandstones being especially abrupt. Graded bedding, so char-
acteristic of some flysch sediments, is not well-developed in the
Stanley, although the contact of some sandstone beds with the over-
lying shale is rather indefinite or fuzzy and may be thought of as a
type of graded bedding. The convolute bedding of the sandstones,
the numerous fine examples of flute casts, load casts, bounce casts,
and groove casts, and the occasional worm borings on the under-
surfaces of sandstones are typical of flysch sediments.

, Stratigraphic Divisions

There are so few good key beds in the Stanley that stratigraphic
partition is diffiult. This is particularly true of the lower part of the
group which, according to Honess (1923), has only one persistent
recognizable stratigraphic marker in the lower 3,000 feet in the
southern Ouachitas. Some stratigraphic progress has been made in
subdividing the Stanley of the central Ouachitas where, by making
use of several persistent shales as datum planes, Harlton (1938) has
defined three formations, the Tenmile Creek, the Moyers, and the
Chickasaw Creek, named in ascending order. The formations are
unequal in thickness, the Tenmile Creek formation comprising
about 85 percent of the total thickness.

Tenmile Creek Formation
DeriniTioN.—In the type area in the central Ouachitas, the Ten-
mile Creek formation is defined to include the strata above the
Arkansas novaculite and below the siliceous shale member of the
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Moyers formation. Harlton chose the name from Tenmile Creek at
the south end of the Tuskahoma syncline in Pushmataha County,
designating good outcrops in secs. 11, 14, 16, 20, and 21, T. 3 S., R.
15 E., as the type section (fig. 14). There are three fairly persistent
siliceous shale beds within the Tenmile Creek formation—the lower
siliceous shale, the Tuskahoma siliceous shale, and the middle sili-
ceous shale, named in upward order. We are assigning them the
nomenclatorial status of beds in this report. The formation is divid-
ed into the upper shale member of the Tenmile Creck and the lower
shale member of the Tenmile Creek, the division being made at the
base of the middle siliceous shale bed of the Tenmile Creek, which
is included as the base of the upper member.

Harlton measured more than 5,650 feet of strata at the type
locality of the Tenmile Creek formation where its base is hidden
by overlapping Cretaceous strata. Eight miles distant, in Jumbo
Valley, the formation is 9,000 feet thick (Laudon, 1959) and it seems
likely to the writer that this thickness is representative of the type
area.

Lower SHaLE MEmBER.—The lower shale member of the Ten-
mile Creek consists predominantly of olive-gray to dark-gray lami-
nated clay shale interbedded, in certain intervals, with thin, even
beds of sandstone, and containing at other levels several beds of more
massive graywacke sandstone. One exceedingly persistent bed of
black shale, the lower siliceous shale bed of the Tenmile Creek for-
mation, occurs in the lower part of the formation, and another less
persistent siliceous shale, the Tuskahoma, is somewhat above this.
The lower part of the lower shale member of the Tenmile Creek
also contains some tuff beds.

Laudon (1959, p. 40) assigned the lower shale member of the
Tenmile Creck formation a thickness of 6,400 feet in the Sikes-
Burkhalter and Caulkins No. 1 Denton Perrin and Southwestern
Exploration No. 1 Denton Perrin wells in Jumbo Valley, and he
(p- 43) computed its thickness to be between 5,000 and 6,000 feet in
outcrops between the Potato Hills and Kiamichi Mountain.

The Stanley shale and Arkansas novaculite contact appears to be
conformable throughout the central and southern Quachita Moun-
tains in Oklahoma. The unconformity reported by Purdue and
Miser (1923) to occur at the base if the Hot Springs sandstone mem-
ber of the Stanley in the Hot Springs, Arkansas, area does not seem
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to be present around the Choctaw anticlinorium (Honess, 1923;
Cline, 1956b) or the Potato Hills (Laudon, 1959, p. 27), the two
areas inside the frontal Ouachitas where the contact is seen. Laudon
has described a 100-foot transition sequence on the south side of the
Potato Hills in which there are repeated alternations of Stanley type
shales and Arkansas novaculite type cherts. Cline has reported inter-
gradation of the two lithologies in the Beavers Bend State Park area
in McCurtain County.

The Stanley-Arkansas novaculite contact is also exposed at Black
Knob Ridge, which lies inside the Ti Valley fault, the boundary
between the central and frontal Ouachitas. In road cuts along Okla-
homa State Highway 3, in sec. 14, T. 2 S., R. 11 E., just east of Atoka,
the contact is marked by green and brownish-red shales, some beds
of which are siliceous and some of which contain conodonts. Hend-
ricks (1947) and Cline (Dallas Geol. Soc., 1959b, p. 9) are of the
opinion that the two formations are conformable at this locality and
elsewhere in this structural belt.

The Stanley shale is not present immediately north and west of
the Ti Valley fault in the northwestern Ouachitas. The possibility
exists that the area immediately north of the Ti Valley fault was
positive, but not necessarily above sea level, in Stanley time, in which
casc an unconformity may have been developed at the base of the
Stanley in a belt near the outer limits of its depositional basin. Some
support for this view is seen in outcrops east of Pine Top school, in a
north-trending ravine in the NW; SEY sec. 4, T. 2 N, R. I5E., in
Pittsburg County. Here the contact of the Woodford chert (up-
permost Arkansas novaculite equivalent) with an overlying green
shale may be unconformable (fig. 15). The shale, which is only 9
feet thick, was included as the base of the Caney by Hendricks
(1947) who noted that its base is phosphatic and glauconitic and
suggested the possibility of an unconformity. Cline (Dallas Geol.
Soc., 1959b) called attention to the similarity between this and typi-
cal Stanley shale and pointed out that at this same locality there are
numerous other stratigraphically higher green-gray shales which are
interbedded with the black, laminated, almost slaty shale so typical
of Caney lithology. It scems more probable to the writer that this
intertonguing of Caney and Stanley lithology is additional support
for his belief that the Stanley shale is merely the geosynclinal equiv-
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Ficure 15. Caney shale on left in contact with vertically dipping beds of Woediord

chert on right. The green shale in the gully strongly resembles Stanley shale and

may represent the attenuated edge of that group. The locality is in a north-trending

ravine in the NW SE sec. 4, T. 2 N., R. 15 E., one mile north of the Ti Valley
fault.

alent of the lower portion of the Caney shale which accumulated on
the platform bordering the geosyncline.

Twenty feet of dark blue-gray siliceous shale occur in the lower
portion of the Tenmile Creek formation east of Black Knob Ridge
in Atoka County (Harlton, 1938, p. 868) where its relations to the
rest of the Stanley are obscured by faulting. According to Laudon
(1959, p. 36) this siliccous shale lies 850 feet above the top of the
Arkansas novaculite on Dry Creek southwest of the Potato Hills.
Although the lower part of the Tenmile Creek formation is covered
by Cretaceous sandstones at the type locality, the lower siliceous
shale bed of the Tenmile Creck formation probably is present in the
subsurface.

In the valley between Kiamichi Mountain and the Potato
Hills a blue-gray siliceous shale is about 4,000 to 5,000 feet above
the base of the Stanley. Harlton (1947, p. 41) used the name Albion
in his single reference to the shale, stating that Hendricks had sug-
gested the name orally, and that Hendricks contemplated using the
name. At that time Harlton assumed the Albion to be equivalent
to the lowermost siliceous shale (now called the lower siliceous shale
bed of the Tenmile Creek) in the Stanley east of Black Knob Ridge.
Goldstein and Hendricks (1953, p. 431) probably knew of this mis-
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correlation when they referred to this upper silicesus shale stating
that:

The siliceous shale of this unit has not been named pre-
viously and is herein named the Tuskahoma siliceous ghale.
The type locality is selected as the exposure at the center of
the west side of Section 22, Township 2 North, Range 20
East, Pushmataha Co., Oklahoma, approximately 4.6 miles

east of Tuskahoma on U. 8. Highway 271. The type section
was measured by T. A. Hendricks and Paul Averitt. . .

The Tuskahoma siliceous shale has not been observed outside
of the Potato Hills area, according to Laudon (1959, p. 38).

Urper SHALE MEemBER—At the type locality of the Tenmile
Creck formation the upper shale member is 3,500 feet thick accord-
ng.to Harlton’s measurements (1938, p. 864; fig. 7, p. 867). Lau-
don (1959, p. 45) estimated its thickness at 2,640 feet in Jumbo Val-
ley, a few miles northwest, and computed it to be 3,400 to 3,500 feet
on the northern flank of the Tuskahoma syncline. Johnson (1954)
assigned 4,400 feet to the member in the Medicine Springs area,
which lies east and northeast of Antlers in a syncline between the
Boktukola and Octavia faults.

The member has a persistent black siliceous shale at the base,
the middle siliceous shale bed of the Tenmile Creek formation, and
about 300 feet below the top of the formation there are some lami-
nated brownish-red shales, Harlton believed the upper reddish shale
to be diagnostic but Laudon thinks it is not persistent. ‘The writer
found it to be useful in mapping the southwest nose of the Kiamichi
River anticline in the vicinity of Kosoma and has also observed red
shale at this stratigraphic position in the outer part of the Quachitas.
It 1s nicely exposed about five miles east-southeast of Stringtown in
ditches on the west side of the road and in adjacent glades along the
center of the east line of the SEY4 NE! sec. 19, T. 1 S., R. 13 E.

The most widespread stratigraphic marker in the Tenmile
Creek formation in the Ouachitas is the siliceous shale bed at the
base of the upper shale member of the Tenmile Creek formation.
This thin blue-black shale is present throughout the central and
frontal Ouachitas and, on the basis of stratigraphic position and lith-
ologic similarity, it is probably the lateral equivalent of the 25 feet
of black cherty shale of the southern Ouachitas that Honess (1923
p- 152) noted as persisting eastward into Arkansas, that he (Ho-
ness, 1924) later called the “Stanley black chert,” and which Miser
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and Honess (1927) still later named the “Smithville chert lentil.”
As Branson (1957, p. 102) has observed, the name Smithville has also
been applied (in 1929) to a Lower Ordovician formation of northern
Arkansas and southern Missouri and this usage is well established.
It would seem that the best interests of stratigraphy would not be
served by invoking the law of priority in this case. Shelburne (1959,
p. 22) proposed to rename the Smithville. Both Shelburne and Lau-
don agree that the bed is equivalent to the siliceous shale described
by Harlton (1938, p. 868) at the base of the upper part of the Ten-
mile Creek formation.

Turr Beps—In the southern Ouachitas a persistent tuff lies
about 270 feet above the base of the Stanley and attains thicknesses
of from 90 to 228 feet. Honess’ map (1923) depicts it as cropping
out in narrow zig-zag bands on the numerous sharp folds of the
Choctaw and Cross Mountains anticlinoria. Honess states that this
is the only good stratigraphic marker in the lower 3,000 feet of the
Stanley of this area. The bed is correlative with the Hatton tuff of
Polk County, Arkansas, which lies just to the east. Miser and Pur-
due (1929, p. 63) state that the Hatton tuff is the thickest, most per-
sistent, and stratigraphically the lowest, of three or four tuff beds
in the lower part of the Stanley of Arkansas and Oklahoma. Honess
(1923, p. 57, 150) stated that he had seen no place in Oklahoma
where he could be sure of two or more tuffs in the Stanley and he
was inclined to doubt the existence of more than one bed.

Lithologically the Hatton simulates a coarse graywacke to the
unaided eye. A hand lens examination reveals fragments of plagio-
clase, quartz, angular pieces of sandstone, slate, and occasional bits
of somewhat altered basalt, commingled with the original glassy,
but now devitrified, bits of ash showing vesicular and flow struc-
tures in thin section (Honess, 1923, p. 179, 180). A few crinoid col-
umnals have been observed, testifying to the clastic nature of the
tuff.

Later workers have found lenticular, tuffaceous sandstones at
several horizons within the Stanley. In addition to the Hatton tuff,
Cline (Cline and Shelburne, 1959) has seen two thinner beds on the
north side of the Choctaw anticlinorium that he believed to be tuffs,
and Shelburne has seen two tuffs, and possibly four depending on
structural interpretation, in the lower part of the Stanley on the
north flank of the Cross Mountain anticlinorium.
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Bennison and Johnson (1959, p. 65) called attention to a good
tuff bed on the south flank of the Potato Hills, south of the old
Choctaw Council House, in road ditches near the center of sec. 23,
T. 2 N, R. 19 E. Here 25 feet of tuffaceous sandstone lies about
10 feet above the lower siliceous shale bed of the Tenmile Creek
formation (Laudon, 1959, p. 49). The tuff has abundant lathes of
kaolinized feldspar which are large enough to attract the attention
of the field geologist. Bennison and Johnson report that a petro-
graphic examination shows the bed to be a poorly sorted, argilla-
ceous, tuffaceous sandstone with fine glass shards and coarse angu-
lar feldspars in a matrix of clay and fine quartz grains.

The writer 1s of the opinion that careful search will reveal ad-
ditional tuffaceous beds in the Stanley group. Many of the gray-
wacke sandstones have the weathering characteristics of tuffs.

Moyers Formation

DermvitioN.—The type locality of the Moyers formation is in
the lower slopes of Wildhorse Mountain, just north of the village of
Moyers, in the NW14 sec. 5, T. 3 S.,, R. 16 E., in Pushmataha
County. The formation was named by Harlton (1938), who pub-
lished a geologic map of the Moyers-Miller area and a diagram-
matic and annotated stratigraphic column of the Moyers formation
(Harlton, 1938, figs. 6, 8). The boundaries of the formation are
well defined, the lower limit being drawn at the base of the hard
blue-black siliceous shale member, and the upper limit being de-
fined by siliceous shale of the overlying Chickasaw Creek formation.

Lirnorocic CeHARACTER AND THICKNEss—The Moyers forma-
tion consists of 1,100 feet of alternating sandstones and shales in the
type area, but the thickness is as much as 1,700 feet on the north
side of the Tuskahoma syncline. The shales are soft, easily weath-
ered, thin-bedded, and range in color from green-gray to dark-gray.
The alternation of sandstones and shales produces conspicuous rock
terraces and benches which rise prominently above the valleyform-
ing shales of the Tenmile Creek formation to form the lower slopes
of the synclinal mountains.

Sandstone 1s relatively more abundant in the Moyers formation
than in the Tenmile Creck formation, comprising perhaps two-
fifths of the Moyers. Individual beds are commonly several feet
thick and some of them are as thick as 20 feet. On the average,
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Moyers sandstones are considerably cleaner and better sorted than
those of the lower part of the Stanley group. Some beds are dirty
enough to be called graywackes but many of them are clean enough
to qualify as subgraywackes. The sandstones characteristically are
massive, are about as likely to fracture across the bedding as parallel
to it, and they weather spheroidally. Sole markings are numerous,
flute casts being especially abundant, and convolute bedding is fairly
common. Some beds are slightly micaceous and carbonized plant
fragments are common.

Shales characteristically are green-gray and laminated but some
brownish-red beds are present. Cone-in-cone concretions are uf-
common, having a tendency to be concentrated at certain horizons.

SiLicsous SHaLE MEmeErR—A widespread 20-foot-thick dark
blue-gray, green-gray weathering siliceous shale is present at the base
of the formation in the central and western Quachitas. The member
is resistant and weathers to form a low ridge above the adjacent
weaker gray shales. The ridge is generally at the margins of valley
flats and is prominent enough to be easily mapped.

At first glance the shale appears to be unfossiliferous, but a
hand lens examination reveals occasional conodonts and some white
siliceous areas. Radiolaria may be seen when a thin section 1s exam-
‘ined under a high-powered microscope.

Harlton has noted that this excellent key bed appears to have
great lateral persistence; in fact his second choice of a type locality
was an area in sec. 26, T. 1S, R. 12 E., which is on the northwest
side of Prairie Mountain near the frontal Ouachitas and some 25
miles distant from the Moyers area. Cline (1956b) reported the
Movyers as present in the eastern portion of the Lynn Mountain syn-
cline, at the foot of Kiamichi Mountain on the north side and along
the Octavia fault at Honobia on the south side. Seeley, in a written
communication to Cline, dated January 26, 1959, reported that he
had mapped the Moyers siliceous shale east of the Indian Service
road, which is east of Albion. However, Secley thought that the
dark siliceous shale at the base of Kiamichi Mountain, which Cline
(1956b, p. 54) has identified as the basal Moyers in connection with
preparation of the roadlog and guidebook for the 1956 field trip of
the Ardmore Geological Society, belonged higher in the Moyers for-
mation. Laudon (oral communication to Cline, January, 1959) in-
cluded this shale in the lower part of the Chickasaw Creck forma-
tion and stated (1959, p. 59) that the siliceous shale member of the
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Moyers formation is not present in the eastern portion of the Okla-
homa Ouachitas. We do not agree with this view because Shel-
burne (1959, p. 26) identified 6 feet of dark gray cherty shale at the
base of the Moyers formation in the vicinity of Ludlow where it is
intruded by sandstone dikes. This is on the Octavia anticline and 15
east of Honobia.

Chickasaw Creek Formation

Dermirion—Lying stratigraphically above the terrace-forming
sandstones and shales of the Moyers formation are the more easil
eroded shales of the Chickasaw Creek formation. The Chickasaw
Creek consists of from 80 to more than 300 feet of dark blue-gray
shales interbedded with thinner, laminated black siliceous shales
containing some cherty beds, and with some sandstones. Notwith.
standing its thinness, the formation is widespread throughout the
Ouachitas and is the best stratigraphic marker in the 17,000-foot
Stanley-Jackfork interval. Tt has a characteristic lithology that makes
for ready identification in the field and its position can be estab-
lished on air photographs by a characteristic weathering pattern,

This formation was named and described by Harlton (1938, p.
874) who assigned it to the Stanley group, although Taff (1902)
had originally included it in the lower part of the Jackfork sand-
stone. Hendricks ez al. (1947), in mapping the frontal Quachitas,
ignored the term Chickasaw Creek but mapped the interval as a
siliceous member in the lower Jackfork. Cline (1956¢; Dallas Geol.
Soc., 1959b) has followed Harlton’s terminology and included the
Chickasaw Creek in the Stanley group.

Harlton designated ontcrops in the SW1 sec. 7, T. 1 S , R. 13
E., as the type locality of the Chickasaw Creek. The locality is in
the western Ouachitas and east of Stringtown in Atoka County, and
is only a short distance south of the Windingstair fault. Inasmuch
as the base of the formation is covered at the type locality, Harlton
selected as a supplementary type section outcrops in the center of
the Wi, NEY, NEV; sec. 26, T.1 S, R. 12 E,, on the north slope
of Prairie Mountain, also in the western Quachitas.

LithoLocic CHARACTER AND Trickness.—Thin-bedded dark
blue-gray shale is the predominating rock type in the formation but
there are some subgraywacke sandstones and some of these show
convolute bedding. The most distinctive rock type 1s black siliceous
shale with intercalated thin cherty beds.
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The formation is 270 feet thick at the type locality, thins east-
ward to where it is only a few feet thick at the south end of the
Tuskahoma syncline, and then thickens eastward in Kiamichi Moun-
tain and in the Botukola syncline. Cline and Moretti (1956, p. 10,
11) measured nearly 300 feet of Chickasaw Creek strata along the
Indian Service road at the foot of Kiamichi Mountain on the north
flank of the Lynn Mountain syncline and according to Laudon
(1959) there are additional beds at the base which should have been
included. Twenty miles east, in the cutbanks of the fine new road
that winds up the north face of Kiamichi Mountain, Cline and
Moretti measured 333 feet of Chickasaw Creek strata. Shelburne
(1959) reports that the formation occurs throughout the Boktukola
syncline, which is south of Kiamichi Mountain, and he measured
sections of 131 and 140 feet in this area (p. 30).

SiLiceous SHaLEs.—Black, siliceous cherty shales occur at sev-
eral levels within the Chickasaw Creek formation. The more sili-
cecus portions occur in even beds ranging in thickness from one-
half inch to six inches, are dark gray to black, and are mottled with
white globular to almond-shaped areas of white silica ranging in
diameter from a fraction of a millimeter to several millimeters. The
white silica globules are in strong contrast to the fine-grained black
matrix in which they are embedded and upon weathering produce
a distinctive mottled rock. Fragments of this speckled chert, lying
on weathered slopes, readily attract the attention of the field geolo-
gist who can easily trace them upslope to the outcrop. The only
other siliceous shale with which these speckled cherts can be con-
fused is in the Wesley formation in the upper part of the Jackfork
group and it occurs some 5,600 feet higher stratigraphically so that
there is ordinarily no chance of confusing the two. The speckled
cherts occur at more than one level within the Chickasaw Creek.
Along the Indian Service road, in the lower slopes of Kiamichi
Mountain, there are two such zones, one a 10-foot unit at the top of
the formation in which there are several speckled beds, the other a
thinner zone 209 feet lower (Cline and Moretti, 1956, p. 10).

An examination of thin sections under a microscope reveals
the cherty beds to contain abundant sponge spicules, numerous
radiolarians, and less numerous conodonts. Individual laminae in
some of the beds show a microcoquina of tiny monaxon and tetraxon
sponge spicules and one specimen showed sorting according to grain
size that is suggestive of graded bedding. The distinctive globules
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of white silica are clearly visible to the naked eye. Harlton has sug-
gested that radiolarians served as nuclei about which silica was de-
posited, and indeed some of them may have served to seed precipita-
tion, but many globules seem to be devoid of radiolarians. Radio-
larians, where preserved, show little evidence of solution. There are
all gradations of these concentrations of silica from spherical masses
through almond-shaped masses parallel to bedding to irregular
lenses interlaminated with sapropelic material. The structure, tex-
ture, and fabric present a strong argument for syngenetic or pene-
contemporaneous origin for the silica. Pure, clean opaline silica ap-
pears to have been deposited concurrently with black organic-rich
clays which were also rich in radiolarian tests and mechanically con-
centrated sponge spicules.

Age of the Stanley Group

The Stanley group is referred to the Mississippian system and
the best evidence indicates that it is Meramecian in age. Except for
the Radiolaria, sponge spicules, and conodonts of the thin siliceous
shale members, the Stanley is essentially devoid of fossils. It has
been assigned to the Ordovician, Mississippian, and Pennsylvanian
systems by various workers. As the history of classification of the
Stanley is long and somewhat involved, only the more important
contributions are reviewed below.

Honess (1923, pp. 176-178) discovered a marine invertebrate
fauna in a three-inch sandstone bed near the middle of the Stanley
shale in sec. 33, T. 4'S,, R. 21 E,, on the west bank of Little River
in McCurtain County. Another fossil locality involving lower Stan-
ley beds was discovered in sec. 27, T. 2 S., R. 24 E. Honess collected
faunas from both localities and submitted them to Charles Schu-
chert for study. Schuchert identified the following forms: crinoid
stems, the bryozoan genera Cystodiciya, Rhombopora, and Fenestella,
the brachiopods Orbiculoidea nitida Phillips, Chonetes sp., and a
productid suggesting Pustula nebraskensis, and a fish bone. Schu-
chert was fairly certain that the collection was of Mississippian or
Pennsylvanian age. He showed the collection to Ulrich who stated
that it could be Mississippian er Pennsylvanian, with the trend of the
evidence pointing toward Pennsylvanian.

Plant fragments from the middle Stanley locality mentioned
above were submitted to David White whose original opirion con-
cerning their age was that they are Mississippian and probably Ches-
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terian in age. Of plant fragments found at other localities in the
Stanley, White stated that they could be either Late Mississippian or
“Pennsylvanian of earlier date than I am acquainted with in the
Appalachian trough” (Honess, 1923, p. 177). Later paleobotanical
work by White, which was published in 1934 and 1937, led him to
the conclusion that the plant-bearing Jackfork and upper Stanley
are Lower Pennsylvanian, and that the non-plant-bearing lower
Stanley probably also is Lower Pennsylvanian. Most subsequent
workers, e.g., Miser and Hendricks ez 4/, leaning heavily on White’s
latest work, included the Stanley and Jackfork in the Pennsylvanian.

C. L. Cooper (1945, p. 390-397) made a thorough review of all
of the published evidence concerning the age of the Stanley-Jackfork
and concluded that the paleobotanical evidence supported a Missis-
sippian age for the two groups but believed that they are younger
than any known Chester in the Mississippi Valley type area. Weller
et al. (1948, p. 106) noted that if White’s correlation of the Stanley
and Jackfork with the lower Namurian of Europe is correct, they
“are probably of Mississippian age.” Cooper made the point that at
the time White had made his correlation, the lower Namurian was
generally considered to be Lower Pennsylvanian (in North Ameri-
can terminology).

A most important contribution to the problem of the age of the
Stanley was Hass’ paper entitled “Age of lower part of Stanley
shale,” published in 1950. Conodonts collected from some of the
black siliceous shales in the Stanley were identified by Hass and
found to be conspecific with forms from the Caney shale of Okla-
homa and the Barnett shale of Texas, both of which have long been
regarded as Late Mississippian. Hass concluded that the Stanley
correlates with the Caney. He considered the lower Stanley to be
Meramecian (p. 1581). In 1956 Hass (p. 25-33) referred the upper
division of the Arkansas novaculite to the Kinderhookian and Osa-
gean and reaffirmed his belief that the lower Stanley is Meramecian;
these correlations were also made on the basis of conodont studies.

Cline’s mapping (1956¢) of the Johns Valley shale in the Cen-
tral Quachitas showed that the lower Johns Valley contains a depo-
sitional tongue of the black goniatite-bearing Caney shale. Inasmuch
as the Johns Valley overlies the Jackfork in normal stratigraphic
sequence, the Jackfork and Stanley cannot be younger than Late
Mississippian. It seems probable that Hass is correct in assigning a
Meramecian age to the lower part of the Stanley group.
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JACKFORK GROUP

In its typical development the Jackfork group consists of 5,600
to 5,800 feet of alternating sandstones and dark gray shales with
minor amounts of black siliceous shales which include some thin
chert beds. Sandstone is the prevailing rock type, hence the Jack-
fork 1s more resistent to erosion than the underlying Stanley shale
and it forms the steeper slopes and higher portions of the synclinal
mountains of the Ouachitas.

History of Nomenclature

Taff (1902) named the Jackfork for Jackfork Mountain in the
frontal OQuachitas. Harlton (1938) studied and mapped better ex-
posures of the Jackfork in the Tuskahoma syncline in western Push-
mataha County and in the Round Prairie syncline northeast of
Atoka in Atoka County. Harlton classified the Jackfork as a group
and divided it into four formations; named in ascending order they
are: the Wildhorse Mountain, Prairie Mountain, Markham Mill,
and Wesley. He excluded the upper 400 to 500 feet of Taff’s Jack-
fork from the group, named it the “Union Valley sandstone” in the
mistaken belief that it is a correlative of the Union Valley of the
type locality east of Ada, Oklahoma, and included it in the Morrow.
Harlton also excluded about 300 feet of shales from the lower part
of Taff’s Jackfork, gave to them the name Chickasaw Creek, and
referred them to the Stanley group.

Harlton made the significant observation that several black
siliceous shales in the Jackfork are widespread in their occurrence
and he demonstrated their value as stratigraphic markers by using
them as datum planes in his mapping. Hendricks and his co-
workers (1947) mapped two of the siliceous shales as members of
the Jackfork but they did not use Harlton’s names.

A restudy of the type sections of all of Harlton’s Jackfork for-
mations by Cline (1956a, p. 427) revealed that the lower portion of
the type Prairie Mountain duplicates the upper portion of the type
Wildhorse Mountain. Although this miscorrelation resulted in a
3,600-foot error in estimating the thickness of the Jackfork in the
Tuskahoma syncline, the interests of stratigraphy are best served by
retaining both formational names even though the thickness of the
Prairie Mountain is considerably reduced and a transfer of the
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Prairie Hollow shale member from the Prairie Mountain formation
to the Wildhorse Mountain formation becomes necessary.

Cline (1956¢, p. 103) restored the “Union Valley sandstone” of
Harlton to the Jackfork group because it proved to be non-equivalent
to the type Union Valley, belonging instead with the underlying
Mississippian formations. Following a suggestion from Cline, Harl-
ton (1959, p. 132, 135) renamed the sandstone between the Wesley
and Johns Valley shales, calling it the Game Refuge. Unfortunately,
Harlton revived his old Pushmataha series in this paper and included
both the Stanley and Jackfork in it.

Classification Used in this Report
The nomenclature used in this report (table 3) is principally
after Harlton but the age assignments are different.

Thickness and Distribution
The most nearly complete exposures of the Jackfork group, in
its typical development, seem to be in the north face of Kiamichi
Mountain, in a belt extending from Clayton eastward to the Arkan-
sas line (fig. 16). Two complete, unbroken, and essentially un-
faulted stratigraphic sequences were recently described by Cline and

TABLE 3

SUBDIVISION OF JACKFORK GROUP, OUACHITA MOUNTAINS, OKLAHOMA

System | Series Formation Member

Game Refuge

‘Wesley

Markham Mill Siliceous shale
member at base

Mississippian

- Siliceous shale
member at base

Prairie Mountain

Meramecian and Chesterian

Prairie Hollow shale

Wildhorse Mountain member below middle
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Ficuze 16, Looking east-sountheast toward north escarpment of Kiamichi Mountain

from a point near Kiamichi Post Office, eastern Pushmataha County. A complete,

unbroken Jackfork stratigraphic section is exposed in the escarpment and the beds dip
southward into the Lynn Mountain syncline,

Moretti (1956). Thus far these are the only published sections which
describe more than a small part of the Jackfork group; complete
exposures are almost impossible to find. The two stratigraphic sec-
tions are 22 miles apart, are structurally aligned, and probably are
about on sedimentary strike. One 1s exposed in a series of deep new
road cuts between Big Cedar and Octavia, the other in an older
series of cutbanks on the Indian Service road southeast of Albion,
thus affording the geologist an opportunity to compare relatively
fresh strata with their somewhat weathered equivalents. These
superb exposures are shown diagrammatically on plate II with zone
numbers which correspond to descriptions published in Circular 41
of the Oklahoma Geological Survey. The sections are drawn to
scale and one can determine at a glance that the complete thickness
of the Jackfork is about 5,600 feet in one of the exposures and about
5,800 feet in the other. These thicknesses are about average for the
central Ouachitas. When due allowance is made for the duplica-
tion of 3,600 feet of strata in the type sections of the Prairie Moun-
tain and Wildhorse Mountain formations, the thickness of the Jack-
fork in the Tuskahoma syncline probably is on the order of 5,650
feet.

Honess (1924) reported the Jackfork to be from 10,000 to

13,618 feet in the southern Ouachitas but it must be remembered
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that he divided it into “Lower Jackfork” and “Upper Jackfork”™
separated by a fossiliferous sandstone which he reported to have a
Morrow fauna. He noted that the 7,000 feet of “Upper Jackfork”
is apparently a shoreward phase of the Atoka. Miser and Honess
(1927, p. 21) pointed out that, inasmuch as Honess’ “Upper Jack-
fork” is Atokan in age, it should be called Atoka and it was so
mapped and labeled on Miser’s 1926 edition of the geologic map of
Oklahoma. Shelburne (1959, p. 33) recently estimated the thickness
of the Jackfork of the southern Ouachitas (Boktukola syncline) to
be from 5,400 to 6,500 feet.

An examination of Hendricks' and Harlton’s geologic maps
reveals that the Jackfork group thins rapidly from the Tuskahoma
syncline northwestward toward the frontal Ouachitas. In the Round
Prairie syncline northeast of Atoka the Jackfork is less than a mile
thick and a few miles north, in the vicinity of the Wesley type
section, the complete thickness of the Jackfork group cannot be
more than 1,700 feet. The Jackfork is not recognized north of the
Ti Valley fault. Admitting that a great deal of this thinning has
been accomplished by faulting, it seems that much of it was also
depositional. Convergence is noticeable in all of the formations in
the Jackfork group and it seems probable that its depositional limits
did not extend north of the Ti Valley fault.

Examination of Hendricks' map brings out significant dif-
ferences in the geology on opposite sides of the Ti Valley fault.
South of the fault the Atoka group rests upon Johns Valley shale
which normally is underlain by a thinned version of the Game
Refuge sandstone, which in turn rests upon Wesley. North of the
fault the Atoka rests upon the Springer formation which rests upon
Caney shale. During the past summer the writer restudied the rela-
tions of the formations in the two fault blocks and during a part of
this work he was aided by Dr. Daniel E. Feray. A restudy of the
type section of the Wesley has led us to the conclusion that 1t is
almost certainly a tongue of the Caney. We also are convinced that
the Game Refuge sandstone pinches out between the Wesley and
Johns Valley shales, in the SE%4 sec. 1, T. 1 S,, R. 12 E. Hendricks’
map shows the Game Refuge sandstone to thin southwestward along
the outcrop in T. 1 N,, R. 13 E., from section 23 to section 33 where
it disappears and the Wesley and Johns Valley are mapped in con-
tact. To the writer it seems likely that the other units of the Jackfork
group also converge northward into the Caney shale.
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Lithologic Characteristics

 Sandstone is the prevailing rock type in the Jackfork group, but
there is much interbedded gray shale. Sandstone is especially con-
spicuous in the middle portion of the group where the massive and
resistant sandstones of the upper Wildhorse Mountain and lower
Prairie Mountain formations combine to produce the higher eleva-
tions in the Kiamichi and other mountain ranges. The laminated
dark gray shales, which include numerous thin beds of sandstone,
are important components of the upper and lower thirds of the
group.

The average sandstone-shale ratio seems to be on the order of
3 to 2, but it varies with stratigraphic position. Bokman (1953, p.
157) found one part of the section to have 70 percent sandstone, 27
percent shale, and 3 percent siltstone. Reinemund and Danilchik
(1957) state that the upper 2,500 to 3,000 feet of the Jackfork in the
Waldron Quadrangle of Arkansas is a little more than one-half
sandstone.

There are several dark siliceous shales in the Jackfork group
with lithology similar to the siliceous shales of the Stanley group.
They are widespread and form good stratigraphic markers.

A 250- to 300-foot interval of variegated green and red shales
which includes some green-gray friable sandstone, is in the lower
one-third of the Jackfork. Surprising as it may seem, this variegated
shale, the Prairie Hollow shale member of the Wildhorse Mountain
formation, has proved to be a remarkably persistent unit and is a
good datum plane in mapping.

Jackfork sandstones range in character from massive beds as
thick as 8 feet to thin, even beds averaging less than 6 inches. The
thicker beds are composed of angular poorly sorted grains, and range
in composition from graywackes to subgraywackes. The thinner
beds, which are intricately interbedded with thicker beds of dark
gray shale, are hard, well:cemented, have sharp parallel bedding
surfaces, and are clean enough to be classed as orthoquartzites. They
are brittle and flexing has produced closely spaced joints which com-
bine with the sharp parallel bedding surfaces to produce rhomboidal
to tabular blocks where weathered. Many of the sandstone beds
have thoroughly developed sole markings and some exhibit con-
volute bedding. Cross-bedding is uncommon except in the Game
Refuge formation, which has both cross-bedding and ripple marks.

As does the Stanley group, the Jackfork group has the bedding
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Ficure 17. Thin-bedded sandstones and dark shales in lower part of Wildhorse
Mountain formation in roadcut on Big Cedar-Octavia road, eastern part of Kiamichi
Mountain.

characteristics of a flysch facies. The dark gray shales are intricately
interbedded with thin, even beds of sandstone (fig. 17). Interlami-
nation is so regular that it suggests a rhythmic, perhaps even cyclic,
pattern, although we have not made a thorough study of this aspect
of sedimentation. The abundant well-preserved sole markings, occa-
sional worm trails, and convolute bedding are all characteristic of a
flysch facies. A few readings on the directional features of the sand-
stones, 1.e., flute casts, groove casts, and other markings, indicate that
the currents transporting Jackfork sediments flowed W12°S, along
the axis of the depositional trough.

Wildhorse Mountain Formation
Derinimion.—The lowest stratigraphic unit in the Jackfork
group is the Wildhorse Mountain formation, which was named by
Harlton (1938, p. 878) for outcrops in Wildhorse Mountain north
of Moyers in Pushmataha County, Oklahoma (fig. 18). Its lower
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Ficure 18. Aerial mosaic of south portion of Tuskahoma syncline showing Wildhorse
Mountain and the line of traverse where Harlton measured the type section of the

Wildhorse Mountain formation,
(Mosaic prepared by L. M. Cline)

boundary is drawn at the top of the siliceous shales of the underlying
Chickasaw Creek formation, with which it is conformable, and its
upper limit in the type area is at the base of the siliceous shale mem-
ber of the Prairie Mountain formation. Harlton designated outcrops
in secs. 30, 31, and 32, T.2 S, R. 16 E., as typical and he published a
diagrammatic stratigraphic section (Harlton’s tig. 10, p. 879) and a
geologic map (his fig. 6, p. 866) showing the traverse along which
he had measured the section (figs. 14, 18).

Lrraorocic CHARACTER AND THICKNESs.—At the type locality the
Wildhorse Mountain formation consists of 3,550 feet of massive
sandstones interbedded with alternating shales and thin sandstones.
The upper part of the formation contains much sandstone. Massive
sandstones near the top produce a conspicuous 60-feot cliff around
the south rim of the Tuskahoma syncline, and sandstones at about
this same stratigraphic position produce prominent ridges and ter-
races throughout the Kiamichi Range to the Arkansas line. It is not
to be implied that individual sandstone beds persist over any con-
siderable distance, although we have not confirmed this one way or
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another, but rather that the sandstones collectively exert a strong
influence on topography.

From field examinations it is evident that the sandstones of the
upper part of the Wildhorse Mountain formation are whiter, cleaner,
and better sorted than those in the lower part of the formation.
Frank Moretti (1958) has completed a study of the mineralogy of
the Jackfork sandstones under the direction of the writer. Although
the writer is aware of his results, they will not not be reported here
so that Moretti may have the pleasure of reporting his own research,
which we hope will soon be published.

Where sandstone rests upon shale, the lower surface of the sand-
stone commonly has well-developed flute casts, bounce casts, groove
casts, and occasional worm markings. Slabs of the sandstones have
long been quarried for building stone, and many houses and busi-
ness establishments in the Moyers, Antlers, and Clayton communi-
ties have been built from this attractive stone, with the base of the
sandstone faced outward to reveal the numerous sole markings. Mr.
Mike Emery, of Kosoma, quarries these slabs commercially.

From weathered outcrops one can easily gain the impression
that the formation is composed mostly of sandstone, but fresh ex-
posures reveal a high proportion of shale. Cline and Moretti (1956)
have published a detailed description of fresh roadcut exposures of
the formation in the eastern part of Kiamichi Mountain. Of the
3,524 feet of the formation, 880 feet is sandstone, 737 feet 1s sand-
stone with subordinate shale, 1,579 feet is shale with subordinate
sandstone, and 328 feet is shale (figs. 19, 20). Most of the section
consists of intricately interbedded dark blue-gray shale and thin,
even beds of sandstone.

Shelburne’s work indicates about the same thickness for the
formation in the southern Quachitas as in the central Ouachitas.
From the type area in the Tuskahoma syncline the formation thins
conspicuously westward into the Round Prairie syncline, and north-
ward it thins rapidly.

Pramie Horrow Suare Memser—About 300 feet of green and
maroon shale with some included green-gray sandstone forms a
persistent band in the middle of the Wildhorse Mountain for-
mation at the type locality. Harlton (1938, p. 880) named this
the Prairic Hollow shale from Prairiec Hollow on the west side
of the Round Prairie syncline at the type locality of the Praine
Mountain formation. He considered it as a member of the
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Froure 19. Alternating sandstones and shales exposed in newly constructed road up

north face of Kiamichi Mountain between Big Cedar and Oectavia. Lower part of

Wildhorse Mountain formation in lewer level, upper part of Wildhorse Mountain
formation in upper level.

Prairie Mountain formation. Cline (1956b, p. 36) found that this
maroon shale occurs within the Wildhorse Mountain formation
at the type locality, and he proposed that it be regarded as a
member of that formation for the following reasons: (1) the type
locality of the Wildhorse Mountain formation is better exposed than
the type locality of the Prairie Mountain formation, (2) the original
description of the Wildhorse Mountain formation takes page pref-

Fryere 20. Resistant sandstones in upper part of Wildhorse Mountain ‘ormation
exposed in fresh roadcut on Big Cedar-Octavia road up north face of eastern part of
Kiamichi Mountain. This section was described by Cline and Moretti (1956).



PRAIRIE MOUNTAIN FORMATION 51

erence over the description of the Prairie Mountain formation, and
(3) Harlton’s description of the Wildhorse Mountain formation is
given in greater detail than that of his Prairie Mountain formation.

It seems noteworthy that variegated shales and sandstones of the
Prairic Hollow member are so persistent, having been identified and
mapped in the frontal Ouachitas by Hendricks ez al. (1947), in the
central Ouachitas by Cline (19562, 1956b, 1956¢), and in the south-
ern Ouachitas by Shelburne (1959). The soft shales weather easily
to produce a strike valley that is easy to trace in the field and its
position on aerial photographs can readily be determined by the
characteristic grid pattern of the steep, short gullies that come in at
right angles to the prominent strike valley.

Prairie Mountain Formation

Derinition.—The Prairie Mountain formation lies conform-
ably upon the Wildhorse Mountain formation and, except for the
presence of a thin siliceous shale bed at the base of the Prairie
Mountain formation, can not be separated from it. The formation
was named by Harlton (1938, p. 881) for Prairie Mountain, which
lies in the Round Prairic syncline northeast of Atoka in Atoka
County. Outcrops in the center of sec. 25, T. 1 S., R. 12 E., were
designated as the type section (fig. 21). The upper limit of the
formation is drawn at the basal siliceous shale member of the
Markham Mill formation. Harlton’s map (1938, fig. 9, p. 873),
showing the distribution of the Prairie Mountain formation in the
Round Prairie syncline, unfortunately includes the upper part of
the Wildhorse Mountain formation in the Prairie Mountain forma-
tion, the outgrowth of an error in correlating the section with
exposures in the Tuskahoma syncline.

Lrteorocic CHARACTER AND THIckNEss.—Cline and Shelburne
have been unable to make significant progress in zoning the
Prairie Mountain formation in their mapping in the Lynn Moun-
tain and Boktukola synclines. Sandstone and shale occur in ap-
proximately equal proportions and individual beds do not seem to
be persistent. The most nearly complete exposure of the Prairie
Mountain formation known to the writer is in cutbanks of a new
road over Kiamichi Mountain, southeast of Big Cedar in south-
castern Le Flore County (fig. 22). Here Cline and Moretti (p. 15,
16) measured 1,892 feet of strata which they assigned to the forma-
tion; this includes approximately 340 feet of sandstone, 655 feet
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Ficure 21. Geologic map of Round Prairie syncline northeast of Atoka, Atoka Coun-

ty. This is Harlton’s type locality for the Prairie Mountain formation.
. (From Harlton, 1938)

of sandstone with some shale, 845 feet of shale with subordinate
sandstone, and 52 feet of shale. A comparison with the lithology
of the formation where it is exposed about 20 miles westward
along the Indian Service road shows approximately the same pro-
portions of sandstone and shale, although the rocks are somewhat
weathered in these older exposures.

Harlton lists a thickness of 1,350 feet for the formation at the
type locality, but when due allowance is made for his error in 1n-
cluding the upper part of the Wildhorse Mountain with the Prairie
Mountain formation, the Prairie Mountain can be scarcely more
than 400 or 500 feet thick in the type area. Harlton gave a
thickness of 4,300 feet for the formation in the Tuskahoma syncline
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Ficure 22. Sandstones and dark gray shales in lower part of Prairie Mountain for-
mation exposed in fresh roadcut near crest of Kiamichi Mcuntain on Big Cedar-
Dctavia road. The stratigraphic sequence was described by Cline and Moretti (1956).

but this thickness is believed to be too great. The only published
stratigraphic sections of the formation, where it has been described
and measured in detail, are those of Cline and Moretti (1956)
for two localities in the eastern part of the Kiamichi Range; here
the maximum thickness that can be assigned the formation in
the thicker of the two sections is less than 2,000 feet.

SiLiceous SHALE MEMBER.—A one- to two-foot bed of dark gray
siliceous shale marks the base of the Prairie Mountain formation in
the type area in the western Ouachitas. Harlton (1938, p. 880, 881)
stated that it is widespread in most of the Quachitas. It seems to be
persistent in the Round Prairie and Tuskahoma synclines where 1t
has been used as a datum in mapping by Harlton. The writer doubts
that it is as widespread as Harlton thought because his mapping in
the Lynn Mountain syncline indicates that it is not present (or is
too thin to be a practical key bed), and Shelburne has been unable
to find it in his mapping in the Boktukola syncline farther south.
Consequently we have been forced to map the upper part of the
Wildhorse Mountain and the lower part of the Prairie Mountain,
formations as a unit.

This siliceous shale is prominently banded, the exceedingly fine
laminae resulting from changes in the relative amounts of clay and
iron oxides (Goldstein and Hendricks, 1953, p. 432, 433) which al-
ternate with carbonaceous and/or sapropelic material. Harlton (p.
882) reports that a microscopic éxamination reveals the presence of
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sponge spicules and numerous capsules and spines of radiolarians;
Goldstein and Hendricks report spore exines.

Markham Iill Formation
DEFINITION.—Conformany above the Prairie Mountain formation

1s the Markham Mill formation. The name was given by Harlton
(1938, p. 884) for outcrops near the old Markham sawmill (no
longer in existence) in the NE cor. SWi4 sec. 21, T. 2 S, R. 14 E.,
on the west side of the Farris syncline. A second type locality was
chosen in sec. 2, T. 2 S., R. 12 E., on Campbell Creek in the Round
Prairie syncline.

Lrroorocic CHARACTER AND THICKNESS.—In its type area the
formation consists of 400 feet of strata chiefly composed of sand-
stone which is thick bedded in the lower part and is thin bedded
in the upper part. The base is marked by 15 to 20 feet of dark gray
siliceous shale, which is the most characteristic member of the
formation.

The thickness seems to be fairly constant in the central Oua-
chitas. Cline and Moretti (1956, p. 5, 15) recorded thicknesses of 318
and 328 feet respectively for two well-exposed sections in the western
part of the Kiamichi Range. The formation thins rapidly northward
from the type section into the frontal Ouachitas. Harlton reported
only 10 feet of sandstone above the thin basal siliceous shale in the
fault block between the Ti Valley and Windingstair faults.

SILICEOUS SHALE MEMmBER—In the western Ouachitas 15 to 20
feet of hard, platy to blocky, dark gray siliceous shale marks the
base of the formation. Some of the harder beds closely approach
chert in general appearance, and on weathered outcrops float of
this characteristic material is an aid in identifying and mapping the
formation. The shale has inclusions of carbonized plant fragments
which give it a mottled appearance. Weathered fragments of the
more siliceous beds have a pinkish-gray to reddish-gray color.

Harlton (1938, p. 885) reported lenses of a cherty sandstone con-
glomerate in the lower part of the siliceous shale at Prairie Moun-
tain and he noted that the conglomerate is coarser northward (pre-
sumably he meant that the individual components of the conglomer-
ate are coarser) and includes boulders in the frontal Ouachitas. He
stated that the boulders were “dropped” into the sea during deposi-
tion of the siliceous shale.

The basal siliceous shale is a valuable stratigraphic datum in the
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western Ouachitas. Harlton used it as a key bed in his mapping in
the Round Prairie, Farris, and Tuskahoma synclines. The writer
has noticed its presence south of the Kiamichi River in the north
limb of the Lynn Mountain syncline, although he has not positively
identified it in this range east of the Indian Service road. R. H.
Johnson (1954) mapped a siliceous shale in the Medicine Springs
area east of Antlers believing it to be the Markham Mill. The writer
believes that this siliceous shale is in the upper part of the Wesley
formation and that it correlates with a siliceous shale farther east
in the Boktukola syncline which Shelburne (1959) has mapped as
the Wesley. The writer mapped the Markham Mill and Prairie
Mountain formations as one unit in the western part of the Lynn
Mountain syncline because, in the time available, it did not seem
practical to search for an obscure siliceous shale just to differentiate
300 to 400 feet of prevailingly sandstone strata from the much
thicker underlying Prairie Mountain sandstones.

Wesley Formation

DeriNiTioNn.—Between the sandy strata of the Markham Mill
and Game Refuge formations is the Wesley shale, a 150- to 500-foot
unit of soft blue-gray shale containing some black siliceous shale
beds. The type locality was designated by Harlton (1938, p. 886)
as outcrops southwest of Wesley in the El4 SEY4 NW14 sec. 20, T.
1 N,, R. 13 E,, just south of the Ti Valley fault. The formation has
proved to be one of the most widespread and useful stratigraphic
markers in the entire Stanley-Jackfork stratigraphic sequence.

LrtaoLocic CHARACTER AND THICKNEss.—At the type locality
the Wesley consists of 500 feet of gray shale with some subrounded
masses of dark gray to black chalcedony and many intercalated
lenses of a peculiar chert conglomerate (Harlton, 1938, p. 886).
Hendricks (1947, p. 17) has noted a facies change from soft blue-
black and hard black siliceous shale in the northwest part of the Oua-
chitas to a brown clay shale containing scattered thin beds of hard
black siliceous shale in the southeast. In the Lynn Mountain syncline
the writer (plate I) has mapped as Wesley about 400 feet of soft gray
shale containing some thin dark siliceous (cherty) layers. Eastward
in this syncline, in cutbanks along the Indian Service road where it
crosses the Kiamichi Range, the formation consists of about 150 feet
of soft blue-gray shale with intercalated thin beds of siltstone and
fine-grained sandstone and at Jeast one conspicuous chert bed near
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the top (Cline and Moretti, 1956, p. 5). The chert is dark gray to
black and weathering produces 6-inch rhombohedrons with a char-
acteristic green-gray weathered surface. This chert is present in the
Kiamichi Range eastward to the Arkansas line. Shelburne has also
found chert beds in the top of the Wesley in the Boktukola syncline
where that formation attains a thickness of at least 223 feet.

Harlton has emphasized the occurrence of the thin teds of chert
conglomerate in the Wesley and has called attention to the presence
of rock fragments derived from an Arbuckle facies. Hendricks
(1947, p. 17) noted the presence of exotic bouldeis of chert and flint
with diameters up to seven feet. According to Hendricks, Ordo-
vician trilobites and graptolites have been collected from some of the
exotics. From his observations that there is a progressive decrease
in the size of the boulders from northwest to southeast, Hendricks
concluded that they had been derived from the northwest.

StrATIGRAPHIC RELATIONS.—South of the Windingstair fault, in
the central Quachita Mountains, the stratigraphic relations of the
Wesley are straightforward, but north of the fault there are some
stratigraphic problems in connection with the Wesley and its cor-
relatives. Where Harlton (1938) and Hendricks ez al. (1947) have
mapped the Wesley in the Round Prairie, Farris, and Tuskahoma
synclines and adjoining areas, the Game Refuge sandstone is nor-
mally between the Wesley below and the Johns Valley shale above.
The outcrop belt of the Game Refuge is ordinarily somewhat wider
than that of the Wesley but the Game Refuge thins northward (and
westward) and in the western part of the frontal Ouachitas the
Wesley and Johns Valley have been mapped as being in contact.

In the fault block north and northwest of the Windingstai
fault the Game Refuge sandstone thins rapidly and the width of its
outcrop belt becomes less than that of the Wesley. The westward
thinning is illustrated by Hendricks’ map which shows the Game
Refuge sandstone to be well developed in sec. 23, T. 1 N, R. 13 E.,
but thinning rapidly southwestward along the outcrop in secs. 22,
27 and 28 and disappearing altogether in sec. 33 to bring the Wesley
and Johns Valley shales in contact. Farther to the northwest, ad-
jacent to the Ti Valley fault, Harlton and Hendricks and his co-
workers have mapped the Wesley in contact with the Johns Valley.
An exception to this general rule is in the small fault block in which
is located the type locality of the Wesley; both Harlton and Hend-
ricks ez al. have mapped the Atoka as resting unconformably upon
the Wesley in this area.
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North of the Ti Valley fault Hendricks ez al. have employed a
stratigraphic terminology that corresponds more to Arbuckle facies
terminology than to that of the Ouachita facies. There are signifi-
cant differences in the geology on opposite sides of the fault, the
chief differences being that the Jackfork group is not recognized
north of the fault and that in place of the Wesley and Johns Valley
formations the Caney and Springer formations are mapped; the
writer believes these differences are more apparent than real. The
writer is convinced that the type Wesley represents a considerable
part of the Caney shale and that the Springer formation of the
frontal Quachitas is partially equivalent to the Johns Valley (= up-
per Johns Valley of the central Ouachitas).

Ammonoid cephalopods have been reported to occur in many of
the “siliccous masses” (Harlton, 1938, p. 889) and in some of the
limonitic (sideritic) concretions of the Wesley formation (Hend-
ricks, 1947, p. 34). According to Harlton the non-siliceous portions
of the shale contain Foraminifera of which Hyperammina, Cornu-
spira, Bigenerina, Haplophragmoides, Agathammina, and Sherbon-
ites are the most plentiful. Hendricks noted that conodonts and
radiolarians are abundant (probably in the siliceous members); in
places the radiolarians appear as spheres of ¢lear silica approximately
one millimeter in diameter.

Harlton (1938, p. 889) correlated the Wesley with the “Penn-
sylvanian Caney” (Goddard-Springer) and Hendricks (1947, corre-
lation chart, p. 8) evidently intended to correlate it with the upper
part of the Springer formation. Inasmuch as the basal portion of the
Johns Valley shale has Mississippian Caney goniatites and typical
Caney lithology (Cline, 1956c, p. 103), the Wesley shale of the cen-

tral OQuachitas must be Late Mississippian in age.

Game Refuge Formation
Derinrrion.—Overlying the Wesley shale and underlying the

Johns Valley shale is a persistent fossiliferous sandstone containing
abundant fragments of crinoid columnals, brachiopods, bryozoans,
and plant fragments. Harlton (1938) correlated this sandstone with
the Union Valley sandstone (the “Cromwell” of the subsurface),
which at its type locality east of Ada contains a goniatite fauna of
earliest Morrowan age (Miller and Owen, 1944). Inasmuch as the
lower portion of the overlying Johns Valley shale contains a Caney
goniatite fauna of Late Mississippian age (Cline, 1956c, p. 103),
this fossiliferous sandstone must be older than the type Union Val-
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ley. Recognizing the inappropriateness of the term Union Valley,
Harlton (1959) recently substituted the name Game Refuge sand-
- stone,

Harlton (1959) states that the best exposures of the formation
known to him are along Campbell Creek* in sec. 2, T.2S.,R.12
E., in the Round Prairie syncline northeast of Atoka, but that the
name Campbell Creek is preoccupied. He has chosen the name
Game Refuge sandstone because it is available and because there are
good cutcrops in the State Game Refuge about 6 to 8 miles southwest
of Clayton in Pushmataha County. There are good outcrops of the
formation along the north side of Jerusalem Hollow in the SWi,
sec. 28 and the N4 sec. 32, T. 1 N, R. 18 E., where its relations to
the Wesley and Johns Valley are quite clear.

Lrrrorocic CHARACTER aND THICKNEss.—The Game Refuge is
predominantly sandstone, but it includes some intercalated gray
shale. It contains some thin siliceous shale in the Kiamichi Range,
the Boktukola syncline, and the Medicine Springs area. The sand-
stone has good topographic expression and produces good outcrops,
lying as it does between the relatively weak Wesley and Johns Val-
ley shales.

The Game Refuge is characterized by having zones of limonitic
sandstone containing the plant Calamites and a fauna composed of
external and internal molds of marine invertebrates. The 1nverte-
brate fossils were originally included in a quartzose sandstone as
fragments of calcium carbonate but it seems that by the time dia-
genesis had been completed the calcium carbonate had largely been
dissolved; some of the molds have since been filled with argilla-
ceous material.

Ripple marks, including some interference ripples, and occa-
sional small-scale cross-bedding are nearly as characteristic of the
Game Refuge sandstone as the mold fauna. It seems significant
that these sedimentary structures are not common in the Jackfork
sandstones, whereas the flow casts, flute casts, and other bottom
markings, so typical of the sandstones of the Jackfork group, have
rarely been noted in the Game Refuge sandstone.

The formation is approximately 350 to 400 feet thick in the
western Quachitas, although it thins northward in the frontal Oua-
chitas and disappears altogether north of the Ti Valley fault. It is

* Shown as “Camel Creek” on U. & Geologieal Survey Stringtown, Okla., topographic
(7.5} quadrangle.



FAUNA OF GAME REFUGE FORMATION 59

about 500 feet thick in the Kiamichi Range and in the Boktukola
syncline. It should be noted that, in their description of the Jackfork-
Atoka strata of Kiamichi Mountain, Cline and Moretti (1956, p. 4, 5,
15) referred only 160 feet of sandstone to the Game Refuge (“Union
Valley” of that report). Cline and Shelburne are now of the opinion
that the following zones described in the Indian Service road strati-
graphic section (plate II and Cline and Moretti, 1956) should also
be included in the Game Refuge formation; zone 106, which was
identified at that time as Johns Valley (?), and zones 107 and 108
which were included in the basal Atoka. In making the original
correlation Cline and Moretti were strongly influenced by the opin-
ion that the sandstones of zones 107 and 108 were the direct latezal
equivalents of the fossiliferous sandstone in the Boktukola syncline
from which Honess had obtained his “Morrow fauna.” However,
Shelburne has found that Honess’ type “Morrow fauna” lies 800 feet
above the Wesley shale and 300 feet above the Game Refuge sand-
stone in that area.

Because the invertebrate fossils are mostly molds it is difficult
to pursue identification as far as species rank. Nonetheless, Harlton
(1938, p. 893) has been able to identify the molluscs Aviculopecten,
Bellerophon, Gastrioceras, and Orthoceras [more likely Pseudortho-
ceras], the brachiopod Productus [probably Dictyoclostus], and the
trilobite Griffithides.
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MISSISSIPPIAN-PENNSYLVANIAN TRANSITIONAYL ROCKS

Johns Valley Shale

Derinrrion.—Lying stratigraphically above the Jackfork sand-
stone and below the Atoka formation in the central Cuachita Moun-
tains is the Johns Valley shale. The formation name Johns Vailey
was introduced by Ulrich (1927, p. 21, 22) for outcrops in bowl-
shaped Johns Valley in the trough of the Tuskahoma syncline, par-
ticularly in the north one-half of T. 1 8, R. 16 E. (fig. 23). In re-
cent years there has been a tendency to overlook the fact that, al-
“though Taff’s first mention of Caney shale was in his Coalgate folio
(Taff, 1901), his type locality was in Johns Valley, which is pre-
cisely the same locality which Ulrich proposed for his type Johns
Valley formation. The name was derived from Cane Creek (now
Johns Creek) which drains a portion of the valley. Also, generally
ignored is the fact that many of the fossils that were illustrated by
Girty (1909) in United States Geological Survey Bulletin 377, The
fauna of the Caney shale of Oklahoma, were collected from his lo-
calities 2075, 3983, 3984, and 3986 in secs. 2, 3,and 4, T. 1 S, R. 16 E,,
in Johns Valley.

It is now known that these collection localities are in the lower
part of Taff’s Caney shale, and that Taff intended that the name
Caney should be applied to all of the shale between the Jackfork
and Atoka in the central Ouachitas; Ulrich was well aware of this.
Furthermore, all geologists acquainted with Girty’s work on the
Caney fauna have known that both Girty and Taff regarded the
Caney fauna in Johns Valley as coming from rocks 1dentical in age
with the now better known Mississippian Caney shale of the Ar-
buckle facies to the west. Miser and Honess (1927, p. 11, 12, fig. 2)
were firmly convinced that the Arbuckle Caney is of the same age
as the shale containing the Caney fossils in Johns Va'ley. Ulrich
acknowledged the contemporaneity of the fossils but he believed that
the fossils in Johns Valley came from exotic or erratic boulders
which had been ice-rafted into the enclosing shale. Inasmuch as
Ulrich found what he believed were Wapanucka (Lower Pennsyl-
vanian) fossils in a boulder-bearing portion of the Johns Valley
shale, he concluded that all of the Johns Valley 1s Pennsylvanian in
age and therefore younger than the Caney of the Arbuckle region
We should note that Ulrich did not find Pennsylvanian exotic
boulders in the Johns Valley at the type locality.
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The goniatite-pelecypod fauna that Girty described from the
lower Caney is now generally regarded by paleontologists as Late
Mississippian and as a fauna typical of a black shale facies. The
upper, softer, lighter gray shale above the black Mississippian Caney
in the Arbuckle facies has long been referred to as “Pennsylvanian
Caney” by subsurface workers but more recently it has been named
Goddard and the term seems to be coming into general use.

The presence of exotic limestone in the lower Caney in Johns
Valley did not mislead Miser and Honess into correlating all of the
“Ouachita Caney” with Pennsylvanian equivalents as it had misled
Ulrich. Miser and Honess published diagrams (1927, fig. 2) show-
ing two possible interpretations of the relationship of the Arbuckle
to the Ouachita facies. Their diagrams are redrawn and reproduced
as figures 24 and 25 in this paper. Regardless of which of their inter-
pretations is the correct one, both diagrams show the Caney of the
Arbuckles as having been physically continuous with the Caney of
the Ouachitas at the time of deposition; both diagrams show the
Caney of the Ouachitas as lying stratigraphically above the Jackfork.
The author is convinced that Miser and Honess were correct in
assigning the Caney of the Cuachitas a stratigraphic position above
the Jackfork and he would like to see them given proper credit for
being so discerning. Ulrich (1927) went to great lengths to con-
vince the reader that the “Ouachita Caney” (Johns Valley shale)
must be younger than Arbuckle Caney.

Because of uncertainties concerning the use of the terms Caney,
Mississippian Caney, Pennsylvanian Caney, Ouachita Caney and
Johns Valley, Harlton (1938, p. 896) proposed that the name Johns
Valley be abandoned and that the name Round Prairie be adopted
for the shale between the Jackfork and Atoka. Outcrops 1n the
Round Prairie syncline northeast of Atoka, in the NEY; NE4 SEY
sec. 2, T. 2 8., R. 12 E., were designated as the type locality. The
following reasons for choosing Round Prairie over Johns Valley
were given: (1) the poor exposures in Johns Valley, and (2) the
chaotic mixture of the exotic boulders and the crumpled shale which
precluded determination of the true character of the “normally
deposited shales” in Johns Valley.

Subsequent workers, including Hendricks (1947), Hendricks
et al. (1947), Rea (1947), Howell (1947), Cline (1956a, 1956b,
1956¢), and Cline and Moretti (1956), have not followed Harlton
in the use of the term Round Prairie, preferring instead the older
term Johns Valley. If the law of priority were to be invoked, the
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name Johns Valley would be suppressed as a synonym of Caney
(original usage), but in this case the name Johns Valley is so
thoroughly established in the literature and so firmly entrenched in
the minds of geologists working in the Ouachitas that the interests
of geology are best served by the continued use of the name Johns
Valley. Also, the name Caney is now generally understood to refer
only to the lower, Mississippian portion, of Taff’s original Caney.

LitHoLocic CHARACTER AND THICKNEss.—In its characteristic
development the Johns Valley formation includes from 425 to 900
feet of prevailingly shaly strata. The lower portion contains dark to
black shales with typical Mississippian Caney lithology and fossils,
whereas the upper portion contains considerable amounts of lighter
gray clay shale with some thin interbedded sandstones, the lithology
of which resembles that of the sandstones of the overlying Atoka.
At the few localities where both contacts of the formation have been
seen, there are zones in both the lower and upper portions of the
shale in which limestone and chert exotics occur. The exotics include
numerous rounded pieces ranging in size from pebbles to boulders,
and less numerous angular blocks of limestone, some of which
attain diameters of 40 feet or more. The boulder-bearing shales
have been referred to by some geologists as the “lower boulder bed”
and the “upper boulder bed.” In reality, there are intervals in both
the upper and lower portions of the Johns Valley in which exotics
occur in several beds, some of which are shale beds separated by
well-defined sandstone beds.

Johns Valley shale containing exotics is known to occur in a
belt about 25 to 30 miles wide and about 125 miles long, extending
from near Atoka, Oklahoma, in the western part of the frontal
Ouachitas castward to Boles, Arkansas. Hendricks, Gardner, and
Knechtel did not map the Johns Valley north of the Ti Valley fault
in the frontal Ouachitas but the author believes that it 1s almost cer-
tainly represented north of the fault by the Springer formation and
by the upper part of their mapped Caney. The author recently found
limestone exotics in secs. 31 and 32, T. 2 N, R. 14 E., in a belt
mapped as Springer formation by Hendricks el az. (1947). The
writer has not found boulder-bearing Johns Valley strata south of
Hardy Creek in the Lynn Mountain syncline; however, farther
south, in the Boktukola syncline, Shelburne (1959), on the basis of
stratigraphic position, assigned the shales which lie above the Game
Refuge sandstone to the ]ohns Valley shale.

Limestone exotics occur in the Tohns Valley shale in Winding
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66 JOHNS VALLEY

Stair Mountain almost as far east as the state line. However, in the
next ridge south, Kiamichi Mountain, the writer has been unable
to find exotics east of Oklahoma State Highway 2, which crosses
the range between Clayton and Nashoba Junction. Nonetheless, a
well-developed stiike valley, carved from soft shales which lie
stratigraphically above the Game Refuge sandstone, can be traced
castward on aerial photographs. A ground check at several locali-
ties reveals that these shales have a stratigraphic position immedi-
ately above the Game Refuge sandstone, which in turn rests on
easily recognized Wesley shale. Shale also occupies this same strati-
graphic interval above the Game Refuge sandstone in the Boktukola
syncline and the writer knows of no reason to call it anything other
than Johns Valley, notwithstanding the lack of exotic boulders.

Noreworray JouNns VarLey Ourcrops.—The characteristics and
structural and stratigraphic relations of the Johns Valley shale are
well displayed at a number of localities in the Ouachita Mountains.
The six localities described below are the most suitable for a study
of the formation.

Johns Valley.—Various aspects of the stratigraphy of the Johns
Valley in its type area have been discussed by previous writers. The
writer therefore will limit his observations to a few points which
seem pertinent to this paper.

At the time Ulrich (1927) named the Johns Valley shale he
stated that in the Johns Valley syncline it is underlain by the Jack-
fork sandstone and overlain by sandy shales of the Atoka formation.
Fortunately he mentioned (p. 22) that the presence of Atoka in
Johns Valley had been questioned by “recent investigators.” Hend-
ricks ez al. (1947) did not map Atoka in Johns Valley, and the sandy
shales occupying the trough of the syncline are labeled Springer and
included in the upper Johns Valley by Harlton (1959, p. 134) on his
map. On Harlton’s map he has differentiated a wide belt of
“bouldery shale” (figs. 26, 27) lying stratigraphically above the
Game Refuge sandstone (uppermost Jackfork), a much thinner
band of “Caney-Goddard” lying inside the bouldery shale, and an
oval area of “Springer” inside this, occupying the deepest part of
the Tuskahoma syncline. Although the observed dips in the inner
oval area range from 20 degrees to vertical, according to Harlton,
and locally are overturned, the writer believes that it is safe to say
that almost the complete thickness of the Johns Valley shale is rep-
resented in its type locality. It seems like a stroke of fate that erosion
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Ficure 26. Exotic block of Silurian limestone embedded in Johns Valley shale at
type locality.

should have stripped off all of the Atoka formation and possibly a
small amount of the upper Johns Valley shale, but that seems to be
the case. Recently discovered outcrops across the Kiamichi River,
only a few miles to the east, reveal the Johns Valley shale between
the Atoka formation and the Game Refuge sandstone in such sim-
ple structural relations as to leave no doubt as to its true stratigraphic
position beneath the Atoka.

Farris syncline—The Johns Valley crops out in two continuous
belts on opposite sides of the Farris syncline several miles southwest

Ficurt 27. Typical dark blue-black limestone concretions interbedded with black
shale of Caney lithology which is a part of the Johns Valley formation. Location is
at the type section of the Johns Valley shale.
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of the type locality of the Johns Valley. An interesting boulder-
bearing shale outcrop, which is easily reached by automobile, lies
cast of the road and not far from the center of sec. 22, T.2 S., R. 14
E., the locality being about one mile due east of the type locality of
the Markham Mill formation. The stratigraphic relations of the
Johns Valley shale to the Game Refuge and the Atoka formations
are easily determined. There is a gentle dip-slope developed on the
upper surface of the fossiliferous Game Refuge sandstone, and sand-
stones in the lower part of the Atoka formation form a low cuesta
on the opposite side of the strike valley developed in the Johns Val-
ley shale. Limestone exotics ranging in size from pebbles to bould-
ers, and a few large blocks, are abundant in the dark shale matrix.
Two large blocks of Ordovician limestone are shown in figure 28.
Round Prairie syncline—The Johns Valley shale forms an al-
most continuous outcrop belt around Round Prairie in the inner
portion of the Round Prairie syncline northeast of Atoka, being
interrupted only on the south side by faulting. In 1938, when
Harlton proposed to substitute the name Round Prairie for
Johns Valley, he designated outcrops in the NE!; NE SEY
sec. 2, T. 2 S, R. 12 E., as the type locality for his new forma-
tion. He recognized a lower boulder-bearing shale separated
from an upper bouldery shale by two or three beds of fossiliferous
sandstone. A black silicecus shale was said to mark the top of the
formation. The aggregate thickness of the various members of the
Johns Valley is about 800 feet in Round Prairie. Both Harlton and
Hendricks ez /. mapped the Atoka formation in the center of the
Round Prairie syncline. Round Prairie is accessible by automobile
by a road from Atoka which enters from the south and by another
road entering from the north which is reached from Stringtown.
Hairpin Curve—The most publicized of the Johns Valley lo-
calities is the Hairpin Curve exposure along Oklahoma State High-
way 2, about midway between Clayton and Wilburton, in the south
part of sec. 3, T.3N,, R. 19 E. The locality has been visited by many
geologists including those in attendance during the 1947 Tulsa Geo-
logical Society Field Conference in the Ouachita Mountains. Hend-
ricks and Averitt published an excellent description of the Johns
Valley in this exposure and reproduced two photographs of the
botlder beds in the guidebook (p. 32-34). In referring to the Hair-
pin Curve section, Cline (1956¢, p. 104) stated that “the exposures
of the lower and upper Johns Valley appear to be on opposite sides
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Ficur 28. Limestone exotics in Johns Valley shale near the center of sec. 22, T. 2 N,,

R. 14 E., in the Farris syncline. Upper photcgraph shows large blocks of Ordovician

limestone. Lower photograph shows boulders and ccbbles of limestone embedded .in
soft dark gray shale.

of an anticline.” In commenting on the structure at this same locali-
ty, Misch and Oles (1957, p. 1903) state that the Johns Valley shale
cutcrops are In an “unbroken anticline which is succeeded on the
north and on the south by unbroken synclines.” More recently the
author has restudied the Hairpin Curve locality in greater detail than
be“ore and has found that the beds in the lower Johns Valley, which
are exposed south and southeast of the sharp curve, are overturned.
Near the top of the artificial cut, south of the curye, there are some
sandstone beds that are nearly horizontal and a superficial examina-
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tion would lead one to suppose that they are in their normal depo-
sitional position. Closer study reveals that load casts, flute casts,
groove casts, and other sedimentary structures characteristic of the
under surfaces of sandstones are present on the upper surfaces of the
sandstone as they are now exposed; thus, the stratigraphic sequence
1s upside down. Confirmation that the beds south of the curve have
been overturned by folding (probably accompanied by faulting) is
found in a close study of the contacts of some of the sandstone and
shale beds; in a normal depositional sequence the contact of a sand-
stone bed with the underlying shale is sharper than the contact with
the overlying shale, which contact has a tendency to be somewhat
gradational. As the rocks south of the curve are overturned, the
structure is not that of a simple anticline as the writer formerly
thought, and as Misch and Oles recently stated, but it is probably
faulted in much the way that Hendricks mapped it. How much of
the lower part of the Johns Valley is cut out by faulting we do not
know, but probably the 200 feet of section shown as covered in the
Hendricks-Averitt measured section (their zone 26) approximates
the amount of missing strata. Cline and Laudon (Dallas Geol. Soc.,
1959b) redescribed the section in some detail. The strata are some-
what better exposed now than at the time Hendricks and Averitt
described the section and, of course, we now interpret the south part
of the exposure as being overturned.

Description of lower part of Johns Valley shate cwposed south and southeast

of the Heirpin Curve. Note that strata are overturned and that zone 1 is of

the top of the cutbani. Described by L. M. Cline and Richard Laudon (Dallas
Geol. Soc., 1959, D. 40).

Top
Johns Valley shale

5. Shale; typical Mississippian Caney shale; black, laminated,
includes several zones of siltstone that weather light gray;
Imany rounded phosphatie concretions ihe size ang shape of
marbles, some contain goniatites including Lyrogoniatites,
Exposed to road level 27

4. Shale; dark blue-gray, platy, with some zones of lighter
colored clay-shale; includes some lenticular beds of clay
ironstone and rolled masses of hard, fine-grained randstone
which show convolute bedding. Limestone erratics are em-

bedded in some of the gray clav-shale. Some small drag
folds

3. Shale and siltstone; interlaminated dark gray shale and

brown—weathering siltstone with shale bredominating; con-
tains some clay-ironstone concretions 15

2. Shale; jumbled appearance; alternating gray shale and
brown silty shale including some beds of hard fine-grained
sandstone ag thick as § inches. Upper surfaces of sandstones

Thickness
in feet

59
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have meandering animal trails, the lower surfaces have
prominent load casts. Lenses of conglomeratic sandstone.
Rolled sandstone masses prominent. Many features of tur-
bidity flow deposition. Beds dip 34 degrees southeastward
into the hill; note that dips become successively lower in
the cut; actually, the lower dips have the greatest struc-
tural disturbance because the entire section is overturned 16

Game Refuge sandstone
1. Sandstone; only the top 5 feet described. In beds from 2
inches to 3 feet thick; medium-grained to fine-grained,
weathers light gray with iron-stained surfaces; contains
crinoid columnals and other fragmentary fossils. Sandstone
has well-developed convolute bedding; torose load casts on
under surfaces. Beds are overturned but nearly flat 5

A traverse eastward along the highway substantiates the con-
tention that the beds south of the curve are overturned. It also es-
tablishes the fact that these rocks represent the lowermost strata in
the Johns Valley; the Game Refuge sandstone, also overturned near-
est the curve but gradually returning to its normal structural posi-
tion as it is traced eastward, underlies the Johns Valley shale and,
in turn, is underlain by the Wesley shale at the place where the road
curves southward.

The overturned section south of the Hairpin Curve contains
some interbedded strata with typical black shale Caney lithology and
with phosphatic concretions containing goniatites of Late Mississip-
pian age, among which are Gowniaites choctawensis and Lyrogon-
iatites (fig. 29). This tongue of Caney shale is in its proper strati-
graphic position above the Game Refuge sandstone and does not
represent a fault slice brought up by the fault which is present in
the stream valley immediately north.

These beds with Caney lithology and Caney fossils also con-
tain numerous exotic boulders and pebbles of limestone which were
dropped into the shale at the time when it was mud. They are not
tectonic boulders or part of a friction carpet. Precisely this same
lithology is characteristic of the lower Johns Valley in outcrops in
the State Game Refuge southwest of Clayton whete the formation
is found in continuous outcrops between the Game Refuge and
Atoka sandstones and under such simple structural conditions as to
leave no doubt that the lower Johns Valley includes beds of Missis-
sippian Caney age and lithology.

North of the Hairpin Curve the upper Johns Valley shale occurs
in its normal position and dips northward beneath the Atoka sand-
stone. The basal part of the exposed section of Johns Valley is com-
posed of alternating shales, siltstones, and sandstones. Exotics have
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Fioure 29. Lower part of Johns Valley shale exposed on south side of Hairpin Carve,

sec. 3, T. 3 N, R. 19 E,, in cutbank along Oklahoma State Highway 2. The black

shale is a tongue ¢f Caney and contains typical rounded marble-like phosphati

concretions, some of which contain fossils. Beds are overturned and dip 35
degrees to left (south).

not been observed. Upward in the section there are scattered pebbles
of limestone exotics in the shales sandwiched in between well-
bedded sandstones. In the upper part of the section there is a
striking concentration of limestone boulders, blocks, and cobblés
and it rests in a channel which clearly bevels about 1114 feet of the
underlying strata (figs. 30, 31, 32). There is'a noticeable decrease

Ficure 30. Johns Valley shale exposed beneath Atoka sandsione in road cut along

Oklahcma State Highway 2 on the north side of Hairpin Curve, sec. 3, T. 3 N.,

R. 19 E., Latimer County. Boulder-bearing shale on left in front of automobile;
" north-dipping Atoka sandstones on right near curve.
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Ficure 31. Detail of Johns Valley shale shown in figure 30. Boulder-bearing shale

rests in channel cut through shales ‘and sandstones in upper part of Johns Valley

group; possibly cut by mud flow or turbidity current which depcsited the boulder
beds.

in the size of the exotics upward in this deposit, the overall efect
‘being not unlike that of graded bedding, but it is of course on a
somewhat larger scale than the usual examples. The exotics in the
lower part of the channel fill include well-rounded boulders with
diameters in excess of a foot and slightly rounded blocks of similar
dimensions, the whole being embedded in a clay-shale matrix. Up-
ward the boulders give way to cobbles and they in turn give way to

Ficure 32. Detail of upper part of channel {ill shown in figure 31. Limestone peb-
bles and cobbles are embedded in a clay-shale matrix in which the bedding has been
obliterated. Observe that few pebbles are in contact with others,
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pebbles which are so widely separated in the gray clay-shale matrix
as to give the effect of plums in a pudding. Throughout this de-
posit there are rounded masses of a hard, brownish quartzitic sand-
stone. The writer interprets this particular “boulder bed” to be the
product of a single submarine slide or turbidity flow. The flow
initially attained a high velocity during which phase it was able to
transport boulders and to scour previously deposited muds and
sands. As the peak of the flow was reached and the velocity trailed
off, pebbles began to drop out and were deposited with the muds
of the flow and those obtained from the reworked bottom. The
sandstone masses represent lenses of sand torn from the bottom and
rolled along the flow. Some geologists have interpreted these
rounded sandstone masses here and at other localities as “tectonic
boulders” in the friction carpet of an advancing thrust sheet. The
writer does not agree with this interpretation.

Description of strata exposed along Oklahoma State Highway 2, about midway
between Wilburton and Clayton, in the south part of sec. 3, T. 3 N, R. 19 E.,
Latimer County, Oklahoma (Dallas Geol. Soc., 19596, p. 35). Exposures in
west-side cutbanks of road beginning near concrete culvert and continuing
downward to covered interval. Described by L. M. Cline and Richard Laudon.

Auwgust, 1958.
Top Thickness

Atoka formation in feet
23. Shale and sandstone; dark blue-gray laminated shale com-
prising 60 to 656 percent of unit; interbedded sandstone in
beds as thick as 6 feet. Flute casts abundant on lower gur-
faces of sandstones. Shale units as thick as 20 feet. Ex-
posed below eculvert HET
About the same thickness of Atoka is exposed above culvert,

22. Sandstone; hard, convolute bedding near iop; rasts of reed-
like plants on base of bed, one being nearly 5 feet long, of

uniform thickness, and with longitudinal ribs 3.5
21. Shale; medium-gray, laminated, silty 8.5
20. Shale; gray, lower 2 feet dark-gray to black, may be spili-

ceous 3.5
19. Shale; medium-gray, laminated silty 3
18. Sandstane; hard, laminated but weathers massive 0.8
17. Shale with thin beds of sandstone; dark-gray, almost black,

upper 2 feet siliceous; 4 sandstone beds in interval, each

averaging only 3 inches but with prominent load and flute

casts on undersurfaces; beds slightly overturned 7
16. Shale; dark-gray to black, thin-bedded, some clay-iron-

stone concretions 10
15. Sandstone; beds as thick as 3 feet; cut by small fault on

north; convolute bedding and bottom markings abundant 47
Johns Valley formation
14. Shale; dark-gray, fissile 6
13. Shale; poorly bedded, includes rolled sandstone masses;

poorly exposed 12
12. Sandstone; includes beds as thick as 3 feet: some shale 105

11. Shale; gray 2.5
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10. Sandstone; massive, contains a sandstone mold and cast

fauna of marine invertebrates; stained brown 2
9. Sandstone; in beds 4 to b {eet thick 19
8. Shale; gray, ihin-bedded, weathers buff 5

7. Sandstone and shale; sandstone predominating, weathers
light-gray, in massive beds the thickness of which is about
2 feet; shale, dark blue-gray, finely laminated. Some sand-
stone beds have flute casts and intricate convolute bedding o8

6. Clay shale; with pebbles and cobbles of limestone exotics
and masses of rolled sandstone; may be a repetition of up-
per part of zone 4 16

5. Infolded sandstone and shale in small drag fold; in fault
contact with underlying shale; probably belongs higher
stratigraphically 32

4. C(Clay shale with included limestone boulders; the lower 11.5
feet occupies a channel cut into the underlying zone 3;
limestone exotics are so thick that it resembles a coarse
conglomerate; some of the boulders have diameters up to
2 feet. The upper half of the zone is a drab-weathering
claystone which includes large masses of rolled sand-
stone of depositional origin; it also contains smaller lime-
stone exotics 4H

3. Sandstone and sandy shale; sandstone predominating, in
beds as thick as 3 feet but averaging only 4 inches in upper
portion; interbedded and laminated ghale contains occa-
sional limestone exotics. Abundant animal trails on upper
surfaces of sandstones; a thin conglomerate 6 feet below
the top 23

2. Shale; dark blue-gray, laminated, weathers into small
plates and chips; beginning 17 feet above the base numer-
ous limestone exotics averaging 3 to 4 inches in diameter
(but up to 1 foot); they appear to have undergone some
weathering prior to deposition in the shale. Some thin beds
of fine-grained sandstone show numerous animal trails on
upper surfaces and irregular load casts on under surfaces.
One massive sandstone bed 4 feet below top. Some clay-
ironstone concretions in shales. Upper 4 feet of shale con-
tains abundant exotics and is well bedded 31

1. BShale; gray, silty; weathers drah; about 35 percent of in-
terval composed of thin-bedded siltstone with sandstone
beds up to 2 feet thick. Sandstone beds show convolute bhed-
ding and flute casts 36

Lynn Mountain syncline—Persistent search has revealed two
belts of Johns Valley shale cropping out in the Lynn Mountain syn-
cline between Clayton and Antlers. One of the belts is 20 miles long
and contains excellent outcrops of the Johns Valley under such
simple structural conditions as to leave no doubt that it is part of a
depositional sequence that includes the Wesley shale and Game
Refuge sandstone below and the Atoka sandstone above. Equally im-
portant is the fact that black shale with typical Mississippian Caney
lithology and typical Caney pelecypods and goniatites constitutes
the lower part of the Johns Valley shale, a point that can be checked
at numerous localities. Because these outcrops have a key role in
the interpretation of Ouachita stratigraphy, the author has given
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Ficure 33. Boulder of McLish limestone in upper portion of Johns Valley shale ex-
posed in west cutbank of Oklahoma State Highway 2 at a locality just north of Hardy
Creck and north of Nashoba Junction.

them considerable attention in mapping the western part of the
Lynn Mountain syncline (plate I).

The more accessible of the two outcrop belts is crossed by Okla-
homa Highway 2 a tew miles south of Clayton, just north of Hardy
Creek and about 1% miles north of Nashoba Junction. The Game
Refuge sandstone forms the crest of an asymmetrical anticline im-
mediately north of the creek and north of this sandstone the Johns
Valley shale is expcsed intermittently in ditches and cutbanks along
the highway for about a quarter of a mile. Exotics are not numerous
in the Johns Valley shale at this-locality but a few limestone cobbles
and pebbles and -at least one boulder (fig. 33) of undisputed Ar-
buckle facies have been discovered by careful search. Rolled sand-
stone masses are common, some of them attaining diameters of sev-
eral feet (fig. 34). This locality is noteworthy in being the south-
ezsternmost known outcrop of boulder-bearing Johns Valley shale,
a'though it is not the easternmost nor the southernmost ozcurrence.
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Ficure 34. Rolled sandstone mass in lower part of Johns Valley shale in cutbank
on Oklahoma State Highway 2 north of Hardy Creek between Clayton and Nashoba
Junction. Dr. M. K. Elias is standing alongside.

Measured from the northwestern margin of the Stanley-Jackfork-
Johns Valley depositional trough, this locality is farther out in
the trough and farther from the presumed source of exotics than
any other known occurrence of the boulder-bearing beds.

The best and most continuous exposures of the Johns Valley
shale known at present lie in the other belt in the Lynn Mountain
syncline, in the hills scuth and southeast of the Kiamichi River,
between Clayton and Kosoma. It is most unfortunate that the three
most instructive outcrop areas in this belt are comparatively 1in-
accessible.

One interested in studying the Johns Valley shale in the Lynn
Mountain syncline should first see the outcrops in the State Game
Refuge southwest of Clayton and southeast of Stanley. Permission
to enter should first be obtained from Conservation Headquarters
in the preserve and, once this is obtained, it is possible to drive fairly
close to the outcrops in a jeep or logging truck.

The steep valley wall along the south side of Jerusalem Hollow
is capped by Atoka sandstones and shales dipping southeastward
into the Lynn Mountain syncline at about 40 degrees. Numerous
northwest-trending gullies and ravines tributary to Jerusalem Creek
expose various portions of the Johns Valley shale. The writer 1s cer-
tain that a composite section showing the complete thickness of the
formation ¢ould be pieced together by studying outcrops beginning
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in the SW¥% sec. 28, T. 1 N., R. 18 E., and continuing southwest-
ward across the NW cor. sec. 33, diagonally across sec. 32, and
through the south part of sec. 31 (fig. 35). The Game Refuge sand-
stone is well exposed in the opposite wall of the valley, the dips be-
ing about 40 degrees and the strike the same as that of the Atoka.
The most significant feature of this series of outcrops is that black
laminated shale containing marble-size phosphatic concretions and
large black limestone concretions consistently forms the lower 200
feet (estimated) of the Johns Valley shale. The dark, dense, sider-
itic limestone septaria enclose numerous well-preserved Goniatizes
choctawensis and Caneyella and less numerous Rayonnoceras. The

Ficure 35. Aerial mosaic of area south and southeast of Stanley. Top of photograph

is purposely oriented to south. The area southeast of Stanley and scutheast of the

Kiamichi River contains a normal depositional sequence of Jackfork, Johns Valley

and Atoka, all dipping southeast into the Lynn Mountain syncline. ;[I‘.l the block west

of the tear fault the strata are overturned to the southeast, in opposition to the north-
west movement which is prevalent in this part of the Quachitas.
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black shale in which they are embedded also contains numerous
specimens of Caneyella flattened parallel to bedding and some of the
harder more siliceous layers contain conodonts. The fauna is a typi-
cal Caney fauna and offers irrefutable evidence of the Late Missis-
sippian age of the lower portion of the Johns Valley shale and evi-
dence for a Mississippian age for the thick underlying Stanley-
Jackfork succession, inasmuch as the upper part of the Arkansas
novaculite, which underlies the Stanley, has been judged to be Mis-
sissippian on the basis of its conodonts (Hass, 1956). It is also note-
worthy that there are limestone exotics enclosed in this Caney por-
tion of the lower Johns Valley shale in these outcrops. By no stretch
of the imagination can these exotics be construed to be part of a
friction carpet of an advancing thrust sheet; they are as much a part
of the lower Johns Valley as the black shale that contains them.

The second instructive series of outcrops in this belt lies south-
west of the Jerusalem Hollow outcrops and is offset from them by
a dip fault at a point almost due south of Stanley (fig. 35). Where
Jerusalem Creek intersects this fault it makes an abrupt turn and
flows north, following the strike of the fault. The fault'is a tear
fault bounding the northeast side of an overturned block which be-
gins south of Stanley and continues southwestward to a position
opposite Kosoma, an outcrop distance of about 14 miles. Through-
out this distance the Jackfork sandstone and Johns Valley shale are
overturned to the southeast, a direction opposed to the principal di-
rection of movement which has been attributed to the major thrust
faults in the central and frontal Ouachitas. \

The first good outcrops of Johns Valley shale southwest of the
tear fault lie in a strike valley excavated by the headwaters of
Beuhler Creck. The outcrops are reached by fording the Kiamichi
River at a point about midway between Stanley and Dunbar and
following Beuhler Creek upstream to the place where it branches
into two tributaries whose directions of flow are at right angles to
that of the main stream. The traverse up the main stream reveals
excellent exposures of the formations of the Jackfork group, each
overturned and dipping northwest, the dips averaging approxi-
mately 80 degrees. The Johns Valley has the same dip and strike
but it is in fault contact with the Atoka sandstone, which dips south-
east at approximately 25 degrees. This strike fault merges with the
tear fault at the northeast end of the block. The total horizontal
movement southeastward along the fault can hardly be more than
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a few hundred feet; the abrupt change from the overturned beds in
the Johns Valley shale to the gentle southeast dips of the Atoka
formation into the Lynn Mountain syncline was accomplished prin-
cipally by adjustments in the incompetent shales in the upper part
of the Johns Valley shale and the lower part of the Atoka formation.
The belt of Johns Valley shale strikes southwestward across the
SW¥4 sec. 1 and the WY sec. 12, T. 1 S, R. 17 E. The lower
part of the formation exhibits Caney lithology, including the lami-
nated black shale containing the small marble-size phosphatic concre-
tions and the larger limestone septaria with the Caney goniatites (fig.
36). The black shale contains numerous limestone exotics, some of
which are very large; one exotic block of Crdovician limestone has
a length of about 40 feet. These outcrops are instructive because the
bedding planes of the laminated black shale pass over and under the
exotics, demonstrating conclusively that the exotics were 1ncorporat-
ed into the black shale at the time it was deposited (fig. 36). Large
pieces of a limestone conglomerate may have been emplaced by a
submarine slide. Some of the angular pieces of limestone have a
lithology not unlike that of the Caney concretions and some re-
semble the Sycamore limestone, a feature suggesting that these shelf
limestones were debouched into a black-mud environment, possibly
by sliding down a slope lubricated by the accumulating muds.
Another interesting series of Johns Valley exposures lies in a
strike valley in the east-central part of sec. 32 and the adjacent
NW% sec. 33, T. 1 S., R. 17 E. The area, about 214 miles due east
of Eubanks and 3 miles southeast of Dunbar, may be reached by
fording the Kiamichi River south of Dunbar and walking about
114 miles up the canyon of a northwest-flowing stream. This tra-
verse crosses all of the Jackfork formations, all of which are over-
turned to the east-southeast and dip west-northwest about 75 to 80
degrees. Just east of the watergap which cuts through the Game
Refuge sandstone, the stream branches, each branch following a
strike valley carved from the Johns Valley shale. The south fork
has numerous exposures of laminated black Caney shale containing
dark limestone concretions bearing Gomiatites choctawensis and
Caneyella. There are numerous limestone exotics completely en-
closed by the bedding planes of the black shale. A most interesting
feature is the inclusion of some large blocks of a limestone conglom-
erate which the writer believes may have been emplaced as a sub-
marine slide. The bedding planes of the shale parallel the strike of
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Frcure 36. Johns Valley shale expesed in the NWi4 NE¥4 sec. 12, T.18,R. 17
E., in a tributary of Beuhler Creek. The tep photograph shows a limeslone con-
cretion in typical black laminated Caney shale; the concretion ccntains Mississip-
pian goniatites and the black shale contains Caneyella. The lower photograph shows
the bedding planes of the black shale passing over an exotic block of limestone con-
glomerate. The Caney shale is in place and is a tongue which extends into the Johns
Va'ley shal-.
the underlying Game Refuge sandstone but locally the shales are
badly crumpled, as one might expect in incompetent shales lying
between competent sandstones in a slightly overturned section.
Boktukola syncline—In the Boktukola syncline from 500 to
700 feet of strata have been mapped as Johns Valley by Shelburne
(1659). The formation is conformable with the underlying Game

Refuge sandstone and gradational with the overlying friable sand-
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stones and gray silty shales of the Atoka formation. The Johns Val-
ley lithology is similar to that in the Lynn Mountain syncline to the
north, but limestone exotics have not been found notwithstanding a
careful search for them. Rounded sandstone masses, ranging in
diameter from three inches to six feet, depending on the thickness
of the parent bed, are characteristic of the formation.

It is noteworthy that the fossiliferous beds from which Honess
(1924, p. 23) obtained his “Morrow fauna” lie within the Johns
Valley formation and about 330 feet above the top of the Game
Refuge sandstone. This particular fossiliferous zone cannot be traced
outside of sec. 6, T. 1 S., R. 23 E. Other occurrences cited by Honess,
and presumed by him to be the same bed, range as low stratigraphic-
ally as the Markham Mill formation and as high as the lower part
of the Atoka formation.

OriciN oF Exoric BourLpers anp Brocks—The method by
which the limestone exotics were emplaced in the Johns Valley
shale has intrigued all geologists who have mapped in the Oua-
chitas. There is an extensive literature dealing with the subject, but
not all of the problems have been solved. The only point on which
there is general agreement is that the exotics are Arbuckle and/or
Ozark types and that they must have been derived from the south,
southwest, west, north, or northeast, or possibly from more than
one of these directions. However, the view has also been expressed
that the Ouachita facies is allochthonous and that it overlies an
autochthonous Arbuckle facies from which the boulders were de-
rived by faulting.

Tectonic emplacement—DPointing to the large size of the Caney
exotics in the Johns Valley shale in Johns Valley, at the Hairpin
Curve, and in Cooper Hollow, it has been held by some geologists
that they are fault slices brought up from an underlying Arbuckle
facies. Enthusiasts for long-distance low-angle overthrusting have
been intrigued with this idea. The exotics have been visualized by
some workers as having constituted part of a friction carpet at the
base of an advancing thrust sheet.

When the writer began his studies in the Ouachitas he visited
Johns Valley and most of the other outcrops of the Johns Valley
shale cited in the literature. His first, and lasting, impression was,
and is, that the Johns Valley shale occupies a constant stratigraphic
position between the Jackfork and Atoka groups. It seems odd that
tectonic boulders brought up by thrusting should invariably come



CONCURRENT DEPOSITION OF EXOTICS 83

to rest in the same stratigraphic horizon. Howell (1947) has pointed
out that the weak Johns Valley shale is a natural place for faulting
to develop and that the [greasy] shales offered a lubricant for such
thrusts. There are other thick and persistent shales stratigraphically
lower in the Stanley and Jackfork groups. Why have the limestone
exotics ordinarily bypassed these lower shales on their way to a
higher plane? Along the Boktukola and Octavia faults, and the
other major thrusts in the central Ouachitas, the relatively compe-
tent Jackfork sandstones are in fault contact with the thick, soft,
incompetent Stanley shales. If the Johns Valley exotics are part of a
friction carpet, why have not the Stanley shales stopped some of the
exotics in these shear zones? Such faults surely must have served
as feeders to supply the tectonic boulders of the Johns Valley shale,
if indeed they are tectonic.

The writer is convinced that the supposed Caney fault slices at
the Hairpin Curve and Cooper Hollow localities are a part of the
normal stratigraphic succession. It is true that faulting has disturbed
the beds at both localities but one familiar with the details of the
stratigraphic sequence can work out the structural details.

Concurrent deposition~In 1947 Rea (p. 47-49) stated the belief
that the Johns Valley lies conformably between the Jackfork and
Atoka sandstones in all of the localities in the western Ouachitas
where it has been observed. From the beginning of his Ouachita
studies the writer has worked on the assumption that the Johns
Valley shale has constant stratigraphic position. Using aerial photo-
graphs he has traced belts of Johns Valley shale from known occur-
rences. Subsequent ground checks have revealed many previously
unknown outcrops of the shale, some of them containing limestone
exotics. In recognizing an upper and a lower boulder-bearing zone
within the Johns Valley shale, Harlton (1938) expressed his faith
in their having constant stratigraphic position and in their hori-
zontal continuity. The writer has observed the Johns Valley shale
at many localities (e.g., Hairpin Curve and Beuhler Creek) where
the bedding planes of the shale pass over and under exotic boulders
without evidence of structural disturbance. There is no doubt in
his mind that the boulders were emplaced in the Johns Valley shale
at the time the containing shales were being deposited. How they
were transported to their depositional sites is not so apparent.

Ice rafting—Ulrich (1927, p. 34-36, 44) put forth the theory
that the exotics in the Johns Valley were transported to their depo-
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sitional sites by ice floes derived from shore ice. Other writers shar-
ing this view were Powers (1928, p. 1046), and Rea (1947, p. 49).
Rea’s summary of the arguments favoring this theory is especially
good.

Submarine shding—Miser (1934a) regarded the “Ouachita
Caney” as large masses possibly transported by submarine slides or
slips. Although the writer likes this method of transportation to
explain movement of some of the large limestone blocks, it should
be pointed out that the “Ouachita Caney” masses to which Miser
referred, are actually near their depositional sites and are a part of
the Johns Valley shale.

Conclusions.—Of the various theories advanced to explain trans-
portation of the exotics to their depositional sites, ice rafting seems
to best explain some of the observed features. It explains the great
range in size grade in the material, and in particu’ar it offers a
method of transportation for the smaller exotics, many of which are
granule and pebble size; it also explains the apparent southeastward
decrease in size from the shoreline. It explains the apparent concen-
tration at particular stratigraphic levels. It explains the lack of
deformation in the shales which enclose many of the exotics.

The larger blocks may have been transported in a different
manner. There is a possibility that they slid down the steep western
and northern slopes of the Cuachita trough on a bottom lubricated
by accumulating black muds. The rapid northwestern convergence
of the Stanley and Jackfork groups and their disappearance near the
Ti Valley fault argues for rapid subsidence within the Quachita
trough and probably an appreciable southeastward slope into the
trough. Because the Stanley thins from approximately 16,200 feet in
Jobns Valley to almost nothing at the Ti Valley fault about 1314
miles northwest, the bedding planes at the base of the Stanley had
acquired a minimum southeastward dip of about 13 degrees at the
end of Jackfork time. It could be argued that deposition kept pace
with subsidence and that the depositional surface at any given time
never had an appreciable slope, but the turbidity flow characteristics
of the Jackfork sandstones suggest strong currents and, therefore,
appreciable bottom slope during deposition. A slope of as little as
one degree would have been sufficient to cause the large limestone
blocks to slide over the slippery black muds.

AGE oF THE JonNs VALLEY SHaLE—The writer’s views concern-
ing the age of the Johns Valley shale have been set forth in some
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detail in the preceding pages. In summary, the lower part of the
Johns Valley shale includes a depositional tongue of the Caney shale
and is therefore of Late Mississippian age. The middle and upper
portions of the formation almost certainly contain Springer equiva-
lents and are lithologically similar to it. At the Hairpin Curve, on
the Indian Service road, and in Honess’ type locality of his “Morrow
fauna” in the Boktukola syncline, there are fossiliferous sandstones
which probably are Morrowan in age (Dr. M. K. Elias, personal
communication; also letters to Dr. C. W. Tomlinson). The writer
believes that the uppermost part of the Johns Valley shale 1s equiva-
lent to some part of the Wapanucka formation, possibly the Jower
and middle portions. Thus, it seems that the Johns Valley shale
bridges the Mississippian-Pennsylvanian time line.

At the Hairpin Curve locality the boulder-bearing upper part
of the Johns Valley shale occupies a channel which seems to have
been scoured simultaneously with the deposition of ithe boulde:-
bearing clay shale. There is a strong suggestion that the transport-
ing agent was a turbidity flow or submarine slide.

PENNSYLVANIAN SYSTEM

Atoka Formation

The writer has not examined the main body of the Atoka for-
mation in any detail, but in connection with mapping the Johns
Valley-Atoka contact he has studied the lower several hundred feet
of the Atoka formation rather carefully. About 100 to 200 “eet
above the base of the formation, among the harder more siliceous
beds, there is a spicular dark siliceous shale which extends from the
Ti Valley fault southeastward into the central Quachitas. Hend-
ricks and his co-workers (1947) regard this as a good stratigraphic
datum and state that it is widespread. The writer believes that the
soculite may correlate with one of the spiculitic beds in the upper
~art of the Wapanucka limestone in the frontal OQuachitas and in
the McAlester basin. There is considerable field evidence that the
uorer Wapanucka grades into sandstone southeastward from the
f-ontal Ouachitas. Thus, the lowermost Atoka cf the central Oua-
citas may include beds somewhat older than the lowermost Atoka
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of the frontal Ouachitas. The writer is of the opinion that the base
of the Winslow sandstone (Atoka equivalent) of Arkansas also
crosses time lines from its northernmost outcrops 1n Arkansas south-
ward into the Ouachita geosyncline, its base becoming progressively
lower to the south.

The writer has seen no evidence of a depositional break between
the Johns Valley shale and the Atoka sandstone in the central Qua-
chitas. Sandstones in the upper part of the Johns Valley shale are
lithologically like those in the lower part of the Atoka formation.
The strike is the same in both formations. It therefore seems that
the unconformity which has been reported at the base of the Atoka
on the northeastern Oklahoma sheif dies out southward into the
Ouachita geosyncline. |

The complete thickness of the Atoka formation is not repre-
sented in the Ouachita Mountains, the upper portion having been
removed by erosion. Considerable thicknesses of the formation are
preserved in the Lynn Mountain and Boktukola synclines where
downfolding has protected the lower part of the formation from
being eroded. Shelburne (1959) estimates that 6,800 feet of the
Atoka formation is present in the trough of the Boktukola syncline
and the writer estimates that the Atoka formation is equally thick in
the Lynn Mountain syncline. Our present state of knowledge does
not permit a precise zone-by-zone correlation with the Atoka forma-
tion of the McAlester basin, so there is no way of knowing how
much of the upper part of the formation has been eroded. There js
no absolute certainty that the complete Atoka section was ever pres-
ent in the Ouachitas because of the possibility that the central
Ouachitas were somewhat elevated in pre-Desmoinesian time and
thus became source areas in late Atoka time,
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DEPOSITIONAL ENVIRONMENT OF
STANLEY-JACKFORK-JOHNS VALLEY-ATOKA ROCKS

BLACK-SHALE FLYSCH FACIES

Definition

Lithologically the Late Mississippian and Early Pennsylvanian
rocks of the Ouachita Mountains of Oklahoma are comparable to
the typical black-shale flysch facies of the Cretaceous and Eocene of
the Alps and Carpathians of Europe. Hundreds of papers have been
written on the flysch of these areas and the use of the term has
undergone considerable evolution. The term flysch, which literally
means “gliding rock,” was first used by Studer in 1827 (p. 28) for
a thick sequence of interstratified shales, marls, and sandstones.
Three common types of flysch, perhaps more, are now recognized
by students of Alpine geology: black-shale flysch; calcareous flysch;
and wildflysch. Sujkoski (1957, p. 544), in speaking of flysch, states
that it is a facies designation for marine deposits composed of 1in-
numerable alternations of sharply divided “pelitic and psammitic
layers,” commonly thousands of feet thick and deposited in geo-
synclinal areas. The Late Paleozoic rocks of the Ouachita Moun-
tains have all of these major characteristics and in addition they have
many of the minor characteristics of flysch sediments. Some of these
characteristics are summarized below.

Flysch Characteristics of Ouachita Sediments

ALTERNATIONS OF SHALE AND SANDSTONE.—The most character-
jstic feature of the 22,000 feet of Late Paleozoic rocks in the Okla-
homa Quachitas is an intricate and repeated alternation of dark gray
to black shales and gray sandstones (fig. 37). In the 11,000 feet of
strata in the Stanley group about 25 percent of the rock is sandstone;
in the 5,700 feet of Jackfork the sandstone/shale ratio is on the order
of 3:2; the writer’s best estimate is that this ratio is approximately
2:3 in the Atoka formation. Interlamination is so regular as to
suggest a rhythmic, perhaps even cyclic, pattern although this point
is as yet unsettled. There are stratigraphic intervals in which the
pattern or style seems to be fairly constant but individual beds may
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not be persistent. Some intervals are characterized by dark gray,
almost black, laminated shale with intricately interstratified thin
beds of quartzitic sandstone. Other intervals contain more massive
beds of graywacke sandstone interbedded with green-gray shale.
There also are other combinations. '

The sandstone-shale contacts are typically sharp, indicating a
sudden switch from the deposition of black mud to deposition of
gray sand. However, some sandstones have a much cleaner contact
with the shale below than with the shale above; the upper contact
may be fuzzy, almost gradational, which is about the nearest thing
to graded bedding that the writer has observed in the Ouachitas.
This criterion is helpful in determining tops and bottoms of beds in
structurally complex areas.

The features noted above may be explained by assuming that
the normal environment in this part of the Ouachita geosyncline
was one in which dark muds were accumulating. The sandstones
are intruders, having been brought in rather suddenly by increased
current activity, possibly by turbidity currents.

SanpstoNes—The sandstones of this stratigraphic sequence
range in composition from gray poorly sorted graywackes to firmly
cemented white orthoquartzites. The graywackes are more mas-
sive than the orthoquartzites and range in thickness up to 20 feet.
The quartzitic sandstones are very fine-grained, average only a few

Ficure 37. Intricately interbedded sandstones and shales in the lower part of Wild-
horse Mountain fcrmation. Exposure is in fresh road cut on Big Cedar-Octavia road
in north face of Kiamichi Mountain, Le Flore County,
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inches in thickness, and have clean parallel bedding surfaces cut by
closely spaced joints.

Cross-bedding is rather uncommon in Stanley, Jackfork and
Atoka sandstones, with the exception of the Game Refuge forma-
tion at the top of the Jackfork group. The Game Refuge sandstone
exhibits some small-scale cross-bedding; ripple marks, inciuding
interference ripple marks, are common; it contains abundant well-
pieserved pieces of Calamites, and in general has the characteristic
properties of sediments of a fairly stable platform environment.
Some of the Stanley-Jackfork sandstones have rather large current
ripples and in some cases these are associated with convolute bed-
ding. Graded bedding is not a conspicuous feature of the sandstones.

Convolute bedding is well developed in many of the sandstones
in all of the formations (fig. 38). The feature is independent of
bed thickness, grain size and degree of sorting. It ordinarily affects
only the internal portions of a bed, even in the strongly asymmetrical
examples, and ordinarily dies out above and below as bedding sur-
faces are approached. The writer interprets this feature as develop-
ing at the peak velocity of a turbidity flow and then dying out up-
ward as the flow trails off. The Stanley-Jackfork-Atoka examples
do not seem to have resulted from internal gliding or flowage,
but rather they seem to be related to the development of current
ripple marks in the lower parts of a stratum, which in turn become

4

Ficure 38. Convolute bedding in Chickasaw Creck formation in Boktuxola sync.ine.
Note fragments of siliceous shale.
(Photograph by I.. M. Cline)
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Fieure 39. Flute casts, bounce casts, load casts, prod casts, and groove casts
characteristic of under surfaces of sandstones of lower part of Wildhorse Mountain
formation. This formation has been exploited fer building stone in the vicinity of

Kosoma.
(The Mike Emery dwelling, Kosoma)

asymmetrical and form convolutions during the turbulent flow at
the time of maximum velocity of the current, and again they sub-
side to form current ripple marks which may or may not extend
to the top of the bed.

Sole markings such as flute casts, bounce casts, prod casts,
groove casts, and load casts, are abundant on the under surfaces of
many sandstones and some of them are spectacularly developed and

Ficure 40, Bounce casts on base of sandstone quarried from lower part of Wild-
horse Mountain formation, Kosoma, Oklahoma.,



SOLE MARKINGS 91

well preserved (figs. 39-41). The types of markings differ from bed
to bed but they are likely to have a characteristic size aiid shape on
any one bed and a combination of characters may persist throughout
a certain stratigraphic interval and aid in stratigraphic identification.

The sole markings are developed only where sandstone rests
upon shale. The linear, parallel markings obviously are the result
of the scouring action of currents on a soft mud bottom—the same
currents which transported the sand and dumped it into an environ-
ment in which muds were the characteristic sediment. After n-
duration and exposure to weathering, the markings stand out as
prominent ridges and are an infallible guide to the field geologist
attempting to identify tops and bottoms in areas of complicated
structure.

Trails made by creeping and burrowing organisms are not
exceptionally abundant on the surfaces of sandstones from the
Ouachita flysch but they are common on some layers. Thin silt-
stones and fine-grained sandstones in the middle and upper parts
of the Johns Valley formation commonly have trail preservations on
their upper surfaces and burrows on the under sides of the same
slabs. Some of these are illustrated in figure 42. The upper photo-
graph shows the upper surface of a fine-grained sandstone on which
there are numerous meandriform trails which do not cross and

rarely do they touch. In cross section the furrows show a central
depression bordered on each side by parallel ridges crenulated by

Ficure 41. Flute casts on base of sandstone frcm Atoka formation, east side of
Farris syncline, northeastern Atoka County.
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Ficure 42. Trails and burrows on beddiag su..aces oi sancstone f.on middie part

of Johns Valley formation. Upper photograph shcws meandriform trails of a

gasiropod related to Palecbulla developed on upper surface of bed. Lower photo-

graph shows lower surface of same slab on which are preserved burrows presumed
to have been made by wcrms,

transverse grooves made by some organism that progressed slowly,
leaving a crenulation to mark each bit of progress. The trails are
quite similar to some described and illustrated by Goetzinger and
Becker (1932) from the Upper Cretaceous flysch of Austria and
believed by them to have been made by a gastropod, which they
later named Paleobulla. The lower photograph of figure 42 shows
the under sarface of the same slab, revealing burrows made by some
organism, probably some type of worm.
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Ficuak 43. Burrows on under surfaces of sandstones from lower part of Wildhorse
Mountain formation, Kosoma, Oklahoma. Upper photograph shcws branching bur-
rows. Lower photograph stows a burrow penetrating a bounce cast.

The upper photograph of figure 43 shows burrows on the under
surface of a sandstone bed from the lower part of the Wildhorse
Mountain formation. The burrows branch and appear to have
been made by burrowing organisms, probably worms, which ate
their way through the lower portion of the sand after it was de-
posited. The lower photograph on this figure shows a burrow pene-
trating a bounce cast which obviously was formed prior to the time
the burrow was made.
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Ficure 44. Filamentous plant on lower surface of sandstone bed in lowermost

part of Atoka formation. The cross section, originally round, is somewhat elliptical.

The surface is ornamented with closely spaced grooves parallel to the long dimension
: of the plant.

Marine invertebrate fossils other than burrows are rarely found
in the sandstones. They are fairly common in the Game Refuge
sandstone, which is believed to represent a temporary return to shelf
conditions in the geosyncline, and they are locally abundant in the
Johns Valley shale but appear to have been transported. In all cases
the fossils are fragmentary; the fragments are of small size, and they
appear to have been sorted according to grain size. The fragments
are bits of bryozoan colonies, small brachiopods and pelecypods and
fragments from larger shells, and crinoid columnals. The assem-
blage is from a shallow-water shelf environment and the fragments
probably were sorted according to grain size, then transported from
the outer edge of the shelf into the deeper waters of the geosyncline
by currents. This seems to explain their absence in most of the
sandstones, their local abundance in pockets in some sandstones,
their fragmentary condition, and the fact that the fragments are
mostly about the same size.

Small bits of carbonized plants are present in many of the sand-
stones but most of them are so badly macerated as to preclude iden-
tification. Pieces of Lepidodendron several inches long are found
sparingly in the Wildhorse Mountain formation. Well-preserved
Calamites fragments are abundant in the Game Refuge sandstone,
but only in this formation. Fucoidal markings have been noted on
the under surfaces of some sandstones. Whether they represent
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Ficure 45. Ripple marks oriented at right angles to flute casts and bounce easts on
lower surfaces of two sandstone slabs quarried from the lower part of Wildhorse
Mountain formation on the lcwer slopes of Wildhorse Mountain no:th of Moyers.

algae growing on the sea floor at the time the sand was debouched
into the mud environment is not known. Some of them are aligned
parallel to flute casts (fig. 44), but the plants may have been trans-
ported from shallower water.

Sole markings, good examples of which are pictured in figures
39 to 41, are abundant at many stratigraphic levels and are aligned
parallel to the direction of the currents which transported the sands.
A few measurements indicate that the main direction of transport
was W12°S, down the axis of the trough. The photographs of figure
45 show current ripples oriented at right angles to these linear



96 OUACHITA-FACIES SHALES

structures. Filamentous plants, like the one illustrated in figure 44,
are alco aligred parallel to the main thread of the current. Con-
volute bedding, illustrated in figure 38, is a directional feature that
could be used, but the writer has made few observations on their
orientation. Some charcoal lineation has been observed but grain
ciast studies have not been made.

SHALEs.—Gray shale is the most abundant rock in the Stanley;
it comprises two-fifths of the Jackfork rocks and perhaps as much as
three-fifths of the Atoka rocks. Green-gray colors are common but
darker shades of gray are more prevalent. Most of the shales are
thinly laminated and in early stages of weathering fissility is notice-
able. Most of the gray shales are fairly pure clay shales and only
rarely are there siltstones transitional from sandstone beds upward
into shales, the contacts ordinarily being sharp. Thin, but wide-
spread, black siliceous shales occur at a number of levels from near
the base of the Stanley group upward into the lower part of the
Atoka formation. Brownish-red, generally thin, shales are present
at several levels in the Stanley, and one thick sandy red shale per-
sists in the middle of the Wildhorse Mountain formation. Fossils
are exceedingly rare in all but the black siliceous shales, although
plant spores doubtless are present.

Laminated dark blue-gray to black siliceous shales contain some
thin cherty members which range in thickness from less than an
inch to 8 inches. The shales are hard and resistant to weathering,
rotwithstanding the exceedingly well developed laminations.

"Thin sections reveal an intricate interlamination of brown and
black sapropelic material and white to gray opaline silica with an
admixture of sponge spicules, radiolarian tests and occasional cono-
donts. Some lamellae are a microcoquina of tiny monaxon and poly-
axon sponge spicules, a feature best brought out by etching polished
sections or thin sections in hydrofluoric acid for a short time. In
several thin sections a layered arrangement of spicules has been ob-
served and the sorting suggests minute graded bedding. Radio-
larians are fairly common. The clay mineral content of the harder
beds is low. Laudon (1959, p. 18) states that the silica content com-
monly exceeds 80 percent. This information came as a surprise to
the writer who had thought that the sapropelic content would be
higher.

The varicus siliceous shales are so similar in appearance that
they obviously are the product of a similar environment. The en-
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vironment was characterized by slow sedimentation in which only
fine organic-rich muds settled out concurrently with radiolarian
tests and tiny sponge spicules. It was a reducing environment; the
waters were relatively quiet and probably, although not necessarily,
deep. This environment existed simultaneously over large areas of
the trough at several times. It existed during periods of essentially
no tectonism when only the finest muds were transported. There
probably was very little benthonic life in the oxygen-deficient areas
in which the black muds were accumulating, the abundance of
sponge spicules notwithstanding. The sponges probably lived in
shallow shelf areas and upon death released the spicules, the finest
of which were winnowed from the shglf and then transported intQ
the geosyncline by weak currents. The spicules are MiCroscopic,
have a large surface area in proportion to their mass, and could easily
have been transported by sluggish currents.

Opaline silica appears to have been deposited concurrently with
black organic-rich clays. The writer has seen little evidence to sug-
gest that the abundance of silica was related to volcanism. Sea waters
may have been temporarily enriched in silica, perhaps from a distant
volcanic source, but the writer has seen little affirmative evidence.
Considering the intimate relationship of the sapropelic muds and
the opaline silica, it would seem that the precipitation of silica was
in some way related to the presence, perhaps to the life processes, of
abundant small plants. Harlton (1947) has suggested the possibility
that the siliceous tests of Radiolaria seeded the precipitation of some
silica. The chief significance that the writer would attach to the
presence of abundant radiolarian tests in the black shales in the
Ouachitas is that this was an environment of exceedingly slow sedi-
mentation, probably in deep water, and certainly one of calm water,
and therefore it was ideal for preservation of the radiolarian tests
which represent one of the few types of fossil material character-
istic of the environment. Sedimentation was so slow that it does
not seem necessary to postulate that the waters had an over-abun-
dance of silica.

~ Reducing conditions prevailed in the Ouachita trough through-
out most of Paleozoic time as indicated by the predominartly dark
colors of the shales. However, there were times when oxidizing con-
ditions were widespread throughout the trough and then maroon,
brownish-red and variegated muds were deposited. There are lami-
nated reddish-brown shales in the uppermost part of the Tenmile
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Creek formation and in the upper part of the Moyers formation, and
a remarkably persistent zone of variegated shales (the Prairie Hol-
low member) in the middle of the Wildhorse Mountain formation.

In many outcrops where the shales are reddish the associated
sandstones are green-gray, a feature suggesting that the oxidation
potential was different in the two types of sediment. The sandstones
have the same type of sole markings and convolute bedding as have
the sandstones which are associated with the dark gray shales. Hence
it is concluded that the sandstones in both types of lithologic associa-
tions were transported by turbidity currents. The red color of the
shales probably represents the original color of the accumulating
muds. The original color was probably no different in the muds
which were to end up as dark gray to black shales, the difference
being that in the latter case the iron was reduced. The associated
green-gray sandstones may have acquired most of their characteris-
tics, including the green color, in a shelf environment before having
been transported into the geosyncline. Where the sandstones are red
they are dirty, poorly sorted and have a clay binder which imparts
the color to the rock.

The association of red shales and green-gray sandstones is com-
monplace in the geologic column. The writer has observed this
association in the Des Moines rocks of Iowa, in the Permian rocks
of Oklahoma, in the Permian-Triassic rocks of the Great Plains and
Middle Rockies (at some levels), and in the Mississippian Mauch
Chunk strata of the Appalachians. ,

WiLprLyscn—There are several stratigraphic horizons in the
Johns Valley shale that contain exotic pebbles, cobbles, boulders and
blocks of limestone that were derived from the Arbuckle facies and
transported into the Ouachita geosyncline. The Wesley shale, the
Markham Mill formation and the Springer shale and sandstone also
contain exotics. The evidence is conclusive that most of the exotics
are depositional, not tectonic, in origin. Most of the smaller frag-
ments are enclosed in shales in which the bedding planes are undis-
turbed, and these shales in turn are interstratified with sandstones
which show no evidence of structural movement other than the
convolute bedding, which is a depositional feature.

The hypothesis that the exotics represent part of a friction carpet
at the base of an advancing thrust sheet is untenable. Firstly, there
is absolutely no evidence for bedding-plane faults in many of the
“boulder beds.” Secondly, it seems odd that boulders brought up
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from an underlying Arbuckle facies (which has been suggested, but
for which there is little or no evidence) by faulting should invariably
come to rest in the same stratigraphic zone. It is true that the thick
Johns Valley shale is a natural place for structural adjustment to
take place, and the greasy shale would offer a lubricant for such
thrusts. However, there are other thick, laterally persistent shales
in the underlying Stanley and Jackfork groups and they have not
been similarly favored by visits from their exotic neighbors from the
Arbuckle facies. Why not? Is it reasonable to expect “tectonic
boulders” to bypass completely these lower shales on their way to
higher shales? Along the Boktukola and Octavia faults, and other
major thrusts in the central Ouachitas, Jackfork sandstones are com-
monly in fault contact with greasy Stanley shales. If the Johns Val-
ley boulders are part of a friction carpet of an advancing thrust, why
have not some of these boulders lodged in the shear zones of the
major thrusts that are known to exist? Surely such thrusts must
have served as feeders to supply the Johns Valley boulders, if indeed
they are tectonic.

The writer favors ice rafting as the most plausible mechanism
for transporting some of the smaller limestone exotics to their de-
positional sites in the accumulating Johns Valley muds. The very
large limestone blocks may have had a different origin. The enclos-
ing shales are disturbed adjacent to the blocks and this suggests the
possibility that the blocks slid down a steep depositional slope lubri-
cated by the accumulating black muds. It must be admitted how-
ever, that the weight of a 40-foot long block of limestone should
have disturbed the underlying muds even if it were released gently
from 2 melting ice floe.

SUMMARY OF DEPOSITIONAL HISTORY

Paleozoic sedimentation was initiated in the Ouachitas in a
decp arcuate trough lying at the south margin of the shelf area in
which the carbonate-bearing Arbuckle facies accumulated. The
pre-Stanley facies of the Ouachitas is thinner than that of the Ar-
buckle facies and ‘is characterized by spiculitic and radiolarian
cherts and dark graptolitic shales; the Ouachita rocks are the pro-
duct of slow sedimentation in a trough essentially starved for clastic
sediments. In post-Arkansas novaculite time, active tectonism re-



100 DEPOSITIONAL HISTORY

sulted in rapid subsidence and a stepped-up rate of sedimentation.
The.Late Mississippian-Early Pennsylvanian Stanley-Jackfork-Johns
Valley-Atoka sequence was deposited in a rapidly subsiding trough
which may have been only the northernmost of two or more parallel
troughs which were a part of the developing Quachita foldbelt.
Subsidence and sedimentation were so rapid that before the end of
Atoka time a minimum of 22,000 feet of Late Paleozoic shales and
sandstones were trapped in this outermost trough.. Some time after
the deposition of lower Atoka sediments (how much of the upper
Atoka was represented in the trough we do not know) the geo-
syncline was severely compressed, its sediments folded into long,
linear folds and many of the folds were ruptured to produce thrust
faults directed toward the Oklahoma platform.

The rocks of the Late Paleozoic trough exhibit essentially all of
the characteristics of the black-shale flysch facies of the Late Cre-
taceous and Eocene rocks of the Alps and Carpathians of Europe.
The environment was that of a deep trough in which dark muds
were the prevailing or most characteristic type of sediment and into
which sands were introduced from time to time. The sands were
derived from an adjoining shelf environment and were transported
down the sides of the trough by turbidity currents which then be-
camie resolved into currents flowing W12°S down the axis of the
trough. The large limestone exotics of the wildflysch facies probably
slid down the sides of the trough, which were lubricated by accumu-
lating muds. There is also evidence for some slumping. The source
of the sediments was probably from the southeast or south because
it is inconceivable that the quartzose sands were derived from the
north and dragged across the carbonate banks of the northeast Okla-
homa platform.

Attaining an aggregate thickness of 16,200 feet in the Tuska-
homa syncline, the Stanley and Jackfork groups thin to practically
nothing at the Ti Valley fault some 135 miles to the northwest.
Convergence at all stratigraphic levels in both groups indicates a
rapidly subsiding trough with a steep northwestern margin. Some
of the northwestward thinning may have resulted from the hori-
zontal component of movement along the thrust sheets, but it seems
to the writer that the rates of thinning of individual units are not
significantly interrupted by the faulting. The thin but widespread
black siliceous shales represent times of tectonic stability and a slow
rate of sedimentation.



101

REFERENCES

Applin, P. L., 1951, Preliminary report on buried pre-Mesozoic rocks
in Florida and adjacent states: U. S. Geol. Survey, Cire. 91.
Ardmore Geological Society, 1956, Guide book, Ouachita Mountain

field conference, southeastern Oklahoma.

Ardmore Geological Society, 1959%a, 1959b, see Dallas Geological
Society.

Bennison, A. P., and Johnson, N. L., 1959, Supplementary log tra-
verse through Potato Hllls, m Ouachlta field trip guidebook:
Dallas Geol. Soc. and Ardmore Geol. Soe., p. 65-68.

Bokman, John, 1953, Lithology and petrology of the Stanley and Jack-
fork formations: Jour. Geology, vol. 61, p. 152-170.

Branson, C. C., 1957, Old stratigraphic names made available: OXkla.
Geol. Notes, vol. 17, no. 1, p. 99-1G3.

, 1959, Regional relationships of Ouachita Mississippian
and Pennsylvanian rocks, 4n The geology of the Ouachita Moun-
tains, a symposium: Dallas Geol. Soc. and Ardmore Geol. Soc.,
p. 118-121. |

Cline, L. M., 1956a, Regional stratigraphy and history of Ouachita
Mountain area (abst.) : Amer. Assoc. Fetroleum Geologists, Bull,,
vol. 40, p. 427-428.

, 1956b, Mississippian-Pennsylvanian stratigraphy of een-
tral Ouachita Mountains, Oklahoma, i Guide book, Ouachita
Mountain field conference, southeastern Oklahoma: Ardmore
Geol. Soc., p. 47-63.

19560 Some stratigraphic studies of the Mississippian
and ]Eennsylvanmn rocks of the Ouachita Mountains, Oklahoma :
Tulsa Geol. Soc., Digest, vol. 24, p. 100-106.

Hllseweck W. J, and Feray, D. E., 1959, Editors, The
geology of the Ouachlta Mountams a symposium: Dallas Geol.
Soc. and Ardmore Geol. Soc., 208 p.

, and Moretti, Frank, 1956, Two measured sections of Jack-
fork group in southeastern Oklahoma: Oklahoma Geol. Survey,
Cire. 41, 20 p.

and Shelburne, O. B., 1959, Late Mississippian and Early
Pennsylvaman stratlgraphy "of the Ouachita Mountains, Okla-
homa, tn The geology of the Ouachita Mountains, a symposium :
Dallas Geol. Soc. and Ardmore Geol. Soe., p. 17 5-207.

Cooper, C. L., 1945, Age relations of Stanley and Jackfork formations
of Oklahoma and Arkansas: Jour. Geology, vol. 53, p. 390-397.
Dallas Geological Society and Ardmore Geological Society, 1959a, The
geology of the Ouachita Mountains, a symposium: 208 p. with

boxed supplement containing 17 pls. and guidebook.

, 1959b, Ouachita field trip guidebook, 68 p., supplement
to The geology of the Ouachita Mountains, a symposium.

Dzulynski, S., Ksiazkiewicz, M., and Kuenen, Ph. H., 1959, Turbidites
in flysch of the Polish Carpathian Mountains: Geol. Soc. America,
Bull., vol. 70, p. 1089-1118.



102 REFERENCES

Elias, M. K., 1959, Some Mississippian conodonts from the Ouachita
Mountams in The geology of the Ouachita Mountains, a sym-
posium : Dallas Geol. Soe. and Ardmore Geol. Soc., p. 141- 159.

Fan, P. H. and Shaw, D. B., 1956, The Tesnus formation of Trans-
"Pecos Texas : Jour Sed. P trologv vol. 26, no, 3, p. 258-267.

Flawn, P. T., 1959, The Quachita structural belt M The geology of the

‘ 0uaoh1ta Mountams a Symposium : Dallas Geol. Soe. and Ard-
more Geol. Soe., p. 20-29.

Girty, G. H., 1909, Fauna of the Caney shale of Oklahoma: U. S. Geol.
Survey, Bull. 377.

@Qitzinger, Gustav and Becker, Helmut, 1932, Zur geologischen Glied-
erung des W1enerwaldﬂysches (neue Foss1lfunde) Geologischen
Bundesanstalt, Jahrbuch, vol. 82.

Goldstein, August, Jr., 1959 Petrography of Paleozoie sandstones
from the Ouaclnta Mountalns of Oklahoma and Arkansas,
The geology of the Ouachita Mountains, a symposium: Dallas
Geol. Soc. and Ardmore Geol. Soc., p. 97- 109.

Goldstem August Jr., and Hel’ldI'ICkS T. A., 1953, Siliceous sedi-
ments of Ouachita fac1es in Oklahoma Geol Soe. America, Bull.,
vol. 64, p. 421-442,

Grreensmlth J. T., 1956, Sedimentary structures in the Upper Car-
bon1ferous of north and central Derbyshire, England : Jour. Sed.
Petrology, vol. 26, p. 343-355.

Ham, W. E,, 1959, Correlatmn of pre-Stanley strata in the Arbuckle-
Ouachita Mountain region, #n The geology of the Ouachita Moun-
tains, a symposium: Dallas Geol. Soc. and Ardmore Geol. Soc., p.
71-85.

Harlton, B. H., 1933, Micropaleontology of the Pennsylvanian Johns
Valley shale of the Ouachita Mountains, Oklahoma, and its rela-
tionship to the Mississippian Caney shale: Jour. Paleontology,
vol. 7, p. 3-29,

, 1934, Carboniferous stratigraphy of the Ouachitas with
special study of the Bendian: Amer. Assoc. Petroleum Geologists,
Bull, vol, 18, p. 1018-1049.

: -, 1938, Stratigraphy of the Bendian of the Oklahoma sali-
ent of the Ouachita Mountains: Amer. Assoc. Petroleum Geolo-
gists, Bull., vol. 22, p. 852-914.

—~ 1947 The siliceous shale members of the Stanley-Jack-
fork depos1ts in the Ouachita Mountains, Oklahoma, with notes
on the ‘‘Johns Valley’’ shale, in Guide book Field eonferenee in
western part of the Quachita Mountains mn Okla_homa_: Tulsa Geol.
Soc., p. 41-46,

—, 1953, Ouachita chert fames southeastern Oklahoma :
Amer Assoc. Petroleum Geologists, Bull vol. 37, p. 778-796.

, 1959, Age classification of the upper Pushmat_aha series
in the Ouachita Mountains, #n The geology of the Ouachita Moun-
tains, a symposium: Dallas Geol. Soc. and Ardmore Geol. Soc., p.
130-138.

Hass, W. H,, 1950, Age of lower part of Stanley shale: Amer. Assoc.
Petroleum Geologists, Bull., vol. 34, p. 1578-1584.



REFERENCES 103

wee . 1953, Conodonits of the Barnett formation of Texas: U.
§. Geol. Survey, Prof. Paper 243-F, p. 69:94, pls. 14-16.

, 1956, Conodonts from the Arkansas novaculite, Stanley
shale, and Jackfork sandstone, iz Guide book, Ouachita Mountain
field conference, southeastern Oklahoma: Ardmore Geol. Soc., p.
25-33.

Heezen, B. C., and Ewing, M., 1952, Turbidity currents and subma-
rine stumps and the 1929 Grand Banks garthquake: Amer. Jour.
Seience, vol. 250, p. 849-873.

Hendricks, T. A., 1947, in Guide book, Field conference in western
part of the Ouachita Mountains in Oklahoma: Tulsa Geol. Soc.

, 1958, Discussion of Misch, Peter, and Oles, K. ¥, 1957,
“‘Interpretation of Ouachita Mountains of Oklahoma as autoch-
thonous folded belt: preliminary yeport’’: Amer. Assoc. Petro-
leum Geologists, Bull., vol. 42, p. 2757-2765. .

.. . - 1959, Structure of the frontal belt of the Ouachita Moun-
tains, 1n The geology of the Ouachita Mountains, & symposium:
Dallas Geol. So¢. and Ardmore Geol. Soe., p. 44.56.

— - - (ardner, L. 8., Knechtel, M. M., and Averitt, P., 1947,
Geology of the western part of the Ouachita Mountains in Okla-
homa: U. S. Geol. Survey, Oil and Gas Investigations, Pre-
liminary Map. no. 66 (3 sheets).

Honess, C. W., 1923, Geology of the southern Ouachita Mountains of
Oklahoma : Oklahoma Geol. Survey, Bull. 32.

: . 1924, Geology of southern LeFlore and northwestern Me-
Curtain Counties, Oklahoma: Bureau Geology, Norman, Okla-
homa, Cire. 3.

Howell, J. V., 1947, The origin of imbricate strueture, ¢n Guide book,

Fieid conference in western part of the Quachita Mountains in
Oklahoma : Tulsa Geol. Soc., p. 50-93.

Johnson, R. H., 1954, Geology of the Medicine Springs area, Pushma-
taha County, Oklahoma: unpublished Master of Scienee thesis,
University of Oklahoma. 7

King, P. B., 1950, Tectonic framework of southeastern United States:
‘Atier. Assoe. Petroleum Geologists; Bull,, vol. 34. p. 635-671.

Kneehtel, M. M., 1949, Geology and coal and nattrdl gas resources
of northern Lie Flore County, Oklahoma : Oklahotha Geol. Survey,
Bull. 68. '

Laudon, R. B., 1958, Chesterian and Morrewan rocks in the MeAlester
basin of Oklahoma : Oklahoma Geol. Survey, Cire. 46, )

. 1959, Stratigraphy and zonation of the Stanley shale of
the Ouachita Mouritains, Oklahoma: unpublished Doctoral dis-
sertation, University of Wisconsih.

McCollough, E. L., 1954, The geology of the Finley area, Pushimataha
County, Oklahoma : unpublished Master of Science thesis; Uni-
versity of Oklahoma. _

Miller, A. K., and Owen, J. B., 1944, The eephalopod fauna of the
Pennsylvanian Union Valley formation of Oklahonta : Jour. Pale-
ontology, vol. 18, p. 417-428.



104 REFERENCES

Miller, B. W., 1955, Geology of the western FPotato Hills, Pushmataha
and Latimer Counties, Oklahoma : unpublished Master of Science
thesis, University of Oklahoma,

, 1956, The geology of the Potato Hills, Pushmataha and
Latimer Counties, Oklahoma, (abst.) : Tulsa Geol. Soc. Digest,
vol. 24, p. 66.

Misch, Peter and Oles, K. F., 1957, Interpretation of Ouachita Moun-
tains of Oklahoma as autochthonous folded belt : preliminary re-
port: Amer. Assoe. Petroleum Geologists, Bull., vol. 41, p. 1899-
1905.

Miser, H. D, 1917, Manganese deposits of the Caddo Gap and De
Queen quadrangles, Arkansas, ¢n Ransome, F. 1., and others, Con-
tributions to economic geology, Part 1, Metals and nonmetals
except fuels: U. 8. Geol. Survey, Bull. 660, p. 59-129.

» 1926, Geologic map of Oklahoma: U, 8. Geol. Survey.

, 1929, Structure of the Ouachita, Mountains of Oklahoma

and Arkansas: Oklahoma Geol. Survey, Bull. 50.

» 1934a, Carboniferous rocks of Ouachita Mountains:

Amer. Assoe. Petroleum Geologists, Bull., vol. 18, p. 971-1009.

and gas fields of Mid-Continent region: Amer, Assoe. Petroleum

Geologists, Bull., vol. 18, p. 1059-1077.

» 1954, Geologic map of Oklahoma, - U. 8. Geol. Survey and

Oklahoma Geol. Survey.

> and Honess, 0. W, 1927, Age relations of the Carbon-

iferous rocks of the Quachita Mountains of Oklahoma and Ar-

kansas: Oklahoma Geol. Survey, Bull, 44.

, and Purdue, A, H., 1929, Geology of the De Queen and
Caddo Gap quadrangles, Arkansas: U. S. Geol. Survey, Bull. 808.

Moretti, F. J., 1958, Petrographic study of the sandstones of the J ack-
fork group, Ouachita Mountains, southeastern Oklahoma : unpub-

_ lished doctoral dissertation, University of Wisconsin,

Morgan, H. J., 1952, Paleozoic beds south and east of Ouachita folded
belt: Amer. Assoc. Petroleum Geologists, Bull., vol. 36, p. 2266-
2274,

Natland, N. L, and Kuenen, P. H., 1951, Sedimentary history of the

Ventura, basn_l, Ca,hfor'ma, and the action of turbidity currents:

no. 2, p. 76-107.

Newell, N. D., 1957, Supposed Permian tillites in northern Mexico are
submarine slide deposits: Geol. Soe. America, Bull., vol. 68, p.
1569-1576.

Oakes, M. C., and Knechtel, M. M., 1948, Geology and mineral re-
ﬁ)ullic%s7of Haskell County, Oklahoma : Oklahoma Geol. Survey,

ull. 67.

Pitt, W. D., 1955, Geology of the core of the Ouachita Mountains of
Oklahoma : Oklahoma Geol. Survey, Cire. 34.

Powers, Sidney, 1928, Age of the folding of the Oklahomia Mountains
—the Ouachita, Arbuckle, and Wichita Mountains of Oklahoma
and the Llano-Burnet and Marathon uplifts of Texas: Geol. Soc.
America, Bull., vol. 39, p. 1031-1071.



REFERENCES 105

Purdue, A. H., 1909, The slates of Arkansas: Arkansas Geol. Survey.

—— and Miser, H. D., 1923, Hot Springs folio, Arkansas: U.
S, Geol. Survey, Geol., Atlas, Folio 215.

Rea, H. C., 1947, The erratic boulders in the Johns Valley shale of the
western Ouachita Mountains, Oklahoma, ¢n Guide book, Field con-
ference in western part of the Ouachita Mountains in Oklahoma :
Tulsa Geol. Soc., p. 47-49.

Reinemund, J. A., and Danilebik, Walter, 1957, Preliminary geologie
map of the Waldron quadrangle and adjacent areas, Scott
County, Arkansas: U. S. Geol. Survey (and Arkansas Geol. Sur-
vey), Oil and Gas Investigations Map, OM 192.

Roe, N. C., 1955, Geology of the eastern Potato Hills, Latimer and
Pushmataha Counties, Oklahoma : unpublished Master of Science
thesis, University of Oklahoma.

Seely, D. R., 1955, Geology of the Talihina area, Latimer, Le Flore
and Pushmataha Counties, Oklahoma: unpublished Master of
Secience thesis, University of Oklahoma.

Shelburne, 0. B., 1959, Geology of the Boktukola syncline area of the
Ouachita Mountains of Oklahoma: unpublished doctoral disser-
tation, University of Wisconsin.

Studer, B., 1827, Geognostische Bemerkungen uber einige Theile der
nordlichen Alpenkette: Zeitschrift fiir Mineralogie, Jahrgang
1827, no. 1, p. 1-52.

Sujkowski, Z. L., 1957, ¥lysch sedimentation: Geol. Soc. America,
Bull,, vol. 68, p. 543-554.

Taff, J. A., 1901, Description of the Coalgate quadrangle: U. 8. Geol.
Survey, Geol. Atlas, Folio 74.

, 1902, Description of the Atoka quadrangle: U. S. Geol.
Survey, Geol. Atlas, Folio 79.

Tomlinson, C. W., 1959, Ouachita problems, #n The geology of the
Ouachita Mountains, a symposium : Dallas Geol. Soc. and Ardmore
Geol. Soc., p. 1-16.

Tulsa Geol. Soc., 1947, Guide book, Field conference in western part
of the Ouachita Moutains in Oklahoma, May 8, 9, and 10, 1947,
56 p.

Ulrich, E. O., 1927, Fossiliferous boulders in the ‘‘Ouachita Caney”’
shale and the age of the shale containing them: Oklahoma Geol.
Survey, Bull. 45.

van der Gracht, W. A. J. M. van Waterschoot, 1931a, Permo-Carbon-
iferous orogeny in south-central United States: Amer. Assoc. Pe-
troleum Geologists, Bull., vol. 15, p. 991-1057.

, 1931b, The pre-Carboniferous exotic boulders in the so-
called ‘‘ Caney shale’” in the northwestern front of the Ouachita
Mountains of Oklahoma: Jour. Geology, vol. 39, p. 697-714.

Weller, J. M. (chairman, and others), 1948, Correlation of the Missis-
sippian formations of North America (chart no. 5) : Geol. Soc.
America, Bull,, v. 59, no. 2, p. 91-196.

White, David, 1934, Age of Jackfork and Stanley formations of Oua-
chita geosyncline, Arkansas and Oklahoma, as indicated by
plants: Amer. Assoc. Petroleum Geologists, Bull, vol. 18, p.
1010-1017.



106 REFERENCES

» 1937, Fossil plants from the Stanley shale and Jackfork
sandstone in southeastern Oklahoma and western Arkansas: U. S.
Geol. Survey, Prof. Paper 186-C, p. 43-68,

Williams, J. F., 1891, The igneous rocks of Arkansas: Arkansas Geol.
Survey, Annual Rept. for 1890, vol. 2.

Willis, P. D., 1954, Geology of the Snow area, Pushmataha County,
Oklahoma : unpublished Master of Secience thesis, University of
Oklahoma.

Wilmarth, Grace, 1938, Lexicon of geologic names of the United
States: U. 8. Geol. Survey, Bull. 896, pt. 1, p. 431.

Wood, Alan, and Smith, A. J., 1958, The sedimentation and sedimen-

tary history of the Aberystwyth grits (Upper Llandoverian) :
Greol. Soc. London, Quart. Jour., vol. 114, pt. 2, p. 163-195.



107
INDEX

(Main references are in holdface)

A
abstract 7
acknowledgments 13, 14
Agathamming 57
algae 9b
ammonites b7
Applin, P. L. 11
Arbenz, K. 24
Arbuckle facies 8, 56, 57, 52, 76, 32, 38, 99
Arkansas basin 16
Arkansas novaculite 12, 18 (figs. 6, 7), 26, 29, 30, 32, 33, 41, 79
Arkoma basin 16, 21
Atoka formation 21, 45, 59, 60, 66, 67, 68, 71, 72(fig. 30), 75,
77, 79, 80, 82, B5-86, 87, 89, 91(fig. 41), 94 (fig. 44), 76, 100
measured section 74
Averitt, P. 23, 34, 68, 70
Aviculopecten b9

B
Bellerophon 59
Bendian system 23
Bennison, A. P. 36
Bethel syncline 27
Beuhler Creek 79, k3
Rigenerina 57
Bigfork chert 12, 18(fig. V)
Black Knob Ridge 16(fig. b), 18(fig. 7), 32, 33
black-shale flysch facies 12, 29, 62, 8739, 100
definition 37
sandstones 88-96
shales 96-98
wildflysch n8-99
Bokman, J. 28, 46
Boktukola fault 34, 33, 99
Boktukola syncline 13, 24, 27, 39, 45, 51, 53, 55, 56, 58, ﬁg, 63, 56,
$1-82, 55, &
Brachiopoda 40, 57, 59, 94
Branson, C, C. 14, 35
Bryozoa 40, b7, 94
Butfalo Mountain 15 (fig. 4)

C
Calamites 58, 39, 94
“Camel Creek” 58
Campbell Creek 54, K8
Cane Creek 60
Caneyella 78, T3, %0, R1(fig. +6)
Caney shale 33 (fig. 15), 41, 45, 57, 60, 64 (fig. 24), 65(fig. 25),
) 31 (fig. 56)
correlation 64 (fig. 24), 65(fig. 2b)
Chickachoce ehert 16
Chickasaw Creek formation 12, 23, 24, 25, 28, 29, 36, 37, 38-40, 42, 48
convolute bedding 38, 39(fig. 28)
definition 38
lithologic character and thickness 38-39
siliceous shales 28, 36, 38, $9-40

Choctaw anticlinorium » 15, 27, 82, 35



108 INDEX

Chonetes sp. 40
Cline, L. M. 13, 24, 28, 32, 37, 38, 39, 41, 42, 43, 49, 50,

51, 53, 54, 56, 59, 62, 68, 70
concurrent deposition of exotics 83
cone-in-cone concretions 27, w7
conodonts 28, 32, 39, 40, 41, 57, 79, 96
convolute bedding 29, 87, 38, 46, 47, 89 (fig. 38), 96, 98
Cooper, C. L. 41
Cooper Hollow 82, 83
Cornuspira b7
crinoid columnals, stems 35, 40, 57, %4
cross-bedding 416, H8, 09
Cross Mountain anticlinorium 35
Cystodictya 10

D
Danilchik, W. 46
Dictyoclostus b9
E

Elias, M. K, 13, 85
Emery, M. 49
exotic boulders 56, 60, 62, 63, 66, 67 (figs. 26, 27), 68, 69(fig. 28),

71-74(figs. 31, 32), 76 (fig. 33), 79, 80, 81 (fig. 36).
82-85, 98, 99, 100

F

Fan, P. H. 22
Farris syncline 55, 56, 67-68, 91 (fig. 41)
Fenestella 40
Feray, D, E. : 45
Flawn, P. T. 7
Foraminifera 57

G
Game Refuge formation 18, 43, 45, 46, 55, 58, 57-59, 63,
66, 67, 68, 75, 76, 78, 80, 81, 89, 94
definition 57-58
lithologic character and thickness b8-59
measured section 71
Gardner, L. S. 23, 63
Gastrioceras 69
Girty, G. H. 60
Goldstein, A, Jr. 33, b3, b4
goniatites 62
graptolites b6
graptolitic shales 12
graywacke 28, 30, 46, 38
Griffithides ' 59

H
Hairpin Curve 68-75 (figs. 29-32), 82, 83, 85
Heplophragmoides b7
Hardy Creek 63, 76
Harlton, B. H. 13, 23, 24, 29, 30, 33, 36, 37, 38, 40, 42, 48, 47, 48, 51,
52, 53, b4, 55, 56, 57, 58, 59, 66, 68, 33, 17
Hass, W. H. 41, 79
Hatton tuff (Arkansas) 35
Hendricks, T. A. 14, 21, 23, 32, 33, 34, 38, 41, 42, 45, b1, 53, 54, 55,
56, 57, 62, 63, 66, £8, 70, 5
Honess, C. 'W. 27, 29, 32, 34, 35, 40, 41, 44, 45, 59, 62, 82, 85
Hot-3prings sandstone (Arkansas) 30
Howell, J. B. 62, 83
Hunton formation 12

Hyperammina 57



INDEX 109

I
ice rafting of exotics 33-84, 99
index map 8(tig. 1)
initial dip, Stanley group 84.
J
Jackfork group 23, 24, 42-60, 79, 87, &9, 96
classification 43
Game Refuge formation . 57-59
history of nomenclature 42-43.
lithologic characteristics 46-47
Markham Mill formation 54-55
Prairie Mountain formation 51-54
thickness and distribution 43-45
Wesley formation 55-57
Wildhorse Mountain formation 47-01
Jackfork Mountain fault 20,25
Jerusalem Hollow 58, 77. 19
Johns Creek 60
Johnson, N. L. 36
Johnson, R, H. 34, 55
Johns Valley 06-67
Johns Valley shale 16, 41, 43, 45, 56, 57, 58, 59, 60-85(figs. 26-36,
92(fig. 42), 94, 98, 99
age 54-5F
definition 60-63
exotic boulders 32-856
lithologic character and thicknessg 63-60
measured sections 70-71, T74-75
outcrops 56-82
Johns Valley syncline 66:
Jumbo Valley 30, 34
K
Kiamichi Mountain 13, 15(fig. 4), 24, 26, 30, 33, 37, 39, 43, 44(fig. 16),
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55, b6, 58, b9, 66, 88 (fig. 37)
Kiamichi River 23, b5, 67, 719
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Laudon, R. B, 24, 26, 27, 29, 30, 32, 33, 34, 37, 39, 70, 96
Lepidodendron 94.
Limestone Gap 19(fig. §)
Lynn Mountain syncline 13, 24, 37, 39, 51, 53, 55, 63, 75-81, 82, 36
map plate I
Lyrogoniatites 71
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Marathon uplift 7, 21
Markham Mill formation 42, 51, H4-53, 68, 82, 98
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lithologic character and thickness b4
siliceous shale member 54-b5.
McAlester basin 16, 85
- measured sections 70-71, 74-75
Miller, A. K. 57
‘Misch, P. 69, 70
Miser, H. D. 23, 30, 34, 35, 41, 45, 62, 84.
Mississippian Caney 57, 62, 75.

Mississippian-Pennsylvanian rocks, Johns Valley shale 60-85.
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Jackfork group 42-60
Btanley group 2941

mold fauna b8
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Moretti, F. J,
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Morrow fauna
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Paleobully 92 (fig. 42)
Pseudorthoceras b9
Rayonnoceras 18
Morrow fauna 45, 59,82, 8b
plant fragments 37, 40, 54, b7, 04(Lig. 4)
radiolarians 28, 37, 39, 40, 54, 67, 96, 0T
sponge spicules 28, 39, 40, h4, 96, 47
"rilobita L9
Griffithides b9
“Pennsylvanian Caney” n7-6.
Pennsylvanian system, Atoka formation 35-86
Pickens anticline 27
plant {ragments 37, 40, b4, 57, D4 (fig. 44)
Potato Hills 15 (fig. 4), 26, 27, 30, 32, 33, 34, .0
Powers, 5. b4
Prairie Holiow shale member 43, 46, 49-51, 93
Prairie Mountain 37, 38, 51, 52, H4
Prairie Mountain formation 42, 43, 44, 46, 48, 49, 50, 51-54 (fig. 22), &5
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lithologic character and thickness 51-53
siliceons shale member 53-54
pre-Stanley rocks 8, 9(fig. 2), 99
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Productus 59
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Purdue, A. H. 23, 30, 85
Pushmataha series 23, 43
Pustule nebraskensis 40
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radiolarians 28, 37, 39, 40, b4, b7, 96, 97
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Rea, H. C. 62, 83, 84
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Sherbonites b7
silica, opaline o7
siliceous shales 12, 28, 96, 100
Atoka 85
Chickasaw Creek 98, 26, 18, 89-40
Game Refuge b8
Jackfork group 42, 46
lower bed of Tenmile Creek 30, 33, 3
Markham Mill 54-55
middle bed of Tenmile Creek 30, 24
Moyers 36, n7-38
Prairie Mountain 51, b5-b4
Stanley group 28
Tenmile Creek 30, 33, 34, 86
Tuskahoma 30, 34
Wesley hb
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95(fig. 45), 98
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Springer formation 16, 45, 57, 63, 85, 98
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“Stanley black chert”

Stanley group
age
Chickasaw Creek formation
competence
cone-in-cone concretions
convergence
history of nomenclature
initial dip
lithologic characteristics
Moyers formation
siliceous shaleg
stratigraphic divisions
Tenmile Creek formation
thickness and distribution
topographic expression

INDEX
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40-41
38-40
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27, 37
18-20, £5-26, 14
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n9.41,

Stanley-Jackfork-J ohns Valley-Atoka rocks

black-shale flysch facies
depositional environment
depositional history
thickness
Stanley-Jackfork sequence
convergence
correlation
thickness
stratigraphy
Atoka formation
Chickasaw Creek formation
Game Refuge formation
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Jackfork group
Johns Valley shale
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Mississippian—Pennsylvanian rocks

Mississippian system
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“Bennsylvanian Caney”
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Prairie Mountain formation
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Wesley formation

Wildhorse Mountain formation

submarine slides

Taff, J. A.
tectonic emplacement of exotics
Tenmile Creek formation
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lower siliceous shale bed
middle siliceous shale bed
tuff beds
Tuskahoma siliceous shale
upper shale member
Tesnus formation (Texas)
Ti Valley fault
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Trilobita

20, 22, I's, 79, 09
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57, 62
35-86
49-51
51-54 (fig.22)
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34-35

21-22

18, 18, 20, 21, 22, 24, 25, 26, 32, 45, 54, 55,
56, 57, 58, 63, 84, 85, 100

12, 13, 85
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tuff 28, 35, 36
Hatton 35
turbidity flows 74, 84, 85, 88, 89, 98, 100
Tuskahoma siliceous shale 30, 34
‘Tuskahoma syncline 13, 18, 23, 25, 30, 31(fig. 14), 34, 36, 39, 42, 44, 45,
48 (fig. 18), 49, 51, 52, 53, 55, 56, 60, 61(fig. 23), 66, 100
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Ulrich, E. O. 60, 62, 66, 33
“Union Valley sandstone” 42, 43, 57, 68, 59
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Vicla formation 12
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Wapanucka limestone 16, 20(figs. 9, 10), 21(fig. 11)
Weller, J. M. 41
Wesley formation 12, 18, 39, 42, 43, 45, b5-7, 58, 59, 66, 71, 75, 98
definition b5
lithologic character and thickness v 5b-56
stratigraphic relations 56-57
‘White, D. 40, 41
wildflysch 98-99, 100
‘Wildhorse Mountain 36, 47, 48(fig. 138)
Wildhorse Mountain formation 31(ftig. 14), 42, 44, 46, 47-51(Rigs. 17-20),
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definition 47-48
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Prairie Hollow shale member 43, 49-51
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Winding Stair Mountain 15, 63, 66
Winslow sandstone (Arkansas) 86
Womble shale 18(tig. )
‘Woodford chert 16, 32, 33(fig. 15)

worm trails 47, 49, 91-93 (figs. 42, 43)



