
















































































































































































70 MEASURED SECTION

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



78 LYNN MOUNTAIN SYNCLINE

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
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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.,
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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.



92 FOSSIL, TRAILS

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
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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-
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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.
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18-20, 25-26, 84
24), 65 (Fig. °5)

18
15-86
85-86
38-40
57-59

12
42-60

60-85
54-55
50-85
22-59
26-38
57, 62
35-86
49-51
51-54 (fig.22)
22.41
29-36
55-57
57-51
74,30, B4, T

10(tig. 3), 20, 21, 64(fig.

23, 38, 42, 60, 63

82-83

23, 25, 27(fig. 18), n9-36, n7-9%
29-30

30-34

30, 33, 36

30, 34

35-36

30, 34

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

b6



INDEX 113

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

U
Ulrich, E. O. 60, 62, 66, 33
“Union Valley sandstone” 42, 43, 57, 68, 59

v
Vicla formation 12

w
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),
53, 88(fig. 37), 90(figs. 39, 40), 93 (fig. 43, 94, 95(fig. 45), 06, 18
definition 47-48
lithologic character and ithickness 48-49
Prairie Hollow shale member 43, 49-51
Windingstair fault 18, 20, 25, 38, 54, b6
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)



